ASME B31.3-2008

(Revision of ASME B31.3-2006)

Process Piping

>
ASME Code for Pressure Piping{ﬁﬂ
%

< &
S
D
. \&\Q,
Q\
\O
QO®
Q .
@)
W
S
S
N
2)
Ve

AN AMERICAN NATIONAL STANDARD

The American Society of : 7 ) | I

z =
() Mechanlcal Englneel‘s SETTING THE STANDARD

Copyright ASME International
Provided by IHS under license with ASME Licensee=Technip/5931917102, User=de martis, riccardo
No reproduction or networking permitted without license from IHS Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

(Revision of ASME B31.3-2006)

> Din:

ASME Code for Pressure Piping, B31

AN AMERICAN NATIONAL STANDARD

3% The American Society of %@‘E

5 =
® Mechanlcal Englneers SETTING THE STANDARD

Copyright ASME International
Provided by IHS under license with ASME Licensee: =Technip/5931917102, User=de martis, riccardo
No reproduction or networking permitted without license from IHS Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

Copyright ASME International

Date of Issuance: December 31, 2008

The next edition of this Code is scheduled for publication in 2010. This Code will become effective
6 months after the Date of Issuance. There will be no addenda issued to this edition.

ASME issues written replies to inquiries concerning interpretations of technical aspects of this Code\
nterpretations, Code Cases, and errata are published on the ASME Web site under the Committee
Pages at http://cstools.asme.org as they are issued.

ASME is the registered trademark of The American Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for American National
Standards. The Standards Committee that approved.the code or standard was balanced to assure that individuals from
competent and concerned interests have had anopportunity to participate. The proposed code or standard was made
Available for public review and comment that provides an opportunity for additional public input from industry, academia,
Fegulatory agencies, and the public-at-large.

ASME does not “approve,” “rate,” or‘eéndorse” 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
tems mentioned in this documeft, and does not undertake to insure anyone utilizing a standard against liability for
nfringement of any applicabl¢letters patent, nor assumes any such liability. Users of a code or standard are expressly
Advised that determination” of ‘the validity of any such patent rights, and the risk of infringement of such rights, is
entirely their own respofisibility.

Participation by federal’agency representative(s) or person(s) affiliated with industry is not to be interpreted as
bovernment or indUstry endorsement of this code or standard.

ASME accepts résponsibility for only those interpretations of this document issued in accordance with the established
ASME procedutes and policies, which precludes the issuance of interpretations by individuals.

No part of this document may be reproduced in any form,

in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

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

Copyright © 2008 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.

Provided by IHS under license with ASME Licensee=Technip/5931917102, User=de martis, riccardo
No reproduction or networking permitted without license from IHS Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

CONTENTS

FOreword . .. ..o xi
Committee Personnel ............o i xiii
Introduction Xvij
Summary of Changes ......... ...t XiN
Chapter | Scope and Definitions ........... ... .Y 1
300 General Statements ... 0 1
Chapter Il DESigN .. e e N 1
Part 1 Conditions and Criteria ............. .. .. . .. .. .. SO 1(
301 Design Conditions ................coooiiiiiiiiiiiin i S 1d
302 Design Criteria ..............oooo i GRS 12
Part 2 Pressure Design of Piping Components .............. .57 . oL 18
303 General . ... S 18
304 Pressure Design of Components ...............¢, .= .................... 2(
Part 3 Fluid Service Requirements for Piping Componentsy™........................ 3(
305 PIpe .o NG 3(
306 Fittings, Bends, Miters, Laps, and Branch Connections .................... 3(
307 Valves and Specialty Components ..... N7 .. ... 32
308 Flanges, Blanks, Flange Facings, and/Gaskets ............................. 32
309 Bolting ... ..o 33
Part 4 Fluid Service Requirements for. Piping Joints ............................... 33
310 General ... S 33
311 Welded Joints .. .......cof oo e 33
312 Flanged Joints ...... 50 . ... i 34
313 Expanded Joints .50 ..o 34
314 Threaded Joints . N ). ... o e 34
315 Tubing Joints ..« ..o 35
316 Caulked JOIMES™ . . ... 35
317 Solderedrand Brazed JOINtS ........c.oviniiiiii 35
318 Special Joints ...... ... . 35
Part 5 Flexibility and Support . ... ... .. .. . 36
319 Piping Flexibility ........ ... i 36
321 Piping Support ....... ... 41
Part 6 Y S OIS . e 43
322 Specific Piping Systems .......... ... ... i 43
Chapter 1lI Materials . ... ... 45
323 General Requirements . ... 45
325 Materials — Miscellaneous ..............oieiiiiiiiiiii i 54
Chapter IV Standards for Piping Components ........... ... ... . .. .. . . it 55
326 Dimensions and Ratings of Components .................................. 55
Chapter V Fabrication, Assembly, and Erection ............. ... .. ... ... ... ... ... 58
327 General . ... 58
328 Welding ... 58
330 Preheating ........ ... o 64
331 Heat Treatment ... i e 65
332 Bending and Forming ............ ... . i 69
333 Brazing and Soldering ............ .. .. i 70
335 Assembly and Erection ............ ... ... . 70

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

iii

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

Chapter VI Inspection, Examination, and Testing ............... ... ... ... ... ... ..., 72
340 Inspection ........ ... i 72
341 Examination . ....... ... e 72
342 Examination Personnel .............oiiiiiiiii i 79
343 Examination Procedures ..........c.oiiiin i 79
344 Types of Examination ................ ... i 79
345 Testing ..o 80
346 RECOTAS .o 83
Chaoter VIL N Uic_Pipi | Piing Lined With N tals "
A300 General Statements . ............iiiiii 84
Part 1 Conditions and Criteria ......... ... .. .. i 84
A301 Design Conditions ... 84
A302 Design Criteria ......... ... e 84
Part 2 Pressure Design of Piping Components ...................... .. .. 0. 86
A303 General . ..o e N 86
A304 Pressure Design of Piping Components ....................... N\ ... 86
Part 3 Fluid Service Requirements for Piping Components ..........Co%. .. ... .. 87
A305 PIpe e T 87
A306 Fittings, Bends, Miters, Laps, and Branch Connections .¢y*................ 87
A307 Valves and Specialty Components ................. 5. 88
A308 Flanges, Blanks, Flange Facings, and Gaskets ... %/ ..................... 88
A309 Bolting ..ot O 88
Part 4 Fluid Service Requirements for Piping Joints ... ... ... ... ... ... .. ... ... 88
A310 General ... 88
A311 Bonded Joints in Plastics ............ . 80 88
A312 Flanged Joints .......... ... ... 0 a8 89
A313 Expanded Joints ........ .. .. NT 89
A314 Threaded JOINS ... ..vttt i e e e e e 89
A315 Tubing Joints .......... . i 89
A316 Caulked Joints .. ..... o 0o 89
A318 Special Joints ....... .0 gt . 89
Part 5 Flexibility and Support . ... .. ... . 90
A319 Flexibility of Nenmetallic Piping ............. ...t 90
A321 Piping Suppett="...... ... . 91
Part 6 SYSteMS (. 91
A322 Specifid Piping Systems ......... ... 91
Part 7 Materials ........ ... .. .. 92
A323 General Requirements ............ ... i 92
A325 Materials — Miscellaneous . .............oiuiiiiiiii i 93
Part 8 Standards for Piping Components ................. ... ... ...l 93
A326 Dimensions and Ratings of Components .................................. 93
Part-9 Fabrication, Assembly, and Erection ........... ... ... .. ... ... ... ..., 94

327 General 94
A328 Bonding of Plastics ........ ...t 94
A329 Fabrication of Piping Lined With Nonmetals .............................. 100
A332 Bending and Forming .......... ... . ... 100
A334 Joining Nonplastic Piping ............... ... i 100
A335 Assembly and Erection ............ ... ..o oo 100
Part 10 Inspection, Examination, and Testing ................ ... ... ... .. ... ... 101
A340 Inspection ........... o 101
A341 Examination . .......... . e 101
A342 Examination Personnel .......... ..o 102
A343 Examination Procedures ..........c.oiiininiii e 102

iv

Copyright ASME International
Provided by IHS under license with ASME

Licensee=Technip/5931917102, User=de martis, riccardo

No reproduction or networking permitted without license from IHS Not for Resale, 05/11/2009 06:01:05 MDT



https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

A344 Types of Examination ............. ... i 102
A345 Testing ... oo 103
A346 ReCOTAS ..t e 103
Chapter VIIl  Piping for Category M Fluid Service ................ ... ... i, 104
M300 General Statements . ..........oiiiiiii 104
Part 1 Conditions and Criteria ............. ... . .. . i 104
M301 Design Conditions ... 104
M302 Design Criteria ......... ... 104
Part 2 Pressure Design of Metallic Piping Components ............................ 103
M303 GENETAL ..ttt 165
M304 Pressure Design of Metallic Components .........................oo..0)0 105
Part 3 Fluid Service Requirements for Metallic Piping Components ..........." ")... 107
M305 Pipe o e N 104
M306 Metallic Fittings, Bends, Miters, Laps, and Branch Connections </5....... 105
M307 Metallic Valves and Specialty Components ................ &< .....oo... 105
M308 Flanges, Blanks, Flange Facings, and Gaskets .......... .S .. ... 106
M309 BOLtNgG ..o 104
Part 4 Fluid Service Requirements for Metallic Piping Joints <. ."................... 106
M310 Metallic Piping, General ............. .. ... ... 4 ... 106
M311 Welded Joints in Metallic Piping ............ {0 oo 106
M312 Flanged Joints in Metallic Piping ..........8 ... ... 104
M313 Expanded Joints in Metallic Piping ......sor. ... 104
M314 Threaded Joints in Metallic Piping ..... .5 . ... 104
M315 Tubing Joints in Metallic Piping ... N7 ... 106
M316 Caulked JoINts .. ...t 106
M317 Soldered and Brazed Joints . .02 .ottt e 106
M318 Special Joints in Metallic Piping ... 106
Part 5 Flexibility and Support of ‘Metallic Piping ............. ... ... .. ... ..... 107
M319 Flexibility of MetallicPiping .............ccoiiiiiii i 107
M321 Piping Support ¢ s 107
Part 6 Y M .. e 107
M322 Specific PipifigdSystems ........ ... 107
Part 7 Metallic Materials ........ ... i 107
M323 General, Requirements ............. ..o 107
M325 Matetials — Miscellaneous ... ......ouenrte i e 107
Part 8 Standards for Piping Components .......... ... ... . .. .. il 107
M326 Dimensions and Ratings of Components .................................. 107
Part 9 Fabrication, Assembly, and Erection of Metallic Piping ...................... 109
M327 General . ... e 108
M323 Welding of Metals ............ ... . 104
M330 Preheating of Metals ............. ..o i 10§
M331 Heat Treatment of Metals .. ...ttt e, 109
M332 Bending and Forming of Metals ..................................o 108
M335 Assembly and Erection of Metallic Piping ................................ 108
Part 10 Inspection, Examination, Testing, and Records of Metallic Piping ............ 108
M340 INSpection ........ ... i 108
M341 Examination ....... ..o 108
M342 Examination Personnel ..............c i e 109
M343 Examination Procedures . ..........ovuuuiieiiie i, 109
M344 Types of Examination ............ .. .o 109
M345 Testing ... 109
M346 RECOTAS .\ttt 109
v

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

Parts 11 Through 20, Corresponding to Chapter VII ................... .. .. ... .. ... 109
MA300 General Statements . ..........uuiiiiii e 109
Part 11 Conditions and Criteria ........... .. .. ... . i 109
MA301 Design Conditions ... 109
MA302 Design Criteria ... 109
Part 12 Pressure Design of Nonmetallic Piping Components ........................ 109
MA303 General ..o 109
MA304 Pressure Design of Nonmetallic Components ............................. 109
Part 13 Fluid Service Requirements for Nonmetallic Piping Components 109
MA305 PIpe 109
MA306 Nonmetallic Fittings, Bends, Miters, Laps, and Branch Connections ....... 109
MA307 Valves and Specialty Components ...................ooiiiiiiiiiin... 109
MA308 Flanges, Blanks, Flange Facings, and Gaskets ...........................0 110
MA309 Bolting ... 110
Part 14 Fluid Service Requirements for Nonmetallic Piping Joints ............ S&0)7 ... 110
MA310 General ... e Sl 110
MA311 Bonded JOINtS .. ..oovoi e 110
MA312 Flanged Joints ......... ... i T 110
MA313 Expanded Joints ........... ... ..o SO 110
MA314 Threaded Joints ... S 110
MA315 Tubing Joints in Nonmetallic Piping ............. 2N oo 110
MA316 Caulked Joints ... LAY 110
MA318 Special Joints ........ ... NN 110
Part 15 Flexibility and Support of Nonmetallic Piping .- ........................... 110
MA319 Piping Flexibility ............ ... .o aam 110
MA321 Piping Support ...... ... . M 110
Part 16 Nonmetallic and Nonmetallic Lined. Systems .............. ... ... ... ..... 110
MA322 Specific Piping Systems ....... <8 . .. 110
Part 17 Nonmetallic Materials ....... x5 . . ... . 110
MA323 General Requirements ... M. ..o 110
Part 18 Standards for Nonmetallic.and Nonmetallic Lined Piping Components ........ 110
IMA326 Dimensions and Ratings of Components ......................ooooiiiat. 110
Part 19 Fabrication, Assembly, and Erection of Nonmetallic and Nonmetallic Lined
PIpINg ... ) 110
MA327 General ... . e 110
IMA328 Bonding-of Plastics ............ ... i 111
IMA329 Fabrieation of Piping Lined With Nonmetals .............................. 111
MA332 Bending and Forming .......... ... 111
MA334 Joining Nonplastic Piping ................ ... ... . 111
MA335 Assembly and Erection ............... ... . 111
Part 20 Inspection, Examination, Testing, and Records of Nonmetallic and
Nonmetallic Lined Piping ......... ... ... i, 111
MAG40 Inspection ....... .. 111
MA341 Examination ........... e 111
A342 Examination Personnel .......... ..o i 111
MA343 Examination Procedures . ...........ouuuiiiiit i 111
MA344 Types of Examination ................oiiiiiiiiiiiiii i 111
MA345 Testing ... 111
MA346 RECOTAS .ottt 111
Chapter IX High Pressure Piping.......... ... . . 112
K300 General Statements . .........oouiiiiiii e 112
Part 1 Conditions and Criteria ................ ... .. ... ... 112
K301 Design Conditions ... 112
K302 Design Criteria ......... ... ... . 113

Copyright ASME International
Provided by IHS under license with ASME

vi

Licensee=Technip/5931917102, User=de martis, riccardo

No reproduction or networking permitted without license from IHS Not for Resale, 05/11/2009 06:01:05 MDT



https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

Part 2 Pressure Design of Piping Components ................. .. ... . .. ... ... 115
K303 General . ... 115
K304 Pressure Design of High Pressure Components ........................... 115
Part 3 Fluid Service Requirements for Piping Components ......................... 119
K305 PIpe 119
K306 Fittings, Bends, and Branch Connections ................................. 119
K307 Valves and Specialty Components ..................cooiiiiiiiiii.., 119
K308 Flanges, Blanks, Flange Facings, and Gaskets ............................. 119
K309 Bolting ... 120
Part 4 Fluid Service Requirements for Piping Joints ............................... 12(
K310 General . ... 12(]
K311 Welded JOINES .. ..ottt Y 12(
K312 Flanged Joints ............... i 0 12(
K313 Expanded Joints ............. ... .. i NG 12(
K314 Threaded JoOints .......coouiiii e D e 12(
K315 Tubing Joints ........ ... . i 121
K316 Caulked Joints .......ccoiiiiiiiiiiiiii i L S 121
K317 Soldered and Brazed Joints ............. ... Gm 121
K318 Special Joints .......... .. i T 121
Part 5 Flexibility and Support . ........ ... ... . . O 121
K319 Flexibility ..... ... S 121
K321 Piping Support ........ ... N 121
Part 6 Systems ... L 121
K322 Specific Piping Systems .......... ... 080 121
Part 7 Materials ........ ... ... 122
K323 General Requirements ........... .50 . .o i 122
K325 Miscellaneous Materials ....... o0 i 124
Part 8 Standards for Piping Components” ............... ... ... ... 124
K326 Dimensions and Ratings of*Components .................................. 124
Part 9 Fabrication, Assembly, and Erection ............... .. ... .. ... ...l 127
K327 General ........ . 88 1273
K328 Welding ........ 0 0 1273
K330 Preheating ... .o.ovovii i 129
K331 Heat Treatmemt .. ... e e 13(
K332 Bendingand/Forming ............ ... i 13(
K333 Brazing and Soldering ........... ... .. i 131
K335 Assembly and Erection ............ ... ... 131
Part 10 Iaspection, Examination, and Testing ...................................... 131
K340 Inspection ... ... 131
K341 Examination . .......... i 131
K342 Examination Personnel . ............. i 133
K343 Examination Procedures ......... ... 139
K344 Types of Examination ............ .. ..o i 134
K345 Leak Testing ..........ouiuiuinii e 134
K346 oo ve K I 135
Figures

300.1.1 Diagram Illustrating Application of B31.3 Piping at Equipment ............ 3
302.3.5 Stress Range Factor, f ......... ... .. 17
304.2.1 Nomenclature for Pipe Bends ................ ... i 21
304.2.3 Nomenclature for Miter Bends ...t 21
304.3.3 Branch Connection Nomenclature ..............coiiiiiiiiiiiiinnenninn.. 23
304.3.4 Extruded Outlet Header Nomenclature ..................coiiiiiii.. 25
304.5.3 BlanKs ..t 29
319.44A Moments in Bends ... 39
319.4.4B Moments in Branch Connections .............ccoiiiiiiiiiiiiiinnn. 39

vii

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

323.2.2A Minimum Temperatures Without Impact Testing for Carbon Steel

Materials ....... ..o 48
323.2.2B Reduction in Minimum Design Metal Temperature Without

Impact Testing ... 50
328.3.2 Typical Backing Rings and Consumable Inserts ........................... 60
328.4.2 Typical Butt Weld End Preparation ................................ ..., 60
328.4.3 Trimming and Permitted Misalignment ................................... 60
328.4.4 Preparation for Branch Connections ................... ... .. ..o 61
328.5.2A Fillet Weld Size ........ ..o 62
3268528 Typicat Detaits for Boubte=Welded-Stip=Omrard-Socket-Welding Flarnge

Attachment Welds ........... ... ... ... 62
B328.5.2C Minimum Welding Dimensions for Socket Welding Components Other

Than Flanges ........ ... 63
328.5.4A Typical Welded Branch Connections ......................oooiiiin.. 63
328.5.4B Typical Welded Branch Connections ............................0 . 00 63
B328.5.4C Typical Welded Branch Connections ..................... ... . 8. ... 63
328.5.4D Acceptable Details for Branch Attachment Welds .............. & ... .. 63
328.5.4E Acceptable Details for Branch Attachment Suitable for 100%

Radiography ........ ... i T 64
B328.5.5 Typical Fabricated Laps .....................ooo 0% W 64
B335.3.3 Typical Threaded Joints Using Straight Threads .....«,.%.............. ... 71
B341.3.2 Typical Weld Imperfections .................... N 76
A328.5 Typical Plastic Piping Joints ................... & . oo 99
K323.3.3 Example of an Acceptable Impact Test Specimen. ......................... 125
[<328.4.3 Pipe Bored for Alignment: Trimming and Pefinitted Misalignment ........ 128
K328.5.4 Some Acceptable Welded Branch Connections Suitable for 100%

Radiography ........ ... N 129
fables
B300.4 Status of Appendices in B31.3 .00 ... . 9
302.3.3C Increased Casting Quality Factors, E. ... 15
302.3.3D Acceptance Levels for Castiiigs ... 15
B302.3.4 Longitudinal Weld Joint Quality Factor, E; ....................cooiiiii. 16
302.3.5 Weld Joint Strength Reduction Factor, W .............. ... ..o 19
B04.1.1 Values of Coefficientt Y for t <D6 ... 20
304.4.1 BPV Code Reférences for Closures ..................oooiiiiiiiiin... 27
B308.2.1 Permissible Sizes/Rating Classes for Slip-On Flanges Used as Lapped

Flanges . 3. . ..o 32
314.2.1 Minimu Thickness of Male Threaded Components ...................... 35
323.2.2 Requirements for Low Temperature Toughness Tests for Metals ........... 46
B23.2.2A Tabtular Values for Minimum Temperatures Without Impact Testing for

Carbon Steel Materials ... 49
B323.3.1 Impact Testing Requirements for Metals .................................. 51
323.3.4 Charpy Impact Test Temperature Reduction .............................. 52
B323.3.5 Minimum Required Charpy V-Notch Impact Values ....................... 53
3261 Component Standards .................. 56
33011 Preteatfemperatores ———— 66
331.1.1 Requirements for Heat Treatment ................... ... 67
34132 Acceptance Criteria for Welds and Examination Methods for Evaluating

Weld Imperfections ................. i 73
A323.2.2 Requirements for Low Temperature Toughness Tests for Nonmetals ....... 93
A323.42C  Recommended Temperature Limits for Reinforced Thermosetting Resin

Pipe . 93
A32343 Recommended Temperature Limits for Thermoplastics Used as

Linings .. ..o 94
A326.1 Component Standards .............. ... . 95
A341.3.2 Acceptance Criteria for Bonds ................... .. ... 102

viii

Copyright ASME International
Provided by IHS under license with ASME

Licensee=Technip/5931917102, User=de martis, riccardo

No reproduction or networking permitted without license from IHS Not for Resale, 05/11/2009 06:01:05 MDT



https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

K302.3.3D  Acceptable Severity Levels for Steel Castings ............................. 115
K305.1.2 Required Ultrasonic or Eddy Current Examination of Pipe and Tubing for
Longitudinal Defects ............ ... ... . i 119
K323.3.1 Impact Testing Requirements ........... ... ..., 124
K323.3.5 Minimum Required Charpy V-Notch Impact Values ....................... 126
K326.1 Component Standards ............. ... 127
K341.3.2 Acceptance Criteria for Welds ... 132
Appendices
A Allowable Stresses and Quality Factors for Metallic Piping and Bolting
Materials ....... ..o 187
Specification Index for Appendix A ........ ... ... . i 13§
Notes for Appendix A Tables .............................o Q) 141
Table A-1 Basic Allowable Stresses in Tension for Metals .............. 0. . 145
Iron
Castings ... T 144
Carbon Steel
Pipes and Tubes ............ .. . i LR 144
Pipes (Structural Grade) ............... .. ... o LD 15(
Plates, Bars, Shapes, and Sheets .................¢. Lol 15(
Plates, Bars, Shapes, and Sheets (Structural) .....CO .. .................. 153
Forgings and Fittings ..................... X . ... 152
Castings ........ooiiiiii i O 152
Low and Intermediate Alloy Steel
Pipes ... 154
Plates ........ooiiiiii i @ 156
Forgings and Fittings ..........%0 0 ..o 154
Castings .....oooniiii i 16(
Stainless Steel
Pipes and Tubes ....... .. 0. .. . 162
Plates and Sheets ... 50 ... 164
Forgings and Fittings > ......... ... ... .. 16§
Bar .. 1773
Castings ... .o 172
Copper and Copper Alloy
Pipes and Tubes ......... ... 174
Plates‘anid Sheets ............ ... i 174
FOrgimgs ... ... i 176
Castings ...t 176
Nickel and Nickel Alloy
Pipes and Tubes .......... ... . i 17§
Plates and Sheets ............. .. i 18(
Forgings and Fittings ........... ... .. ... i 182
Rodand Bar ... 184
Castings ... 184
Titanium and Titanium Alloy
PilJED dlld TLI]IJCD ....................................................... 18L
Plates and Sheets ............. ... i i 186
Forgings ... ... i 186
Zirconium and Zirconium Alloy
Pipes and Tubes ............ . . i 186
Plates and Sheets ............ ... .. i i 186
Forgings and Bar ......... ... .. . i 186
Aluminum Alloy
Seamless Pipes and Tubes ...................co i 188
Welded Pipes and Tubes ............ ... i 189
Structural Tubes ........ ... ... 189

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

ix

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

Plates and Sheets ...t 190

Copyright ASME International
Provided by IHS under license with ASME

Forgings and Fittings ........... ... ... ... . .. 192
Castings ... ... 193
Table A-1A Basic Casting Quality Factors, E; ................................ 194

Table A-1B Basic Quality Factors for Longitudinal Weld Joints in Pipes,
Tubes, and Fittings, E; ....................... .. ... 195
Carbon Steel ...... ... 195
Low and Intermediate Alloy Steel ................. ... 195
Stainless Steel .......... ... .. . . i il 196
Copper and Copper Alloy ... 196
Nickel and Nickel Alloy .............. i 197
Titanium and Titanium Alloy ........... ... .. . i i 192
Zirconium and Zirconium Alloy ................. .. ..o 197
Aluminum Alloy ... N 197
Table A-2 Design Stress Values for Bolting Materials ............... O.<... 198
Carbon Steel ... 198
Alloy Steel ... ... e 198
Stainless Steel ................ i G 198
Copper and Copper Alloy ... T 204
Nickel and Nickel Alloy ............ ..o O 204
Aluminum Alloy .......... ... S 206
B Stress Tables and Allowable Pressure Tables for Nenmetals ............... 208
C Physical Properties of Piping Materials ......«.5..... ... o 213
D Flexibility and Stress Intensification Factors ¢ 5% . ... 228
E Reference Standards ............. ... . m i 232
I Precautionary Considerations .........3(v ..o 238
G Safeguarding ........... .. i e 242
H Sample Calculations for Branch Reinforcement ............................ 243
I Nomenclature ..........coooo S 247
K Allowable Stresses for High Pressure Piping .............................. 260
L Aluminum Alloy Pipe Flanges ...l 274
M Guide to Classifying Flitid Services ............ ...l 277
P Alternative Rules for Evaluating Stress Range ............................ 279
Q Quality System Program ............ ... .. 281
5 Piping System (Stress Analysis Examples ................. ... 282
Y Allowable Variations in Elevated Temperature Service .................... 295
X Metallic Bellows Expansion Joints ...................oooooiiiiiiiat 298
/. Prepardtion of Technical Inquiries ................. ... 303
IndeX ... 304

X

Licensee=Technip/5931917102, User=de martis, riccardo

No reproduction or networking permitted without license from IHS Not for Resale, 05/11/2009 06:01:05 MDT



https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

FOREWORD

Responding to evident need and at the request of The American Society of Mechanical Engineers,
the American Standards Association initiated Project B31 in March 1926, with ASME as sole

administrativze cpr\ncnv The breadth of the field involved vaqnivﬂr] that mﬂm]f\avc]ﬂ\ip of th

Sectional Committee be drawn from some 40 engineering societies, industries, governmen
bureaus, institutes, and trade associations.

Initial publication in 1935 was as the American Tentative Standard Code for Pressuré Piping
Revisions from 1942 through 1955 were published as American Standard Code forOPressurd
Piping, ASA B31.1. It was then decided to publish as separate documents the various industry
Sections, beginning with ASA B31.8-1955, Gas Transmission and Distribution{Piping Systems
The first Petroleum Refinery Piping Code Section was designated ASA B31.3-1959. ASA B31.3
revisions were published in 1962 and 1966.

In 1967-1969, the American Standards Association became first the United States of Americg
Standards Institute, then the American National Standards Institute. The Sectional Committed
became American National Standards Committee B31 and the Codewas renamed the Americar
National Standard Code for Pressure Piping. The next B3L3. fevision was designated ANS
B31.3-1973. Addenda were published through 1975.

A draft Code Section for Chemical Plant Piping, prepdred by Section Committee B31.6, was
ready for approval in 1974. It was decided, rather tharxhave two closely related Code Sections
to merge the Section Committees and develop a joift; Code Section, titled Chemical Plant and
Petroleum Refinery Piping. The first edition was published as ANSI B31.3-1976.

In this Code, responsibility for piping desigfitwas conceptually integrated with that for the
overall processing facility, with safeguardingecognized as an effective safety measure. Threg
categories of Fluid Service were identified,. with a separate Chapter for Category M Fluid Service
Coverage for nonmetallic piping was troduced. New concepts were better defined in fivg
Addenda, the last of which added Appendix M, a graphic aid to selection of the proper Fluid
Service category.

The Standards Committee was reorganized in 1978 as a Committee operating under ASMH
procedures with ANSI accreditation. It is now the ASME Code for Pressure Piping, B31 Committee
Section committee structuiré remains essentially unchanged.

The second edition of Chemical Plant and Petroleum Refinery Piping was compiled from the
1976 Edition and its'five Addenda, with nonmetal requirements editorially relocated to a separate
Chapter. Its new-designation was ANSI/ASME B31.3-1980.

Section Corhunittee B31.10 had a draft Code for Cryogenic Piping ready for approval in 1981
Again, it was'decided to merge the two Section Committees and develop a more inclusive Codg
with the same title. The work of consolidation was partially completed in the ANSI/ASMH
B31.31984 Edition.

Significant changes were made in Addenda to the 1984 Edition: integration of cryogenic require;
ments was completed; a new stand-alone Chapter on high-pressure piping was added; and
coverage of fabrication, inspection, testing, and allowable stresses was reorganized. The new

Copyright ASME International
Provided by IHS under license with ASME

Editiorr was Tedesigmatedas ASME 7 ANST B31:3-1987 Editiom:
Addenda to subsequent Editions, published at three-year intervals, have been primarily to
keep the Code up-to-date. New Appendices have been added, however, on requirements for
bellows expansion joints, estimating service life, submittal of Inquiries, aluminum flanges, and
quality control in the 1990, 1993, 1999, and 2002 Editions, all designated as ASME B31.3.

In a program to clarify the application of all Sections of the Code for Pressure Piping, changes
are being made in the Introduction and Scope statements of B31.3, and its title is changed to
Process Piping.

Under direction of ASME Codes and Standards management, metric units of measurement are
being emphasized. With certain exceptions, SI metric units were listed first in the 1996 Edition
and were designated as the standard. Instructions for conversion are given where metric data
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are not available. U.S. customary units also are given. By agreement, either system may be used.

In this Edition of the Code, SI metric units are given first, with U.S. customary units in
parentheses. Appendices H and X, the tables in Appendices A and K, and Tables C-1, C-3, and
C-6 in Appendix C are exceptions. Values in metric units are to be regarded as the standard,
unless otherwise agreed between the contracting parties. Instructions are given, in those tables
that have not been converted for converting tabular data in U.S. units to appropriate SI units.

Interpretations, Code Cases, and errata to the B31.3 Code on Process Piping are published on
the following ASME web page: http://cstools.asme.org/csconnect/CommitteePages.cfm? Committee =
N10020400.

Xii
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INTRODUCTION

The ASME B31 Code for Pressure Piping consists of a number of individually published
Sections, each an American National Standard, under the direction of ASME Committee B31,

Code for Pressure Piping.

Rules for each Section reflect the kinds of piping installations considered during its development
as follows:

B31.1 Power Piping: piping typically found in electric power generating stations, insindtstria
and institutional plants, geothermal heating systems, and central and district heating and cooling
systems

B31.3 Process Piping: piping typically found in petroleum refineries, chemical,pharmaceutical
textile, paper, semiconductor, and cryogenic plants, and related processingplafits and terminals

B31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other Liquids: piping
transporting products which are predominately liquid between plantsiand terminals and withir
terminals, pumping, regulating, and metering stations

B31.5 Refrigeration Piping: piping for refrigerants and secondary coolants

B31.8 Gas Transportation and Distribution Piping Systems: piping transporting products which
are predominately gas between sources and terminals, including compressor, regulating, and
metering stations; gas gathering pipelines

B31.9 Building Services Piping: piping typically found in industrial, institutional, commercial
and public buildings, and in multi-unit residences;"which does not require the range of sizes
pressures, and temperatures covered in B31.1

B31.11 Slurry Transportation Piping Systems: piping transporting aqueous slurries betweer
plants and terminals and within terminals;spumping, and regulating stations

This is the B31.3 Process Piping Code'Section. Hereafter, in this Introduction and in the tex
of this Code Section B31.3, where thexword Code is used without specific identification, it means
this Code Section.

It is the owner’s responsibility/to select the Code Section which most nearly applies to 3
proposed piping installationt\Factors to be considered by the owner include: limitations of the
Code Section; jurisdictionalrequirements; and the applicability of other codes and standards. Al
applicable requirements of the selected Code Section shall be met. For some installations, more
than one Code Sectign may apply to different parts of the installation. The owner is also responsible
for imposing requirements supplementary to those of the Code if necessary to assure safe piping
for the proposéd jinstallation.

Certain piping within a facility may be subject to other codes and standards, including bu
not limited‘to the following:

ANSINZ223.1 National Fuel Gas Code: piping for fuel gas from the point of delivery to thg
confiéction of each fuel utilization device

NFPA Fire Protection Standards: fire protection systems using water, carbon dioxide, halon
feam, dry chemicals, and wet chemicals

Copyright ASME International
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NEPA-99-Health-CareFaeilities—medical-andtaboratorygas-systems

building and plumbing codes, as applicable, for potable hot and cold water, and for sewer and
drain systems

The Code sets forth engineering requirements deemed necessary for safe design and construc-
tion of pressure piping. While safety is the basic consideration, this factor alone will not necessarily
govern the final specifications for any piping installation. The designer is cautioned that the
Code is not a design handbook; it does not do away with the need for the designer or for
competent engineering judgment.

To the greatest possible extent, Code requirements for design are stated in terms of basic design
principles and formulas. These are supplemented, as necessary, with specific requirements to
assure uniform application of principles and to guide selection and application of piping elements.

Xvii
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The Code prohibits designs and practices known to be unsafe and contains warnings where
caution, but not prohibition, is warranted.

This Code Section includes the following;:

(a) references to acceptable material specifications and component standards, including dimen-
sional requirements and pressure—temperature ratings

(b) requirements for design of components and assemblies, including piping supports

(c) requirements and data for evaluation and limitation of stresses, reactions, and movements
associated with pressure, temperature changes, and other forces

(d) guidance and limitations on the selection and application of materials, components, and

oming methods

(e) requirements for the fabrication, assembly, and erection of piping

(f) requirements for examination, inspection, and testing of piping

ASME Committee B31 is organized and operates under procedures of The American Seciety

pf Mechanical Engineers that have been accredited by the American National Standards Institute.
The Committee is a continuing one, and keeps all Code Sections current with new deyelopments
in materials, construction, and industrial practice. New editions are published at intéxvals of two
years.
Code users will note that clauses in the Code are not necessarily numbered consecutively. Such
discontinuities result from following a common outline, insofar as practicaljfer all Code Sections.
[n this way, corresponding material is correspondingly numbered in most Code Sections, thus
facilitating reference by those who have occasion to use more thanne Section.

It is intended that this edition of Code Section B31.3 not be retrodctive. Unless agreement is
specifically made between contracting parties to use another issue, or the regulatory body having
urisdiction imposes the use of another issue, the latest editionissued at least 6 months prior to
the original contract date for the first phase of activity covering a piping installation shall be the
poverning document for all design, materials, fabrication;-erection, examination, and testing for
the piping until the completion of the work and initial*operation.

Users of this Code are cautioned against makingstise of Code revisions without assurance that
they are acceptable to the proper authorities in the'jurisdiction where the piping is to be installed.

The B31 Committee has established an ordetly procedure to consider requests for interpretation
and revision of Code requirements. To receive consideration, such request must be in writing
and must give full particulars in accordarice with Appendix Z.

The approved reply to an inquiry will be sent directly to the inquirer. In addition, the question
pnd reply will be published as part of an Interpretation supplement.

A Case is the prescribed ferni*of reply when study indicates that the Code wording needs
clarification, or when the reply“modifies existing requirements of the Code or grants permission
to use new materials orsaltérnative constructions. The Case will be published as part of a Case
supplement.

The ASME B31 Stanidards Committee took action to eliminate Code Case expiration dates
pffective September'21, 2007. This means that all Code Cases in effect as of this date will remain
pvailable for use-until annulled by the ASME B31 Standards Committee.

A requestfor'revision of the Code will be placed on the Committee’s agenda. Further information
pr active’participation on the part of the proponent may be requested during consideration of a
propased revision.

Materials ordinarily are listed in the stress tables only when sufficient usage in piping within
the scope of the Code has been shown. Requests for listing shall include evidence of satisfactory

usage and specific data to permit establishment of allowable stresses, maximum and minimum
temperature limits, and other restrictions. Additional criteria can be found in the guidelines for
addition of new materials in the ASME Boiler and Pressure Vessel Code, Section II and Section VIII,
Division 1, Appendix B. (To develop usage and gain experience, unlisted materials may be used
in accordance with para. 323.1.2.) Metric versions of Tables A-1 and A-2 are in the course of
preparation. Please refer to the B31.3 Process Piping Web pages at http://cstools.asme.org/csconnect/
CommitteePages.cfm.

xviii
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Following approval by the B31 Committee and ASME, and after public review, ASME B31.3-2008

ASME B31.3-2008
SUMMARY OF CHANGES

was approved by the American National Standards Institute on September 19, 2008.
Changes given below are identified on the pages by a margin note, (08), placed next to the
affected area.
Page Location Change
X1, xii Foreword Last paragraph revised
xvii, xviii Introduction Third to last paragraph ‘revised
2,4 300.2 elevated temperatnre:fluid service added
10 301.1 Revised in its entirety
301.2.2(a) Revised:
11 301.5.3 Revised
13 302.3.2 Footnote (2) revised
15, 18 302.3.5 (1) Subparagraphs (c) and (e) revised
(2) Subparagraph (f) added
302.3.6(a) In second paragraph, cross-reference to
Table Y-3 deleted
19 Table 302.3.5 Added
28 304.5.1(a) Revised
29 304.7.2 Subparagraphs (b) and (d) revised
30 305.2.4 Added
32 308.2.3 First cross-reference revised
33, 34 311.2 (1) Subparagraphs 311.2.3 through
311.2.6 redesignated as 311.2.4
through 311.2.7, respectively
(2) New subpara. 311.2.3 added
38 319.4.1(c) Footnote 9 revised
42,43 321.3.2 Revised
322.6.3(a) Revised
56, 57 Table 326.1 (1) ASME B16.28 deleted
(2) For AWWA C115, title revised
(3) For MSS SP-43, Note reference added
(4) Note (3) revised
65 331.1.1(e) Added
71 335.10 Added
77 341.3.4(f) Added
341.4.1 Title revised
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Page Location Change
78 34144 Added
81 345.2.3 Subparagraphs (a) and (b) revised
82 345.3.3 Subparagraphs (a), (b), and (c) revised
345.4.2 Subparagraphs (a) and (b) revised
87 A304.5.1(a) Revised
A304.7.2 Title revised
B8 A307 Title revised
D3, 94 A326.4 Revised
D5, 96 Table A326.1 (1) First body heading and various titles
revised
(2) Under Nonmetallic Fittihgs, Valves,
and Flanges, ASTM-0-2846M, D 5685,
F 423, F 491, F 492, F 546, F 599,
F 781, and MSS.SP-122 added
(3) Under Nonmetallic Pipes and Tubes,
ASTM D2846M, F 423, F 441M,
F 442N1) F491, F 492, F 546, F 599,
and 781 added
(4) Under Miscellaneous, ASTM D 2672
deleted
109 MA307 Revised
113, 114 K302.3.1(d) Revised
K302.3.2(b)(1) (1) Revised
(2) Footnote 1 added
K302.3.2(b)(2) In second paragraph, Table Y-3 cross-
reference deleted
K302.322(¢)(2) Table Y-3 cross-reference deleted
K302:3:2(d) Revised
KB02.3.3(a) Revised
115 K302.3.6(a) Revised
117 K304.4(b) Revised
K304.5.1(b) Revised
K304.5.2(b) Revised
K304.5.3 Revised
K304.7.2 (1) First paragraph revised
(2) Subparagraph (c) revised
118 K304.8.2(a) Revised
K304.8.3(a) Footnote 10 (formerly footnote 9) revised
K304.8.5 First paragraph revised
120 K309 Revised
127 Table K326.1 Under Metallic Fittings, Valves, and
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Chapter |
Scope and Definitions

300 GENERAL STATEMENTS

shall have the latitude to do so; however, the approach

(a)| Identification. This Process Piping Code is a
Sectipn of the American Society of Mechanical Engineers
Codg¢ for Pressure Piping, ASME B31, an American
Natignal Standard. It is published as a separate docu-
ment for convenience of Code users.

(b)| Responsibilities
1) Owner. The owner of a piping installation shall
have| overall responsibility for compliance with this
Codg, and for establishing the requirements for design,
consfruction, examination, inspection, and testing
which will govern the entire fluid handling or process
installation of which the piping is a part. The owner is
also fesponsible for designating piping in certain fluid
servifes and for determining if a specific Quality System
is to pe employed. [See paras. 300(d)(4), (d)(5), (e), and
Appéndix Q.]

2) Designer. The designer is responsible to the
owngdr for assurance that the engineering design of pip+:
ing domplies with the requirements of this Code and
with|any additional requirements established b{ the
owngr.

3) Manufacturer, Fabricator, and Erector.\The manu-
factuper, fabricator, and erector of piping aretesponsible
for providing materials, components, and workmanship
in compliance with the requirements\of this Code and
of the engineering design.

4) Owner’s Inspector. Thié ,owner’s Inspector (see
para340) is responsible to{the owner for ensuring that
the requirements of this‘Code for inspection, examina-
tion, pnd testing are niet: If a Quality System is specified
by the owner to be-eémployed, the owner’s Inspector is
respqnsible for.verifying that it is implemented.

(c)| Intent gfhe Code
1) ItSs‘the intent of this Code to set forth engi-
neering-requirements deemed necessary for safe design

must be documented in the engineering design and its
validity accepted by the owner. The apprdach fised shall
provide details of design, construction,’examination,
inspection, and testing for the desigficonditions of para.
301, with calculations consistent with the design criteria
of this Code.
(4) Piping elements shiould, insofar as pgacticable,
conform to the specifications and standards listed in
this Code. Piping elements neither specifically ppproved
nor specifically prohibited by this Code may be used
provided they are-qualified for use as set forth in applica-
ble Chapters ©f this Code.
(5) The engineering design shall spgcify any
unusual, requirements for a particular servige. Where
service requirements necessitate measures beypnd those
required by this Code, such measures shall be| specified
by the engineering design. Where so specified) the Code
requires that they be accomplished.
(6) Compatibility of materials with the sgrvice and
hazards from instability of contained fluids are not
within the scope of this Code. See para. F323]

(d) Determining Code Requirements
(1) Code requirements for design and comstruction
include fluid service requirements, which affect selection
and application of materials, components, Td joints.
Fluid service requirements include prohibitions, limita-
tions, and conditions, such as temperature limits or a
requirement for safeguarding (see para. 300.2 and
Appendix G). Code requirements for a piping system
are the most restrictive of those which apply|to any of
its elements.
(2) For metallic piping not in Category M or high
pressure fluid service, Code requirements arg found in
Chapters I through VI (the base Code), and fluiid service

requirements are found in
(a) Chapter III for materials

and tenstruction-of pipinginstallations:

(2) This Code is not intended to apply to the opera-
tion, examination, inspection, testing, maintenance, or
repair of piping that has been placed in service. The
provisions of this Code may optionally be applied for
those purposes, although other considerations may also
be necessary.

(3) Engineering requirements of this Code, while
considered necessary and adequate for safe design, gen-
erally employ a simplified approach to the subject. A
designer capable of applying a more rigorous analysis
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th—ChapterHPart-3;forcomponents
(c) Chapter II, Part 4, for joints

(3) For nonmetallic piping and piping lined with
nonmetals, all requirements are found in Chapter VIIL
(Paragraph designations begin with “A.”)

(4) For piping in a fluid service designated by the
owner as Category M (see para. 300.2 and Appendix M),
all requirements are found in Chapter VIII. (Paragraph
designations begin with “M.”)

(5) For piping in a fluid service designated by the
owner as Category D (see para. 300.2 and Appendix M),

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

piping elements restricted to Category D Fluid Service
in Chapters I through VII, as well as elements suitable
for other fluid services, may be used.

(6) Metallic piping elements suitable for Normal
Fluid Service in Chapters I through VI may also be
used under severe cyclic conditions unless a specific
requirement for severe cyclic conditions is stated.

(e) High Pressure Piping. Chapter IX provides alterna-
tive rules for design and construction of piping desig-

and its design temperature is from —-29°C (-20°F)
through 186°C (366°F)

(b) power boilers in accordance with BPV Code?
Section I and boiler external piping which is required
to conform to B31.1

(c) tubes, tube headers, crossovers, and manifolds of
fired heaters, which are internal to the heater enclosure

(d) pressure vessels, heat exchangers, pumps, com-
pressors, and other fluid handling or processing equip-

nated by[the owner as being in High Pressure fiuid
Service.

(1) These rules apply only when specified by the
owner, aind only as a whole, not in part.

(2) (hapter IX rules do not provide for Category
M Fluid pervice. See para. K300.1.4.

(3) Haragraph designations begin with “K.”

(f) Appendices. Appendices of this Code contain Code
requiremgnts, supplementary guidance, or other infor-
mation. See para. 300.4 for a description of the status
of each Appendix.

300.1 Sqope

Rules fpr the Process Piping Code Section B31.3" have
been developed considering piping typically found in
petroleurh refineries; chemical, pharmaceutical, textile,
paper, semniconductor, and cryogenic plants; and related
processinjg plants and terminals.

300.1J1 Content and Coverage
(a) Thip Code prescribes requirements for materials
and components, design, fabrication, assembly, erection;
examinatjon, inspection, and testing of piping.
(b) Thik Code applies to piping for all fluids, ingluding
(1) rhw, intermediate, and finished chemicals
(2) getroleum products
(3) gas, steam, air, and water
(4) fluidized solids
(5) rpfrigerants
(6) cryogenic fluids
(c) See[Fig.300.1.1 for a diagram illustrating the appli-
cation of B31.3 piping atequipment. The joint connecting
piping tol equipment.s.within the scope of B31.3.

300.1.2 Packaged Equipment Piping. Also included
within the scope of this Code is piping which intercon-
nects pigces.of stages within a packaged equipment

ment, including internal piping and connectiofs for
external piping

300.2 Definitions

Some of the terms relating to pipingjare defined below.
For welding, brazing, and soldering)terms not shown
here, definitions in accordance with AWS Standard [A3.0°
apply.
air-hardened steel: a steel that hardens during cooling in
air from a temperature above its transformation range.

anneal heat treatment:'sée heat treatment.

arc cutting: a gtoup of cutting processes whereih the
severing or removing of metals is effected by melting
with the heat of an arc between an electrode and the
base metal. (Includes carbon-arc cutting, metal-arf cut-
ting@as metal-arc cutting, gas tungsten-arc cutting,
plasmia-arc cutting, and air carbon-arc cutting.) Se¢ also
oxygen-arc cutting.

arc welding (AW): a group of welding processes yhich
produces coalescence of metals by heating them|with
an arc or arcs, with or without the application of pressure
and with or without the use of filler metal.

assembly: the joining together of two or more piping
components by bolting, welding, bonding, screying,
brazing, soldering, cementing, or use of packing dgvices
as specified by the engineering design.

automatic welding: welding with equipment whiclf per-
forms the welding operation without adjustment ¢f the
controls by an operator. The equipment may or mdy not
perform the loading and unloading of the work.

backing filler metal: see consumable insert.

backing ring: material in the form of a ring used tq sup-
port molten weld metal.

assembly:

300.1.3 Exclusions.
lowing;:

(a) piping systems designed for internal gage pres-
sures at or above zero but less than 105 kPa (15 psi),
provided the fluid handled is nonflammable, nontoxic,
and not damaging to human tissues as defined in 300.2,

This Code excludes the fol-

'B31 references here and elsewhere in this Code are to the ASME
B31 Code for Pressure Piping and its various Sections, which are
identified and briefly described in the Introduction.

balanced piping system: see para. 319.2.2(a).

2BPV Code references here and elsewhere in this Code are to the
ASME Boiler and Pressure Vessel Code and its various Sections
as follows:
Section I, Power Boilers
Section II, Materials, Part D
Section V, Nondestructive Examination
Section VIII, Pressure Vessels, Divisions 1 and 2
Section IX, Welding and Brazing Qualifications
SAWS A3.0, Standard Welding Terms and Definitions, Including
Terms for Adhesive Bonding, Brazing, Soldering, Thermal Cou-
pling and Thermal Spraying

(08)
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Fig. 300.1.1 Diagram Illlustrating Application of B31.3 Piping at Equipment

(

—

p) Power boilers in accordance
with BPV Code Section I

Boiler external piping which
is required to conform to B31.1

N

Tubes, tube headers,
crossovers and manifolds
of fired heaters, internal
to the heater enclosure

/

Legend

Piping outside the scope

GENERAL NOTE:

base material: the material to be brazed, soldered, welded,
or otherwise fused.

basic lallowable stress: see stress terms _frequently used.
bolt design stress: see stress tepms frequently used.

bonddd joint: a permanent(joint in nonmetallic piping
madg¢ by one of the following methods:

(a)| adhesive joint: ;) joint made by applying an adhe-
sive [to the surfaces‘to be joined and pressing them
together

(b)| butt-ayd-wrapped joint: a joint made by butting
together thejoining surfaces and wrapping the joint with
plies|of-reinforcing fabric saturated with resin

f_{ Packaged equipment piping

Piping within the scope of B31.3

The means by which piping is attached tocequipment is within the scope of the applicable piping code.

f__

\J"\

Pressure vessels;heat
exchangers, pamps, com-
pressors and other fluid
handling-or processing
equipment, including in-
ternalpiping and con-
nections for external
piping

(f) electrofusion joint: ajoint made by heatinlg the sur-
faces to be joined using an electrical resistance|wire coil,
which remains embedded in the joint.

bonder: one who performs a manual or semigutomatic
bonding operation.

bonding operator: one who operates machine or jutomatic
bonding equipment.

bonding procedure: the detailed methods and|practices
involved in the production of a bonded joint.

bonding procedure specification (BPS): the documpnt which
lists the parameters to be used in the constjuction of

(c) “rent fuoiurt Totrt—ajotntede by hcaiiug thesur=
faces to be joined and pressing them together to achieve
fusion

(d) hot gas welded joint: a joint made by simultane-
ously heating the surfaces to be joined and a filler mate-
rial with a stream of hot air or hot inert gas, then pressing
the surfaces together and applying the filler material to
achieve fusion

(e) solvent cemented joint: a joint made by using a sol-
vent cement to soften the surfaces to be joined and press-
ing them together

L. dod s o o | il sl H
cofaeaomts I accoraance—witn e requtt ments of

this Code.

branch connection fitting: an integrally reinforced fitting
welded to a run pipe and connected to a branch pipe
by a buttwelding, socket welding, threaded, or flanged
joint; includes a branch outlet fitting conforming to
MSS SP-97.

brazing: a metal joining process wherein coalescence is
produced by use of a nonferrous filler metal having a
melting point above 427°C (800°F), but lower than that
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of the base metals being joined. The filler metal is distrib-
uted between the closely fitted surfaces of the joint by
capillary attraction.

butt joint: a joint between two members aligned approxi-
mately in the same plane.

Category D: see fluid service.
Category M: see fluid service.

caulked joint: ajoint in which suitable material (or materi-

engineering design including any field assembly, fabri-
cation, examination, inspection, and testing of the sys-
tem as required by this Code.

examination, examiner: see paras. 341.1 and 341.2.

examination, types of: see para. 344.1.3 for the following;:
(a) 100% examination
(b) random examination
(c) spot examination

als) is either poured or compressed by the use of tools
into the ahnular space between a bell (or hub) and spigot
(or plain |end), thus comprising the joint seal.

chemical plant: an industrial plant for the manufacture
or procesping of chemicals, or of raw materials or inter-
mediateq for such chemicals. A chemical plant may
include sfipporting and service facilities, such as storage,
utility, arjd waste treatment units.

cold spring: see para. 319.2.4.

connections for external piping: those integral parts of indi-
vidual pjeces of equipment which are designed for
attachmeht of external piping.

consumable insert: preplaced filler metal which is com-
pletely fysed into the root of the joint and becomes part
of the weld.

damaging|to human tissues: for the purposes of this Code,
this phrage describes a fluid service in which exposure
to the fluid, caused by leakage under expected operating
conditionys, can harm skin, eyes, or exposed mucous
membrafes so that irreversible damage may regult
unless prpmpt restorative measures are taken. (Restor-
ative megsures may include flushing with water, admin-
istration pf antidotes, or medication.)

design miftimum temperature: see para. 301.3.1.
design prdssure: see para. 301.2.
design temperature: see para. 3013,

designer:|the person or organization in responsible
charge of| the engineering design.

displacemgnt stress range:)see para. 319.2.3.
elements: pee piping elements.

elevated tqmperature fluid service: a fluid service in which
the piping metal temperature has a design or sustained

{d) Tandom spot examination
extruded outlet header: see para. 304.3.4.

fabrication: the preparation of piping.for’assebly,
including cutting, threading, grooving, ferming, bend-
ing, and joining of components intofSubassemblies| Fab-
rication may be performed in théshop or in the field.

face of weld: the exposed surface’of a weld on th¢ side
from which the welding was*done.

filler material: the matetial'to be added in making m¢tallic
or nonmetallic joints!

fillet weld: a weld of approximately triangular crosp sec-
tion joining, two surfaces approximately at right angles
to each other'in a lap joint, tee joint, or corner joint. (See
also size of weld and throat of a fillet weld.)

flanmmable: for the purposes of this Code, descripes a
fluid which under ambient or expected operating condi-
tions is a vapor or produces vapors that can be ignited
and continue to burn in air. The term thus may 4pply,
depending on service conditions, to fluids defindd for
other purposes as flammable or combustible.

fluid service: a general term concerning the applidation
of a piping system, considering the combination of fluid
properties, operating conditions, and other factorp that
establish the basis for design of the piping system. See
Appendix M.
(a) Category D Fluid Service: a fluid service in which
all the following apply:
(1) the fluid handled is nonflammable, nonftoxic,
and not damaging to human tissues as defined in
para. 300.2
(2) the design gage pressure does not exceed
1035 kPa (150 psi)
(3) the design temperature is from —29°C (420°F)

3 1 1 T
operatm i.c1111,}c1a'wuc cqtar toor 51calc1 tirarT 1o dS

defined in Table 302.3.5, General Note (b).

engineering design: the detailed design governing a pip-
ing system, developed from process and mechanical
requirements, conforming to Code requirements, and
including all necessary specifications, drawings, and
supporting documents.

equipment connection: see connections for external piping.

erection: the complete installation of a piping system in
the locations and on the supports designated by the

throuah 186°C (366°E)
O A} 7

(b) Category M Fluid Service: a fluid service in which
the potential for personnel exposure is judged to be
significant and in which a single exposure to a very
small quantity of a toxic fluid, caused by leakage, can
produce serious irreversible harm to persons on breath-
ing or bodily contact, even when prompt restorative
measures are taken

(c) High Pressure Fluid Service: a fluid service for
which the owner specifies the use of Chapter IX for
piping design and construction; see also para. K300
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(d) Normal Fluid Service: a fluid service pertaining to
most piping covered by this Code, i.e., not subject to
the rules for Category D, Category M, or High Pressure
Fluid Service

full fillet weld: a fillet weld whose size is equal to the
thickness of the thinner member joined.

fusion: the melting together of filler material and base
material, or of base material only, that results in
coalescence

solid solution, and then cooling rapidly enough to hold
the constituents in solution

(g) stress-relief: uniform heating of a structure or por-
tion thereof to a sufficient temperature to relieve the
major portion of the residual stresses, followed by uni-
form cooling slowly enough to minimize development
of new residual stresses

(h) tempering: reheating a hardened metal to a tem-
perature below the transformation range to improve

gas myetal-arc welding (GMAW): an arc-welding process
that produces coalescence of metals by heating them
with [an arc between a continuous filler metal (consum-
able) electrode and the work. Shielding is obtained
entir¢ly from an externally supplied gas, or gas mixture.
Somg variations of this process are called MIG or CO,
weldjng (nonpreferred terms).

guas tyngsten-arc welding (GTAW): an arc-welding process
that produces coalescence of metals by heating them
with an arc between a single tungsten (nonconsumable)
electfode and the work. Shielding is obtained from a
gas qr gas mixture. Pressure may or may not be used
and filler metal may or may not be used. (This process
has sometimes been called TIG welding.)

gas welding: a group of welding processes wherein
coalescence is produced by heating with a gas flame or
flamg¢s, with or without the application of pressure, and
with |or without the use of filler material.

groote weld: a weld made in the groove between-two
mempers to be joined.

heat dffected zone: that portion of the base material which
has njot been melted, but whose mechanicalptoperties or
micrgstructure have been altered by the heat of welding,
brazing, soldering, forming, or cutting.

heat freatment: terms used to describe various types and
procgsses of heat treatment (Sometimes called postweld
heat freatment) are defined as follows:

(a)| annealing: heating\to and holding at a suitable
templerature and then cooling at a suitable rate for such
purppses as: reducing hardness, improving machinabil-
ity, fcilitating eeld working, producing a desired micro-
strucfure, onobtaining desired mechanical, physical, or
other properties

(b)| noxmnlizing: a process in which a ferrous metal is

Toughness
(i) transformation range: a temperature ranige in which
a phase change is initiated and completed
(j) transformation temperature: a temperatur¢ at which
a phase change occurs

High Pressure Fluid Service: seefliid service.

indication, linear: in magnetic particle, liquid penetrant,
or similar examinationja\closed surface areg marking
or denoting a discontifuity requiring evaluatipn, whose
longest dimension is at least three times the| width of
the indication.

indication, rdunded: in magnetic particle, liquid penetrant,
or similat¢examination, a closed surface areg marking
or deneting a discontinuity requiring evaluatipn, whose
longest’dimension is less than three times thq width of
thefindication.

in-process examination: see para. 344.7.
inspection, Inspector: see para. 340.

joint design: the joint geometry together with the required
dimensions of the welded joint.

listed: for the purposes of this Code, describes 4 material
or component which conforms to a specification in
Appendix A, Appendix B, or Appendix K or [to a stan-
dard in Table 326.1, A326.1, or K326.1.

manual welding: a welding operation performed and con-
trolled completely by hand.

may: a term which indicates that a provision [is neither
required nor prohibited.

mechanical joint: a joint for the purpose of mjechanical
strength or leak resistance, or both, in which th¢ mechan-
ical strength is developed by threaded, grooved, rolled,
flared, or flanged pipe ends; or by bolts, ping, toggles,
or rings; and the leak resistance is developed By threads

heatedto-asttitable-temperatture-above-thetransforma
tion range and is subsequently cooled in still air at room
temperature

(c) preheating: see preheating (separate term)

(d) quenching: rapid cooling of a heated metal

(e) recommended or required heat treatment: the applica-
tion of heat to a metal section subsequent to a cutting,
forming, or welding operation, as provided in para. 331

(f) solution heat treatment: heating an alloy to a suit-
able temperature, holding at that temperature long
enough to allow one or more constituents to enter into

and anpnnnr‘]Q, gna](pfcl rolled pﬂAQ’ cal lklng, or
machined and mated surfaces.

miter: two or more straight sections of pipe matched and
joined in a plane bisecting the angle of junction so as
to produce a change in direction.

nominal: a numerical identification of dimension, capac-
ity, rating, or other characteristic used as a designation,
not as an exact measurement.

Normal Fluid Service: see fluid service.

normalizing: see heat treatment.
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notch-sensitive: describes a metal subject to reduction in
strength in the presence of stress concentration. The
degree of notch sensitivity is usually expressed as the
strength determined in a notched specimen divided by
the strength determined in an unnotched specimen, and
can be obtained from either static or dynamic tests.

NPS: nominal pipe size (followed, when appropriate,
by the specific size designation number without an inch
symbol).

(c) electric-fusion welded pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced in the
preformed tube by manual or automatic electric-arc
welding. The weld may be single (welded from one side)
or double (welded from inside and outside) and may
be made with or without the addition of filler metal.

(d) double submerged-arc welded pipe: pipe having a
longitudinal butt joint produced by at least two passes,
one of which is on the inside of the pipe. Coalescence

oxygen-arf cutting (OAC): an oxygen-cutting process that
uses an grc between the workpiece and a consumable
electrode} through which oxygen is directed to the work-
piece. For oxidation-resistant metals, a chemical flux or
metal popder is used to facilitate the reaction.

oxygen culting (OC): a group of thermal cutting processes
that sevets or removes metal by means of the chemical
reaction hetween oxygen and the base metal at elevated
temperatjire. The necessary temperature is maintained
by the hdat from an arc, an oxyfuel gas flame, or other
source.

oxygen gduging: thermal gouging that uses an oxygen
cutting pfocess variation to form a bevel or groove.

packaged ¢quipment: an assembly of individual pieces or
stages of equipment, complete with interconnecting pip-
ing and qonnections for external piping. The assembly
may be mounted on a skid or other structure prior to
delivery.

petroleum| refinery: an industrial plant for processing or
handling| of petroleum and products derived difectly
from petrpleum. Such a plant may be an individual gaso-
line recoyery plant, a treating plant, a gas ‘processing
plant (indluding liquefaction), or an integrated refinery
having various process units and attendant facilities.

pipe: a pressure-tight cylinder used to convey a fluid or
to transrpit a fluid pressure,(oidinarily designated
“pipe” ir} applicable material specifications. Materials
designatgd “tube” or “tubing” in the specifications are
treated as pipe when-intended for pressure service.
Types of pipe, according to the method of manufacture,
are defingd as follows:

(a) eleqtricvesistance-welded pipe: pipe produced in
individugl fengths or in continuous lengths from coiled

Tsproduced by Neating wWitlt an etectric arc oy arcs
between the bare metal electrode or electrodes.anld the
work. The welding is shielded by a blanket(of granular
fusible material on the work. Pressure is not used and
filler metal for the inside and outside,welds is obthined
from the electrode or electrodes.

(e) seamless pipe: pipe produced by piercing a |billet
followed by rolling or drawing; or both.

(f) spiral welded pipe: pipe having a helical seam| with
either a butt, lap, or lotk=seam joint which is welded
using either an electrical resistance, electric fusipn or
double-submerged arc welding process.

pipe-supporting-elements: pipe-supporting elementg con-
sist of fixtures‘and structural attachments as follgws:
(a) fixtures: fixtures include elements which trgnsfer
the load,from the pipe or structural attachment fo the
supporting structure or equipment. They include hang-
ing\type fixtures, such as hanger rods, spring hangers,
sway braces, counterweights, turnbuckles, struts, chains,
guides, and anchors; and bearing type fixtures, sych as
saddles, bases, rollers, brackets, and sliding suppprts.
(b) structural attachments: structural attachments
include elements which are welded, bolted, or clajmped
to the pipe, such as clips, lugs, rings, clamps, cleyises,
straps, and skirts.

piping: assemblies of piping components used to cqnvey,
distribute, mix, separate, discharge, meter, contrpl, or
snub fluid flows. Piping also includes pipe-suppgrting
elements, but does not include support structures|such
as building frames, bents, foundations, or any eguip-
ment excluded from this Code (see para. 300.1.3)

piping components: mechanical elements suitable fox join-
ing or assembly into pressure-tight fluid-containing pip-
ing systems. Components include pipe, tubing, fitfings,
flanges, gaskets, bolting, valves, and devices sufh as

expansion—ioints flexible joints —pressure hoses—traps
pansionjeints; joints—pressuret —raps,

skelp and-subsegquentlyentinto-individua-engthshav
ing a longitudinal butt joint wherein coalescence is pro-
duced by the heat obtained from resistance of the pipe
to the flow of electric current in a circuit of which the
pipe is a part, and by the application of pressure.

(b) furnace butt welded pipe, continuous welded: pipe
produced in continuous lengths from coiled skelp and
subsequently cut into individual lengths, having its lon-
gitudinal butt joint forge welded by the mechanical pres-
sure developed in passing the hot-formed and edge-
heated skelp through a set of round pass welding rolls.

strainers, inline portions of instruments, and separators.

piping elements: any material or work required to plan
and install a piping system. Elements of piping include
design specifications, materials, components, supports,
fabrication, examination, inspection, and testing.

piping installation: designed piping systems to which a
selected Code edition and addenda apply.

piping system: interconnected piping subject to the same
set or sets of design conditions.
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plasma arc cutting (PAC): an arc cutting process that uses
a constricted arc and removes molten metal with a high
velocity jet of ionized gas issuing from the constricting
orifice.

postweld heat treatment: see heat treatment.

preheating: the application of heat to the base material
immediately before or during a forming, welding, or
cutting process. See para. 330.

size of weld:

(a) fillet weld: the leg lengths (the leg length for equal-
leg welds) of the sides, adjoining the members welded,
of the largest triangle that can be inscribed within the
weld cross section. For welds between perpendicular
members, the definitions in Fig. 328.5.2A apply.

NOTE: When the angle between members exceeds 105 deg, size
is of less significance than effective throat (see also throat of a
fillet weld).

prOCt: JMIC L/’l/lull:[rl:l,utL'UlL lcl,uld \/LnQR) 28 dULulllCllt liotius
all pprtinent data, including the essential variables
employed and the test results, used in qualifying the
procedure specification.

proce$s unit: an area whose boundaries are designated
by thie engineering design within which reactions, sepa-
ratiofs, and other processes are carried out. Examples
of ingtallations that are not classified as process units are
loading areas or terminals, bulk plants, compounding
plants, and tank farms and storage yards.

quendh annealing: see solution heat treatment under heat
treatrient.

quendhing: see heat treatment.

reinfdrcement: see paras. 304.3 and A304.3. See also weld
reinfgrcement.

root dpening: the separation between the members to be
joinefl, at the root of the joint.

safegyiarding: provision of protective measures of the
typeq outlined in Appendix G, where deemed necessary.
See Appendix G for detailed discussion.

seal fond: a bond intended primarily to provide joint
tightness against leakage in nonmetallic piping.

seal eld: a weld intended primarily\to+provide joint
tightness against leakage in metallie piping.

semidgutomatic arc welding: arc welding with equipment
which controls only the fillef metal feed. The advance
of the welding is manually. controlled.

sever¢ cyclic conditions; ‘conditions applying to specific
pipirlg components{or-joints in which Sg computed in
accoydance with, para. 319.4.4 exceeds 0.85, (as defined
in pdra. 302.3:5),"and the equivalent number of cycles
(N ir} para.802:3.5) exceeds 7000; or other conditions
that !Ihe designer determines will produce an equivalent
effect.

(b) groove weld: the joint penetration (deth\ of bevel
plus the root penetration when specified)) The size of a
groove weld and its effective throat,are’the same.

slag inclusion: nonmetallic solid, material entfapped in
weld metal or between weld{metal and base |metal.

soldering: a metal joining process wherein coalpscence is
produced by heating to suitable temperatur¢s and by
using a nonferrous alloy fusible at temperatufes below
427°C (800°F) and*having a melting point belgw that of
the base metals being joined. The filler metal fis distrib-
uted betweén'closely fitted surfaces of the joinf by capil-
lary attraction. In general, solders are lead-tin glloys and
may contain antimony, bismuth, and other elpments.

solution heat treatment: see heat treatment.
stress ratio: see Fig. 323.2.2B.
stress relief: see heat treatment.

stress terms frequently used:
(a) basic allowable stress: this term, symbolf S, repre-
sents the stress value for any material determined by
the appropriate stress basis in para. 302.3.2
(b) bolt design stress: this term represents the design
stress used to determine the required cross-sectfional area
of bolts in a bolted joint
(c) hydrostatic design basis: selected propertigs of plas-
tic piping materials to be used in accorddance with
ASTM D 2837 or D 2992 to determine the HOS [see (d)
below] for the material
(d) hydrostatic design stress (HDS): the maxijnum con-
tinuous stress due to internal pressure to be uped in the
design of plastic piping, determined from the hydro-
static design basis by use of a service (desigt}) factor

submerged arc welding (SAW): an arc welding process

shall: a term which indicates that a provision is a Code
requirement.

shielded metal-arc welding (SMAW): an arc welding pro-
cess that produces coalescence of metals by heating them
with an arc between a covered metal electrode and the
work. Shielding is obtained from decomposition of the
electrode covering. Pressure is not used and filler metal
is obtained from the electrode.

should: a term which indicates that a provision is recom-
mended as good practice but is not a Code requirement

which produces coatescence of metats by heating them
with an arc or arcs between a bare metal electrode or
electrodes and the work. The arc is shielded by a blanket
of granular, fusible material on the work. Pressure is
not used and filler metal is obtained from the electrode
and sometimes from a supplemental source (welding
rod, flux, or metal granules).

tack weld: a weld made to hold parts of a weldment in
proper alignment until the final welds are made.

tempering: see heat treatment.
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thermoplastic: a plastic that is capable of being repeatedly
softened by increase of temperature and hardened by
decrease of temperature.

thermosetting resin: a resin capable of being changed into
a substantially infusible or insoluble product when
cured at room temperature, or by application of heat,
or by chemical means.

throat of a fillet weld:
(a) theqretical throat: the. perppndicular distance from

application of pressure alone, and with or without the
use of filler material.

weld reinforcement: weld material in excess of the speci-
fied weld size.

welder: one who performs a manual or semi-automatic
welding operation. (This term is sometimes erroneously
used to denote a welding machine.)

welding operator: one who operates machine or automatic

the hypotenuse of the largest right triangle that can be
inscribed|in the weld cross section to the root of the joint
(b) actyal throat: the shortest distance from the root
of a fillet|weld to its face
(c) effeqtive throat: the minimum distance, minus any
reinforcement (convexity), between the weld root and
the face ¢f a fillet weld

toe of welg: the junction between the face of a weld and
the base material.

tube: see pipe.

tungsten glectrode: a nonfiller-metal electrode used in arc
welding ¢r cutting, made principally of tungsten.

unbalancefl piping system: see para. 319.2.2(b).

undercut: p groove melted into the base material adjacent
to the to¢ or root of a weld and left unfilled by weld
material.

visual exanination: see para. 344.2.1.

weld: a logalized coalescence of material wherein coales-
cence is produced either by heating to suitable tempera=
tures, with or without the application of pressure,or by

welding equipient.

welding procedure: the detailed methods and\praftices
involved in the production of a weldment:

welding procedure specification (WPS): the documen}t that
lists the parameters to be used in construction of weld-
ments in accordance with requirémients of this Cqde.

weldment: an assembly whosé/omponent parf{s are
joined by welding.

300.3 Nomenclature

Dimensional arid mathematical symbols used in this
Code are listed:in Appendix J, with definitions and{loca-
tion referengesto each. Uppercase and lowercase Expglish
letters are'listed alphabetically, followed by Greek
letters.

300.4 Status of Appendices

Table 300.4 indicates for each Appendix of this Code
whether it contains Code requirements, guidande, or
supplemental information. See the first page of| each
Appendix for details.
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Table 300.4 Status of Appendices in B31.3

Appendix Title Status
A Allowable Stresses and Quality Factors for Metallic Piping and Requirements
Bolting Materials
B Stress Tables and Allowable Pressure Tables for Nonmetals Requirements
C Physical Properties of Piping Materials Requirements (1)
D Flexibility and Stress Intensification Factors Requirements (1)
E Reference Standards Requirements
F Precautionary Considerations Guidance (2)
G Safeguarding Guidance (2)
H Sample Calculations for Branch Reinforcement Guidance
J Nomenclature Information
K Allowable Stresses for High Pressure Piping Requirements (3)
L Aluminum Alloy Pipe Flanges Specification~(4)
M Guide to Classifying Fluid Services Guidance (2)
P Alternative Rules for Evaluating Stress Range Requirements (5)
Q Quality System Program Guidance (2)
S Piping System Stress Analysis Examples Guidance (2)
\" Allowable Variations in Elevated Temperature Service Guidance (2)
X Metallic Bellows Expansion Joints Requirements
z Preparation of Technical Inquiries Requirements (6)
NOTES:

(1) Contains default requirements, to be used unless more directly applicable data are available.

(2) Contains no requirements but Code user is responsible for\considering applicable items.

(3) Contains requirements applicable only when use of Chapter IX is specified.

(4) Contains pressure-temperature ratings, materials, dimensions, and markings of forged aluminum
alloy flanges.

(5) Contains alternative requirements.

(6) Contains administrative requirements.
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Chapter Il
Design

PART 1

(¢) When more than one set of pressure-temperature

CONDITIONS AND CRITERIA
301 DESIGN CONDITIONS

Paragfaph 301 states the qualifications of the
Designer,defines the temperatures, pressures, and forces
applicablg to the design of piping, and states the consid-
eration tlat shall be given to various effects and their
consequent loadings. See also Appendix F, para. F301.

301.1 Qpalifications of the Designer

The D¢signer is the person(s) in charge of the engi-
neering design of a piping system and shall be experi-
enced in|the use of this Code. The qualifications and
experiende required of the Designer will depend on the
complexity and criticality of the system and the nature
of the individual’s experience. The owner’s approval is
required [f the individual does not meet at least one of
the following criteria:

(a) COﬂpletion of an ABET accredited or equivalent
engineering degree, requiring the equivalent of at least
4 years of study, plus a minimum of 5 years experience
in the depign of related pressure piping.

(b) Professional Engineering registration, récognized
by the lofal jurisdiction, and experience in ‘the design
of related pressure piping.

(c) Completion of an accredited engineering techni-
cian or gssociates degree, requiring the equivalent of
at least 2| years of study, plus a~minimum of 10 years
experiende in the design of related pressure piping.

(d) Fifteen years experience in the design of related
pressure piping.

Experig¢nce in the design of related pressure piping is
satisfied|by piping.design experience that includes
design cdlculations” for pressure, sustained and occa-
sional logds,‘and piping flexibility.

conditions exist for a piping system, the conditieng gov-
erning the rating of components conforming to”|isted
standards may differ from the conditions governir|g the
rating of components designed in acegrdance|with
para. 304.

(d) When a pipe is separatedrinto individuallized
pressure-containing chambers(including jacketed pip-
ing, blanks, etc.), the partition wall shall be designed
on the basis of the most severe coincident tempetature
(minimum or maximunt) and differential pressure
between the adjoining‘chambers expected during ser-
vice, except as prévided in para. 302.2.4.

301.2.2 Required Pressure Containment or Relief
(a) Provisien shall be made to safely contain or r¢lieve
(see parai322.6.3) any expected pressure to whidh the
pipingmay be subjected. Piping not protected by afpres-
sure relieving device, or that can be isolated frpm a
pressure relieving device, shall be designed for af least
the highest pressure that can be developed.
(b) Sources of pressure to be considered include ambi-
ent influences, pressure oscillations and sufrges,
improper operation, decomposition of unstable fluids,
static head, and failure of control devices.
(c) The allowances of para. 302.2.4(f) are permitted,
provided that the other requirements of para. 302.24 are
also met.

301.3 Design Temperature

The design temperature of each component in a piiping
system is the temperature at which, under the coindident
pressure, the greatest thickness or highest comppnent
rating is required in accordance with para. 301.2. (To
satisfy the requirements of para. 301.2, different compo-
nents in the same piping system may have different
design temperatures.)

In establishing design temperatures, consider af least

301.2 Design Pressure

301.2.1 General

(a) The design pressure of each component in a piping
system shall be not less than the pressure at the most
severe condition of coincident internal or external pres-
sure and temperature (minimum or maximum) expected
during service, except as provided in para. 302.2.4.
© (b) The most severe condition is that which results
in the greatest required component thickness and the
highest component rating.

10

the fluid temperatures, ambient temperatures, solar
radiation, heating or cooling medium temperatures, and
the applicable provisions of paras. 301.3.2, 301.3.3, and
301.3.4.

301.3.1 Design Minimum Temperature. The design
minimum temperature is the lowest component temper-
ature expected in service. This temperature may estab-
lish special design requirements and material
qualification requirements. See also paras. 301.4.4 and
323.2.2.

(08)
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301.3.2 Uninsulated Components

(a) For fluid temperatures below 65°C (150°F), the
component temperature shall be taken as the fluid tem-
perature unless solar radiation or other effects result in
a higher temperature.

(b) For fluid temperatures 65°C (150°F) and above,
unless a lower average wall temperature is determined
by test or heat transfer calculation, the temperature for
uninsulated components shall be no less than the follow-

301.5 Dynamic Effects

See Appendix F, para. F301.5.

301.5.1 Impact. Impact forces caused by external
or internal conditions (including changes in flow rate,

hydraulic shock, liquid or solid slugging, flashing, and
geysering) shall be taken into account in the design of

piping.
301.5.2 Wind. The effect of wind loading shall be

ing values:

1) valves, pipe, lapped ends, welding fittings, and
components having wall thickness comparable to
bf the pipe: 95% of the fluid temperature

2) flanges (except lap joint) including those on fit-
and valves: 90% of the fluid temperature

3) lap joint flanges: 85% of the fluid temperature
4) bolting: 80% of the fluid temperature

other
that

tings

301.3.3 Externally Insulated Piping. The component
design temperature shall be the fluid temperature unless
calcullations, tests, or service experience based on mea-
surements support the use of another temperature.
Whete piping is heated or cooled by tracing or jacketing,
this dffect shall be considered in establishing component
design temperatures.

301.3.4 Internally Insulated Piping. The component
design temperature shall be based on heat transfer calcu-
lations or tests.

i Ambient Effects
Appendix F, para. F301.4.

301.
Sed

301.4.1 Cooling: Effects on Presstre.” The cooling
of a gas or vapor in a piping system may reduce the
presqure sufficiently to create dn jifternal vacuum. In
such(a case, the piping shall bie capable of withstanding
the external pressure at the(lower temperature, or provi-
sion phall be made to bfeak the vacuum.

301.4.2 Fluid EXpansion Effects. Provision shall be
madg¢ in the design either to withstand or to relieve
increpsed pressure caused by the heating of static fluid
in a piping.component. See also para. 322.6.3(b)(2).

301.4.3 Atmospheric Icing. Where the design mini-

taken into account in the design of exposed-piping. The
method of analysis may be as described\in| ASCE 7,
Minimum Design Loads for Buildings apd Other
Structures.

301.5.3 Earthquake. The effect of earthqyake load-
ing shall be taken into accoufityin the design pf piping.
The method of analysis may be as described i ASCE 7.

301.5.4 Vibration. Piping shall be designed,
arranged, and supported so as to eliminate [excessive
and harmful effeets of vibration which may grise from
such sources{as impact, pressure pulsation, |turbulent
flow vortices,)resonance in compressors, and [wind.

301.5.5 Discharge Reactions. Piping| shall be
designhed, arranged, and supported so as to yithstand
reaction forces due to let-down or discharge pf fluids.

301.6 Weight Effects

The following weight effects, combined with loads
and forces from other causes, shall be taken info account
in the design of piping.

301.6.1 Live Loads. These loads include the weight
of the medium transported or the medium|used for
test. Snow and ice loads due to both environmental and
operating conditions shall be considered.

301.6.2 Dead Loads. These loads consfist of the
weight of piping components, insulation, gnd other
superimposed permanent loads supportgd by the

piping.

301.7 Thermal Expansion and Contraction Effects
The following thermal effects, combined with loads

and forces from other causes, shall be taken info account

in the design of piping. See also Appendix F, para.
F301.7.

mum temperature ot a piping system 1s below 0°C
(32°F), the possibility of moisture condensation and
buildup of ice shall be considered and provisions made
in the design to avoid resultant malfunctions. This
applies to surfaces of moving parts of shutoff valves,
control valves, pressure relief devices including dis-
charge piping, and other components.

301.4.4 Low Ambient Temperature. Consideration
shall be given to low ambient temperature conditions
for displacement stress analysis.
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301.7.1 Thermal Loads Due to Restraints. These
loads consist of thrusts and moments which arise when
free thermal expansion and contraction of the piping
are prevented by restraints or anchors.

301.7.2 Loads Due to Temperature Gradients. These
loads arise from stresses in pipe walls resulting from
large rapid temperature changes or from unequal tem-
perature distribution as may result from a high heat flux
through a comparatively thick pipe or stratified two-
phase flow causing bowing of the line.
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301.7.3 Loads Due to Differences in Expansion Char-
acteristics. These loads result from differences in ther-
mal expansion where materials with different thermal
expansion coefficients are combined, as in bimetallic,
lined, jacketed, or metallic-nonmetallic piping.

301.8 Effects of Support, Anchor, and Terminal
Movements

The effects of movements of piping supports, anchors,
and conrye 3 a a
in the dejsign of piping. These movements may result
from the flexibility and/or thermal expansion of equip-
ment, supports, or anchors; and from settlement, tidal
movements, or wind sway.

301.9 Reduced Ductility Effects

The harmful effects of reduced ductility shall be taken
into accofint in the design of piping. The effects may, for
example,|result from welding, heat treatment, forming,
bending, [or low operating temperatures, including the
chilling effect of sudden loss of pressure on highly vola-
tile fluidg. Low ambient temperatures expected during
operatior] shall be considered.

301.10 ¢

Fatigug¢ due to pressure cycling, thermal cycling, and
other cydlic loadings shall be considered in the design
of piping] See Appendix F, para. F301.10.

301.11 Air Condensation Effects

At operating temperatures below —191°C (-312°F) int
ambient gir, condensation and oxygen enrichment.occur.
These shall be considered in selecting materials, includ-
ing insulation, and adequate shielding and/or disposal
shall be provided.

lyclic Effects

302 DEHSIGN CRITERIA
302.1 General

Paragraph 302 states pressure-temperature ratings,
stress crifieria, design allewances, and minimum design
values together with-permissible variations of these fac-
tors as applied to’the design of piping.

302.2 Pressure-Temperature Design Criteria

©302.2, e pone aving e
lngs Except as limited elsewhere in the Code, pressure—
temperature ratings contained in standards for piping
components listed in Table 326.1 are acceptable for
design pressures and temperatures in accordance with
this Code. The provisions of this Code may be used
at the owner’s responsibility to extend the pressure-
temperature ratings of a component beyond the ratings
of the listed standard.

302.2.2 Listed Components Not Having Specific Rat-
ings. Some of the standards for components in
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Table 326.1 (e.g., ASME B16.9, B16.11, and B16.28) state
that pressure-temperature ratings are based on straight
seamless pipe. Except as limited in the standard or else-
where in this Code, such a component, made of a mate-
rial having the same allowable stress as the pipe shall
be rated using not more than 87.5% of the nominal
thickness of seamless pipe corresponding to the sched-
ule, weight, or pressure class of the fitting, less all allow-
ances apphed to the plpe (e g thread depth and/or

i ght or
ining
shall
5(e).

sp1ra1 longltudmal welded ]omts in pressure gonta
components, the pressure rating determined‘abovg
be further multiplied by W, as defined in para. 302.

302.2.3 Unlisted Components
(a) Components not listed in Table 326.1, but which
conform to a published specification or standard| may
be used within the followjrig-limitations.
(1) The designer shallbe satisfied that compodition,
mechanical propertiés, method of manufacture} and
quality control are cemparable to the corresponding
characteristics of listed components.
(2) Pressure‘design shall be verified in accordlance
with para. 304.
(b) Other unlisted components shall be qualifigd for
pressure’design as required by para. 304.7.2.

302.2.4 Allowances for Pressure and Temperature
Variations. Occasional variations of pressure arjd/or
temperature may occur in a piping system. Such varia-
tions shall be considered in selecting design prgssure
(para. 301.2) and design temperature (para. 301.3). The
most severe coincident pressure and temperature|shall
determine the design conditions unless all of the follow-
ing criteria are met:

(a) The piping system shall have no pressurel con-
taining components of cast iron or other nonductile
metal.

(b) Nominal pressure stresses shall not exceegl the
yield strength at temperature (see para. 302.3 of this
Code and §, data in BPV Code, Section II, Pqrt D,
Table Y-1).

(c) Combined longitudinal stresses shall not e
the limits established in para. 302.3.6.

(d) The total number of pressure-temperature Yaria-
11 000

ceed

durmg the life of the piping system
(e) In no case shall the increased pressure exceed the
test pressure used under para. 345 for the piping system.
(f) Occasional variations above design conditions
shall remain within one of the following limits for pres-
sure design.

(1) Subject to the owner’s approval, it is permissible
to exceed the pressure rating or the allowable stress
for pressure design at the temperature of the increased
condition by not more than
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(a) 33% for no more than 10 h at any one time
and no more than 100 h/y, or
(b) 20% for no more than 50 h at any one time
and no more than 500 h/y
The effects of such variations shall be determined by
the designer to be safe over the service life of the piping
system by methods acceptable to the owner. (See Appen-
dix V.)
(2) When the variation is self-limiting (e.g., due to

(1) casting quality factor E, as defined in para.
302.3.3 and tabulated for various material specifications
in Table A-1A, and for various levels of supplementary
examination in Table 302.3.3C, or

(2) longitudinal weld joint factor E; as defined in
302.3.4 and tabulated for various material specifications
and classes in Table A-1B, and for various types of joints
and supplementary examinations in Table 302.3.4

The stress values in Tables A-1 and A-2 are grouped

a pressure Tetieving event)y; and fasts o more tiamr S0
atany one time and not more than 500 h/y, it is permissi-
ble t¢ exceed the pressure rating or the allowable stress
for pfessure design at the temperature of the increased
condjtion by not more than 20%.

(¢)] The combined effects of the sustained and cyclic
variations on the serviceability of all components in the
system shall have been evaluated.

(h)| Temperature variations below the minimum tem-
perafure shown in Appendix A are not permitted unless
the requirements of para. 323.2.2 are met for the lowest
templerature during the variation.

(i) | The application of pressures exceeding pressure-
templerature ratings of valves may under certain condi-
tions|cause loss of seat tightness or difficulty of opera-
tion.| The differential pressure on the valve closure
element should not exceed the maximum differential
presgure rating established by the valve manufacturer.
Such|applications are the owner’s responsibility.

302.2.5 Ratings at Junction of Different Services.

302.3.1 General. The allowable stresses defined in

(ﬂ) Basica
metals and design stresses S for bolting materials, listed
in Tables A-1 and A-2, respectively, are determined in
accordance with para. 302.3.2.

In equations elsewhere in the Code where the product
SE appears, the value S is multiplied by one of the

following quality factors:'

i 1 Ifacomponent is made of castings joined by longitudinal welds,
' both a casting and a weld joint quality factor shall be applied. The
© equivalent quality factor E is the product of E., Table A-1A, and
" Ej, Table A-1B.

by Tmatertats arnd product forms, and are for Stated tem-
peratures up to the limit provided in para)$23.2.1(a).
Straight line interpolation between temperatuyes is per-
missible. The temperature intended, is ithe design tem-
perature (see para. 301.3).

(b) Shear and Bearing. Allowable stresses in ghear shall
be 0.80 times the basic allowable stress in tengion tabu-
lated in Table A-1 or A-2:¢Adlowable stress in bearing
shall be 1.60 times that value.

(c) Compression. Allowable stresses in comhpression
shall be no greatef. than the basic allowable dtresses in
tension as tabulated in Appendix A. Considerdtion shall
be given to{structural stability.

302.3.2 Bases for Design Stresses? The|bases for
establishing design stress values for bolting [materials
andvallowable stress values for other metallic/materials
in this Code are as follows:

(a) Bolting Materials. Design stress values afftempera-
ture for bolting materials shall not exceed the[lowest of
the following;:

(1) except as provided in (3) below, the| lower of
one-fourth of specified minimum tensile stirength at
room temperature (St) and one-fourth of tensile strength
at temperature

(2) except as provided in (3) below, the| lower of
two-thirds of specified minimum yield strengr at room
temperature (Sy) and two-thirds of yield strength at
temperature

(3) at temperatures below the creep rangg, for bolt-
ing materials whose strength has been enhanc¢d by heat
treatment or strain hardening, the least of c;[e—ﬁfth of
Sy, one-fourth of the tensile strength at tempperature,
one-fourth of Sy, and two-thirds of the yield sfrength at
temperature (unless these values are lower than corres-
ponding values for annealed material, in which case the
annealed values shall be used)

T WO- Cl O

nperature
[see para. 302.3.2(f)]

2 These bases are the same as those for BPV Code, Section III,
Class 1 materials, given in Section I, Part D. Stress values in B31.3,
Appendix A, at temperatures below the creep range generally are
the same as those listed in Section II, Part D, Tables 2A and 2B,
and in Table 3 for bolting, corresponding to those bases. They have
been adjusted as necessary to exclude casting quality factors and
longitudinal weld joint quality factors. Stress values at tempera-
tures in the creep range generally are the same as those in Section II,
Part D, Tables 1A and 1B, corresponding to the bases for
Section VIII, Division 1.

(08)
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(5) 100% of the average stress for a creep rate of
0.01% per 1000 h

(6) 67% of the average stress for rupture at the end
of 100 000 h

(7) 80% of minimum stress for rupture at the end
of 100 000 h

(b) Cast Iron. Basic allowable stress values at tempera-

ture for cast iron shall not exceed the lower of the
following;:

(f) Unlisted Materials. For a material which conforms
to para. 323.1.2, the tensile (yield) strength at tempera-
ture shall be derived by multiplying the average
expected tensile (yield) strength at temperature by the
ratio of St (Sy) divided by the average expected tensile
(yield) strength at room temperature.

302.3.3 Casting Quality Factor, E,

(1) dne-tenth of the specified minimum tensile
strength at room temperature

(2) gne-tenth of the tensile strength at temperature
[see paraf 302.3.2(f)]

(c) Malleable Iron. Basic allowable stress values at tem-
perature [for malleable iron shall not exceed the lower
of the following:

(1) gne-fifth of the specified minimum tensile
strength ft room temperature

(2) dne-fifth of the tensile strength at temperature
[see para 302.3.2(f)]

(d) OtHer Materials. Basic allowable stress values at
temperatfire for materials other than bolting materials,
cast iron,|Jand malleable iron shall not exceed the lowest
of the following;:

(1) the lower of one-third of St and one-third of
tensile stfength at temperature

(2) except as provided in (3) below, the lower of
two-thirdls of Sy and two-thirds of yield strength at
temperathire

(3) for austenitic stainless steels and nickel alloys
having similar stress—strain behavior, the lower of-two-
thirds of |Sy and 90% of yield strength at temperature
[see (e) bplow]
i (4) 100% of the average stress for a_Creep rate of
0.01% pet 1 000 h
~ (5) §7% of the average stress fof.rupture at the end
of 100 000 h
- (6) §0% of the minimum. Stress for rupture at the
end of 100 000 h
' (7) fpr structural grade materials, the basic allow-
able stregs shall be 0092)times the lowest value deter-
mined in|paras. 302:3:2(d)(1) through (6)

In the gpplicatiowr of these criteria, the yield strength
at room femperature is considered to be SyRy and the
tensile stfefigth at room temperature is considered to be

(a) General The raqfing r}na]ih factors E_defined
herein shall be used for cast components not’hpving
pressure-temperature ratings established by~stanglards
in Table 326.1.

(b) Basic Quality Factors. Castings of gray and mhllea-
ble iron, conforming to listed specifications, are assjgned
a basic casting quality factor, E.,%f 1.00 (due to|their
conservative allowable stress basis). For most otheq met-
als, static castings which conform to the material sgecifi-
cation and have been Vistially examined as required
by MSS SP-55, QualityStandard for Steel Castings for
Valves, Flanges{and Fittings and Other Piping
Components == Visual Method, are assigned a |basic
casting quality: factor, E., of 0.80. Centrifugal cagtings
that meet Specification requirements only for chemical
analysis,, tensile, hydrostatic, and flattening tests, and
visual examination are assigned a basic casting qgality
factor of 0.80. Basic casting quality factors are tabylated
for listed specifications in Table A-1A.

(c) Increased Quality Factors. Casting quality factors
may be increased when supplementary examindtions
are performed on each casting. Table 302.3.3C statgs the
increased casting quality factors, E,, that may be us¢d for
various combinations of supplementary examination.
Table 302.3.3D states the acceptance criteria fqr the
examination methods specified in the Notes to [Table
302.3.3C. Quality factors higher than those shown in
Table 302.3.3C do not result from combining tests ((2)(a)
and (2)(b), or (3)(a) and (3)(b). In no case shall the quality
factor exceed 1.00.

Several of the specifications in Appendix A require
machining of all surfaces and/or one or more of [these
supplementary examinations. In such cases, the appro-
priate increased quality factor is shown in Table A-1A.

ans-o

1.1S7R.

(e) Application Limits. Application of stress values
determined in accordance with para. 302.3.2(d)(3) is not
recommended for flanged joints and other components
in which slight deformation can cause leakage or mal-
function. [These values are shown in italics or boldface
in Table A-1, as explained in Note (4) to Appendix A
Tables.] Instead, either 75% of the stress value in Table
A-1 or two-thirds of the yield strength at temperature
listed in the BPV Code, Section II, Part D, Table Y-1
should be used.
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(a) Basic Quality Factors. The weld joint quality fac-
tors, E;, tabulated in Table A-1B are basic factors for
straight or spiral longitudinal welded joints for pressure-
containing components as shown in Table 302.3.4.

(b) Increased Quality Factors. Table 302.3.4 also indi-
cates higher joint quality factors which may be substi-
tuted for those in Table A-1B for certain kinds of welds
if additional examination is performed beyond that
required by the product specification.
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Table 302.3.3C Increased Casting
Quality Factors, E,

Table 302.3.3D Acceptance Levels for Castings

Acceptance Acceptable
Supplementary Examination Factor, Material Examined Applicable Level Disconti-
in Accordance With Note(s) E, Thickness, T Standard (or Class) nuities
1) 0.85 Steel ASTM E 446 1 Types A, B, C
(2)(@) or 2)(b) 0.85 T<25mm
(3)(@) or 3)(b) 0.95 (1in)
(1) and (2)(@) or 2)(b) 0.90
(1) and (3)@) or B3)(b) 1.00 Stiel N ASTM E 446 2 Types A, B, C
2)(@) Jor @) and 3)(@) or B3)(b) 1.00 <51 mm
GENERAL NOTE: Titles of standards referenced in this Table’s Notes @in)
are ag| follows: Steel ASTM E 186 2 Categorips A, B, C
ASME B46.1, Surface Texture (Surface Roughness, Waviness and T>51 mm,
Lay) <114 mm
ASTM E 114, Practice for Ultrasonic Pulse-Echo Straight-Beam 4% in)
Testing by the Contact Method .
ASTM E 125, Reference Photographs for Magnetic Particle Indica- Steel ASTM E 288 2 Categorips A, B, C
tions ¢n Ferrous Castings T>114 mm,
ASTM E 142, Method for Controlling Quality of Radiographic < 305 mm
Testing (12in)
ASTM E 165, Practice for Liquid Penetrant Inspection Method Aluminum & ASTM E 155 Shown ih reference
ASTM E 709, Practice for Magnetic Particle Examination magnesium radiographs
MS$ SP-53, Quality Standard for Steel Castings and Forgings for
Valved, Flanges and Fittings and Other Piping Components — Mag- Copper, Ni<Cu ASTM E 272 2 Codes Al Ba, Bb
netic Particle Examination Method Bronze ASTM E 310 2 Codes Afand B

NOTEY:
(1) Mhchine all surfaces to a finish of 6.3 um R, (250 win. R, per
A$ME B46.1), thus increasing the effectiveness of surface

examination.

GENERAL NOTE:
arevas follows:
E 155 Reference Radiographs for Inspection of Alunfinum and
Magnesium Castings

Titles of ASTM standards referenced ip this Table

2 a) Examine all surfaces of each casting (magnetic material
@ [ . . . g (mag . E 186 Reference Radiographs for Heavy-Walled (2 td 4-Y-in.
orly) by the magnetic particle method in accordance with h
d e . [51 to 114-mm)]) Steel Castings
A4TM E 709. Judge acceptability in accordance with MSS . .
. : E 272 Reference Radiographs for High-Strength Copper-Base
SR-53, using reference photos in ASTM E 125. . .
(b) Examine all surfaces of each casting by the'liguid pene and Nickel-Copper Castings
] . - P E 280 Reference Radiographs for Heavy-Walled (4-'4 to 12-in.
trgnt method, in accordance with ASTM E 165.(Judge accept- .
L L : [114 to 305-mm]) Steel Castings
ahility of flaws and weld repairs in accordance with Table 1 of . . .
MBS SP-53, using ASTM E 125 as a reference for surface flaws E 310 Reference Radiographs for Tin Bronze Castings
’ E 446 Reference Radiographs for Steel Castings Up fo 2 in.

(3) |@ Fully examine each casting ultrdsonically in accordance
with ASTM E 114, accepting a castingjonly if there is no evi-
dgnce of depth of defects in excéss-of 5% of wall thickness.

(b) Fully radiograph each ¢astifig in accordance with ASTM E

(51 mm) in Thickness

142. Judge in accordancedwith-the stated acceptance levels in mechanical, corrosion, and erosion allowance) ¢, for the
Taple 302.3.3D. location under consideration. The loads due fo weight
should be based on the nominal thickness of gll system

302.3.5 Limits of Calculated Stresses Due to Sus-
tained Loads and Displacement Strains

(a)| Internal Pressure Stresses. Stresses due to internal

presqute-shall be considered safe when the wall thick-

components unless otherwise justified in a mpre rigor-
ous analysis.

(d) Allowable Displacement Stress Range, S4. [The com-
puted displacement stress range, Sg, in a piping system
(see para. 319.4.4) shall not exceed the alloj,‘rable dis-

ness ofthe Pi})iug LUlllPUllClli_, iuL,ludiué Ity reirforce=
ment, meets the requirements of para. 304.

(b) External Pressure Stresses. Stresses due to external
pressure shall be considered safe when the wall thick-
ness of the piping component, and its means of stiffen-
ing, meet the requirements of para. 304.

(c) Longitudinal Stresses, S;. The sum of the longitudi-
nal stresses, S;, in any component in a piping system,
due to sustained loads such as pressure and weight,
shall not exceed Sj,. The thickness of pipe used in calcu-
lating S; shall be the nominal thickness, T, minus

15

placement stress range, S, (see paras. 319.2.3 and
319.3.4), calculated by eq. (1a):

Sa4 = f(1.25S, + 0.25S;) (1a)

When S, is greater than S;, the difference between
them may be added to the term 0.255, in eq. (1a). In
that case, the allowable stress range is calculated by
eq. (1b):

Sa = f[1~25(5c +5y) - S;] (1b)

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

Table 302.3.4 Longitudinal Weld Joint Quality Factor, E;

Type of Factor,
No. Type of Joint Seam Examination E
1 Furnace butt weld, Straight As required by 0.60
continuous weld Q listed specification [Note (1)]
2 Electric resistance Straight or As required by 0.85
weld Q spiral listed specification [Note (1)]
3 Electric fusion weld
(@) Single butt weld Straight or As required by .80
spiral listed specification
or this Code
(with or without filler Additionally )spot Q.90
metal) radiographed per
para: 341.5.1
Additionally 100% 1.00
radiographed per
para. 344.5.1 and
Table 341.3.2
(b) Double butt weld Straight or spiral As required by .85
fexcept as listed specification
provided in 4(a) or this Code
below]
(with or without filler Additionally spot Q.90
metal) radiographed per
para. 341.5.1
Additionally 100% 1.00
radiographed per
para. 344.5.1 and
Table 341.3.2
4 Per specific specification
(@) API 5L Submerged arc weld Straight with one As required by .95
(SAW) or two seams specification
Gas metal arc weld Spiral
(GMAW)
Combined GMAW,
SAW

NOTE:

(1) It is not permitted to increase the joint quality factor by additional examination for joint 1 or 2.

A6
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Fig. 302.3.5 Stress Range Factor, f

For €qgs.

104 10°

108 107 108 10°

N (cycles)

All other materials

Ferrous materials, specified minimum tensile‘strength =517 MPa (75 ksi),
and at design metal temperatures =371C (700°F)

(1a) and (1b):

stress range factor,® calculated by~ &q. (1o)* In
egs. (1a) and (1b), S, and S, shall be limited to
a maximum of 138 MPa (20.ksi) when using a
value of f > 1.0.

f (see Fig. 302.3.5) £ 6.0(N)** <f, (10)

S. = basic allowable stress® at minimum
perature expected during the dis
cycle under analysis

S, = basic allowable stress® at maximum

perature expected during the dis
cycle under analysis

netal tem-
acement

etal tem-
acement

When the computed stress range varies, whether from
fu |= maximum value.of stress range factor; 1.2 for thermal expansion or other conditions, Sg is defined as
ferrous materfals with specified minimum ten- ~ the greatest computed displacement stress range. The
sile strengtiis < 517 MPa (75 ksi) and at metal value of N in such cases can be calculated by eq. (1d):
temperatiires < 371°C (700°F); otherwise f,, =
1.0 N = Ng + E(riSNi) fori =1,2,...,1 (1d)
N [= equivalent number of full displacement cycles
during the expected service life of the piping where ) .
N Nr = number of cycles of maximum computed dis-
T placement stress range, Sg
N; = number of cycles associated with displacement
- stress range, S;
3 Applies to essentially noncorroded piping. Corrosion can r; = Si/Sg
sharply decrease cyclic life; therefore, corrosion resistant materials S; = any computed displacement stress range

should be considered where a large number of major stress cycles
is anticipated.

* The minimum value for fis 0.15, which results in an allowable
displacement stress range, S4, for an indefinitely large number

of cycles.

® The designer is cautioned that the fatigue life of materials oper-
ated at elevated temperature may be reduced.
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% For castings, the basic allowable stress shall be multiplied by
the applicable casting quality factor, E.. For longitudinal welds,
the basic allowable stress need not be multiplied by the weld

quality factor, E;.
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(e) Weld Joint Strength Reduction Factor, W. Atelevated
temperatures, the long-term strength of weld joints can
be lower than the long-term strength of the base mate-
rial. For longitudinal or spiral welded pipe (i.e., not
seamless), the product of the allowable stress and the
applicable weld quality factor, SE, shall be multiplied
by the weld joint strength reduction factor, W, when
determining the required wall thickness for internal
pressure per para. 304. The designer is responsible for

At temperatures greater than 427°C (800°F), as an
alternative to the use of 1.33 times the basic allowable
stress provided in Table A-1, the allowable stress for
occasional loads of short duration, such as surge,
extreme wind or earthquake, may be taken as the
strength reduction factor times 90% of the yield strength
at temperature for materials other than cast or ductile
iron and other materials with nonductile behavior. This
yield strength shall be as listed in the BPV Code, Section

the applifatiorrof wetdjoint strengtir reduction factors

I b = i B T WA | 1 - 1 1 .
11, I'dIl IJ, 1dDIC I-1, O UCICTITHIICU T dCCOIUdITC Wlth

to welds ¢ther than longitudinal and spiral (e.g., circum-  para. 302.3.2(f). The strength reduction factor repregsents
ferential)] The weld joint strength reduction factor, W,is  the reduction in yield strength with long-termyekppsure
equal to [.0 when evaluating occasional loads such as  of the material to elevated temperatures land, ih the

wind and earthquake, or when evaluating permissible
variation$ in accordance with para. 302.2.4. The pressure
rating or allowable stress for the occasional load or varia-
tion condjition is not required to be reduced by the weld
joint strength reduction factor. It is also not required
when cal¢ulating the allowable stress range for displace-
ment strgsses, Su, in para. 302.3.5(d) or the allowable
operating stress limit, S,,, in para. P302.3.5(d). The weld
joint strength reduction factor only applies at weld loca-
tions. The weld joint strength reduction factor is the ratio
of the nominal stress to cause failure of the weld joint
to that of the base material for the same duration. Except
as provided in (f) below, the weld joint strength reduc-
tion factdr, W, shall be in accordance with Table 302.3.5.
(f) Unljsted Weld Strength Reduction Factors. A weld
strength|reduction factor other than that listed in
Table 302.3.5 may be used per one of the following
criteria:
(1) (reep test data may be used to determine the
weld joirnt strength reduction factor, W. However, the
use of crefep test data to increase the factor JV above that
shown iny Table 302.3.5 is not permittedsfor the CrMo
and Cregp Strength Enhanced Ferritic/(CSEF) steels
materials} as defined in Table 302.3.5-Creep testing of
weld joints to determine weld joint strength reduction
factors, when permitted, should-be full thickness cross-
weld spefimens with testedurations of at least 1 000 h.
Full thickness tests shallbe used unless the designer
otherwis¢ considers effects such as stress redistribution
across th¢ weld.
(2) With thelewner’s approval, extensive successful
experiende may be used to justify the factor W above
that shown i Table 302.3.5. Successful experience must

absence of more applicable data, shall be taken gs 1.0
for austenitic stainless steel and 0.8 for other matgrials.

For castings, the basic allowable stress shdll be
multiplied by the casting quality factor, E.. Whete the
allowable stress value exceeds two-thirds of yield
strength at temperature,the-allowable stress valuelmust
be reduced as specified 'in para. 302.3.2(e). Wind and
earthquake forces need not be considered as akting
concurrently.

(b) Test. Stfessés due to test conditions are not stibject
to the limitations in para. 302.3. It is not necessqry to
consider 6ther occasional loads, such as wind and ¢arth-
quake,‘as occurring concurrently with test loads.

302.4 Allowances

In determining the minimum required thickngss of
a piping component, allowances shall be includgd for
corrosion, erosion, and thread depth or groove depth.
See definition for c in para. 304.1.1(b).

302.4.1 Mechanical Strength. When necessarjy, the
wall thickness shall be increased to prevent overdtress,
damage, collapse, or buckling due to superimgosed
loads from supports, ice formation, backfill, transporta-
tion, handling, or other causes. Where increasinyg the
thickness would excessively increase local stresges or
the risk of brittle fracture, or is otherwise impractigable,
the required strength may be obtained through pddi-
tional supports, braces, or other means withopt an
increased wall thickness. Particular considerfition
should be given to the mechanical strength of smal| pipe
connections to piping or equipment.

include same or like material, weld metal composition,
and welding process under equivalent, or more severe,
sustained operating conditions.

302.3.6 Limits of Calculated Stresses Due to Occa-
sional Loads

(a) Operation. The sum of the longitudinal stresses,
S1, due to sustained loads, such as pressure and weight,
and of the stresses produced by occasional loads, such
as wind or earthquake, may be as much as 1.33 times
the basic allowable stress given in Appendix A.

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

303 GENERAL

Components manufactured in accordance with stan-
dards listed in Table 326.1 shall be considered suitable
for use at pressure-temperature ratings in accordance
with para. 302.2.1 or para. 302.2.2, as applicable. The
rules in para. 304 are intended for pressure design of
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Table 302.3.5 Weld Joint Strength Reduction Factor, W

(08)

Component Temperature, T, °C (°F)

427 454 482 510 538 566 593 621 649 677 704 732 760 788 816
Steel Group (800) (850) (900) (950) (1,000) (1,050) (1,100) (1,150) (1,200) (1,250) (1,300) (1,350) (1,400) (1,450) (1,500)
CrMo 1 095 091 0.86 0.82 0.77 0.73 0.68 0.64
[Notes (1)-(3)]
CSEF (N +T) 1 0.95 0.91 0.86 0.82 0.77
[Notes (3)-(5)]
CSEF 1 0.5 0.5 0.5 0.5 0.5 0.5
[Nofes (3) and (4)]
(Sulbcritical PWHT)
Autogénous welds 1 1 1 1 1 1 1 1 1 1 1 1
in austenitic stain-
lesq grade 3xx,
and|[ N088xx and
NOd6xx nickel
alloys [Note (6)]

Austenitic stainless 1 0.95 0.91 0.86 0.82 0.77 0.73 0.68 0.64 0.59 0.5 0.5
grade 3xx and
NOg8xx nickel
alloys [Notes (7)
and| (8)]

Other [materials
[Note (9)]

GENERAL NOTES:

(@) Weld joint strength reduction factors at temperatures above the upper temperature limit listed in Appendix A for the base mjetal or out-
sigle of the applicable range in Table 302.3.5 are the responsibility of the/designer. At temperatures below those where weld joint
stfength reduction factors are tabulated, a value of 1.0 shall be used.for the factor W where required; however, the additional rules of
thfs Table and Notes do not apply.

(b) T.) = temperature 25°C (50°F) below the temperature identifying/the start of time-dependent properties listed under
"NOTES — TIME-DEPENDENT PROPERTIES" (Txx) in the Notes fo*Table 1A of the BPV Code Section Il, Part D for the base metals joined by
welding. For materials not listed in the BPV Code Section\ll, Part D, T, shall be the temperature where the creep rate or stress rupture
criteria in paras. 302.3.2(d)(4), (5), and (6) governs the.basic allowable stress value of the metals joined by welding. When [the base
metals differ, the lower value of T, shall be used. forthe weld joint.

() T;|= temperature, °C (°F), of the component fok the coincident operating pressure—temperature condition, i, under consideration.

(d) CAUTIONARY NOTE: There are many factors that may affect the life of a welded joint at elevated temperature and all of thos¢ factors
cgnnot be addressed in a table of weld strength reduction factors. For example, fabrication issues such as the deviation from a true cir-
cylar form in pipe (e.g., "peaking" at longitudinal weld seams) or offset at the weld joint can cause an increase in stress that may
repult in reduced service life and cantyol of these deviations is recommended.

NOTES:

(1) THe Cr-Mo Steels include: Y4Cr-Y4Mo, 1Cr—=%Mo, 1Y,Cr-Y4Mo-Si, 2Y,Cr—1Mo, 3Cr—1Mo, 5Cr—%Mo, 9Cr-1Mo. Longitudina| welds shall
either be normalized, normalized and tempered, or subjected to proper subcritical postweld heat treatment (PWHT) for the dlloy.
Rqquired examination is-in* accordance with para. 341.4.4 or 305.2.4.

(2) Langitudinal seam.fusion welded construction is not permitted for C~4Mo steel above 850°F.

(3) THe required carbaon/content of the weld filler metal shall be >0.05 C wt. %. See para. 341.4.4(b) for examination requiremgnts. Basic-
ity index of SAW flux >1.0.

(4) THe CSEF (Creep Strength Enhanced Ferritic) steels include grades 91, 92, 911, 122, and 23.

(5) Nk T = Nermalizing + Tempering PWHT.

(6) Adtogenous welds without filler metal in austenitic stainless steel (grade 3xx) and austenitic nickel alloys UNS Nos. NO66xx|and
N@SSw—A—sotutionanreatafterweldingisreguired-foruseof thefactersintheFable—See-para—341+-4-3{b}-ferexaminatien! require-
ments.

(7) Alternatively, the 100,000 hr Stress Rupture Factors listed in ASME Section lll, Division 1, Subsection NH, Tables 1-14.10 A-xx, B-xx,
and C-xx may be used as the weld joint strength reduction factor for the materials and welding consumables specified.

®

Certain heats of the austenitic stainless steels, particularly for those grades whose creep strength is enhanced by the precipitation of

temper-resistant carbides and carbonitrides, can suffer from an embrittlement condition in the weld heat affected zone that can lead to
premature failure of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area miti-

ga
©)

tes this susceptibility.

For materials other than carbon steel, CrMo, CSEF, and the austenitic alloys listed in Table 302.3.5, W shall be as follows: For T; < T,

W = 1.0. For T, < T; < 1,500°F, W = 1 — 0.000909(T; — T,,). If T; exceeds the upper temperature for which an allowable stress value is

lis
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components not covered in Table 326.1, but may be used
for a special or more rigorous design of such compo-
nents, or to satisfy requirements of para. 302.2.2. Designs

Table 304.1.1 Values of Coefficient Y for t < D/6

Temperature, °C (°F)

shall be checked for adequacy of mechanical strength 3(940802 510 538 566 593 (2161251)
under applicable loadings enumerated in para. 301. Materials & Lower) (950) (1,000) (1,050) (1,100) & Up)
Ferritic 0.4 0.5 0.7 0.7 0.7 0.7
304 PRESSURE DESIGN OF COMPONENTS steels
304.1 Straight Pipe Austenitic 0.4 0.4 0.4 0.4 0.5 0.7
) (]
304.141 General Other ductile 0.4 04 04 04  04N"|04
(a) Th¢ required thickness of straight sections of pipe metals
shall be determined in accordance with eq. (2): Cast iron 0.0

thm =t+c

@

The mihimum thickness, T, for the pipe selected, con-

sidering

manufacturer’s minus tolerance, shall be not

less than|t,,.

(b) Thd

following nomenclature is used in the equa-

tions for [pressure design of straight pipe:

c

~ »n T m

~~
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gum of the mechanical allowances (thread or
groove depth) plus corrosion and erosion
3llowances. For threaded components, the
Eminal thread depth (dimension h of ASME

1.20.1, or equivalent) shall apply. For
achined surfaces or grooves where the toler-
gnce is not specified, the tolerance shall be
assumed to be 0.5 mm (0.02 in.) in addition to
fhe specified depth of the cut.

utside diameter of pipe as listed in tables.of
qtandards or specifications or as measured
inside diameter of pipe. For pressure’/design
alculation, the inside diameter of the pipe is
e maximum value allowable~under the pur-
hase specification.

uality factor from Table”A-IA or A-1B
internal design gage pressure

tress value for material from Table A-1

ipe wall thickness.(measured or minimum per
urchase specifjeation)

ressure, design thickness, as calculated in
ccordancewith para. 304.1.2 for internal pres-
ureoras determined in accordance with para.
04:1:3 for external pressure

mechanical, corrosion, and erosion allowances
weld joint strength reduction factor per para.
302.3.5(e)

coefficient from Table 304.1.1, valid for t <D /6
and for materials shown. The value of Y may
be interpolated for intermediate temperatures.
Fort>D/6,

d+ 2c

Y:D+d+2c

304.1.2 Straight Pipe Under Internal Pressure

(a) For t <D/6, the internal pressure design thickness
for straight pipe shall<be not less than that calcylated

in accordance with either eq. (3a) or eq. (3b):

PD

t = ————————
2(SEW + PY)

P(d + 2¢)

L= SEW - PO - Y]

(3a)

(3b)

(b) For t = D/6 or for P/SE > 0.385, calculatipn of

pressure design thickness for straight pipe require

5 spe-

cial consideration of factors such as theory of fdilure,

effects of fatigue, and thermal stress.

304.1.3 Straight Pipe Under External Pressure.

To

determine wall thickness and stiffening requirements
for straight pipe under external pressure, the procgdure

outlined in the BPV Code, Section VIII, Division 1,
through UG-30 shall be followed, using as the

length, L, the running centerline length betwee
two sections stiffened in accordance with UG-29.
exception, for pipe with D,/t < 10, the value of S

G-28
sign

any
As an
to be

used in determining P,, shall be the lesser of the follow-

ing values for pipe material at design temperatuze:

(a) 1.5 times the stress value from Table A-1 of this

Code, or

(b) 0.9 times the yield strength tabulated in Sg¢ction

II, Part D, Table Y-1 for materials listed therein

(The symbol D, in Section VIII is equivalent to D in this

Code.)

304.2 Curved and Mitered Segments of Pipe

304.2.1 Pipe Bends. The minimum required thick-
ness, t,, of a bend, after bending, in its finished form,
shall be determined in accordance with egs. (2) and (3c)

PD

E= S[SEW/) + PY]
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Fig. 304.2.1 Nomenclature for Pipe Bends

Intrados —,—\

Fig. 304.2.3 Nomenclature for Miter Bends

- Extrados

where at the intrados (inside bend radius)

_ 4Ry/D) -1
I'=3®/D) =2 (3d)
and at the extrados (outside bend radius)
_ 4Ry/D) +1
I'=3®/D)+2 (3¢)

and at the sidewall on the bend centerline radius, I = 1
and where
R; |= bend radius of welding elbow or pipe bend

Thjckness variations from the intrados to the extrados
and along the length of the bend shall be gradual. The
thickhess requirements apply at the mid-span of the
bend) v /2, at the intrados, extrados, and bend centerline
radiys. The minimum thickness at the end tangents'shall
not e less than the requirements of para. 304.1 for
straight pipe (see Fig. 304.2.1).

304.2.2 Elbows. Manufactured elbows not in accor-
dance with para. 303 shall be qualified as required by
para} 304.7.2 or designed in acdordance with para.
304.211, except as provided in para. 328.4.2(b)(6).

304.2.3 Miter Bends. Anangular offset of 3 deg or
less {angle « in Fig. 304.2.3) does not require design
consideration as a mitet.bend. Acceptable methods for

.0,

(2) The maximum allowable internal pr¢ssure for
a(single miter bend with angle @ greater thar} 22.5 deg

shall

(c)
(4b),
from

M

The 1

inclu
(d)

(4b),

be calculated by eq. (4c):

m

_ SEW(T - o) T-c | (40
2 k(T - c) + 1.25 tané,/r,(T|- C))

The miter pipe wall thickness, T, used ir eqs. (4a),
and (4c) shall extend a distance not legs than M
the inside crotch of the end miter weldg where
= the larger of 2.5(r,T)% or tan 6 (Ry 4 1)

ength of taper at the end of the miter pipe may be

ded in the distance, M.
The following nomenclature is used in|egs. (4a),
and (4c) for the pressure design of mitef bends:

presgure design of-multiple and single miter bends are c = same as defined in para. 304.1.1
given in (a) and\(by below. E = same as defined in para. 304.1.1
(a)| Multipler Miter Bends. The maximum allowable P, = maximum allowable internal prepsure for
interhal pressure shall be the lesser value calculated from miter bends
egs. (4a)and (4b). These equations are not applicable R, = effective radius of miter bend, defired as the
when_fexceeds 22.5 deg shortestdistance from-the pipe cedterline to
SEW(T - ¢)/ T_¢ th.e i@tgrsection of the planes of adjacent
P, = p ) (4a) miter joints _
? \(T = c) + 0.643 tan /(T - c) 7, = mean radius of pipe using nominal wall T
SEW(T - c){ Ri—r S = same as defined in para. 304.1.1
P, = P \R, - O.5r2) (4b) T = miter pipe wall thickness (measured or mini-
mum per purchase specification)
(b) Single Miter Bends W = same as defined in para. 304.1.1
(1) The maximum allowable internal pressure for a = angle of change in direction at miter joint
a single miter bend with angle 6 not greater than 22.5 = 240
deg shall be calculated by eq. (4a). 0 = angle of miter cut
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For compliance with this Code, the value of R; shall
be not less than that given by eq. (5):

A D

Ry = tan 0+7 ©®)

where A has the following empirical values:
(1) For SI metric units

304.3.2 Strength of Branch Connections. A pipe
having a branch connection is weakened by the opening
that must be made in it and, unless the wall thickness
of the pipe is sufficiently in excess of that required to
sustain the pressure, it is necessary to provide added
reinforcement. The amount of reinforcement required to
sustain the pressure shall be determined in accordance
with para. 304.3.3 or 304.3.4. There are, however, certain
branch connections which have adequate pressure

(T - ¢), mm A
<13 25
13<(T-¢)<22 2(T - ¢)
>22 [2(T - ¢)3] + 30

(2) Hor U.S. Customary units

(T -¢), in. A
<05 1.0
05<(T -¢)<0.88 2(T - ¢)
>0.88 [2(T - ¢)3] +1.17

304.2.4 Curved and Mitered Segments of Pipe Under
External Pressure. The wall thickness of curved and
mitered segments of pipe subjected to external pressure
may be d¢termined as specified for straight pipe in para.
304.1.3.

304.3 Branch Connections

304.3{1 General

(a) Exdept as provided in (b) below, the requirements
in paras. $04.3.2 through 304.3.4 are applicable to branch
connectipns made in accordance with the following
methods:

(1) fittings (tees, extruded outlets, branchloutlet fit-
tings per|MSS SP-97, laterals, crosses)

(2) ynlisted cast or forged branch-connection fit-
tings (seg¢ para. 300.2), and couplings mot over DN 80
(NPS 3), pttached to the run pipe-by welding

(3) welding the branch pipgdirectly to the run pipe,
with or wiithout added reinfofcément, as covered in para.
328.5.4

(b) Thg rules in paras.304.3.2 through 304.3.4 are min-
imum requirements,valid only for branch connections
in which|(using the nomenclature of Fig. 304.3.3)

(1) the runpipe diameter-to-thickness ratio (D;,/T},)
is less than 100 and the branch-to-run diameter ratio
(Dy/Dy,) idnbt greater than 1.0

bllCllngl Of ICillfUlLClllt‘llL dS COISLT ULLCL‘L Il IIT :ly be
assumed without calculation that a branch cenngction
has adequate strength to sustain the internal and ¢xter-
nal pressure which will be applied to it.if

(a) the branch connection utilizes a listed fitting in
accordance with para. 303.

(b) the branch connection isvnade by weldjng a
threaded or socket welding codpling or half coupling
directly to the run in accordance with para. 328.5.4} pro-
vided the size of the braneh does not exceed ON 50
(NPS 2) nor one-fourth the nominal size of the rur]. The
minimum wall thickinéss of the coupling anywh¢re in
the reinforcement\zone (if threads are in the zone| wall
thickness is nieastired from root of thread to minimum
outside diameter) shall be not less than that qf the
unthreaded’branch pipe. In no case shall a couplipg or
half coupling have a rating less than Class 200p per
ASME B16.11.

(¢) the branch connection utilizes an unlisted btanch
eonnection fitting (see para. 300.2), provided the fjtting
is made from materials listed in Table A-1 and proyided
that the branch connection is qualified as requir¢d by
para. 304.7.2.

304.3.3 Reinforcement of Welded Branch Connec-
tions. Added reinforcement is required to megt the
criteria in paras. 304.3.3(b) and (c) when it is not inkerent
in the components of the branch connection. Sgmple
problems illustrating the calculations for branch|rein-
forcement are shown in Appendix H.

(a) Nomenclature. The nomenclature below is uged in
the pressure design of branch connections. It is [illus-
trated in Fig. 304.3.3, which does not indicate deta{ls for
construction or welding. Some of the terms defined in
Appendix | are subject to further definitions or yaria-
tions, as follows:

b = subscript referring to branch

d; = effective length removed from pipe at brpnch.

(2) for run pipe with D;,/T}, = 100, the branch diame-
ter, Dy, is less than one-half the run diameter, D;,
(3) angle B is at least 45 deg
(4) the axis of the branch intersects the axis of
the run
(c) Where the provisions of (a) and (b) above are not
met, pressure design shall be qualified as required by
para. 304.7.2.
(d) Other design considerations relating to branch
connections are stated in para. 304.3.5.

For branch intersections where the branch
opening is a projection of the branch pipe inside
diameter (e.g., pipe-to-pipe fabricated branch),
dy = [Dy - 2(Ty - ¢)]/sin B
d, = “half width” of reinforcement zone
= dyor (T, — ¢) + (T, — ¢) + d1/2, whichever is
greater, but in any case not more than D,
h = subscript referring to run or header
Ly = height of reinforcement zone outside of run
pipe
= 2.5(Ty - ¢) or 2.5(T, — ¢) + T,, whichever is less

22

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

‘av°G'8zE Bl 99s ‘s|1eiap pam [eaidA} 104 "UOIONISUOD JO
oypew pauiajeidd 1o-sjie1ap Buipjem 819|dwod 81edIpul Jou S80p I "' ¥0E “eied Jo ainjejouswou sy} selensn||i 81nbi4 siy) 310N TvHINID

- - \ - - - \l - = adig - - _

|

SSaU)
adid uny 1ed

oy g

auoz
u:wEmQ._O«:_m‘.
josyw]

lwon
Q ‘~
L
¥

80ue18|0} ||IAl
e !
K [

<

1
T o
§ 4

N \M\\\\N&\\\\\\\\\\mwﬁ[- .
/ ///w DU -,

r uoneolyidads

bseyound Jad wnwiulw Jo
painseaw ‘ssauoiy |

\ i
g | aoueJa|ol [N !L auoz
'L SSaU3DIY] [BUILLON
. \ )
T 90 94

g 1UBWB2104UIBL
’ Jo sywi
3INJR]IUBWON U0I}IBUUO) Youelg ¢£°€'#0€ "SI

N /
| ”mﬂﬂ / ease pasinbai 7
””ﬂ 186 01 (g WS, =Z)
NN !
II”M Aq eaue siyy Ajdiznpy
: / NH [ s - m
N Iﬂm ! v
seale ”””” a|zzou 10 \ 8|zzou 40 seose !
presisaieiuion IM” SicNaneie ! selid yodeag 1UBWadI0UIRY
- AN N X N . N . B o - )
RO

23

Copyright ASME International

Licensee=Technip/5931917102, User=de martis, riccardo

Not for Resale, 05/11/2009 06:01:05 MDT

No reproduction or networking permitted without license from IHS

Provided by IHS under license with ASME


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

T, = branch pipe thickness (measured or minimum
per purchase specification) except for branch
connection fittings (see para. 300.2). For such
connections the value of T, for use in calculating
Ly, dy, and Aj, is the thickness of the reinforcing
barrel (minimum per purchase specification)
provided that the barrel thickness is uniform
(see Fig. K328.5.4) and extends at least to the
L, limit (see Fig. 304.3.3).

branch to the run in determining its contributions to
area As.

(3) Area A, is the area of other metal provided by
welds and properly attached reinforcement. [See para.
304.3.3(f).] Weld areas shall be based on the minimum
dimensions specified in para. 328.5.4, except that larger
dimensions may be used if the welder has been specifi-
cally instructed to make the welds to those dimensions.

(d) Reinforcement Zone. The reinforcement zone is a

I, = P 23 g f>, on
le made from pipe (use nominal thickness if  each side of the centerline of the branch pipe and Whose
ade from plate) width starts at the inside surface of the run\pipe (in its
= (), if there is no reinforcing ring or saddle corroded condition) and extends beyond ithe oytside
t = pressure design thickness of pipe, according  surface of the run pipe a perpendicular distance, |L,.
o the appropriate wall thickness equation or (e) Multiple Branches. When two Orymore brancl} con-
rocedure in para. 304.1. For welded pipe,  nections are so closely spaced that’their reinforcgment
hen the branch does not intersect the longitu-  zones overlap, the distance between centers of the ppen-
inal weld of the run, the basic allowable stress,  ings should be at least 1% tinies their average diarheter,
$, for the pipe may be used in determining  and the area of reinforcement between any two opehings
i for the purpose of reinforcement calculation  shall be not less than 50% of the total that both require.

nly. When the branch does intersect the longi-  Each opening shall have adequate reinforcemgnt in
fudinal weld of the run, the product SEW (of  accordance withparas. 304.3.3(b) and (c). No part pf the
the stress value, S; the appropriate weld joint  metal cross seéction may apply to more than one opgning

Juality factor, Ej, from Table A-1B; and theweld  or be evaluated more than once in any combined|area.

joint strength reduction factor, W; see para.  (Consult PFI Standard ES-7 for detailed recomm¢nda-
$02.3.5) for the run pipe shall be used in the  tionsef/spacing of welded nozzles.)

alculation. The product SEW of the branch (f)“Added Reinforcement

ghall be used in calculating f,. (1) Reinforcement added in the form of a ripng or
B = gmaller angle between axes of branch and run saddle as part of area A4 shall be of reasonably corjstant
(b) Required Reinforcement Area. The reinforcement width.

area, Ay, fequired for a branch connection under interiial
pressure s

Ay = tdy (2 - sin B) ©)
For a branch connection under external’pressure, area
A; is onethalf the area calculated /by eq. (6), using as t,
the thickness required for external-pressure.

(c) Avgilable Area. The aréajavailable for reinforce-
ment is defined as

Az + A3 + A4 > A] (6a)

These argas are @ll within the reinforcement zone and
are furth¢r defined below.
(1) Aréa-A, is the area resulting from excess thick-

(2) Material used for reinforcement may differ)from
that of the run pipe provided it is compatible with run
and branch pipes with respect to weldability, heat ftreat-
ment requirements, galvanic corrosion, thermal ekpan-
sion, etc.

(3) If the allowable stress for the reinforcement
material is less than that for the run pipe, its calcylated
area must be reduced in the ratio of allowable ptress
values in determining its contribution to area A,.

(4) No additional credit may be taken for a mafterial
having higher allowable stress value than the run|pipe.

304.3.4 Reinforcement of Extruded Outlet Heaflers

(a) The principles of reinforcement stated in [para.
304.3.3 are essentially applicable to extruded dutlet
headers. An extruded outlet header is a length of pipe

ness in the o pipe watt

Ay = (2dy = dy) (Ty, — t, — ) @)
i:( 2) Area Ajis the area resulting from excess thick-
ness in the branch pipe wall

Ay = 2L4(T), — t, — ¢)/sin B (8)

If the allowable stress for the branch pipe wall is less
than that for the run pipe, its calculated area must be
reduced in the ratio of allowable stress values of the

24

TIT W}li(.il OINIC O ITIOIT Uutletb fo bfdll(.}l (.UIlIlE(.IiUI haVe
been formed by extrusion, using a die or dies to control
the radii of the extrusion. The extruded outlet projects
above the surface of the header a distance h, at least
equal to the external radius of the outlet 7, (i.e., b, = 1y).

(b) The rules in para. 304.3.4 are minimum require-
ments, valid only within the limits of geometry shown
in Fig. 304.3.4, and only where the axis of the outlet
intersects and is perpendicular to the axis of the header.
Where these requirements are not met, or where noninte-
gral material such as a ring, pad, or saddle has been
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Fig. 304.3.4 Extruded Outlet Header Nomenclature

This Figure illustrates the nomenclature of para. 304.3.4. It does not indicate complete details or a preferred
method of construction.

Limits of Center line
reinforcement of branch
zone |
|«—— D,
b > | |
c |‘<— db ;
—-- T_ GENERAL NOTE: ]
30 deg manx. _H‘, ” Taper bore inside Extrusion  GENERALNPTE:
: (/ diameter taper Sketch, to shdw method of
i * [if required, see , establishing 7], when the
hy sketch (d)] X taper encroaches on the
' + to match branch pipe crotch radius
}‘ )\ T 1 L \ 1:3 maximum taper.
Header t Ty d, — | ——
i | Th h X Header |
7
Corrpsion ///////////J Extruded Extruded odtlet
allpwance, c4 A outlet
bp | gy (b)
Mill tolerance dy
(a)
- DYy ————» Branch pipe
Tp—» |e— | or nozzle
c+>| —— dj > o
ty —»| — Limits|of
b - r\‘ reinf}wrcement
- — - - zone
Thickness, measured ? .
or minimum per purchase g Lg
specification LJ/
. éE/ Extruded oultlet
e [N
x r dy —
Y Y
Ao Hequlred area 7 7
th | T //
Th x / A1 = (th) (dx) / Header
v itu/// 77 ©)
! . . .
Dh dh c 2 il d2 -
% Mill tolerance
GENERAL NOTE: Sketch is drawn for condition where K = 1.00.
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Fig. 304.3.4 Extruded Outlet Header Nomenclature (Cont’d)

This Figure illustrates the nomenclature of para. 304.3.4. It does not indicate complete details or a preferred
method of construction.

Branch pipe
Tb—>: . b or nozzle
c—»||le——7 >
. b ‘ Limits of
6 > reinforcement
@ \ zone
I Lg Extruded outlet
k r ¢ / ) \ /
X
X
+ o
i 7 Header
A t‘ T Required area Y
Th o o X A=K (tp) (dy) //
¥ r v‘Y W/////ﬁ/}j\ 5
bX
Ond - 92 > dy ————=|

Mill tolerance

GENERAL NOTE: Sketch is drawn for condition where K =\1.00 and dx < dp.

(d)

the outlet, pressure design shall be qualified
ed by para. 304.7.2.

henclature. The nomenclature used herein is
i in Fig. 304.3.4. Note the use of subscript ¥
b extruded. Refer to para. 304.3.3(a) for nomen-
t listed here.

he design inside diameter of the extruded out-
et, measured at the level of the eutside surface
f the header. This dimension/is taken after
emoval of all mechanical and/corrosion allow-
hinces, and all thickness.tolerances.

half width of reinforeémient zone (equal to d,)
height of the extrudéd outlet. This must be
bqual to or gredter-than r, [except as shown in
ketch (b) in(Fig: 304.3.4].

height of feinforcement zone

7D Ty

adigs, of curvature of external contoured por-
iotref outlet, measured in the plane containing

(b) for D, = DN 200, 0.1D;, + 13 mm (0.50

(3) for an external contour with multiple rad
requirements of (1) and (2) above apply, considerir
best-fit radius over a 45 deg arc as the maximum 1|
(4) machining shall not be employed in ord
meet the above requirements
(e) Required Reinforcement Area. The required aj
reinforcement is defined by

A1 = Kt;,dx

where K is determined as follows:
(1) For D,/D;, > 0.60, K = 1.00.
(2) For 0.60 > Dy/D;, > 0.15, K = 0.6 + %4(Dy/D
(3) For D/D;, <0.15, K = 0.70.
(f) Available Area. The area available for reinforce
is defined as

Ay + Az + Ay 2 Ay

n.)

i, the
g the
hdius
er to

ea of

©)

—

ment

(%a)

he axes of the header and branch

corroded finished thickness of extruded outlet,

measured at a height equal to r, above the out-
side surface of the header

(d) Limitations on Radius r.. The external contour
radius, r,, is subject to the following limitations:
(1) minimum r,: the lesser of 0.05D, or 38 mm

(1.50 in.)

(2) maximum r, shall not exceed
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These areas are all within the reinforcement zone and

are further defined below.

(1) Area A, is the area resulting from excess thick-

ness in the header wall

Ay = (Zdz - dx) (Th -ty - C)

(10)

(2) Area Ajis the area resulting from excess thick-

ness in the branch pipe wall

Ay = 2L5(T, - t, - ¢)
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(3) Area A, is the area resulting from excess thick-
ness in the extruded outlet lip

Ay = 21 [Ty - (Tb - C)] (12)

(g) Reinforcement of Multiple Openings. The rules of
para. 304.3.3(e) shall be followed, except that the
required area and reinforcement area shall be as given

in para. 304.3.4.
(h) Tr]owl'ifir'ﬂfinﬂ Themanufacturershall establish the

Table 304.4.1 BPV Code References for Closures

design pressure and temperature for each extruded out-
let hgader and shall mark the header with this informa-
tion, [together with the symbol “B31.3” (indicating the
applicable Code Section) and the manufacturer’s name
or trademark.

304.3.5 Additional Design Considerations. The
requfirements of paras. 304.3.1 through 304.3.4 are
intended to ensure satisfactory performance of a branch
conngction subject only to pressure. The designer shall
also gonsider the following;:

(a)|In addition to pressure loadings, external forces
and movements are applied to a branch connection by
thermal expansion and contraction, dead and live loads,
and rpovement of piping terminals and supports. Special
consideration shall be given to the design of a branch
conngction to withstand these forces and movements.

(b)] Branch connections made by welding the branch
pipe [directly to the run pipe should be avoided under
the fpllowing circumstances:

1) when branch size approaches run size, patticu-
larly[if pipe formed by more than 1.5% cold expansion,
or exppanded pipe of a material subject to woerk’harden-
ing, is used as the run pipe

2) where repetitive stresses magbée imposed on
the cpnnection by vibration, pulsatifig'pressure, temper-
ature cycling, etc.

In sych cases, it is recommeénded that the design be
consg¢rvative and that consideration be given to the use
of teg fittings or complete’ encirclement types of rein-
forcement.

(c)] Adequate flexjbility shall be provided in a small
line which branches from a large run, to accommodate
therrhal expansion and other movements of the larger
line (seepata. 319.6).

(d)| Ifxibs, gussets, or clamps are used to stiffen the

Concave to Convex to

Type of Closure Pressure Pressure
Ellipsoidal UG-32(d) UG-33(d)
Torispherical UG-32(e) UG-33(e)
Hemispherical UG-32(f) UG-33(c)
Conical (no transition UG-32(g) UG-33(f)

to knuckle)

Toriconical UG-32(h) UG-33(f)
Fratr (pressure on UG34

either side)
GENERAL NOTE:  Paragraph numbers are from the.BPV C¢de, Section
VIIl, Division 1.

304.3.6 Branch Connections Under Extefnal Pres-
sure. Pressure design forabtanch connectionfsubjected
to external pressure may. be determined in a¢cordance
with para. 304.3.1, using the reinforcement arep require-
ment stated in para. 304.3.3(b).

304.4 Closurés

304.4.1. General
(a).Closures not in accordance with para. 303 or
304;4.1(b) shall be qualified as required by para. 304.7.2.
(b) For materials and design conditiong covered
therein, closures may be designed in accordgnce with
the rules in the BPV Code, Section VIII, Divisioh 1, calcu-
lated from eq. (13)

by =t+c (13)

c¢ = sum of allowances defined in para. 304.1.1
t = pressure design thickness, calculated for the
type of closure and direction of loading, shown
in Table 304.4.1, except that the symbols used
to determine t shall be:
E = same as defined in para. 304.[.1
P = design gage pressure
S = S times W, with S and W as defined in
para. 304.1.1
t, = minimum required thickness, ihcluding
mechanical, corrosion, and erosion alJlowance

304.4.2 Openings in Closures

branLll LUIU[CLliUIl, Llll‘,il dI©ds CAIUl0t bl‘, LUL[I[LCC[ as CUI=
tributing to the reinforcement area determined in para.
304.3.3(c) or 304.3.4(f). However, ribs or gussets may be
used for pressure-strengthening a branch connection in
lieu of reinforcement covered in paras. 304.3.3 and
304.3.4 if the design is qualified as required by para.
304.7.2.

(e) For branch connections which do not meet the
requirements of para. 304.3.1(b), integral reinforcement,
complete encirclement reinforcement, or other means of
reinforcement should be considered.

(m—TheTules i paras—36442(b) through<(g) apply to
openings not larger than one-half the inside diameter
of the closure as defined in Section VIII, Division 1,
UG-36. A closure with a larger opening should be
designed as a reducer in accordance with para. 304.6
or, if the closure is flat, as a flange in accordance with
para. 304.5.

(b) A closure is weakened by an opening and, unless
the thickness of the closure is sufficiently in excess of
that required to sustain pressure, it is necessary to pro-
vide added reinforcement. The need for and amount of

27
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reinforcement required shall be determined in accor-
dance with the subparagraphs below except that it shall
be considered that the opening has adequate reinforce-
ment if the outlet connection meets the requirements in
para. 304.3.2(b) or (c).

(c) Reinforcement for an opening in a closure shall
be so distributed that reinforcement area on each side
of an opening (considering any plane through the center
of the opening normal to the surface of the closure) will

(e) See Section VIII, Division 1, Appendix S, for con-
siderations applicable to bolted joint assembly.

304.5.2 Blind Flanges

(a) Blind flanges not in accordance with para. 303 or
304.5.2(b) shall be qualified as required by para. 304.7.2.

(b) A blind flange may be designed in accordance
with eq. (14). The minimum thickness, considering the
manufacturer’s minus tolerance, shall be not less than ¢,

equal at feastone-hatf the Tequited area i that piane.

(d) The total cross-sectional area required for rein-
forcement in any given plane passing through the center
of the opening shall not be less than that defined in
UG-37(b)} UG-38, and UG-39.

(e) The reinforcement area and reinforcement zone
shall be ¢alculated in accordance with para. 304.3.3 or
304.3.4, cpnsidering the subscript & and other references
to the rup or header pipe as applying to the closure.
Where thp closure is curved, the boundaries of the rein-
forcement zone shall follow the contour of the closure,

ty =t+c (14)
To calculate ¢, the rules of Section VIII) Bivision 1,
UG-34 may be used with the following changles in
nomenclature:
¢ = sum of allowances defined.in para. 304.1{1

P = internal or external deSigil gage pressure]
Sf product SEW [of the stress value, S, anfl the
appropriate quality)factor, E, from Table [A-1A

or A-1B and weldjoint strength reduction factor

X ) . per para. 302,3.5(e)] for flange materia}. See
and dimgnsions of the reinforcement zone shall be mea- para. 3023:2(e).
sured p4qrallel to and perpendicular to the closure t = pressure.design thickness, as calculated fr the

surface.
(f) It tvo or more openings are to be located in a

closure, te rules in paras. 304.3.3 and 304.3.4 for the UG-34
reinforceinent of multiple openings apply.
(¢) Th¢ additional design considerations for branch 304.5.3 Blanks

connectigns discussed in para. 304.3.5 apply equally to
openings|in closures.

304.5 Pressure Design of Flanges and Blanks

304.5]1 Flanges — General

(a) Fldnges not in accordance with para. 303, or
304.5.1(b) or (d), shall be qualified as required by para.
304.7.2.

(b) A flange may be designed inraccordance with the
BPV Codp, Section VIII, Divisiory 1, Appendix 2, using
the allowgble stresses and temperature limits of the B31.3

given ‘styles of blind flange, using the appro-
priate equations for bolted flat cover plafes in

{a) Blanks not in accordance with para. 33 or
304.5.3(b) shall be qualified as required by para. 344.7.2.
(b) The minimum required thickness of a permpnent
blank (representative configurations shown in
Fig. 304.5.3) shall be calculated in accordance|with

eq. (15)
J 3P
sy T6SEW * €
where

= sum of allowances defined in para. 304.1{1

(15)

tn =

Code. Ndmenclature shalltbe'as defined in Appendix 2, d; = inside diameter of gasket for raised or flaf face
except as| follows: flanges, or the gasket pitch diameter fof ring
P = dlesign gage pressure joint and fully retained gasketed flanges
Sa = bolt design stress at atmospheric temperature E = same as defined in para. 304.1.1
Sy = bolt design stress at design temperature P = design gage pressure
S = product SEW [of the stress value S, the appro- 5 = same as defined in para. 304.1.1
/ AR W = same as defined in para. 304.1.1

lJLiCl‘l-.C ﬂualit_y fCl\.tUl E flUlll TC[L}C A1 VUL A 1B
and weld joint strength reduction factor per
para. 302.3.5(e)] for flange or pipe material. See
para. 302.3.2(e).

(c) The rules in (b) above are not applicable to a
flanged joint having a gasket that extends outside the
bolts (usually to the outside diameter of the flange).

(d) For flanges that make solid contact outside the
bolts, Section VIII, Division 1, Appendix Y should be
used.

28

304.6 Reducers

304.6.1 Concentric Reducers

(a) Concentric reducers not in accordance with para.
303 or 304.6.1(b) shall be qualified as required by para.
304.7.2.

(b) Concentric reducers made in a conical or reversed
curve section, or a combination of such sections, may
be designed in accordance with the rules for conical and
toriconical closures stated in para. 304.4.1.
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Fig. 304.5.3 Blanks

7
7,

-

N

778

304.6.2 Eccentric Reducers. Eccentric reducers not
in adcordance with para. 303 shall be qualified as
required by para. 304.7.2.

304.

304.7.1 Listed Components. Other pressure con-
taining components manufactured in acdordance with
standards in Table 326.1 may be utilized in accordance
with[para. 303.

304.7.2 Unlisted Components.) Pressure design of
unlisfed components to which)the rules elsewhere in
para| 304 do not apply shall be based on calculations
consistent with the design/ criteria of this Code. These
calcullations shall beysubstantiated by one or more of
the means stated/in‘paras. 304.7.2(a), (b), (c), and (d),
cons{dering applicable dynamic, thermal, and cyclic
effects in paras,301.4 through 301.10, as well as thermal
shock. Calculations and documentation showing com-
pliancewith paras. 304.7.2(a), (b), (c), or (d), and (e) shall

£

f Pressure Design of Other Components

2%
I
|
I

\\ !

Wi,

Y.

Table A-1 shall be used in place of the allowaple stress,
S, in Division 2 where applicable. At design|tempera-
tures in the creep range, additional considlerations
beyond the scope of Division 2 may be nece%ary.

(e) For any of the above, the designer may interpolate
between sizes, wall thicknesses, and pressuge classes,
and may determine analogies among related materials.

304.7.3 Metallic Components With Nonmetallic Pres-
sure Parts. Components not covered by standards
listed in Table 326.1, in which both metallic and nonme-
tallic parts contain the pressure, shall be evaluated by
applicable requirements of para. A304.7.2 gs well as
those of para. 304.7.2.

304.7.4 Expansion Joints
(a) Metallic Bellows Expansion Joints. The desjgn of bel-
lows type expansion joints shall be in accordpnce with
Appendix X. See also Appendix F, para. F304.7.4 for
further design considerations.
(b) Slip Type Expansion Joints

be avaiablefor-the-owner’s-approvat

(a) extensive, successful service experience under
comparable conditions with similarly proportioned
components of the same or like material.

(b) experimental stress analysis, such as described in
the BPV Code, Section VIII, Division 2, Annex 5.F.

(c) proof test in accordance with either ASME B16.9,
MSS SP-97, or Section VIII, Division 1, UG-101.

(d) detailed stress analysis (e.g., finite element
method) with results evaluated as described in Section
VIII, Division 2, Part 5. The basic allowable stress from

(1) Pressure containing elements shall be in accor-
dance with para. 318 and other applicable requirements
of this Code.

(2) External piping loads shall not impose excessive
bending on the joint.

(3) The effective pressure thrust area shall be com-
puted using the outside diameter of the pipe.

(c) Other Types of Expansion Joint. The design of other
types of expansion joint shall be qualified as required
by para. 304.7.2.

29
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PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

305 PIPE

Pipe includes components designated as “tube” or
“tubing” in the material specification, when intended
for pressure service.

ASTM A 426, E > 0.90
ASTM A 671, E; > 0.90
ASTM A 672, E; 2 0.90
ASTM A 691, E; > 0.90

(c) Stainless Steel Alloy Pipe
ASTM A 268, seamless
ASTM A 312, seamless
ASTM A 358, E; 2 0.90
ASTM A 376

305.1 General

Listed
except as

pipe may|
305.2 Specific Requirements

305.2J1 Pipe for Category D Fluid Service. The fol-
lowing cqrbon steel pipe may be used only for Category
D Fluid Yervice:
API 5L, Furnace Butt-Welded
ASTM A 53, Type F
ASTM A 134 made from other than ASTM A 285
plate]

305.2)2 Pipe Requiring Safeguarding. When used
for other|than Category D Fluid Service, the following
carbon steel pipe shall be safeguarded:

ASTM A 134 made from ASTM A 285 plate
ASTM A 139

pipe may be used in Normal Fluid Service
stated in paras. 305.2.1 and 305.2.2. Unlisted
be used only as provided in para. 302.2.3.

305.2.3 Pipe for Severe Cyclic Conditions. Only the
followinlg pipe” may be used under severe cychic
conditiorys:

(a) Carpon Steel Pipe

API 5L, Grade A or B, seamless
API pL, Grade A or B, SAW, str. seam, E; 2095
API 5L, Grade X42, seamless
API 5L, Grade X46, seamless
API 5L, Grade X52, seamless
API 5L, Grade X56, seamléss
API 5L, Grade X60, seamless
ASTM A 53, seamless

ASTM A 106

ASTM A 333, seamiless

ASTM A 369

ASTM A-38%, E; > 0.90

ASTM A 524

&Z1 L

ASTM-A671E;

09N

ASTM A 451, E. 2 0.90

(d) Copper and Copper Alloy Pipe
ASTM B 42
ASTM B 466

(e) Nickel and Nickel Alloy Pipe
ASTM B 161
ASTM B 165
ASTM B 167
ASTM B 407

(f) Aluminum Alloy Pipe
ASTM B 210, Tempers O and H112
ASTM B 241, Tempers O and H112

305.2:4Elevated Temperature Fluid Service. In ele-
vatedtemperature fluid service, all longitudinal or gpiral
welds'in P-No. 4 or P-No. 5 materials shall be examined
by:100% radiography or 100% ultrasonic examingation.
Acceptance criteria are as stated in para. 341.3.2 and in
Table 341.3.2, for Normal Fluid Service, unless othefwise
specified.

306 FITTINGS, BENDS, MITERS, LAPS, AND
BRANCH CONNECTIONS

Fittings, bends, miters, laps, and branch connegtions
may be used in accordance with paras. 306.1 thjough
306.5. Pipe and other materials used in such compopnents
shall be suitable for the manufacturing or fabridation
process and the fluid service.

306.1 Pipe Fittings

306.1.1 Listed Fittings. Listed fittings may belused
in Normal Fluid Service in accordance with para]303.

306.1.2 Unlisted Fittings. Unlisted fittings may be

= vrrav)

ASTM A 672, E; 2 0.90
ASTM A 691, E; 2 0.90

(b) Low and Intermediate Alloy Steel Pipe
ASTM A 333, seamless
ASTM A 335
ASTM A 369

7 Casting or joint factors, E, or E;, specified for cast or welded
pipe that do not correspond with E factors in Table A-1A or A-1B
are established in accordance with paras. 302.3.3 and 302.3.4.
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used only in accordance with para. 302.2.3.

306.1.3 Specific Fittings

(a) Proprietary welding branch outlet fittings which
have been design proof tested successfully as prescribed
in ASME B16.9, MSS SP-97, or the BPV Code, Section
VIII, Division 1, UG-101 may be used within their estab-
lished ratings.

(b) The lap thickness of a proprietary “Type C” lap-
joint stub-end buttwelding fitting shall conform to the
requirements of para. 306.4.2 for flared laps.
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306.1.4 Fittings for Severe Cyclic Conditions
(a) Only the following fittings may be used under
severe cyclic conditions:
(1) forged
(2) wrought, with factor Ei 2 0.90,8 or
(3) cast, with factor E, > 0.90°
(b) Fittings conforming to MSS SP-43, MSS SP-119,
and proprietary “Type C” lap-joint stub-end welding
fittings shall not be used under severe cyclic conditions.

306.4.1 Fabricated Laps. A fabricated lap is suitable
for use in Normal Fluid Service, provided that all of the
following requirements are met.

(a) The outside diameter of the lap shall be within
the dimensional tolerances of the corresponding
ASME B16.9 lap-joint stub end.

(b) The lap thickness shall be at least equal to the
nominal wall thickness of the pipe to which it is attached.

(c) The lap material shall have an allowable stress at

306.
3

Pipe Bends

6.2.1 General

(a)] A pipe bend made in accordance with paras.
332.211 and 332.2.2, and verified for pressure design in
accofdance with para. 304.2.1, is suitable for the same
servife as the pipe from which it is made.

(b)] A pipe bend made in accordance with para.
332.212, but not meeting the flattening limits of para.
332.211, may be qualified for pressure design by para.
304.712 and shall not exceed the rating of the straight
pipe [from which it is made.

306.2.2 Corrugated and Other Bends. Bends of other
designs (such as creased or corrugated) shall be qualified
for pressure design as required by para. 304.7.2.

3(
bend
used

6.2.3 Bends for Severe Cyclic Conditions. A pipe
designed as creased or corrugated shall not be
under severe cyclic conditions.

306.

306.3.1 General. Except as stated ingpara. 306.3.2,
a miter bend made in accordance with para’304.2.3 and
weldpd in accordance with para. 311\l is suitable for
use inh Normal Fluid Service.

8 Miter Bends

306.3.2 Miter Bends for Category D Fluid Service.
A mifer bend that makes a ¢change in direction at a single
joint [(angle « in Fig. 304.2)3) greater than 45 deg, or is
weldpd in accordancéwwith para. 311.2.1, may be used
only [for Category-D¢Fluid Service.

306.3.3 Miter'Bends for Severe Cyclic Conditions.
A mifter bend td be used under severe cyclic conditions
shall be@made in accordance with para. 304.2.3 and
weldpd\in accordance with para. 311.2.2, and shall have

least as great as that of the pipe.
(d) Welding shall be in accordance with'ppra. 311.1
and fabrication shall be in accordance with para. 328.5.5.

306.4.2 Flared Laps. See para. 308.2.5 for require-
ments of lapped flanges for use with flared lap$. A flared
lap is suitable for use in Normab Fluid Service |provided
that all of the following réquirements are mef.
(a) The pipe used shall:be of a specification ind grade
suitable for forming-without cracks, surface [buckling,
or other defects. v
(b) The outside’diameter of the lap shall pe within
the dimengignal tolerances of the corredponding -
ASME B169lap-joint stub end. ;
(c) The radius of fillet shall not exceed 3 mm (% in.). '
(d)“The lap thickness at any point shall be at least
95%’of the minimum pipe wall thickness, T, rhultiplied
by the ratio of the pipe outside diameter to thediameter
at which the lap thickness is measured.
(e) Pressure design shall be qualified as re
para. 304.7.2.

quired by

306.4.3 Forged Laps. A lap integrally Hot-forged
on a pipe end is suitable for Normal Fluid Sefvice only
when the requirements of para. 332 are met. Ifts dimen-
sions shall conform to those for lap-joint stub ends given
in ASME B16.9.

306.4.4 Laps for Severe Cyclic Conditions
(a) A forged lap-joint stub end per para. 306.1 or a
lap integrally hot-forged on a pipe end per pata. 306.4.3
may be used under severe cyclic conditions.
(b) A fabricated lap to be used under seviere cyclic
conditions shall conform to the requirement$ of para.
306.4.1, except that welding shall be in accordpnce with
para. 311.2.2. A fabricated lap shall conform fo a detail
shown in Fig. 328.5.5, sketch (d) or (e).

an angle a (see kFig. 5304.2.3) < 22.5 deg.

306.4 Laps

The following requirements do not apply to fittings
conforming to para. 306.1, specifically lap-joint stub ends
conforming to ASME B16.9, nor to laps integrally hot-
forged on pipe ends, except as noted in paras. 306.4.3
and 306.4.4(a).

8 See paras. 302.3.3 and 302.3.4.
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conditions.

306.5 Fabricated Branch Connections

The following requirements do not apply to fittings
conforming to para. 306.1.

306.5.1 General. A fabricated branch connection
made and verified for pressure design in accordance
with para. 304.3, and welded in accordance with para.
311.1, is suitable for use in Normal Fluid Service.
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306.5.2 Fabricated Branch Connections for Severe
Cyclic Conditions. A fabricated branch connection to
be used under severe cyclic conditions shall conform to
the requirements of para. 306.5.1, except that welding
shall be in accordance with para. 311.2.2, with fabrication
limited to a detail equivalent to Fig. 328.5.4D sketch (2)
or (4), or to Fig. 328.5.4E.

307 VALVES AND SPECIALTY COMPONENTS

Table 308.2.1 Permissible Sizes/Rating Classes
for Slip-On Flanges Used as Lapped Flanges

Maximum Flange Size

Rating Class DN NPS
150 300 12
300 200 8

GENERAL NOTE: Actual thickness of flange at bolt circle shall at
least equal minimum required flange thickness in ASMF B16 5.

The following requirements for valves shall also be
met as applicable by other pressure containing piping
componepts, such as traps, strainers, and separators. See
also Appendix F, paras. F301.4 and F307.

307.1 General

307.1l1 Listed Valves. A listed valve is suitable
for use ih Normal Fluid Service, except as stated in
para. 307)2.

307.1{2 Unlisted Valves. Unlisted valves may be
used only in accordance with para. 302.2.3. Unless pres-
sure-temperature ratings are established by the method
set forth ih Appendix F to ASME B16.34, pressure design
shall be qualified as required by para. 304.7.2.

307.2 Specific Requirements

307.2{1 Bonnet Bolting. A bolted bonnet valve
whose bqnnet is secured to the body by less than four
bolts, or by a U-bolt, may be used only for Category D
Fluid Ser}ice.

307.2{2 Stem Retention. Valves shall be designed
so that the stem seal retaining fasteners (e.g.,\packing,
gland fasteners) alone do not retain the stem. Specifi-
cally, the |design shall be such that the stent shall not be
capable gf removal from the valve,(while the valve is
under pr¢ssure, by the removal ofthe stem seal retainer
(e.g., glanpd) alone.

308 FLANGES, BLANKS, FLANGE FACINGS, AND
GllSKETS

308.1 G

308.1)1 Listed Components. A listed flange, blank,
or gaskef isystiitable for use in Normal Fluid Service,

neral

(1) subject to severe erosion, crevice cor1osign, or
cyclic loading
(2) flammable, toxic, or damaging to’human {issue
(3) under severe cyclic conditions
(4) at temperatures below,-101°C (-150°F)
(b) The use of slip-on flanges should be avgided
where many large temperatuze cycles are expected, par-
ticularly if the flanges ate-not insulated.
(c) Slip-on Flanges as\Lapped Flanges. A slip-on flange
may be used as adapped flange only as shown in [Table
308.2.1 unless pfessure design is qualified in accordlance
with para. 304:5.1. A corner radius or bevel shall corfform
to one of thefollowing as applicable:
(1) _For'an ASME B16.9 lap joint stub end or a fprged
lap (se€“para. 306.4.3) the corner radius shall be as $peci-
fied in ASME B16.5, Tables 9 and 12, dimension 1.
(2) For a fabricated lap, the corner bevel shall be
at least half the nominal thickness of the pipe to which
the lap is attached (see Fig. 328.5.5).
(3) For a flared lap see para. 308.2.5.

308.2.2 Expanded-Joint Flanges. A flange having
an expanded-joint insert is subject to the requirements
for expanded joints in para. 313.

308.2.3 Socket Welding and Threaded Flanges. A
socket welding flange is subject to the requirements for
socket welds in para. 311.2.5. A threaded flange is syibject
to the requirements for threaded joints in para. 314.4.

308.2.4 Flanges for Severe Cyclic Conditions. Unless
it is safeguarded, a flange to be used under severe tyclic
conditions shall be welding neck conforming to ASME
B16.5 or ASME B16.47, or a similarly proportioned
flange designed in accordance with para. 304.5.1.

308.2.5 Flanges for Flared Metallic Laps. For a

11 1 . anq
except asstated CISEWITETT 10T pdrd. SUG.

308.1.2 Unlisted Components. Unlisted flanges,
blanks, and gaskets may be used only in accordance
with para. 302.2.3.

308.2 Specific Requirements for Flanges
See Appendix F, paras. F308.2 and F312.

308.2.1 Slip-On Flanges
(a) A slip-on flange shall be double-welded as shown
in Fig. 328.5.2B when the service is
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flange used with a flared metallic Tap (para. 306.4.2), the
intersection of face and bore shall be beveled or rounded
approximately 3 mm (% in.). See also para. 308.2.1(c).
308.3 Flange Facings

The flange facing shall be suitable for the intended
service and for the gasket and bolting employed.
308.4 Gaskets

Gaskets shall be selected so that the required seating
load is compatible with the flange rating and facing, the
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strength of the flange, and its bolting. Materials shall be
suitable for the service conditions. See also Appendix F,
para. F308.4.

309 BOLTING

Bolting includes bolts, bolt studs, studs, cap screws,
nuts, and washers. See also Appendix F, para. F309.

309.3 Tapped Holes

Tapped holes for pressure retaining bolting in metallic
piping components shall be of sufficient depth that the
thread engagement will be at least seven-eighths times
the nominal thread diameter.

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING JOINTS

309.1.2 Unlisted Bolting. Unlisted bolting may be
only in accordance with para. 302.2.3.

309.1.3 Bolting for Components. Bolting for compo-
nentg conforming to a listed standard shall be in accor-
dance with that standard if specified therein.

309.1.4 Selection Criteria. Bolting selected shall be
adeqiate to seat the gasket and maintain joint tightness
undefr all design conditions.

309.

309.2.1 Low Yield Strength Bolting. Bolting having
not k3:re than 207 MPa (30 ksi) specified minimum yield

P Specific Bolting

strerfgth shall not be used for flanged joints rated
ASME B16.5 Class 400 and higher, nor for flanged joints
using metallic gaskets, unless calculations have (been
made showing adequate strength to maintain joint
tightness.

309.2.2 Carbon Steel Bolting. Except where limited
by other provisions of this Code, carbon steel bolting
may pe used with nonmetallic gaskets in flanged joints
rated ASME B16.5 Class 300 and lower for bolt metal
temperatures at —29°C to 204°O (-20°F to 400°F), inclu-
sive. |If these bolts are galvanized, heavy hexagon nuts,
threaded to suit, shall bewused.

309.2.3 Bolting for-Metallic Flange Combinations.
Any polting which.meets the requirements of para. 309
may [pe used¢with any combination of flange material
and facing.\If either flange is to the ASME B16.1,
AS B16:24, MSS SP-42, or MSS SP-51 specification,
the bplting material shall be no stronger than low yield

310 GENERAL

Piping joints shall be selected to suit thepipjing mate-
rial and the fluid service, with consideration of joint
tightness and mechanical strength under exppcted ser-
vice and test conditions of pressure, tempergture, and
external loading.

311 WELDED JOINTS

Joints may be made by welding in any material for
which it is possible to qualify welding procedufres, weld-
ers, and weldiiig operators in conformance with the rules
in Chapte) V

311.1.'General

EXcept as provided in paras. 311.2.1 and 311.p.2, welds
shall conform to the following:
(1) Welding shall be in accordance with pafra. 328.

(b) Preheating and heat treatment shall be|in accor-
dance with paras. 330 and 331, respectively.
(c) Examination shall be in accordance with para.
341.4.1.
(d) Acceptance criteria shall be those in Tahle 341.3.2
for Normal Fluid Service.

311.2 Specific Requirements

311.2.1 Welds for Category D Fluid Service. Welds
which meet the requirements of para. 311.], but for
which examination is in accordance with parp. 341.4.2,
and acceptance criteria are those in Table 341.3.2 for
Category D Fluid Service, may be used only in that
service.

311.2.2 Welds for Severe Cyclic Conditions. Welds
for use under severe cyclic conditions shall{meet the
requirements of para. 311.1 with the exceptions that

strength bolting unless

(a) both flanges have flat faces and a full face gasket
is used, or

(b) sequence and torque limits for bolt-up are speci-
fied, with consideration of sustained loads, displace-
ment strains, occasional loads (see paras. 302.3.5 and
302.3.6), and strength of the flanges

309.2.4 Bolting for Severe Cyclic Conditions. Low
yield strength bolting (see para. 309.2.1) shall not be
used for flanged joints under severe cyclic conditions.
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exarination sttt be i accordarnce wittr para. 341.4.3,
and acceptance criteria shall be those in Table 341.3.2
for severe cyclic conditions.

311.2.3 Welds for Elevated Temperature Service.
Weld joints for elevated temperature fluid service shall
meet the requirements for Normal Fluid Service, unless
otherwise specified.

311.2.4 Backing Rings and Consumable Inserts
(a) If abacking ring is used where the resulting crevice
is detrimental (e.g., subject to corrosion, vibration, or
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severe cyclic conditions), it should be removed and the
internal joint face ground smooth. When it is impractical
to remove the backing ring in such a case, consideration
shall be given to welding without backing rings or to
the use of consumable inserts or removable nonmetallic
backing rings.

(b) Split backing rings shall not be used under severe
cyclic conditions.

lds

313 EXPANDED JOINTS

(a) Expanded joints shall not be used under severe
cyclic conditions. For other services, adequate means
shall be provided to prevent separation of the joint. If
the fluid is toxic or damaging to human tissue, safe-
guarding is required.

(b) Consideration shall be given to the tightness of
expanded joints when subjected to vibration, differential
expansion or contraction due to temperature cycling, or

eld dimensions shall not be less than those
Figs. 328.5.2B and 328.5.2C.

(c) Socket welds larger than DN 50 (NPS 2) shall not
be used Yinder severe cyclic conditions.

(d) A drain or bypass in a component may be attached
by socket|welding, provided the socket dimensions con-
form to Hig. 4 in ASME B16.5.

311.2/6 Fillet Welds

(a) Fillet welds in accordance with para. 328.5.2 may
be used as primary welds to attach socket welding com-
ponents gnd slip-on flanges.

(b) Fillet welds may also be used to attach reinforce-
ment andl structural attachments, to supplement’ the
strength ¢r reduce stress concentration of primary'welds,
and to pievent disassembly of joints.

311.2)7 Seal Welds. Seal welds (para. 328.5.3) may
be used ¢nly to prevent leakage of threaded joints and
shall not |be considered as contribufing any strength to
the joints|

312 FLANGED JOINTS

312.1 Jojnts Using Flanges of Different Ratings

Where [flariges of different ratings are bolted together,
the rating of the joint shall not exceed that of the lower

external mechanical loads.

314 THREADED JOINTS
314.1 General

Threaded joints are suitable forN6tmal Fluid S¢rvice
except as stated elsewhere in{para. 314. They mpy be
used under severe cyclic conditions only as provided in
paras. 314.2.1(c) and 314.272

(a) Threaded joints $hould be avoided in any sg
where crevice corrosioen, severe erosion, or cyclic lo
may occur.

(b) When threaded joints are intended to bg seal
welded, thréad sealing compound shall not be used.

(c) Layout of piping employing threaded jpints
shouldiZinsofar as possible, minimize stress on jpints,
givihg special consideration to stresses due to th¢rmal
expansion and operation of valves (particularly a [valve
at a free end). Provision should be made to counteract
forces that would tend to unscrew the joints.

(d) Except for specially designed joints emplgying
lens rings or similar gaskets, threaded flanges in Which
the pipe ends project through to serve as the gasket
surface may be used only for Category D Fluid Sefvice.

rvice

hding

314.2 Specific Requirements

314.2.1 Taper-Threaded Joints. Requirements|in (a)
through (c) below apply to joints in which the thireads
of both mating components conform to ASME B1.20.1.

(a) Male threaded components may be used in gccor-
dance with Table 314.2.1 and its Notes.

(b) Female threaded components shall be at|least
equivalent in strength and toughness to threaded|com-
ponents listed in Table 326.1 and otherwise suitabjle for
the service.

(c) Threaded components of a specialty nature which

rated flange. Bolting torque shall be limited so that
excessive loads will not be imposed on the lower rated
flange in obtaining a tight joint.

312.2 Metal to Nonmetal Flanged Joints

Where a metallic flange is bolted to a nonmetallic
flange, both should be flat-faced. A full-faced gasket is
preferred. If a gasket extending only to the inner edge
of the bolts is used, bolting torque shall be limited so
that the nonmetallic flange is not overloaded.
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are not subject to external moment loading, such as
thermometer wells, may be used under severe cyclic
conditions.

(d) A coupling having straight threads may be used
only for Category D Fluid Service, and only with taper-
threaded mating components.

314.2.2 Straight-Threaded Joints. Threaded joints
in which the tightness of the joint is provided by a
seating surface other than the threads (e.g., a union com-
prising male and female ends joined with a threaded
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Table 314.2.1 Minimum Thickness of
Male Threaded Components

loadings. The design shall be qualified as required by
para. 304.7.2.

Size Range .
Notch- Min. Wall
Fluid Sensitive [Note (1)] Thickness 316 CAULKED JOINTS
Service Material DN NPS [Note (2)] Caulked joints such as bell type joints shall be limited
Normal Yes [Note (3)] < 40 <1y, Sch. 80 to Category D fluid service and to a temperature not over
50 2 Sch. 40 93°C (200°F). They shall be used within the pressure-
65-150 2%4-6  Sch. 40 temperature limitations of the joint and pipe. Provisions
shall-be-made—to—prevent-disengagement—of joints, to
Normal No [Note (4)] <50 <2 Sch. 405 prevent buckling of the piping, and to sustgin lateral
65-150 2°/,—6  Sch. 40S . .
reactions produced by branch connectieng or other
Categgry D Either <300 <12 Per para. causes.
304.1.1
) 317 SOLDERED AND BRAZED-JOINTS
GENERALNOTE: Use the greater of para. 304.1.1 or thickness shown
in thid Table. 317.1 Soldered Joints
NOTES: Soldered joints shall.beimade in accordance¢ with the

(1) For sizes > DN 50 (NPS 2), the joint shall be safeguarded (see
Afpendix G) for a fluid service that is flammable, toxic, or dam-
aging to human tissue.

(2) Nominal wall thicknesses is listed for Sch. 40 and 80 in ASME
B36.10M and for Sch. 40S in ASME B36.19M.

(3) Fdr example, carbon steel.

(4) Fgr example, austenitic stainless steel.

uniop nut, or other constructions shown typically in
Fig. 335.3.3) may be used. If such joints are used under
sevete cyclic conditions and are subject to external
moment loadings, safeguarding is required.

provisions of para. 333 and may be used only in
Category D fluid Service. Fillet joints made wjith solder
metal are not permitted. The low melting point of solder
shall be considered where possible exposure|to fire or
elevated temperature is involved.

317.2.'Brazed and Braze Welded Joints

(@) Brazed and braze welded joints made|in accor-
dance with the provisions in para. 333 are syitable for
Normal Fluid Service. They shall be safeguarded in fluid
services which are flammable, toxic, or darhaging to
human tissue. They shall not be used under seyere cyclic
conditions. The melting point of brazing alloys shall be

315 | TUBING JOINTS considered where possible exposure to fire is|involved.
315.1 General (b) Fillet joints made with brazing filler metal are not
) permitted.
In jselecting and applying flared, flareless, and com-

presgion type tubing fittings, the désigner shall consider
the possible adverse effects on thejjoints of such factors
as aspembly and disassembly;, cyclic loading, vibration,
shock, and thermal expansionh and contraction.

315.

Joihts using flared, flareless, or compression type tub-
ing fittings coyvered by listed standards may be used in
Normal Fluid<Service provided that

(a)] the-fiftings and joints are suitable for the tubing
with [which they are to be used (considering maximum

P Joints Conforming to Listed Standards

318 SPECIAL JOINTS

Special joints are those not covered elsewher¢ in Chap-
ter II, Part 4, such as bell type and packed gland type
joints.

318.1 General

318.1.1 Listed Joints. Joints using liste
nents are suitable for Normal Fluid Service.

318.1.2 Unlisted Joints. For joints th
unlisted components, pressure design shall be

 compo-

nt utilize
qualified

and o watt-thickress)ard-are used-withim the
pressure-temperature limitations of the fitting and the
joint

(b) thejoints are safeguarded when used under severe
cyclic conditions

315.3 Joints Not Conforming to Listed Standards

Joints using flared, flareless, or compression type tub-
ing fittings not listed in Table 326.1 may be used in
accordance with para. 315.2 provided that the type of
fitting selected is also adequate for pressure and other

35

as required by para. 304.7.2.

318.2 Specific Requirements

318.2.1 Joint Integrity. Separation of the joint shall
be prevented by a means which has sufficient strength
to withstand anticipated conditions of service.

318.2.2 Joint Interlocks. Either mechanical or
welded interlocks shall be provided to prevent separa-
tion of any joint used for a fluid service which is flamma-
ble, toxic, or damaging to human tissues, of any joint
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to be used under severe cyclic conditions, and of any
joint exposed to temperatures in the creep range.

318.2.3 Bell and Gland Type Joints. If not covered
in para. 316, bell type and gland type joints used under
severe cyclic conditions require safeguarding.

PART 5
FLEXIBILITY AND SUPPORT

(b) Restraint Flexibility. If restraints are not considered
rigid, their flexibility may be considered in determining
displacement stress range and reactions.

(c) Externally Imposed Displacements. Externally
caused movement of restraints will impose displace-
ments on the piping in addition to those related to ther-
mal effects. Movements may result from tidal changes
(dock piping), wind sway (e.g., piping supported from a
tall slender tower), or temperature changes in connected

319 PIPING FLEXIBILITY

equipment.
Movement due to earth settlement, since it s\a-4ingle

319.1 Requirements cycle effect, will not significantly influence, fatigug life.
. . A displacement stress range greater thanthat pernpitted
319.111 Basic Requirements. Piping systems shall by para.302.3.5(d) may be allowable ifidue’considerjation

have suffjcient flexibility to prevent thermal expansion
or contraction or movements of piping supports and
terminalg from causing

(a) faillire of piping or supports from overstress or

is given to avoidance of excessive localized straip and
end reactions.

(d) Total Displacement Stfains. Thermal displace-
ments, reaction displaceménts, and externally imjposed

fatigue displacements all have eéquivalent effects on the pliping
(b) leakage at joints system, and shall be censidered together in determlining
(c) dettimental stresses or distortion in piping and  the total displacefnent strains (proportional def¢rma-

valves orlin connected equipment (pumps and turbines, tion) in various‘parts of the piping system.

for exanjple), resulting from excessive thrusts and

moments|in the piping 319.2.2Displacement Stresses

. ) (a) Elastic Behavior. Stresses may be considered pro-

319.1§2 Specific Requirements. In para. 319, con-

cepts, dafa, and methods are given for determining the
requirempnts for flexibility in a piping system and for
assuring that the system meets all of these requirements.
In brief, these requirements are that

(a) the[computed stress range at any point due to
displacements in the system shall not exceed the allow-
able stress range established in para. 302.3.5

(b) reaftion forces computed in para. 319:5 shall not
be detrinjental to supports or connectedsequipment

(c) conpputed movement of the piping shall be within
any presdribed limits, and properly aecounted for in the
flexibility| calculations

If it is determined that a piping’system does not have
adequate|inherent flexibility,uweans for increasing flexi-
bility shalll be provideddn.accordance with para. 319.7.

portional to the total displacement strains in a piping
system in which the strains are well-distributed and not
excessive at any point (a balanced system). Laydqut of
systems should aim for such a condition, which is
assumed in flexibility analysis methods provided ih this
Code.

(b) Overstrained Behavior. Stresses cannot be cqnsid-
ered proportional to displacement strains throughout a
piping system in which an excessive amount of $train
may occur in localized portions of the system (an ynbal-
anced system). Operation of an unbalanced syst¢m in
the creep range may aggravate the deleterious gffects
due to creep strain accumulation in the most susceptible
regions of the system. Unbalance may result from one
or more of the following;:

(1) highly stressed small size pipe runs in peries

Alterngtive rules fdr evaluating the stress range are . . e
rovided|in Apperidix P. with large or relatively stiff pipe runs.
P (2) a local reduction in size or wall thicknegs, or
319.2 Cdncepts local use of material having reduced yield strength (for
L . o . example, girth welds of substantially lower strgngth
Concepts\characteristic of piping flexibility analysis than the base metal)

are covered in the following paragraphs. Special consid-
eration is given to displacements (strains) in the piping
system, and to resultant bending and torsional stresses.

319.2.1 Displacement Strains

(a) Thermal Displacements. A piping system will
undergo dimensional changes with any change in tem-
perature. If it is constrained from free expansion or con-
traction by connected equipment and restraints such
as guides and anchors, it will be displaced from its
unrestrained position.

36

(3) aline configuration in a system of uniform size
in which the expansion or contraction must be absorbed
largely in a short offset from the major portion of the run.

(4) variation of piping material or temperature in
a line. When differences in the elastic modulus within
a piping system will significantly affect the stress distri-
bution, the resulting displacement stresses shall be com-
puted based on the actual elastic moduli at the respective
operating temperatures for each segment in the system
and then multiplied by the ratio of the elastic modulus
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at ambient temperature to the modulus used in the anal-
ysis for each segment.

Unbalance should be avoided or minimized by design
and layout of piping systems, particularly those using
materials of low ductility. Many of the effects of unbal-
ance can be mitigated by selective use of cold spring.
If unbalance cannot be avoided, the designer shall use
appropriate analytical methods in accordance with para.
319.4 to assure adequate flexibility as defined in para.

limited ductility. There is also less deviation from as-
installed dimensions during initial operation, so that
hangers will not be displaced as far from their original
settings.

Inasmuch as the service life of a piping system is
affected more by the range of stress variation than by
the magnitude of stress at a given time, no credit for
cold spring is permitted in stress range calculations.
However, in calculating the thrusts and moments where

319.1

actuat Teactions as wettastheir rangeof variptions are
significant, credit is given for cold spring:

319.2.3 Displacement Stress Range . o (
(a)| In contrast with stresses from sustained loads, 319.3 Properties for Flexibility Analysis
suchf as internal pressure or weight, displacement The following paragraphs deal with' propertjes of pip-

stresges may be permitted to attain sufficient magnitude
to capse local yielding in various portions of a piping
system. When the system is initially operated at the
condjtion of greatest displacement (highest or lowest
temperature, or greatest imposed movement) from its
installed condition, any yielding or creep brings about
a reduction or relaxation of stress. When the system is
later |returned to its original condition (or a condition
of opposite displacement), a reversal and redistribution
of stilesses occurs which is referred to as self-springing.
It is gimilar to cold springing in its effects.

(b)] While stresses resulting from displacement strains
~diminish with time due to yielding or creep, the alge-
 braic|difference between strains in the extreme displaces
‘ment| condition and the original (as-installed) conditien
“(or any anticipated condition with a greater diffexéntial
-effect) remains substantially constant during“any one
cyclelof operation. This difference in strains\produces a
- corresponding stress differential, the displaeement stress
‘rang¢, which is used as the criteriontin ‘the design of

piping for flexibility. See para. 302:3:5(d) for the allow-
able ptress range, S4, and para.(319.4.4(a) for the com-
putedl stress range, Sg.

(c)| Average axial stresses (over the pipe cross section)
due fo longitudinal fotces caused by displacement
strairs are not normally-considered in the determination
of digplacement sfress range, since this stress is not sig-
nificgnt in typiealpiping layouts. In special cases, how-
ever, [consideration of average axial displacement stress
is nefessary. Examples include buried lines containing
hot fluids,” double wall pipes, and parallel lines with

ing materials and their application in piping
stress analysis.

flexibility

319.3.1 Thermal Expansion Data

(a) Values for Stress Rayige. Values of thermal displace-
ments to be used in“determining total displlacement
strains for computing the stress range shall [be deter-
mined from Appendix C as the algebraic difference
between the value at maximum metal temperpture and
that at the{minimum metal temperature for the thermal
cycle under analysis.

(b) Values for Reactions. Values of thermal|displace-
ments to be used in determining total displlacement
strains for computation of reactions on supports and
connected equipment shall be determined as| the alge-
braic difference between the value at maximum (or mini-
mum) temperature for the thermal cycle under analysis
and the value at the temperature expected during
installation.

319.3.2 Modulus of Elasticity. The refererjce modu-
lus of elasticity at 21°C (70°F), E,, and the mpdulus of
elasticity at maximum or minimum temperature, E,,
shall be taken as the values shown in Apperdix C for
the temperatures determined in para. 319.3.1fa) or (b).
For materials not included in Appendix C,|reference
shall be made to authoritative source datq, such as
publications of the National Institute of Standlards and
Technology.

319.3.3 Poisson’s Ratio. Poisson’s ratip may be
taken as 0.3 at all temperatures for all metpls. More
accurate and authoritative data may be used iffavailable.

different operating temperatures, conmected togetner at
more than one point.

319.2.4 Cold Spring. Cold spring is the intentional
deformation of piping during assembly to produce a
desired initial displacement and stress. Cold spring is
beneficial in that it serves to balance the magnitude of
stress under initial and extreme displacement condi-
tions. When cold spring is properly applied there is less
likelihood of overstrain during initial operation; hence,
it is recommended especially for piping materials of

37

31934 Attowabte Stresses—————

(a) The allowable displacement stress range, S, and
permissible additive stresses shall be as specified in para.
302.3.5(d) for systems primarily stressed in bending
and/or torsion.

(b) The stress intensification factors in Appendix D
have been developed from fatigue tests of representative
piping components and assemblies manufactured from
ductile ferrous materials. The allowable displacement
stress range is based on tests of carbon and austenitic
stainless steels. Caution should be exercised when using
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egs. (1a) and (1b) (para. 302.3.5) for allowable displace- S4 = allowable displacement stress range per eq.
ment stress range for some nonferrous materials (e.g., (1a), MPa (ksi)
certain copper and aluminum alloys) for other than low U = anchor distance, straight line between anchors,
cycle applications. m (ft)

y = resultant of total displacement strains, mm

319.3.5 Dimensions. Nominal thicknesses and out-
side diameters of pipe and fittings shall be used in flexi-
bility calculations.

319.3.6 Flexibility and Stress Intensification

(in.), to be absorbed by the piping system

319.4.2 Formal Analysis Requirements
(a) Any piping system which does not meet the crite-
ria in para. 319.4.1 shall be analyzed by a simplified,

Factors.
the flexibjility factor k and stress intensification factor i
shown in|Appendix D shall be used for flexibility calcu-
lations d¢scribed in para. 319.4.

For piping components or attachments (such as
valves, strainers, anchor rings, or bands) not covered in
the Table} suitable stress intensification factors may be
assumed |by comparison of their significant geometry
with that|of the components shown. The validity of any
assumptipns is the responsibility of the designer. If two

h s +1 1 £ - +1 1. 1.1 = I
[LIT LIIC dUSTIICT UL ITTUIT uucuu_y al)PllLﬂUlC udld,

approximate, or comprehensive method of analygis, as
appropriate.

(b) A simplified or approximate method may be
applied only if used within the range of’eonfigurgtions
for which its adequacy has been demenstrated.

(c) Acceptable comprehensive’methods of analysis
include analytical and chart méthods which provifle an
evaluation of the forces, momerits, and stresses cqused
by displacement strains ($ee para. 319.2.1).

(d) Comprehensivecanalysis shall take into acfount

or more pf the geometries shown in Appendix D are - e
combined, their combined k and i might be significantly stress intensification(factors for any component jother
different than straight pipé¢ Credit may be taken for the [extra

rom the values shown. Examples include trun-
nions on plbows and branch connection fittings welded
to anythihg other than straight pipe.

319.4 Flexibility Analysis

flexibility of such/a component.

319.4.3 Basic Assumptions and Requirementts.
Standard‘assumptions specified in para. 319.3 shall be

followed in all cases. In calculating the flexibility of a
319.4]1 Formal Analysis Not Required. No formal  piping system between anchor points, the system|shall
analysis ¢f adequate flexibility is required for a piping _ beitreated as a whole. The significance of all pafts of

system which

(a) duplicates, or replaces without significant changg;
a system|operating with a successful service record

(b) can| readily be judged adequate by comparison
with previously analyzed systems

(c) is df uniform size, has no more than two points
of fixatioh, no intermediate restraints, and" falls within
the limitgtions of empirical eq. (16)’,

Dy

the line and of all restraints introduced for the pufpose
of reducing moments and forces on equipment or mall
branch lines, and also the restraint introduced by| sup-
port friction, shall be recognized. Consider all displace-
ments, as outlined in para. 319.2.1, over the temperature
range defined by para. 319.3.1.

319.4.4 Flexibility Stresses
(a) The range of bending and torsional stresses|shall
be computed using the reference modulus of elagticity

mﬁ K (16)  at 21°C (70°F), E,, except as provided in para.
319.2.2(b)(4), and then combined in accordance with eq.
where (17) to determine the computed displacement gtress
D = putside dianfeter of pipe, mm (in.) range, Sg, Which shall not exceed the allowable ptress
E, = reference modulus of elasticity at 21°C (70°F),  range, Sa, in para. 302.3.5(d).
MPa (ksi) 2 2
K; = 08 000:S,/E,, (mm/m)> Sg = /Sy" +45; 17)
— : 2
o A
L = JUVfUlUPEU lﬁllglll Ol PlPlllg DELWECIL dITCIIOIS, Mt — tOI‘SiOl’lal moment
m (ft) Sy = resultant bending stress
_— S; = torsional stress
® WARNING: No general proof can be offered that this equation = M,/27Z
will yield accurate or consistently conservative results. It is not e .
applicable to systems used under severe cyclic conditions. It should Z = section modulus of pipe

be used with caution in configurations such as unequal leg U-
bends or near-straight “sawtooth” runs, or for large thin-wall pipe
(i 2 5), or where extraneous displacements (not in the direction
connecting anchor points) constitute a large part of the total dis-
placement. There is no assurance that terminal reactions will be
acceptably low, even if a piping system falls within the limitations
of eq. (16).

38

(b) The resultant bending stresses, S, to be used in
eq. (17) for elbows, miter bends, and full size outlet
branch connections (Legs 1, 2, and 3) shall be calculated
in accordance with eq. (18), with moments as shown in
Figs. 319.4.4A and 319.4.4B.
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Fig. 319.4.4A Moments in Bends

My
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Fig. 319.4.4B Moments in Branch Connections

Leg 3

M,

Leg 1
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(18)

319.5.1 Maximum Reactions for Simple Systems.
For a two-anchor piping system without intermediate
restraints, the maximum instantaneous values of reac-

where tion forces and moments may be estimated from egs.
i; = in-plane stress intensification factor from (22) and (23).
Appendix D (a) For Extreme Displacement Conditions, R,,. The tem-
i, = out-plane stress intensification factor from  perature for this computation is the maximum or mini-
Appendix D mum metal temperature defined in para. 319.3.1(b),
M; = in-plane bending moment whichever produces the larger reaction:
M, = ott-planebending-moment
Sy = tesultant bending stress R — R(l _ 2_C) En 22)
Z = gection modulus of pipe " 3 )E
(c) Thq resultant bending stress, S;, to be used ineq.  where
(17) for r¢ducing outlet branch connections shall be cal- C = cold-spring factor varying from zero for no
culated jn accordance with eqs. (19) and (20), with cold spring to 1.0 for 10% cold spring| (The
momentsf as shown in Fig. 319.4.4B. factor two-thirds is based on experience Which
For hegder (Legs 1 and 2) shows that specified cold spring cqnnot
— 5 be fully assuréd, even with elabprate
(liMi) + (ZoMo) 3
Sy = —— (19) precautions.) .
E, = reference, modulus of elasticity at 21°C (f0°F)
For brangh (Leg 3) E,, = modulusof elasticity at maximum or jmini-
muntmetal temperature
(i:M)? + (i,M,)* R = range" of reaction forces or moments (derived
Sp = - z. (20) from flexibility analysis) corresponding fo the
full displacement stress range and based fon E,
where Rj\= estimated instantaneous maximum reajction

= in-plane stress intensification factor (Appen-
ix D)
ut-plane stress intensification factor (Appen-
ix D)

force or moment at maximum or minijmum
metal temperature

(b) For Original Condition, R,. The temperature fqr this

r, = mnean branch cross-sectional radius computation is the expected temperature at whigh the
Sy = nesultant bending stress piping is to be assembled.
T, = thickness of pipe matching branch R, = CR or CiR, whichever is greater
T, = thickness of pipe matching run of tee or header
xclusive of reinforcing elements where nomenclature is as in para. 319.5.1(a) and
Ts = gffective branch wall thickneéss, lesser of T, and
i) (Ty) C,=1- SnEa 23)
Z, = dffective section modulus for branch SeEm
= rZZTS (21) . . .
= estimated self-spring or relaxation factof; use

zero if value of C; is negative

weld at Which Sp exceeds 0.854 (as defined in para. R, = estimated instantaneous reaction forke or
302.3.5) and the equivalent number of cycles N exceeds moment at installation temperature
7 000 shafl be fully“examined in accordance with para. Sg = computed displacement stress range (see|para.
341.4.3 319.4.4)

Sy, = see definition in para. 302.3.5(d)

Reaction forces and moments to be used in design
of restraints and supports for a piping system, and in
evaluating the effects of piping displacements on con-
nected equipment, shall be based on the reaction range
R for the extreme displacement conditions, considering
the temperature range defined in para. 319.3.1(b), and
using E,. The designer shall consider instantaneous max-
imum values of forces and moments in the original and
extreme displacement conditions (see para. 319.2.3), as
well as the reaction range, in making these evaluations.

40

319.5.2 Maximum Reactions for Complex Systems.
For multianchor piping systems and for two-anchor sys-
tems with intermediate restraints, egs. (22) and (23) are
not applicable. Each case must be studied to estimate
location, nature, and extent of local overstrain, and its
effect on stress distribution and reactions.

319.6 Calculation of Movements

Calculations of displacements and rotations at specific
locations may be required where clearance problems
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are involved. In cases where small-size branch pipes
attached to stiffer run pipes are to be calculated sepa-
rately, the linear and angular movements of the junction
point must be calculated or estimated for proper analysis
of the branch.

319.7 Means of Increasing Flexibility

The layout of piping often provides inherent flexibility
through changes in direction, so that displacements pro-

(e) resonance with imposed or fluid-induced
vibrations

(f) excessive interference with thermal expansion and
contraction in piping which is otherwise adequately
flexible

(g) unintentional disengagement of piping from its
supports

(h) excessive piping sag in piping requiring drain-
age slope

duce|chiefly bending and torsional strains within pre-
scrijed limits. The amount of axial tension or
compression strain (which produces large reactions)
usually is small.

Whhere the piping lacks built-in changes of direction,
or where it is unbalanced [see para. 319.2.2(b)], large
reactjons or detrimental overstrain may be encountered.
The dlesigner should consider adding flexibility by one
or more of the following means: bends, loops, or offsets;
swivel joints; corrugated pipe; expansion joints of the
bellows or slip-joint type; or other devices permitting
angular, rotational, or axial movement. Suitable anchors,
ties, pr other devices shall be provided as necessary to
resis end forces produced by fluid pressure, frictional
resisfance to movement, and other causes. When expan-
sion [joints or other similar devices are provided, the

, thermo-
repeated

(i) excessive distortion or sag of piping (e.g
plastics) subject to creep under conditions,ef
thermal cycling

(j) excessive heat flow, exposing supporting
to temperature extremes outsideltheir design

elements
limits
321.1.2 Analysis. In general, the locqtion and
design of pipe supporting(elements may be [based on
simple calculations andiengineering judgment. How-
ever, when a more efined analysis is requifed and a
piping analysis, which may include support sfiffness, is
made, the stresses; moments, and reactions d¢termined
thereby shall\be used in the design of supporting
elements:

321:1.3 Stresses for Pipe Supporting Eléments.
Allowable stresses for materials used for pipg support-

stiff SS,O_f .the joint or device s.h(.)uld be considered in ing elements, except springs, shall be in accordance with

any flexibility analysis of the piping. para. 302.3.1. Longitudinal weld joint factors} E;, how-
ever, need not be applied to the allowable stresses for

321 | PIPING SUPPORT welded piping components which are to be| used for
pipe supporting elements.

321.1 General

The design of support structures (not cdvered by this
Codd) and of supporting elements (se¢ definitions of
pipirlg and pipe supporting elemehts*in para. 300.2)
shall[be based on all concurrently-acting loads transmit-
ted ipto such supports. These loads, defined in para.
301, include weight effects,doads introduced by service
presgures and temperatures, vibration, wind, earth-
quakk, shock, and displacement strain (see para. 319.2.2).

Fotf piping containing gas or vapor, weight calcula-
tionsfneed not include the weight of liquid if the designer
has tpken speeific precautions against entrance of liquid
into the pipihgyand if the piping is not to be subjected to
hydrpstatie testing at initial construction or subsequent
inspgctions.

321.1.4 Materials

(a) Permanent supports and restraints shall be of
material suitable for the service conditions. [If steel is
cold-formed to a centerline radius less than| twice its
thickness, it shall be annealed or normalikged after
forming.

(b) Cast, ductile, and malleable iron may b¢ used for
rollers, roller bases, anchor bases, and other sipporting
elements subject chiefly to compressive loading. Cast
iron is not recommended if the piping may be subject
to impact-type loading resulting from pulsation or vibra-
tion. Ductile and malleable iron may be used for pipe
and beam clamps, hanger flanges, clips, bragkets, and

swivel rings.
La) Q1 1 £ 1 3£

321.1.1 Objectives. Thelayoutand design of piping
and its supporting elements shall be directed toward
preventing the following:

(a) piping stresses in excess of those permitted in
this Code

(b) leakage at joints

(c) excessive thrusts and moments on connected
equipment (such as pumps and turbines)

(d) excessive stresses in the supporting (or
restraining) elements

41

{e>-Steelofanruninewnspeetfieationtmay-be used for
pipe supporting elements that are not welded directly
to pressure containing piping components. (Compatible
intermediate materials of known specification may be
welded directly to such components.) Basic allowable
stress in tension or compression shall not exceed 82 MPa
(12 ksi) and the support temperature shall be within the
range of —29°C to 343°C (-20°F to 650°F). For stress
values in shear and bearing, see para. 302.3.1(b).

(d) Wood or other materials may be used for pipe
supporting elements, provided the supporting element
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is properly designed, considering temperature, strength,
and durability.

(e) Attachments welded or bonded to the piping shall
be of a material compatible with the piping and service.
For other requirements, see para. 321.3.2.

321.1.5 Threads. Screw threads shall conform to
ASME B1.1 unless other threads are required for adjust-
ment under heavy loads. Turnbuckles and adjusting nuts

springs, and to prevent unintentional disengagement of
the load.

(b) Constant-support spring hangers provide a sub-
stantially uniform supporting force throughout the
range of travel. The use of this type of spring hanger is
advantageous at locations subject to appreciable move-
ment with thermal changes. Hangers of this type should
be selected so that their travel range exceeds expected
movements.

shall have the full length of internal threads engaged
Any threaded adjustment shall be provided with a lock-
nut, unleps locked by other means.

321.2 Fixtures

321.2{1 Anchors and Guides

(a) A sjupporting element used as an anchor shall be
designed|to maintain an essentially fixed position.

(b) To protect terminal equipment or other (weaker)
portions pf the system, restraints (such as anchors and
guides) ghall be provided where necessary to control
movement or to direct expansion into those portions of
the system which are designed to absorb them. The
design, drrangement, and location of restraints shall
ensure that expansion joint movements occur in the
directions for which the joint is designed. In addition
to the other thermal forces and moments, the effects of
friction in other supports of the system shall be consid-
ered in the design of such anchors and guides.

(c) Pipjnglayout, anchors, restraints, guides, and sup-
ports for jll types of expansion joints shall be designed
in accordance with para. X301.2 of Appendix X.

321.2]2 Inextensible Supports Other Than~Anchors
and Guidgs *°

(a) Supjporting elements shall be designed to permit
the free movement of piping caused by thermal expan-
sion and |contraction.

(b) Hapgers include pipe and beam clamps, clips,
brackets, [rods, straps, chainsand other devices. They
shall be proportioned for allrequired loads. Safe loads
for threaded parts shall e based on the root area of the
threads.

(c) Sliding Suppetts> Sliding supports (or shoes) and
brackets phall be désigned to resist the forces due to
friction ifi addition to the loads imposed by bearing.
The dim¢nSiens of the support shall provide for the
expected

321.2.3 Resilient Supports *°

(a) Spring supports shall be designed to exert a sup-
porting force, at the point of attachment to the pipe,
equal to the load as determined by weight balance calcu-
lations. They shall be provided with means to prevent
misalignment, buckling, or eccentric loading of the

10 Various types of inextensible (solid) and resilient supports are
illustrated in MSS SP-58.
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{c)"Means shall be provided to prevent overstrassing
spring hangers due to excessive deflections. It-isrgcom-
mended that all spring hangers be provided with|posi-
tion indicators.

321.2.4 Counterweight Supports. “Counterwgights
shall be provided with stops to(Jimit travel. Weights
shall be positively secured. Chains, cables, har|gers,
rocker arms, or other devices115¢d to attach the counter-
weight load to the piping shall be subject to the require-
ments of para. 321.2.%

321.2.5 Hydraulic Supports. An arrangement (itiliz-
ing a hydrauliccylinder may be used to give a constant
supporting force. Safety devices and stops shall b¢ pro-
vided to support the load in case of hydraulic failure.

321.3-'Structural Attachments

External and internal attachments to piping shall be
designed so that they will not cause undue flattening of
the pipe, excessive localized bending stresses, or haymful
thermal gradients in the pipe wall. It is importan} that
attachments be designed to minimize stress conc¢ntra-
tion, particularly in cyclic services.

321.3.1 Nonintegral Attachments. Nonintpgral
attachments, in which the reaction between the piping
and the attachment is by contact, include clamps, sfings,
cradles, U-bolts, saddles, straps, and clevises. [f the
weight of a vertical pipe is supported by a clamp, it is
recommended to prevent slippage that the clamp be
located below a flange, fitting, or support lugs welded
to the pipe.

321.3.2 Integral Attachments. Integral attach
include plugs, ears, shoes, plates, trunnions, stanchions,
structural shapes, and angle clips, cast on or welded to
the piping. The material for integral attachnpents
i ality.
[See para. 321.1.4(e) for material requirements.] Pre-
heating, welding, and heat treatment requirements shall
be in accordance with Chapter V. Consideration shall
be given to the localized stresses induced in the piping
component by welding the integral attachment, as well
as differential thermal displacement strains between the
attachment and the component to which it is attached.
Welds shall be proportioned so that the shear stresses
meet the requirements of para. 302.3.1(b). If the allowed
stress values differ between the piping component and
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the attachment material, the lower of the two values
shall be used.

(a) Integral reinforcement, complete encirclement
reinforcement, or intermediate pads of suitable alloy
and design may be used to reduce contamination or
undesirable heat effects in alloy piping.

(b) Intermediate pads, integral reinforcement, com-
plete encirclement reinforcement, or other means of rein-
forcement may be used to distribute stresses.

being protected and its protective device or devices, or
between the protective device or devices and the point
of discharge, they shall meet the requirements of (a) and
either (b) or (c), below.

(a) A full-area stop valve may be installed on the inlet
side of a pressure relieving device. A full area stop valve
may be placed on the discharge side of a pressure reliev-
ing device when its discharge is connected to a common
header with other discharge lines from other pressure

321.4 Structural Connections

The load from piping and pipe supporting elements
(inclyiding restraints and braces) shall be suitably trans-
mittdd to a pressure vessel, building, platform, support
strudture, foundation, or to other piping capable of
bearfng the load without deleterious effects. See
Appéndix F, para. F321.4.

PART 6
SYSTEMS

322 | SPECIFIC PIPING SYSTEMS
322.3 Instrument Piping

Telfeving devices Stop vatves of tess tiarm futtjarea may
be used on both the inlet side and discharge side of
pressure relieving devices as outlined Hetgin if the stop
valves are of such type and size thatithe increase in
pressure drop will not reduce the relieving capacity
below that required, nor adveérsely affect the proper
operation of the pressure reli€ving device.

(b) Stop valves to be used in pressure rellef piping
shall be so constructed or*positively controllefl that the
closing of the maximumnumber of block valves possible
at one time will not reduce the pressure relieving capac-
ity provided by the unaffected relieving devifes below
the required relieving capacity.

(c) As‘an alternative to (b) above, stop valves shall

.. o . be so constructed and arranged that they can pe locked
322.3.1 Definition. Instrument piping within the or séaled in either the open or closed position. See
scop¢ of this Code includes all piping and piping compo- Appendix F, para. F322.6.
nenty used to connect instruments to other piping or
equipment, and control piping used to connect air or 322.6.2 Pressure Relief Discharge Piping. Discharge

hydrhulically operated control apparatus. It does not
include instruments, or permanently sealed fluid-filled
tubing systems furnished with instruments as tempera-
ture pr pressure responsive devices.

322.3.2 Requirements. Instrument\piping shall
meet| the applicable requirements of the Code and the
folloyving;:

(a)] The design pressure and temperature for instru-
ment| piping shall be determined in accordance with
para| 301. If more severe(cenditions are experienced
durinng blowdown of the{piping, they may be treated as
occadional variations in\accordance with para. 302.2.4.

(b)| Consideration¢shall be given to the mechanical
strength (including-fatigue) of small instrument connec-
tions|to piping or apparatus (see para. 304.3.5).

(c)] Instrunient piping containing fluids which are nor-
mally static and subject to freezing shall be protected
by hdat'tracing or other heating methods, and insulation.

lines from pressure relieving safety deviceg shall be
designed to facilitate drainage. When discharging
directly to the atmosphere, discharge shall nof impinge
on other piping or equipment and shall be dire¢ted away
from platforms and other areas used by personnel. Reac-
tions on the piping system due to actuation| of safety
relief devices shall be considered, and adequatg strength
shall be provided to withstand these reactions.

322.6.3 Pressure Relieving Devices

(a) Pressure relieving devices required|by para.
301.2.2(a) shall be in accordance with the BPV Code,
Section VIII, Division 1, UG-125(c), UG-126] UG-127,
and UG-132 through UG-136, excluding UG-135(e) and
UG-136(c). The terms design pressure'! and pipjng system
shall be substituted for maximum allowable wotking pres-
sure and vessel, respectively, in these paragraphs. The
required relieving capacity of any pressure|relieving
device shall include consideration of all piping systems

(d) If it will be necessary to blow down (or bleed)
instrument piping containing toxic or flammable fluids,
consideration shall be given to safe disposal.

322.6 Pressure Relieving Systems

Pressure relieving systems within the scope of this
Code shall conform to the following requirements. See
also Appendix F, para. F322.6.

322.6.1 Stop Valves in Pressure Relief Piping. If
one or more stop valves are installed between the piping

43

which it protects.

(b) Relief set pressure'? shall be in accordance with
Section VIII, Division 1, with the exceptions stated in
alternatives (1) and (2), below.

! The design pressure for pressure relief is the maximum design
pressure permitted, considering all components in the piping
system.

12 Set pressure is the pressure at which the device begins to relieve,
e.g., lift pressure of a spring-actuated relief valve, bursting pressure
of a rupture disk, or breaking pressure of a breaking pin device.

(08)
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(1) With the owner’s approval the set pressure may
exceed the limits in Section VIII, Division 1, provided
that the limit on maximum relieving pressure stated in
(c) below will not be exceeded.

(2) For a liquid thermal expansion relief device
which protects only a blocked-in portion of a piping
system, the set pressure shall not exceed the lesser of
the system test pressure or 120% of design pressure.

(c) The maximum relieving pressure'® shall be in
accordance with Section VIII, Division 1, with the excep-
tion that the allowances in para. 302.2.4(f) are permitted,
provided that all other requirements of para. 302.2.4 are
also met.

3 Maximum relieving pressure is the maximum system pressure
during a pressure relieving event.
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Chapter Il
Materials

323 GENERAL REQUIREMENTS

323.2.2 Lower Temperature Limits, Listed Materials

Chlapter III states limitations and required qualifica-
tions| for materials based on their inherent properties.
Theix use in piping is also subject to requirements and
limitations in other parts of this Code [see para. 300(d)].
See [also para. 321.1.4 for support materials,
and [Appendix F, para. F323, for precautionary
considerations.

323.

323.1.1 Listed Materials. Any material used in pres-
sure fcontaining piping components shall conform to a
listed specification except as provided in para. 323.1.2.

|l Materials and Specifications

323.1.2 Unlisted Materials. Unlisted materials may
be used provided they conform to a published specifica-
tion ¢overing chemistry, physical and mechanical prop-
erties, method and process of manufacture, heat
treatient, and quality control, and otherwise meet the
requ}‘ements of this Code. Allowable stresses shall be
detemined in accordance with the applicable allowablé
stresg basis of this Code or a more conservative basis:

323.1.3 Unknown Materials. Materials of unknown
speciffication shall not be used for pressure-containing
pipinig components.

323.1.4 Reclaimed Materials. Reclaimed pipe and
other piping components may be uSed, provided they
are properly identified as conforming to a listed or pub-
lished specification (para. 323.1.1-or 323.1.2) and other-
wise|meet the requirements-of this Code. Sufficient
cleanfing and inspection shallbe made to determine min-
imum wall thickness.and”freedom from imperfections
which would be urfaceeptable in the intended service.

323.2 Temperature Limitations

The designef,shall verify that materials which meet
othe1 requirements of the Code are suitable for service

throyghout the operating temperature range. Attention
is dp ected to Note (7) in AvpendixA_ —which -explains
7 T 7 g

(a) A listed material may be used at any temhperature
not lower than the minimum shown in_Table|A-1, pro-
vided that the base metal, weld deppsits, and heat-
affected zone (HAZ) are qualifiedas requir¢d by the
applicable entry in Column A of Table 323.2.p.

(b) For carbon steels with.aletter designatjon in the
Min. Temp. column of Table A-1, the minimum|tempera-
ture is defined by the.applicable curve and|Notes in
Fig. 323.2.2A. If a design'minimum metal tenfperature-
thickness combinatiofis on or above the curye, impact
testing is not required.

(c) A listedymaterial may be used at a tefpperature
lower than the minimum shown in Tabﬂ:e A-1 or
Fig. 323,22A (including Notes), unless prolibited in
Table 323.2.2, Table A-1, or elsewhere in the Code, and
proyided that the base metal, weld deposits, pnd HAZ
are qualified as required by the applicablg entry in
Column B of Table 323.2.2.

(d) Where the stress ratio defined in Fig. 323.2.2B is
less than one, Fig. 323.2.2B provides a furthey basis for
the use of carbon steels covered by paras. 323.2.2(a) and
(b), without impact testing.

(1) For design minimum temperatures
(=55°F) and above, the minimum design metalltempera-
ture without impact testing determined|in para.
323.2.2(b), for the given material and thicknegs, may be
reduced by the amount of the temperature freduction
provided in Fig. 323.2.2B for the applicable stfess ratio.
If the resulting temperature is lower than the minimum
design metal temperature, impact testing of the material
is not required. Where this is applied, the piping system
shall also comply with the following requiremhents:

(a) The piping shall be subjected to a hydrostatic
test at no less than 1% times the design presgure.

(b) Except for piping with a nominal wall thick-
ness of 13 mm (% in.) or less, the piping sygtem shall

of —48°C

the means used to set both cautionary and restrictive
temperature limits in Tables A-1 and A-2.

323.2.1 Upper Temperature Limits, Listed Materi-
als. A listed material may be used at a temperature
above the maximum for which a stress value or rating
is shown, only if

(a) thereisno prohibition in Appendix A or elsewhere
in the Code

(b) the designer verifies the serviceability of the mate-
rial in accordance with para. 323.2.4
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such as maintenance loads, impact loads, and thermal
shock.

(2) For design minimum temperatures lower than
-48°C (-55°F), impact testing is required for all materi-
als, except as provided by Note (3) of Table 323.2.2.

(e) The allowable stress or component rating at any
temperature below the minimum shown in Table A-1
or Fig. 323.2.2A shall not exceed the stress value or
rating at the minimum temperature in Table A-1 or the
component standard.
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals
These Toughness Test Requirements Are in Addition to Tests Required by the Material Specification

Type of Material

Column A
Design Minimum Temperature at or Above Min. Temp. in Table A-1 or Fig.
323.2.2A

Column B
Design Minimum Temperature Below
Min. Temp. in Table A-1
or Fig. 323.2.2A

Listed Materials

1 Gray cast iron

A-1 No additional requirements

B-1 No additional requirements

2 Malleable and ductile

aber-steal

A-2 No additional requirements

B-2 Materials designated in Box 2 shall
not-becad

act iron
g

per Note (1)

(a) Base Metal

(b) Weld Metal and Heat Affected
Zone (HAZ) [Note (2)]

w

Other carbon steels, low
and intermediate alloy
steels, high alloy ferritic
steels, duplex stainless
steels

A-3 (@) No additional require-
ments

A-3 (b) Weld metal deposits shall be
impact tested per para. 323.3 if
design min. temp. < -29°C
(-20°F), except as provided in
Notes (3) and (5), and except as
follows: for materials listed for
Curves C and D of Fig. 323.2.2A,
where corresponding welding cons
sumables are qualified bydmpact
testing at the design mifitmum tem-
perature or lower indagcordance
with the applicable AWS specifica-
tion, additionaktesting is not
required.

B-3 Except as provided in Notes| (3)
and (5), heat treat base meta| per
applicable) ASTM specification| listed
indpara. 323.3.2; then impact|test
base metal, weld deposits, arjd HAZ
per para. 323.3 [see Note (2)} When
materials are used at design
temp. below the assigned curpe as
permitted by Notes (2) and (3) of
Fig. 323.2.2A, weld deposits gnd
HAZ shall be impact tested [sge
Note (2)].

n.

4 Austenitic stainless
Bteels

A-4 (a) If:
(1) carbon content by analysis
> 0.1%; or
(2) material is not in solution
heat treated condition;
then, impact test per para.

323.3 for design min{_temp.

< =29°C (-20°F) except as
provided in Notes™(3) and
6

A-4 (b) Weld metal deposits shall be
impadgt tested per para. 323.3 if
design min. temp. < —29°C (—20°F)
except as provided in para.
323.2.2 and in Notes (3) and (6)

B-4 Base metal and weld metal depos-
its shall be impact tested per|para.
323.3. See Notes (2), (3), and (6).

wn

IAustenitic ductile iron,
IASTM A 571

A-5 (a) No.additional require-
ments

A-5 (b) Welding is not permitted

B-5 Base metal shall be impact fested
per para. 323.3. Do not use
< -196°C (-320°F). Welding i$ not
permitted.

6 JAluminum, copper,
hickel, and their alloys;
unalloyed titaniunr

A-6 (a) No additional require-
ments

A-6 (b) No additional requirements
unless filler metal composition is
outside the range for base metal
composition; then test per column
B-6

B-6 Designer shall be assured b} suit-
able tests [see Note (4)] that pase
metal, weld deposits, and HAY are
suitable at the design min. temp.

Unlisted Materials

~N

IAntunlisted material shall conform to a published specification. Where composition, heat treatment, and product form are comparable to thpse of

a-listed-material—reguirements—forthe corresponding listed material-shall be-met-Other unlisted-materials-shall be-gualified-asreguited-indthe
7o L S < A

applicable section of column B.
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Table 323.2.2 Requirements for Low Temperature Toughness Tests for Metals (Cont’d)

NOTES:

(1) Carbon steels conforming to the following are subject to the limitations in Box B-2; plates per ASTM A 36, A 283, and A 570; pipe per
ASTM A 134 when made from these plates; and pipe per ASTM A 53 Type F and API 5L Gr. A25 butt weld.

(2) Impact tests that meet the requirements of Table 323.3.1, which are performed as part of the weld procedure qualification, will satisfy
all requirements of para. 323.2.2, and need not be repeated for production welds.

(3) Impact testing is not required if the design minimum temperature is below —29°C (—20°F) but at or above —104°C (-155°F) and the

stress ratio defined in Fig. 323.2.2B does not exceed 0.3.

(4) Tests may include tensile elongation, sharp-notch tensile strength (to be compared with unnotched tensile strength), and/or other
tests, conducted at or below design minimum temperature. See also para. 323.3.4.

(5) Im pact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than Z2.5|mm

m|nimum temperature for the material in Table A-1.

(04098 in.). Under these conditions, the design minimum temperature shall not be less than the lower of —-48°C (-55°F).anthe

(6) Impact tests are not required when the maximum obtainable Charpy specimen has a width along the notch of less than 2.5/mm

(0{098 in.).

(f) | Impact testing is not required for the following
combinations of weld metals and design minimum
temperatures:

1) for austenitic stainless steel base materials hav-
ing a[carbon content not exceeding 0.10%, welded with-
out filler metal, at design minimum temperatures of
—-101pC (-150°F) and higher

2) for austenitic weld metal

(a) having a carbon content not exceeding 0.10%,
and produced with filler metals conforming to AWS
A5.4) A5.9, A5.11, A5.14, or A5.22' at design minimum
temperatures of —101°C (—150°F) and higher, or

(b) having a carbon content exceeding 0.10%, and
prodficed with filler metals conforming to AWS A54,
Ab5.9] A5.11, A5.14, or A5.22! at design minimum-tem-
peratures of —48°C (-55°F) and higher

323.2.3 Temperature Limits, Unlisted Materials. An
unlisfed material, acceptable under para: 323.1.2, shall
be qgtialified for service at all temperatures within a
stated range, from design minimum temperature to
design maximum temperaturg; in accordance with para.
323.24.

323.2.4 Verification‘of/Serviceability

(a)] When an unlisted material is to be used, or when
a listed material is to be used above the highest tempera-
ture for which Stress values appear in Appendix A, the
designer is teésponsible for demonstrating the validity
of the allowable stresses and other limits used in design
and ¢f theapproach taken in using the material, includ-

in accordance with recognized technology fof both the
material and the intended sérvice conditions. Factors to
be considered include

(1) applicabilityt and reliability of the dhta, espe-
cially for extremes of the temperature range

(2) resistance of the material to deleteriqus effects
of the fluid sérvice and of the environment tHroughout
the temperature range

(8) determination of allowable stresses|in accor-
dariée with para. 302.3

323.3 Impact Testing Methods and Acceptance
Criteria

323.3.1 General. When impact testing i required
by Table 323.2.2, provisions elsewhere in thig Code, or
the engineering design, it shall be done in a¢cordance
with Table 323.3.1 using the testing methods and accept-
ance criteria described in paras. 323.3.2 through 323.3.5.

323.3.2 Procedure. Impact testing of each product
form of material for any specification (includjng welds
in the components) shall be done using proceglures and
apparatus in accordance with ASTM A 370, afpd in con-
formance with impact testing requirements ¢f the fol-
lowing specifications, except that specific reqfiirements
of this Code which conflict with requirementp of those
specifications shall take precedence.

Product Form ASTM Spec. No.

ing thie detivation of stress data and the establishment
of temperature limits.

(b) Data for the development of design limits shall
be obtained from a sound scientific program carried out

! Titles of referenced AWS standards are as follows: AWS A5.4,
Stainless Steel Electrodes for Shielded Metal Arc Welding; AWS
Ab5.9, Bare Stainless Steel Welding Electrodes and Rods; AWS A5.11,
Nickel and Nickel Alloy Welding Electrodes for Shielded Metal
Arc Welding; AWS A5.14, Nickel and Nickel Alloy Bare Welding
Electrodes and Rods; and AWS A5.22, Flux Cored Corrosion-
Resisting Chromium and Chromium-Nickel Steel Electrodes.

Pipe A 333
Tube A 334
Fittings A 420
Forgings A 350
Castings A 352
Bolting A 320
Plate A 20

GENERAL NOTE: Titles of referenced standards not listed in the
Specifications Index for Appendix A are: A 20 General Require-
ments for Steel Plates for Pressure Vessels and A 370 Test Methods
and Definitions for Mechanical Testing of Steel Products.
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Fig. 323.2.2A Minimum Temperatures Without Impact Testing for Carbon Steel Materials
(See Table A-1 for Designated Curve for a Listed Material; see Table 323.2.2A for Tabular Values)

Nominal Thickness T, in. [Note (6)]
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NOTES:

ny cafbon steel matetial may be used to a minimum temperature of — - or Category uid Service.
1 A b l ial b d ini f —29°C (-20°F) for C D Fluid Servi

(2) X Gradgs of APItSY, and ASTM A 381 materials, may be used in accordance with Curve B if normalized or quenched and temperefd.
(3) The following materials may be used in accordance with Curve D if normalized:
(@) ASTM/A 516 Plate, all grades

(b)LASTM A 671 Pipe, Grades CF55, CF60Q, and all grades made with A 516 plate
(c) ASTM A 672 Pipe, Grades E55, E60, and all grades made with A 516 plate

(4) A welding procedure for the manufacture of pipe or components shall include impact testing of welds and HAZ for any design
minimum temperature below —29°C (-20°F), except as provided in Table 323.2.2, A-3(b).

(5) Impact testing in accordance with para. 323.3 is required for any design minimum temperature below —48°C (-55°F), except as
permitted by Note (3) in Table 323.2.2.

(6) For blind flanges and blanks, T shall be Y, of the flange thickness.
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Tabular Values for Minimum Temperatures Without Impact Testing for Carbon Steel

Materials (See Fig. 323.2.2A for Curves and Applicable Notes)

Design Minimum Temperature

Nominal _
Thickness, T Curve A Curve B Curve C
[Note (6)] [Note (2)] [Note (3)] [Note (3)] Curve D
mm in. °C °F °C °F °C oF °C oF
6.4 0.25 -9.4 15 -28.9 =20 -48.3 -55 -48.3 -55
7.9 0.3125 -9.4 15 -28.9 -20 -48.3 =55 -48.3 =55
9.5 0375 =97 5 =289 =20 =483 =55 =483 -55
10.0 0.394 -9.4 15 -28.9 -20 -48.3 -55 -48.3 =55
111 0.4375 -6.7 20 -28.9 =20 -41.7 -43 <4813 -55
12.7 0.5 -1.1 30 -28.9 -20 -37.8 -36 —48.3 =55
14.3 0.5625 2.8 37 -21.7 -7 -35.0 -31 -45.6 -50
15.9 0.625 6.1 43 -16.7 2 -32.2 =26 -43.9 =47
17.5 0.6875 8.9 48 -12.8 9 -29.4 ~21 -41.7 -43
19.1 0.75 11.7 53 -9.4 15 -27.2 A7 -40.0 -40
20.6 0.8125 14.4 58 -6.7 20 -25.0 -13 -38.3 -37
22.2 0.875 16.7 62 -3.9 25 -23.3 -10 -36.7 =34
23.8 0.9375 18.3 65 -1.7 29 2147 -7 -35.6 -32
25.4 1.0 20.0 68 0.6 33 =191 -3 -34.4 -30
27.0 1.0625 22.2 72 2.2 36 ~18.3 -1 -33.3 -28
28.6 1.125 23.9 75 3.9 39 -16.7 2 -32.2 =26
30.2 1.1875 25.0 77 5.6 42 -15.6 4 -30.6 -23
31.8 1.25 26.7 80 6.7 44 -14.4 6 -29.4 =21
33.3 1.3125 27.8 82 7.8 46 -13.3 8 -28.3 -19
34.9 1.375 28.9 84 8.9 48 -12.2 10 -27.8 -18
36.5 1.4375 30.0 86 9.4 49 -11.1 12 -26.7 -16
38.1 1.5 31.1 88 10.6 51 -10.0 14 -25.6 =14
39.7 1.5625 32.2 90 1.7 53 -8.9 16 -25.0 -13
41.3 1.625 33.3 92 12.8 55 -8.3 17 -23.9 -11
42.9 1.6875 33.9 93 13.9 57 -7.2 19 -23.3 -10
44.5 1.75 34.4 94 14.4 58 -6.7 20 -22.2 -8
46.0 1.8125 35.6 96 15.0 59 -5.6 22 -21.7 -7
47.6 1.875 36.1 97 16.1 61 -5.0 23 -21.1 -6
49.2 1.9375 36.7 98 16.7 62 -4.4 24 -20.6 -5
50.8 2.0 37.2 99 17.2 63 -3.3 26 -20.0 -4
51.6 2.0325 37(8 100 17.8 64 -2.8 27 -19.4 -3
54.0 2.125 383 101 18.3 65 -2.2 28 -18.9 -2
55.6 2.1875 38.9 102 18.9 66 -1.7 29 -18.3 -1
57.2 2.25 38.9 102 19.4 67 -1.1 30 -17.8 0
58.7 2.3125 39.4 103 20.0 68 -0.6 31 -17.2 1
60.3 2.375 40.0 104 20.6 69 0.0 32 -16.7 2
61.9 24375 40.6 105 21.1 70 0.6 33 -16.1 3
63.5 N5 40.6 105 21.7 71 1.1 34 -15.6 4
65.1 2.5625 41.1 106 21.7 71 1.7 35 -15.0 5
66.7 2.625 41.7 107 22.8 73 2.2 36 -14.4 6
68.3 2.6875 41.7 107 22.8 73 2.8 37 -13.9 7
69.9 2.75 42.2 108 23.3 74 3.3 38 -13.3 8
71.4 2.8125 42.2 108 23.9 75 3.9 39 -13.3 8
73.0 2.875 42.8 109 24.4 76 4.4 40 -12.8 9
74.6 2.9375 42.8 109 25.0 77 4.4 40 -12.2 10
76.2 3.0 43.3 110 25.0 77 5.0 41 -11.7 11
49
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Fig. 323.2.2B Reduction in Minimum Design Metal Temperature Without Impact Testing

Temperature Reduction, °F
1 20 40 60 80 100 120 140 160 180 200 217
I I I I I I I I I I

0.9 \
0.7 \
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0.4
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0 10 20 30 40 50 60 70 80 90 100 110 120

Temperature Reduction, °C

GENERAL NPTES:
(@) The strgss ratio is defined as the maximum of the following:

(1) ngminal pressure stress (based on minimum pipe wall thickness less allowances) divided by S at the design minimum
tejnperature,

(2) for piping\components with pressure ratings, the pressure for the condition under consideration divided by the pressure rat|ng at
thle designh minimum temperature.

(3) cdmbined Ir\ngihldinal stress due to pressure, dead wnighfy and Hicpl:rnmnnf strain (stress intensification factors are not
included in this calculation) divided by S at the design minimum temperature. In calculating longitudinal stress, the forces and
moments in the piping system shall be calculated using nominal dimensions and the stresses shall be calculated using section
properties based on the nominal dimensions less corrosion, erosion, and mechanical allowances.

(b) Loadings coincident with the metal temperature under consideration shall be used in determining the stress ratio as defined above.
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Table 323.3.1 Impact Testing Requirements for Metals

surface, with one face of specimen < 1.5 mm (Y4 in.) from the material surface.

(b) Heat affected Zone (HAZ): across the weld and long enough to locate notch in the HAZ
ing; notch™axis shall be approximately normal to material surface and shall include as
possible of‘the HAZ in the fracture.

Column A Column B
Materials Tested by the Manufacturer [Note (1)] Materials Not Tested by the Manufacturer or
Test or Those in Table 323.2.2 Requiring Impact Tests Those Tested But Heat Treated During or After
Characteristics Only on Welds Fabrication
" Number of A-1 The greater of the number required by B-1 The number required by the applicable
© tests (@) the material specification or specification listed in para. 323.3.2
8 (b) the applicable specification listed in para. [Note (2)]
= 323.3.2 [Note (2)]
§ Location and orientation A-2 As required by the applicable specification listed in para. 323.3.2.
*g of specimens
= Tests by A-3 The manufacturer B-3 The fabricator or erector
Test piece for prepara- A-4 One required for each welding procedure, for each type of filler metal (i.€:) AWS E-XAXX classifi-
tion of impact spec- cation), and for each flux to be used. Test pieces shall be subjected to ‘essentially thefsame heat
imens treatment (including time at temperature or temperatures and coqgling.rate) as the ereg¢ted piping
= will have received.
§ Number of test pieces A-5 B-5
2 [Note (3)] (@) One piece, thickness T, for each range of (@) Onelpiece from each lot of materfal in each
=] material thickness from 7/2 to T+ 6 mm specification and grade including|heat treat-
s Y, in) ment [Note (4)] unless
b (b) Unless required by the engineering design, (b)~Materials are qualified by the fabficator or
5 pieces need not be made from each lot, nor erector as specified in Sections B-1 and B-2
L from material for each job, provided that above, in which case the requirements of
£ welds have been tested as required by-Sec- Section A-5 apply
5 tion 4 above, for the same type and grade
g of material (or for the same P-Number‘and
= Group Number in BPV Code, Sectian' IX),
S, and of the same thickness range; and that
E records of the tests are made available
Location and orientation 6
of specimens (@ Weld metal: across the weld, with notch in the weld metal; notch axis shall be normal to material

after etch-
much as

Tests by 7 Thefabricator or erector

NOTES:

1 A
uf]
Cd

th
2 If
(3) Th
pd
(4) Fo

certified report of impact testsperformed (after being appropriately heat treated as required by Table 323.2.2, item B-3) 4
hcturer shall be obtained as evidence that the material (including any welds used in its manufacture) meets the requirem
de and that

(a) the tests were conducted on specimens representative of the material delivered to and used by the fabricator or erec
(b) the tests were conducted on specimens removed from test pieces of the material which received heat treatment sepa
E same manner as) the material (including heat treatment by the manufacturer) so as to be representative of the finished

elding is usedvin manufacture, fabrication, or erection, tests of the HAZ will suffice for the tests of the base material.

e test pigce shall be large enough to permit preparing three specimens from the weld metal and three from the HAZ (if r¢
ra. 323:3\If this is not possible, preparation of additional test pieces is required.

r purposes of this requirement, “lot” means the quantity of material described under the “Number of tests” provision of t

ig

—

y the man-
bnts of this

or, or
rately in
iping
quired) per

e specifica-

n dpplicable to the product term (i.e., plate, pipe, etc.) listed in para. 323.3.2.
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323.3.3 Test Specimens. Each set of impact test
specimens shall consist of three specimen bars. All
impact tests shall be made using standard 10 mm
(0.394 in.) square cross section Charpy V-notch specimen

Table 323.3.4 Charpy Impact Test
Temperature Reduction

Actual
Material Thickness

bars, except when the material shape or thickness does [See Para. 323.3.4(b)] Temperature
not permit. Charpy impact tests may be performed on or Charpy Impact Reduction
specimens of full material thickness, which may be Specimen Width Below Design
machined to remove surface irregularities. Alternatively, Alonﬁ tthe :lotCh . M'"'mutm
such material may be reduced in thickness to produce [Note (1) - cMmperaire
the larggstpossibie Charpy SUDSIZE Specimen. See i - € °F
Table 3233.4. 10 (full size 0.394 0 0
323.3{4 Test Temperatures. For all Charpy impact standard bar)
tests, the|test temperature criteria in para. 323.3.4(a) or 9 0.354 0 0
(b) shall he observed. The test specimens, as well as the 8 0.315 0 0
handling|tongs, shall be cooled for a sufficient length of 7.5 (/, size bar) 0.295 2.8 5
time to r¢ach the test temperature. 7 0.276 4.4 8
(a) For|Materials of Thickness Equal to or Greater Than 6.67 (75 size bar) 0.262 5.6 10
10 mm (0 394. in.). Where 'the largest attainable Charpy 6 0236 8.3 15
V-notch specimen has a width along the notch of at least 5 (Y, size ban) 0.197 11.1 20
8 mm (0.315 in.), the Charpy test using such a specimen 4 0.157 16.7 30
shall be. :ond}lc.ted at a temperature not higher than 3.33 (% size ban) 0.131 19.4 35
the design minimum temperature. Where the largest 3 0.118 22.2 40
possible {est specimen has a width along the notch less 2.5 (Y, size bap 0.098 27.8 50

than 8 min, the test shall be conducted at a temperature
lower than the design minimum temperature by the
amount shown in Table 323.3.4 for that specimen width.

GENERAINOTE: These temperature reduction criteria do not apply
when Table 323.3.5 specifies lateral expansion for minimum required
values.

(b) For Materials With Thickness Less Than 10 mm TNE:
(0.394 in.{. Where the largest attainable Charpy V-notch ST . . . . .
. . (1) Straight line interpolation for intermediate values is pernpitted.
specimen| has a width along the notch of at least 80%

of the material thickness, the Charpy test of such a speci-

men shall be conducted at a temperature not highef than ) o

the design minimum temperature. Where tlie jlargest the line constituting the bottom of the V-notcH (see
possible test specimen has a width along, the notch of ASTM A 370).

less than|80% of the material thicknessithe test shall (c) Weld Impact Test Requirements. Where two| base

be conducted at a temperature lower\than the design
minimunp temperature by an amount'equal to the differ-
ence (refefrring to Table 323.3.4) between the temperature
reductior] corresponding to the-aetual material thickness
and the femperature reduction corresponding to the
Charpy specimen widthactually tested.

323.3/5 Acceptance Criteria
(a) Minimum Enérgy Requirements. Except for bolting
materials| the-applicable minimum energy requirement

for carbon and-low alloy steels with specified minimum
MNMPa (08 1oz

metals having different required impact energy vjalues
are joined by welding, the impact test energy require-
ments shall conform to the requirements of the| base
material having a specified minimum tensile strgngth
most closely matching the specified minimum ténsile
strength of the weld metal.
(d) Retests

(1) For Absorbed Energy Criteria. When the avprage
value of the three specimens equals or exceeds the mini-
mum value permitted for a single specimen anf the
value for more than one specimen is below the required

tensile strengthstessthan656-WPa{95 kst shattbethose
shown in Table 323.3.5.

(b) Lateral Expansion Requirements. Other carbon and
low alloy steels having specified minimum tensile
strengths equal to or greater than 656 MPa (95 ksi), all
bolting materials, and all high alloy steels (P-Nos. 6, 7,
and 8) shall have a lateral expansion opposite the notch
of not less than 0.38 mm (0.015 in.) for all specimen
sizes. The lateral expansion is the increase in width of
the broken impact specimen over that of the unbroken
specimen measured on the compression side, parallel to

52

dveldge leue, OI W}lell Llle leue [UI OITc bpe(.iu en iS
below the minimum value permitted for a single speci-
men, a retest of three additional specimens shall be
made. The value for each of these retest specimens shall
equal or exceed the required average value.

(2) For Lateral Expansion Criterion. If the value of
lateral expansion for one specimen in a group of three
is below 0.38 mm (0.015 in.) but not below 0.25 mm
(0.01 in.), and if the average value for three specimens
equals or exceeds 0.38 mm (0.015 in.), a retest of three
additional specimens may be made, each of which must
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Table 323.3.5 Minimum Required Charpy V-Notch Impact Values

Energy [Note (2)]
Other Than Fully

Fully Deoxidized

Specified Minimum No. of Specimens Steels Deoxidized Steels
Tensile Strength [Note (1)] Joules ft-lbf Joules ft-lbf
(a) Carbon and Low Alloy Steels
448 MPa (65 ksi) and less Average for 3 specimens 18 13 14 10
Minimum for 1 cpnrimnn 16 10 10 7
Over 448 to 517 MPa (75 ksi) Average for 3 specimens 20 15 18 13
Minimum for 1 specimen 16 12 14 10
Over 417 but not incl. 656 MPa (95 ksi) Average for 3 specimens 27 20
Minimum for 1 specimen 20 15
Lateral Expansion
656 MPa and over [Note (3)] Minimum for 3 specimens 0.38 mm (0.015 in.)
(b) Steels in P-Nos. 6, 7, and 8 Minimum for 3 specimens 0.38 mm (0.015 in.)
NOTES:
(1) Sde para. 323.3.5(d) for permissible retests.
(2) Erlergy values in this Table are for standard size specimens. For subsize specimefis, these values shall be multiplied by the|ratio of the

adtual specimen width to that of a full-size specimen, 10 mm (0.394 in.).

(3) Fdr bolting of this strength level in nominal sizes M 52 (2 in.) and under, the“impact requirements of ASTM A 320 may be gpplied. For

bqlting over M 52, requirements of this Table shall apply.
equal or exceed the specified minimum value of 0:38 Valves having bodies and bonnets or covery made of
mm (0.015 in.). In the case of heat treated materials, if =~ materials conforming to ASTM A 395 and m¢eting the

the required values are not obtained in the retest or if
the values in the initial test are below the.minimum

requirements of ASME B16.42 and additiondl require-
ments of ASME B16.34 Standard Class, API 594, AP1599,

allowed for retest, the material may be reheattreatedand ~ or API 609 may be used within the pressure-tethperature
retesfed. After reheat treatment, a set of\three specimens  ratings given in ASME B16.42.
shall[be made. For acceptance, thelateral expansion of Welding shall not be performed in the fabrjcation or

each pf the specimens must equal or exceed the specified
minimum value of 0.38 mm (0.015 in.).

3) For Erratic Test ReSults. When an erratic result
is caysed by a defectiveispecimen or there is uncertainty
in the test procedure; a retest will be allowed.

323.4 Fluid Service Requirements for Materials

323.4.1_General. Requirements in para. 323.4 apply
to pressurecontaining parts. They do not apply to mate-
rials psed for supports, gaskets, packing, or bolting. See

repair of ductile iron components nor in asf
such components in a piping system.

(b) Other Cast Irons. The following shall ngt be used
under severe cyclic conditions. If safeguarding is pro-
vided against excessive heat and thermal shock and
mechanical shock and abuse, they may be usefl in other
services subject to the following requirements.

(1) Castiron shall not be used above groupd within
process unit limits in hydrocarbon or other flammable
fluid service at temperatures above 149°C (300°F) nor

embly of

also Appendix F, para. F323.4.

323.4.2 Specific Requirements

(a) Ductile Iron. Ductile iron shall not be used for pres-
sure containing parts at temperatures below -29°C
(—20°F) (except austenitic ductile iron) or above 343°C
(650°F). Austenitic ductile iron conforming to ASTM A
571 may be used at temperatures below —29°C (-20°F)
down to the temperature of the impact test conducted in
accordance with that specification but not below —196°C
(=320°F).
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at-gage—presstres—above 1035 kPa—(156-pst) In other
locations the pressure limit shall be 2760 kPa (400 psi).

(2) Malleable iron shall not be used in any fluid
service at temperatures below —29°C (-20°F) or above
343°C (650°F) and shall not be used in flammable fluid
service at temperatures above 149°C (300°F) nor at gage
pressures above 2760 kPa (400 psi).

(3) High silicon iron (14.5% Si) shall not be used in
flammable fluid service. The manufacturer should be
consulted for pressure-temperature ratings and for pre-
cautionary measures when using this material.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

(c) Other Materials

(1) If welding or thermal cutting is performed on
aluminum castings, the stress values in Appendix A and
component ratings listed in Table 326.1 are not applica-
ble. It is the designer’s responsibility to establish such
stresses and ratings consistent with the requirements of
this Code.

(2) Lead and tin and their alloys shall not be used
in flammable fluid services.

include the thickness of the cladding or lining. The
allowable stress used shall be that for the base metal
at the design temperature. For such components, the
cladding or lining may be any material that, in the judg-
ment of the user, is suitable for the intended service and
for the method of manufacture and assembly of the
piping component.

(c) Except for components designed in accordance
with provisions of para. 323 4.3(a), fluid service require-

323.4/3 Cladding and Lining Materials. Materials
with metgllic cladding or metallic lining may be used
in accordpnce with the following provisions:

(a) If piping components are made from integrally

clad plat¢ conforming to

(1) ASTM A 263, Corrosion-Resisting Chromium
Steel Clagl Plate, Sheet, and Strip

(2) ASTM A 264, Stainless Chromium-Nickel Steel
Clad Platle, Sheet, and Strip

(3) ASTM A 265, Nickel and Nickel-Base Alloy Clad
Plate, Sheet, and Strip

Then pregsure design in accordance with rules in para.
304 may be based upon the total thickness of base metal
and cladding after any allowance for corrosion has been
deducted] provided that both the base metal and the
cladding |metal are acceptable for Code use under para.
323.1, angl provided that the clad plate has been shear
tested angl meets all shear test requirements of the appli-
cable ASTM specification. The allowable stress for each
material (base and cladding) shall be taken from Appen¢
dix A, o1 determined in accordance with the rules ir
para. 302]3, provided, however, that the allowable stress
used for |the cladding portion of the design (thickness
shall never be greater than the allowable stress used for
the base portion.

(b) Forall other metallic clad or lined-piping compo-
nents, thq base metal shall be an acceptable Code mate-
rial as defined in para. 323.1 and, the thickness used in
pressure design in accordanee\with para. 304 shall not

TNents for materials stated i this Code shatt ot 1¢strict
their use as cladding or lining in pipe or other.compo-
nents. Fluid service requirements for the outermaterial
(including those for components and joints) shall gqvern,
except that temperature limitations of both innef and
outer materials, and of any bond between them,|shall
be considered.
(d) Fabrication by welding ‘of clad or lined piping
components and the inspegtion and testing of such{com-
ponents shall be done in.dccordance with applicable
provisions of the BPV: Code, Section VIII, Division 1,
UCL-30 through UCLE-52, or the provisions of Chdpters
V and VI of this €ode, whichever are more stringent.

323.5 Detetioration of Materials in Service

Selection of material to resist deterioration in sgrvice
is notwithin the scope of this Code. See para. 300{c)(6).
Recommendations based on experience are presented
for guidance in Appendix F, para. F323.

325 MATERIALS — MISCELLANEOUS
325.1 Joining and Auxiliary Materials

When selecting materials such as adhesives, cements,
solvents, solders, brazing materials, packing} and
O-rings for making or sealing joints, the designer|shall
consider their suitability for the fluid service. (Congider-
ation should also be given to the possible effects ¢f the
joining or auxiliary materials on the fluid handlegl.)

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

54

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME

B31.3-2008

Chapter IV

Standards for P

iping Components

326 DIMENSIONS AND RATINGS OF requirements of applicable standards listed in
COMPONENTS Table 326.1 or Appendix A.
326.1 Dimensional Requirements 326.2 Ratings of Components
326.1.1 Listed Piping Components. Dimensional 326.2.1 Listed Componentsy, The pressure-
stanflards' for piping components are listed in  temperature ratings of componerits listed in Thble 326.1

Tablg

326.1. Dimensional requirements contained in

speciffications listed in Appendix A shall also be consid-

ered

37
pone
meef]
para,
desct

32

requirements of this Code.

6.1.2 Unlisted Piping Components. Piping com-
hts not listed in Table 326.1 or Appendix A shall
the pressure design requirements described in
302.2.3 and the mechanical strength requirements
ibed in para. 303.

6.1.3 Threads. The dimensions of piping connec-

tion threads not otherwise covered by a governing com-

pone

Tt id
throu
along
are sh

ht standard or specification shall conform to the

not practical to refer to a specific edition of each standard

bhout the Code text. Instead, the approved edition references,
with the names and address of sponsoring organizations,
own in Appendix E.

are accepted for pressure desigh in accordzs
para. 303.

326.2.2 Unlisted Components. The j
temperature ratings of inlisted piping compor]
conform to the applicable provisions of para.

326.3 Reference Documents

The doguments listed in Table 326.1 contain
to codes, standards, and specifications nof
Table326.1. Such unlisted codes, standards, ar
cations shall be used only in the context of
documents in which they appear.

The design, materials, fabrication, assembly,
tion, inspection, and testing requirements of

nce with

ressure-
ents shall
304.

eferences
listed in
d specifi-
the listed

examina-
this Code

are not applicable to components manufacturedl in accor-

dance with the documents listed in Table 324
specifically stated in this Code, or the listed d

.1, unless
ocument.
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(08) Table 326.1 Component Standards
Standard or Specification Designation
Bolting
Square and Hex Bolts and Screws (INCh SErEs) . . . . v vttt it e et e e e et e et e et et e ASME B18.2.1
Square and Hex Nuts (INCh Series). . . . v it it e e e e e e e e e e e e e e e e e e e ASME B18.2.2

Metallic Fittings, Valves, and Flanges

Cast Iron Pipe Flanges and Flanged Fittings . . . . . . . .. . o i e e e ASME B16.1
Malleable Ifon Threaded FIttiNgS . . . . . v v vttt et e et e e et e et et ettt e et et ASME H16.3
Gray Iron Threaded Fittings. . . . . . o o it et e e e e e e e e e e ASME_B16.4
Pipe Flanges and Flanged Fittings . . . . . oottt i i it et e e e e e e e e ASME B16.5
Factory-Madle Wrought Steel Buttwelding Fittings . . . . . .. . . i e e e e e ASME B16.9
Face-to-Facg¢ and End-To-End Dimensions of Valves . . . . . . . .. . i e ASME B16.10
Forged Fittipgs, Socket-Welding and Threaded . . . . . .. .. . i et e e e e e e e e ASME B16.11
Ferrous Pipp Plugs, Bushings, and Locknuts With Pipe Threads . . . . ... ... . i it ASME B16.14
Cast Bronzg Threaded Fittings, Class 125 and 250 [Notes (1), Q)] . .« v v v vt i i it it it et e e e e e M ASME B16.15
Cast Coppe} Alloy Solder Joint Pressure Fittings . . . .. ..o ittt ittt e it e et e e e e AL ASME B16.18
Wrought Capper and Copper Alloy Solder Joint Pressure Fittings . .. ..... ... ... . . . . . a2t ... ASME B16.22
Cast Coppef Alloy Pipe Flanges and Flanged Fittings: Classes 150, 300, 600, 900, 1500, and 2500. . ¢ ot . . . . . . . ASME B16.24
Cast Coppe} Alloy Fittings for Flared Copper Tubes . . ... ... ittt ASME B16.26
Valves-Flanged, Threaded, and Welding End. . . . . . ... ... i ASME B16.34
Orifice Flanges, Class 300, 600, 900, 1500, and 2500. . . . . . oot v i v i e e e e SA o i ASME B16.36
Malleable Ifon Threaded Pipe Unions, Class 150, 250, and 300 . .. .. .. ...t im Nt e nenenennen.. ASME B16.39
Ductile Ironf Pipe Flanges and Flanged Fittings, Class 150 and 300. . . . . ... ... .. o Mottt i i ASME B16.42
Large Diampter Steel Flanges, NPS 26 Through NPS 60 . . . . . . .. .ttt AN e e e et i e e ASME B16.47
Steel Line Blanks . . . . o oot A ASME B16.48
Flanged Stdel Pressure-Relief Valves. . . . .. ... . o N APl 526
Wafer and Wafer-Lug Check Valves. . . . . .o it e e e e e e e e e e APl 594
Metal Plug Malves—Flanged, Threaded, and Welding Ends. . . . . . . .. . L it e e e e e APl 599
Bolted Bonpet Steel Gate Valves for Petroleum and Natural Gas Industties™. . .. ... ... .. .. ... AP| 600
Compact Stleel Gate Valves — Flanged, Threaded, Welding and Extended Body Ends. .. ... ................. APl 602
Class 150, [Cast, Corrosion-Resistant, Flanged-End Gate Valves . N 7. . . i it e e e e e e APl 603
Metal Ball Yalves-Flanged, Threaded, and Welding End . . a0 o oo o ittt e e e e et e et e e APl 608
Lug- and Whfer-Type Butterfly Valves . . .. ... . o L gy e e e APl 609
Ductile-lronf and Gray-Iron Fittings, 3 Inch Through 48 Inch (75 mm Through 1200 mm), for Water and Other

LIqUIS . o e NN e e e e e e e AWWA (110
Flanged Duftile-Iron Pipe with Ductile-Iron or-Gray-lron Threaded Flanges . . ... ... .. .. .. .. ... AWWA €115
Steel Pipe Flanges for Waterworks Service,, Sizes 4 inch Through 144 inch (100 mm Through 3,600 mm) . ........ AWWA (207
Dimensiong for Fabricated Steel Water Pipe Fittings. . . . . . . o ittt e e e e AWWA {208
Metal-Seatdd Gate Valves for Water SUPPlYy Service . . . . oo v ittt e e e e et et e e e AWWA 500
Rubber-Seafed Butterfly Valves . s i . . oot e e e AWWA €504
Standard Finishes for Contact_Faces of Pipe Flanges and Connecting-End Flanges of Valves and Fittings . . ... ... .. MSS|SP-6
Spot Facing for Bronze, Iroh and Steel Flanges. . . . . . . . . i e MSS [SP-9
Standard Marking Systemsxfor Valves, Fittings, Flanges, and Unions. . . .. ... .. . i it i ii .. MSS 9P-25
Class 150 (PN 20) Cowrosion Resistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends . . . . . MSS 9P-42
Wrought StainlesstSteel Butt-Welding Fittings Including Reference to Other Corrosion Resistant Materials [Note (3)] . . MSS 4P-43
Steel Pipe line Flanges . . . . . . i e MSS 9P-44
Bypass and Drain ConneCtioNS . . . v v v vt it e it e et e e e e et e e e MSS gP-45
Class 150LW Corrosion Resistant Flanges and Cast Flanged Fittings . . ... ... ... . . .. . . ... MSS SP-51
High Pressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets. ... ................ MSS SP-65
Cast Iron Gate Valves, Flanged and Threaded Ends . . . . . . . .. ittt it e e e e et e e e e e MSS SP-70
Gray Iron Swing Check Valves, Flanged and Threaded Ends. . . . . ... ittt i i e ettt e ee MSS SP-71
Ball Valves With Flanged or Buttwelding Ends for General Service . .. ... ... .. i, MSS SP-72
Specifications for High Test Wrought Buttwelding Fittings. . . . . . .. .. i e MSS SP-75
Socket-Welding Reducer INSerts . . . . . vttt e e e e e e e e e e e e MSS SP-79
Bronze Gate, Globe, Angle and Check Valves . . . . . ... i i e et et e e e e MSS SP-80
Stainless Steel, Bonnetless, Flanged, Knife Gate Valves . . . . . . . .. o i ittt e e e MSS SP-81
Class 3000 Steel Pipe Unions, Socket-Welding and Threaded . . ... ... ... .. . ..., MSS SP-83
Gray Iron Globe and Angle Valves, Flanged and Threaded Ends. . . . .. .. ... i i MSS SP-85
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Table 326.1 Component Standards (Cont‘d) (08)

Standard or Specification Designation

Metallic Fittings, Valves, and Flanges (Cont’d)

Diaphragm Type Valves . . . . . ot e e e e e e e e MSS SP-88
Swage(d) Nipples and BUll PlUgS . . . . . . ot e e e e e e e e e MSS SP-95
Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded, and Buttwelding Ends. . . .. ... ... MSS SP-97
Instrument Valves for Code Applications . . . . . oo vttt i i i e e e e e MSS SP-105
Factory-Made Wrought Belled End Socket Welding Fittings [Note (4)] . . . ... i i it e e e MSS SP-119
Refrigg¢ration Tube Fittings — General Specifications. . . . . . . . . . e SAE J513
Hydralilic Tube Fittings. . . . . . o i e e e e e e e e e e e e e e e e e SAE 514
Hydralilic Flanged Tube, Pipe, and Hose Connections, Four-Bolt Split Flanged Type . . . ... . ... it SAE J518

Metallic Pipe and Tubes [Note (5)]

Weldefd and Seamless Wrought Steel Pipe. . . . ... .. . sy ASMH B36.10M
StaiNlgss Steel Pipe . . vt e e e e e e e e e e e N ASMH B36.19M
Flanggd Ductile-Iron Pipe with Ductile-lIron or Gray-lron Threaded Flanges . ... ........ .. .. ... .. &/ ... ... AWWA C115
Thicknless Design of Ductile-lron Pipe . . . . . oot e AN AthA C150
Ductilg-Iron Pipe, Centrifugally Cast, forWater . . . ...... ... . . . i AWWA C151
Steel Water Pipe 6 inches (150 mm) and Larger. . . ... oo v i ettt i AWWA C200

Miscellaneous

Unifiefl Inch Screw Threads (UN and UNR Thread Form) . . ... ... ot i i i N e e e et e ASME B1.1
Pipe Threads, General Purpose (INCh) . . . . . oo ittt e e S ASME B1.20.1
Drysedl Pipe Threads (INCh) . . . . . oo it e e BN e ASQE B1.20.3
Hose foupling Screw Threads (INCh). . . . . oottt i e T e e e e ASME B1.20.7
Metalljc Gaskets for Pipe Flanges — Ring: Joint, Spiral Wound, and Jacketed*_. . . . .. ... ... ... .. ... ... .... ASNIE B16.20
Nonmetallic Flat Gaskets for Pipe Flanges . . . . . .. . o it A e e e e e e e ASNIE B16.21
Buttwelding Ends . . . . . oo e e ASNIE B16.25
Surfage Texture (Surface Roughness, Waviness, and Lay) . .. .. 0. . .o A9ME B46.1
Speciffcation for Threading, Gaging and Thread Inspection of Casing, Tubing, and Line Pipe Threads .. .......... API 5B
Rubbdr Gasket Joints for Ductile-Iron Pressure Pipe and Fittings. . . . . . ... ... i i i e AWWA C111
Flexible Metal Hose [Notes (1), (6), and (7)]. « « v v v voe €m0 o e e e e e et e e e e e e et e et et e et e e e e e BS 6501, Part 1
Pipe Hangers and Supports — Materials, Design, apd Wanufacture. . . .. ... .. .. i SS SP-58
Brazing Joints for Copper and Copper Alloy Pressure=Fittings. . . . . . . ..ottt e e e e ISS SP-73
Standgrd for Fire Hose Connections . . . .. 0 v o it e e e e e e e NFPA 1963

GENERAL NOTE: It is not practical to referto a specific edition of each standard throughout the Code text. Instead, the apprdved edition
references, along with the names and addresses of the sponsoring organizations, are shown in Appendix E.
NOTES:
(1) THis standard allows the use‘of unlisted materials; see para. 323.1.2.
(2) THis standard allows strdight pipe threads in sizes < DN 15 (NPS 5); see para. 314.2.1(d).
(3) Cdutionary Note: See"MSS SP-43 (Section 3) for specific pressure—temperature ratings of available thicknesses of Class CR fjttings. The
rafings for MSS SP-43.fittings cannot be calculated based on straight seamless pipe such as is done, for example, for ASMH B16.9
byttwelding fittings:
(4) MBS SP-119inctudes three classes of fittings: MP, MARINE, and CR. Only the MP class fittings are considered a “Listed Component” for
the purpeseof this Code. Cautionary Note: See MSS SP-119 (Section 6) for special provisions concerning ratings. (In accordgnce with
MBS SP-11'9, the pressure ratings for MP class fittings are 87.5% of those calculated for straight seamless pipe of minimum wall
thjckness.)
(5) Seealso Appendix A.
(6) Welding and brazing to be in accordance with paras. 328 and 333, respectively in lieu of the referenced specifications in this
standard.
(7) This standard contains recommended materials of construction for certain chemical services; the responsibility for the ultimate selec-
tion of material is the responsibility of the Owner and is, therefore, not within the scope of this Code.
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Chapter V
Fabrication, Assembly, and Erection

327 GENERAL

backing rings, are used, their suitability shall be demon-

Metallic piping materials and components are pre-
pared fo1] assembly and erection by one or more of the
fabricatign processes covered in paras. 328, 330, 331, 332,
and 333. When any of these processes is used in assembly
or erection, requirements are the same as for fabrication.

328 WELDING

Weldinlg shall conform to paras. 328.1 through 328.6 in
accordange with applicable requirements of para. 311.2.

328.1 Welding Responsibility

Each employer is responsible for the welding done
by the personnel of his/her organization and, except as
provided|in paras. 328.2.2 and 328.2.3, shall conduct the
tests requiired to qualify welding procedures, and-to
qualify and as necessary requalify welders and.welding
operatory.

328.2 Welding Qualifications

328.2{1 Qualification Requirements

(a) Quilification of the welding procedures to be used
and of the performancef.welders and welding opera-
tors shall|conform to, the)requirements of the BPV Code,
Section IX except,as.modified herein.

(b) W}ere thebase metal will not withstand the

180 deg gliidéepend required by Section IX, a qualifying
welded specimen is required to undergo the same degree

strated by procedure qualification, except that @ groce-
dure qualified without use of a backing rifig)id also
qualified for use with a backing ring in a single-wglded
butt joint.

(f) To reduce the number of welding'procedure guali-
fications required, P-Numbers_ or"S-Numbers| and
Group Numbers are assigried, in the BPV (ode,
Section IX, to groupings ofsmetals generally bas¢d on
composition, weldability, ahd mechanical propdrties,
insofar as practicable. The P-Numbers or S-Numbdrs for
most metals are listed/for the convenience of the [Code
user in a separate,eolumn in Table A-1. See Sectign IX,
QW/QB-422,/f6r Group Numbers for respegtive
P-Numbershand S-Numbers. Use of Section IX,
QW-420.2,is required for this Code.

328.2.2 Procedure Qualification by Others. |Each
employer is responsible for qualifying any welding pro-
cedure that personnel of the organization will use{ Sub-
ject to the specific approval of the Inspector, welding
procedures qualified by others may be used, proyided
that the following conditions are met:

(a) The Inspector shall be satisfied that
(1) the proposed welding procedure specifidation
(WPS) has been prepared, qualified, and executed by a
responsible, recognized organization with expertjse in
the field of welding
(2) the employer has not made any change in the
welding procedure
(b) The base material P-Number is either 1, 3,[4 Gr.
No. 1 (11/4 Cr max.), or 8 and impact testing is not
required.
(c) The base metals to be joined are of the pame
P-Number, except that P-Nos. 1, 3, and 4 Gr. No. 1 may

of bending as the base metal, within 5 deg.

(c) The requirements for preheating in para. 330 and
for heat treatment in para. 331, as well as such require-
ments in the engineering design, shall apply in qualify-
ing welding procedures.

(d) When impact testing is required by the Code or
the engineering design, those requirements shall be met
in qualifying welding procedures.

(e) If consumable inserts [Fig. 328.3.2 sketch (d), (e),
(f), or (g)] or their integrally machined equivalents, or

be welded to each other as permlttecl by Section 1X.

(d) The material to be welded is not more than 19 mm
(%4 in.) in thickness. Postweld heat treatment shall not
be required.

(e) The design pressure does not exceed the ASME
B16.5 Class 300 rating for the material at design tempera-
ture; and the design temperature is in the range —29°C
to 399°C (-20°F to 750°F), inclusive.

(f) The welding process is SMAW or GTAW or a com-
bination thereof.
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(g) Welding electrodes for the SMAW process are
selected from the following classifications:

(a) Ferrous Metal Backing Rings. These shall be of
weldable quality. Sulfur content shall not exceed 0.05%.

AWS A5.1! AWS A5.4! AWS A5.5! (b) If two abutting surfaces are to be welded to a third
—_— —_— ——  member used as a backing ring and one or two of the
E6010 E308-15, -16 E7010-A1 three members are ferritic and the other member or
E6011 E308L-15, -16 E7018-A1 members are austenitic, the satisfactory use of such
E7015 E309-15, -16 E8016-B1 . .
E7016 E310-15, -16 ES018-B1 materials shall be demonstrated by welding procedure
E7018 E-16-8-2-15, -16 E8015-B2L qualified as required by para. 328.2.
E316-15, -16 ES016-B2 Backing rings may be of the continuous machined or
EST6L-15,-16 E8018-B Spiit-bard type. Some Commonty used types gre shown
E347-15, -16 E8018-B2L in Fig. 328.3.2.
(h)| By signature, the employer accepts responsibility (c) Nonferrous and Nonmetallic Backing\Rings} Backing

for bpth the WPS and the procedure qualification record
(PQR).

(i) | The employer has at least one currently employed
welder or welding operator who, while in his/her
employ, has satisfactorily passed a performance qualifi-
catiop test using the procedure and the P-Number mate-
rial gpecified in the WPS. The performance bend test
required by Section IX, QW-302 shall be used for this
purppse. Qualification by radiography is not acceptable.

308.2.3 Performance Qualification by Others. To
avoid duplication of effort, an employer may accept a
perfdqrmance qualification made for another employer,
provjided that the Inspector specifically approves.
Acceptance is limited to qualification on piping using
the spme or equivalent procedure wherein the essential
varigdbles are within the limits in Section IX. The
employer shall obtain a copy from the previous
employer of the performance qualification test, record,
showjing the name of the employer, name of the*welder
or welding operator, procedure identification, date of
succgssful qualification, and the date that the individual
last ysed the procedure on pressuretpiping.

328.2.4 Qualification Records. ;"The employer shall
maintain a self-certified recofd, available to the owner
(and [the owner’s agent) and the Inspector, of the proce-
durep used and the wélders and welding operators
employed, showing the\date and results of procedure
and performance qtfalifications, and the identification
symbol assigned\te’each welder and welding operator.

328.3 Welding Materials
328:3.%1 Filler Metal. Filler metal shall conform to

rings of nonferrous or nonmetallic matetial mafy be used,
provided the designer approves their‘use and |the weld-
ing procedure using them is_qualified as required by
para. 328.2.

328.3.3 Consumable Inserts. Consumalle inserts
may be used, provided)they are of the sam¢ nominal
composition as the filler metal, will not cause fletrimen-
tal alloying of theWeld metal, and the welding procedure
using them js'qualified as required by para. 328.2. Some
commonlyytised types are shown in Fig. 328.5.2.

328.4 ‘Preparation for Welding

328.4.1 Cleaning. Internal and external spurfaces to
be thermally cut or welded shall be clean and|free from
paint, oil, rust, scale, and other material that would be
detrimental to either the weld or the base m¢tal when
heat is applied. :

328.4.2 End Preparation
(a) General
(1) End preparation is acceptable only if the surface
is reasonably smooth and true, and slag from oxygen
or arc cutting is cleaned from thermally cuf| surfaces. -
Discoloration remaining on a thermally cut purface is
not considered detrimental oxidation.
(2) End preparation for groove welds specified in
ASME B16.25, or any other which meets th¢ WPS, is
acceptable. [For convenience, the basic bevel|angles of
ASME B16.25 and some additional J-bevel dngles are
shown in Fig. 328.4.2 sketches (a) and (b).]
(b) Circumferential Welds
(1) If component ends are trimmed as
Fig. 328.3.2 sketch (a) or (b) to fit backing rin

shown in
bS or con-

the I ;_,Lll..lilClllCl li.b U[ SULliUll I)\. A [i}}Ul llltf'Lal llUi. yU'L
incorporated in Section IX may be used with the owner’s
approval if a procedure qualification test is first success-
fully made.

328.3.2 Weld Backing Material. When backing rings
are used, they shall conform to the following:

1 AWS A5.1, Carbon Steel Electrodes for Shielded Metal Arc
Welding; AWS A5.4, Stainless Steel Electrodes for Shielded Metal
Arc Welding; and AWS A5.5, Low Alloy Steel Covered Arc Welding
Electrodes.
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ketch (a)
or (b) to correct internal misalignment, such trimming
shall not reduce the finished wall thickness below the
required minimum wall thickness, t,,.

(2) Component ends may be bored to allow for a
completely recessed backing ring, provided the
remaining net thickness of the finished ends is not less
than t,,.

(3) It is permissible to size pipe ends of the same
nominal size to improve alignment if wall thickness
requirements are maintained.

11 . - 1 . h b 2NQ 4.1
SUILIIAUVIC IIISTILS, Ul dS SITUWIL 11T 1 15. J&0.T.J
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Fig. 328.3.2 Typical Backing Rings and Consumable Inserts

5mm

>ty r (c) Nonmetallic Removable

$ Backing Ring (Refractory)

, 277
} le19 MM
3 mm t¢5 mm /4 In.)
(Vg in{ to 346 in.)
a) Butt Joint With Bored Pipe Ends _
and Solid or Split Backing Ring [Note (1)] @ (d) Square Ring or Round
2
5 mm Wire'Type
| (3 in.) 7

T 4.‘ [‘ 3 % (e) Flat Rectangular Rirlg
=t 7.

J B Typical

F Consumable
[ ) Insorts (f) Formed Ring Type
3mmtp5 mm |‘193mr.n
(/g inf to 3¢ in.) g in)
(b} Butt Joint With Taper-Bored Ends L % (g) Y-Type

and Solid Backing Ring [Note (1)]

NOTE:
(1) Refer tq ASME B16.25 for detailed dimensional information on weldingwends.

Fig. 328.4.2 Typical Butt Weld End Preparation

377/, deg + 2, deg 20 deg~* 2"/, deg
"‘V Fig. 328.4.3 Trimming and Permitted Misalignment
5 mm -
<22lmm | 1
(7 in.) (%he in-y
. = F
1.5 mm £ 0.8 mm )
Uhg in. = /s i) L Permitted ~
~
(a) Wall Thickness 6 mm to 22 mm, misalignment. ‘\% 30 ded max.
Inclusive (3/4 in. to 7/g in.) See WPS. iy
(a) Thicker Pipe Taper-Bored to Align
e 20 deg * 27/, deg

10 dég—=2*7deg T i

; 37", deg | T
1
>22 mm tZ/gdeg 2ty ->r
(g in.) mm =tm
s ¥ (3 in)
19 mm b
(3 in.)
l L N 4 L Permitted Ro d\
L3 - un
1.5 mm £ 0.8 mm gnsa\;&%r;ment. corner gﬂ 30 deg
(1/16 in. = 1/32 in.) ee : max.
(b) Wall Thickness Over 22 mm (/g in.) (b) Thicker Pipe Bored for Alignment
60
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Fig. 328.4.4 Preparation for Branch Connections

38

>0 mm {in.)

]

b

4

g=
m=

4) Where necessary, weld metal may be deposited
insidp or outside of the component to permit alignment
or prpvide for machining to ensure satisfactory seating
of rings or inserts.

5) When a girth or miter groove weld joins compo-
nenty of unequal wall thickness and one is more than
1% tifnes the thickness of the other, end preparation and
geonjetry shall be in accordance with acceptable designs
for unequal wall thickness in ASME B16.25.

6) Buttweld fittings manufactured in accordance
ASME B16.9 may be trimmed to produce an angular
pffset in their connections to pipe or to other butt-
weld| fittings without being subject to design qualifica-
tions{in accordance with para. 304.7.2 provided the total
angular offset produced between the two(jointed parts
does|not exceed 3 deg.

328.4.3 Alignment

(a)| Circumferential Welds

1) Inside surfaces of cOomponents at ends to be

joinefl in girth or miter grfoove welds shall be aligned

within the dimensionallimits in the WPS and the engi-

neering design.

2) If the extétnal surfaces of the components are

not aligned, the-weld shall be tapered between them.
(b)] Longitddinal Welds. Alignment of longitudinal

grooye welds (not made in accordance with a standard

listed in,Jable A-1 or Table 326.1) shall conform to the

with
joint

root gap per welding specification _
the lesser of 3.2 mm (1/g in.) or 0.5 T},

=1 "odb

(¢)

-]

(b) |

(3) Run openings for branch connectiong shall not
deviate from the required contour more than the dimen-
sion m in Fig. 328.4.4. In no case shall deviatipns of the
shape of the~0pening cause the root spacing|tolerance
limits in €he"WPS to be exceeded. Weld metgl may be
added :and refinished if necessary for compligance.

(d)<Spacing. The root opening of the join{ shall be
within the tolerance limits in the WPS.

328.5 Welding Requirements

328.5.1 General

(a) Welds, including addition of weld metallfor align-
ment [paras. 328.4.2(b)(4) and 328.4.3(c)(3)], shall be
made in accordance with a qualified procedufe and by
qualified welders or welding operators.
(b) Each qualified welder and welding opetator shall
be assigned an identification symbol. Unless ptherwise
specified in the engineering design, each pregsure con-
taining weld or adjacent area shall be marked with the
identification symbol of the welder or welding operator.
In lieu of marking the weld, appropriate recprds shall
be filed.
(c) Tack welds at the root of the joint shall be made
with filler metal equivalent to that used in the froot pass.
Tack welds shall be made by a qualified weldef or weld-
ing operator. Tack welds shall be fused with the root
pass weld, except that those which have cra¢ked shall
4 o0l (2 £ 14 Shall be

requiremnents-of para—328-43(a)-
(c) Branch Connection Welds

(1) Branch connections which abut the outside sur-
face of the run pipe shall be contoured for groove welds
which meet the WPS requirements [see Fig. 328.4.4
sketches (a) and (b)].

(2) Branch connections which are inserted through
a run opening shall be inserted at least as far as the
inside surface of the run pipe at all points [see Fig. 328.4.4
sketch (c)] and shall otherwise conform to para.
328.4.3(c)(1).
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beremoved—Bridgetacks{abovethewveld
removed.

(d) Peening is prohibited on the root pass and final
pass of a weld.

(e) No welding shall be done if there is impingement
on the weld area of rain, snow, sleet, or excessive wind,
or if the weld area is frosted or wet.

(f) Welding End Valves. The welding sequence and
procedure and any heat treatment for a welding end
valve shall be such as to preserve the seat tightness of
the valve.
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Fig. 328.5.2A Fillet Weld Size

Surface of perpendicular member

Convex fillet weld  Size of Concave
. Id i
Size of Surface of wel fillet weld
weld horizontal member

Theoretical throat

Surface of perpendicular member

Convex fillet weld Concave

Surface of fillet weld

horizontal member

Theoretical throat

—Equal Ceg Fillet Weld

GENERAL NPTE: The size of an equal leg fillet weld is the leg
length of tHe largest inscribed isosceles right triangle (theoretical
throat = 0707 x size).

Fig. 328.5.2B Typical Details for Double-Welded Slip-On and Socket Welding-Flange Attachment Weld

Unequal Leg Fillet Weld

GENERAL NOTE: The size of unequal leg fillet weld\is the |eg
lengths of the largest right triangle which can_be (inscribed
within the weld cross section [e.g., 13 mm X ‘19 mm (Y%l[in.

x %, in)l.

n

7z 77 772) Vi
X .
—-l min. -b‘ *min —-1 Xmin. —ﬂ-Dxmiw.
Xmin. Xmin. Xmin. Xmi{n.
\/ 1.5 mm (V46lin.)
~—_ — approx. gap
The lesser of T or 6 mm (1 in.) before welding
(1) Fronf and Back Welds (2) Face and Back-Welds (3) Socket Welding Flang¢

328.5.2 Fillet and Socket Welds. Fillet welds
(including socket welds) may vary from convex to con-
cave. Thq size of a fillet weld. is determined as shown
in Fig. 328.5.2A.

(a) Typical weld details)for'slip-on and socket welding
flanges afe shown in(Fig: 328.5.2B; minimum welding
dimensiops for otherssocket welding components are

- shown in| Fig. 32862C or MSS SP-119.
< (b) If slip-on flanges are single welded, the weld shall
' be at the |hub.

X.... = the lesser of 14T or the thickness of the hub

(b) Figure 328.5.4D shows basic types of weld aftach-
ments used in the fabrication of branch connectiong. The
location and minimum size of attachment welds|shall
conform to the requirements herein. Welds shall be cal-
culated in accordance with para. 304.3.3, but shall be
not less than the sizes shown in Fig. 328.5.4D.

(c) The nomenclature and symbols used hereif and
in Fig. 328.5.4D are

T, = nominal thickness of branch

T, = nominal thickness of header

- 328.5.3 Seal Welds. Seal welding shall be done by
- a qualified welder. Seal welds shall cover all exposed
- threads.

328.5.4 Welded Branch Connections

(a) Figures 328.5.4A through 328.5.4E show accept-
able details of branch connections with and without
added reinforcement, in which the branch pipe is con-
nected directly to the run pipe. The illustrations are
typical and are not intended to exclude acceptable types
of construction not shown.
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= Tomimal thickness of Teinforcing pad orsaddle
t. = lesser of 0.7T, or 6 mm (% in.)
tmin = lesser of T, or T,

(d) Branch connections, including branch connection
fittings (see paras. 300.2 and 304.3.2), which abut the
outside of the run or which are inserted in an opening
in the run shall be attached by fully penetrated groove
welds. The welds shall be finished with cover fillet welds
having a throat dimension not less than f,. See
Fig. 328.5.4D sketches (1) and (2).

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

Fig. 328.5.2C Minimum Welding Dimensions for Socket Welding Components Other Than Flanges

t = pressure design thickness
(see para. 304.1)

E 1.5 mm (Y46 in.)

=—t—____3DDIOX, gap
Cx (min.) =1Ys¢ but not } before welding
less than 3 mm (Vg in.)

Figs. 328.5.4A, B, C Typical Welded Branch Connections

(a) Without Added (b) With Added (c) Angular Branch Without
Reinforcement Reinforcement Added Reinforcement

Fig. 328.5.4D

Acceptable Details for Branch Attachment Welds

%
/
/
&
s,
JS NN\

N\

A\

NN

N

057,
(1) (2) (3)
7—b L/ ‘ﬁi T
7, ‘.
- %
477 |
PN\ 7

(4) (5)

GENERAL NOTE:

These sketches show minimum acceptable welds. Welds may be larger than those shown here.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

Fig. 328.5.4E Acceptable Details for Branch Attachment Suitable for 100% Radiography

(1) Contour Outlet Fitting

4
T

T,>T I%

0.7 (T—c¢)

~

_!___
0.7 (’;—Zc

~

- GENERAL N
- B16.5 may

o

/]

1, M

(a)

7

(b)

DTE:

S (e) A
* the brand
g (1) 4
© cover fillg
t., or

(2) 4
than 0.7t

pinforcing pad or saddle shall be attached-to
h pipe by either

fully penetrated groove weld finished with a
t weld having a throat dimensioninot less than

fillet weld having a throat(dimension not less
in.- See Fig. 328.5.4D sketch (5)

(f) Theouter edge of a reinforcing pad or saddle shall
be attached to the run pipe‘by a fillet weld having a
throat difnension not less than 0.5T,. See Fig. 328.5.4D
sketches [3), (4), and (5),

(g) Reinforcing pads’and saddles shall have a good
fit with the partS¢to’ which they are attached. A vent
hole shal] be ptevided at the side (not at the crotch) of
any pad g¢r saddle to reveal leakage in the weld between
branch ahdtrun and to allow venting during welding

Fig. 328.5.5 Typical Fabricated Laps

N

vear

Laps shall be machined (front and back) or trued after welding. Plate flanges per para. 304.5 or lap joint flanges pe
be used. Welds may be machined to radius, as in sketch () if necessary to match ASME B16.5 lap joint flanges.

(2) Extruded Header Outlet

To>T j

ASME

328.5.6 Welding for Severe Cyclic Conditiong. A
welding procedure shall be employed which provides
a smooth, regular, fully penetrated inner surface.

328.6 Weld Repair

A weld defect to be repaired shall be remov
sound metal. Repair welds shall be made using a
ing procedure qualified in accordance with para. 32
recognizing that the cavity to be repaired may dif
contour and dimensions from the original joint. R
welds shall be made by welders or welding ope1
qualified in accordance with para. 328.2.1. Prehe
and heat treatment shall be as required for the or
welding. See also para. 341.3.3.

bd to
weld-
8.2.1,
fer in
epair
ators
ating
ginal

and heat treatment. A pad or saddle may be made in
more than one piece if joints between pieces have
strength equivalent to pad or saddle parent metal, and
if each piece has a vent hole.

(h) Examination and any necessary repairs of the
completed weld between branch and run shall be made
before adding a pad or saddle.

328.5.5 Fabricated Laps. Figure 328.5.5 shows typi-
cal fabricated laps. Fabrication shall be in accordance
with the applicable requirements of para. 328.5.4.
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330 PREHEATING
330.1 General

Preheating is used, along with heat treatment, to mini-
mize the detrimental effects of high temperature and
severe thermal gradients inherent in welding. The neces-
sity for preheating and the temperature to be used shall
be specified in the engineering design and demonstrated
by procedure qualification. The requirements and rec-
ommendations herein apply to all types of welding
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including tack welds, repair welds, and seal welds of
threaded joints.

330.1.1 Requirements and Recommendations.
Required and recommended minimum preheat temper-
atures for materials of various P-Numbers are given in
Table 330.1.1. If the ambient temperature is below 0°C
(32°F), the recommendations in Table 330.1.1 become
requirements. The thickness intended in Table 330.1.1 is
that of the thicker component measured at the joint.

(b) Heat treatment to be used after production weld-
ing shall be specified in the WPS and shall be used in
qualifying the welding procedure.

(c) The engineering design shall specify the examina-
tion and/or other production quality control (not less
than the requirements of this Code) to ensure that the
final welds are of adequate quality.

(d) Heat treatment for bending and forming shall be
in accordance with para. 332.4.

330.1.2 Unlisted Materials. Preheat requirements
for an unlisted material shall be specified in the WPS.

330.1.3 Temperature Verification

(a)| Preheat temperature shall be checked by use of
temperature indicating crayons, thermocouple pyrome-
ters, pr other suitable means to ensure that the tempera-
ture [specified in the WPS is obtained prior to and
maintained during welding.

(b)) Thermocouples may be temporarily attached
direcfly to pressure containing parts using the capacitor
discarge method of welding without welding proce-
dureand performance qualifications. After thermocou-
ples are removed, the areas shall be visually examined
for eyidence of defects to be repaired.

330.1.4 Preheat Zone. The preheat zone shall
exterld at least 25 mm (1 in.) beyond each edge of the
weld

330.2 Specific Requirements

330.2.3 Dissimilar Materials. When materials hav-
ing different preheat requirements are welded together,
it is fecommended that the higher temperature shown
in Taple 330.1.1 be used.

330.2.4 Interrupted Welding: \If welding is inter-
ruptdd, the rate of cooling shall'be controlled or other
mear)s shall be used to prevent detrimental effects in
the giping. The preheat(spetified in the WPS shall be
applied before welding\is resumed.

331

Heat treatment is used to avert or relieve the detrimen-
tal effects’of high temperature and severe temperature
gradients inh i i relieve residual
stresses created by bending and forming. Provisions in
para. 331 are basic practices which are suitable for most
welding, bending, and forming operations, but not nec-
essarily appropriate for all service conditions.

HEAT TREATMENT

331.1 General

331.1.1 Heat Treatment Requirements

(a) Heat treatment shall be in accordance with the
material groupings and thickness ranges in Table 331.1.1
except as provided in paras. 331.2.1 and 331.2.2.
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(e) See Table 302.3.5Tor special heat treatmeit require-
ments for longitudinal or spiral welds\in'|Elevated
Temperature Fluid Service.

331.1.3 Governing Thickness. ‘ When components
are joined by welding, the thickness to b¢ used in
applying the heat treatment provisions of Tahle 331.1.1
shall be that of the thicker’eomponent measufed at the
joint, except as follows:

(a) In the case of brfanch connections, metal (other
than weld metal)cadded as reinforcement, whether an
integral part of abranch fitting or attached as g reinforc-
ing pad or saddle, shall not be considered in detfermining
heat treatment requirements. Heat treatment igrequired,
however, when the thickness through the wqld in any
planethrough the branch is greater than twice| the mini-
mum material thickness requiring heat treatment, even
though the thickness of the components at the joint is
less than the minimum thickness. Thickness though the
weld for the details shown in Fig. 328.5.4} shall be
computed using the following formulas:

sketch (1) = T, + ¢,
sketch (2) = T, + £
sketch (3) = greater of Ty+t.orT,+t
sketch (4) = T), + T, + L.
sketch (5) = T, + t.

(b) In the case of fillet welds at slip-on ahd socket
welding flanges and piping connections DN 50 (NPS 2)
and smaller, for seal welding of threaded jointdin piping
DN 50 and smaller, and for attachment of extgrnal non-
pressure parts such as lugs or other pipe s@ipporting
elements in all pipe sizes, heat treatment if required
T I 7 plane is
more than twice the minimum material thickness requir-
ing heat treatment (even though the thickness of the
components at the joint is less than that minimum thick-
ness) except as follows:

(1) not required for P-No. 1 materials when weld
throat thickness is 16 mm (% in.) or less, regardless of
base metal thickness.

(2) not required for P-No. 3, 4, 5, or 10A materials
when weld throat thickness is 13 mm (% in.) or less,
regardless of base metal thickness, provided that not
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Table 330.1.1 Preheat Temperatures

Base

Specified Min.

Metal Weld Metal i

P-No. or Analysis Nominal Wall Tensile Strength, Min. Temperature

S-N'o. A-No. Thickness Base Metal Required Recommended

[Note (1)] [Note (2)] Base Metal Group mm in. MPa ksi °C °F °C °F

1 1 Carbon steel <25 <1 < 490 <71 e ce 10 50
> 25 >1 All All 79 175
All All > 490 >71 e e 79 175

3 2,11 Alloy steels, <13 <Y < 490 <71 . ... 10 50

Cr< %% >13 A All All ... . 79 175

All All > 490 >71 ce. . 79 175

4 3 Alloy steels, All All All All 149 300

Yo% < Cr < 2%
5A, 5B, 4,5 Alloy steels, All All All All 177 350
5C 2Y% < Cr< 10%
6 6 High alloy steels All All All All X.~ ... 149*  |300*
martensitic
7 7 High alloy steels All All All All - e 10 50
ferritic
8 8,9 High alloy steels All All All All o S 10 50
austenitic

9A, 9B 10 Nickel alloy steels All All All All . ce 93 200

10 Ce Cr—Cu steel All All All All 149-204 300-400

10l - 27Cr steel All All All All 1493 300°

11ASG1 | ... 8Ni, 9Ni steel All All All All Ce Ce 10 50

11ASG2 | ... 5Ni steel All All All All 10 50

21-52 ... - All All All All . . 10 50

NOTES:

(1) P-NumBer or S-Number from BPV_Code, Section IX, QW/QB-422.

(2) A-Numlper from Section IX~QW-442.

(3) Maintain interpass temperature between 177°C-232°C (350°F-450°F).

(4) Maximym interpass_temperature 316°C (600°F).
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less than the recommended preheat is applied, and the
specified minimum tensile strength of the base metal is
less than 490 MPa (71 ksi).

(3) not required for ferritic materials when welds
are made with filler metal which does not air harden.
Austenitic welding materials may be used for welds to
ferritic materials when the effects of service conditions,
such as differential thermal expansion due to elevated
temperature, or corrosion, will not adversely affect the

modification to suit service conditions in some cases.
In such cases, the designer may specify more stringent
requirements in the engineering design, including heat
treatment and hardness limitations for lesser thickness,
or may specify less stringent heat treatment and hard-
ness requirements, including none.

When provisions less stringent than those in para.
331 are specified, the designer must demonstrate to the
owner’s satisfaction the adequacy of those provisions

weldpernt:

331.1.4 Heating and Cooling. The heating method
shalljprovide the required metal temperature, metal tem-
perafure uniformity, and temperature control, and may
include an enclosed furnace, local flame heating, electric
resistance, electric induction, or exothermic chemical
reactjon. The cooling method shall provide the required
or dgsired cooling rate and may include cooling in a
furndce, in air, by application of local heat or insulation,
or by other suitable means.

3B1.1.6 Temperature Verification. Heat treatment
temperature shall be checked by thermocouple pyrome-
ters ¢r other suitable methods to ensure that the WPS
requirements are met. See para. 330.1.3(b) for attachment

by u_uupdldble SETVICE cxpelieuge, COITSTdeTiT g service
temperature and its effects, frequency anddntensity of
thermal cycling, flexibility stress levels, ‘prolability of
brittle failure, and other pertinent factors. In|addition,
appropriate tests shall be conducted, including WPS
qualification tests.

331.2.3 Dissimilar Materials
(a) Heat treatment of welded joints between dissimi-
lar ferritic metals or between ferritic metals yising dis-
similar ferritic filler\metal shall be at the higher of the
temperature ranges in Table 331.1.1 for the materials in
the joint.
(b) Heat treatment of welded joints includling both
ferritic and austenitic components and filler mgtals shall
be as required for the ferritic material or materials unless

x(j\fetllgl :Irlr;locouples by the capacitor discharge method of = 1y 0 e specified in the engineering design.

) 331.2.4 Delayed Heat Treatment. If a weldment is
. 331.1.7 Hardness Tests. Hardness tests Of Produc— allowed to cool prior to heat treatment, the rate of cool-
tion welds and of hot bent and hot formed piping aré

intenjded to verify satisfactory heat treatment. The hatd-

ing shall be controlled or other means shall Be used to
prevent detrimental effects in the piping.

ness [limit applies to the weld and to the heat affeected . o

zone|(HAZ) tested as close as practicable to the'edge of 331.2.5 Partial Heat Treatment. When an ¢ntire pip-

the weld. ing assembly to be heat treated cannot be fitted into the
(a)] Where a hardness limit is specified in Table 331.1.1, furnace, it is permissible to heat treat in morg than one

at least 10% of welds, hot bends, and hogformed compo-
nenty in each furnace heat treated batch and 100% of
thosq locally heat treated shall be tested.

(b)) When dissimilar metals are joined by welding,
the Hardness limits specified)for the base and welding
matefials in Table 331.1¢I\shall be met for each material.

331.

Wihere warranted by experience or knowledge of ser-
vice fonditiens; alternative methods of heat treatment
or exceptions to the basic heat treatment provisions of
para38}.t'may be adopted as provided in paras. 331.2.1

P Specific Requirements

heat, provided there is at least 300 mm (1 f
between successive heats, and that parts of the
outside the furnace are protected from harmful
ture gradients.

331.2.6 Local Heat Treatment. When heat ftfreatment
is applied locally, a circumferential band of the run pipe,
and of the branch where applicable, shall be heated until
the specified temperature range exists over the entire
pipe section(s), gradually diminishing beyor|{d a band
which includes the weldment or the bent dr formed
section and at least 25 mm (1 in.) beyond [the ends
thereof.

) overlap
assembly
tempera-

and 331:2:2;

331.2.1 Alternative Heat Treatment. Normalizing,
or normalizing and tempering, or annealing may be
applied in lieu of the required heat treatment after weld-
ing, bending, or forming, provided that the mechanical
properties of any affected weld and base metal meet
specification requirements after such treatment and that
the substitution is approved by the designer.

331.2.2 Exceptions to Basic Requirements. As indi-
cated in para. 331, the basic practices therein may require

332 BENDING AND FORMING
332.1 General

Pipe may be bent and components may be formed by
any hot or cold method which is suitable for the material,
the fluid service, and the severity of the bending or
forming process. The finished surface shall be free of
cracks and substantially free from buckling. Thickness
after bending or forming shall be not less than that
required by the design.
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332.2 Bending

332.2.1 Bend Flattening. Flattening of a bend, the
difference between maximum and minimum diameters
at any cross section, shall not exceed 8% of nominal
outside diameter for internal pressure and 3% for exter-
nal pressure. Removal of metal shall not be used to
achieve these requirements.

332.2.2 Bending Temperature

be in accordance with the requirements of the BPV Code,
Section IX, Part QB. For Category D Fluid Service at
design temperature not over 93°C (200°F), such qualifi-
cation is at the owner’s option.

333.2 Brazing and Soldering Materials

333.2.1 Filler Metal. The brazing alloy or solder
shall melt and flow freely within the specified or desired
temperature range and, in conjunction with a suitable

(a) Cold beudiug of ferriticmateriats sthattbedormeat
a temperpture below the transformation range.

(b) Hot bending shall be done at a temperature above
the transformation range and in any case within a tem-
perature|range consistent with the material and the
intended |service.

332.2{3 Corrugated and Other Bends. Dimensions
and configuration shall conform to the design qualified
in accordance with para. 306.2.2.

332.3 Fdrming

The tethperature range for forming shall be consistent
with material, intended service, and specified heat
treatment.

332.4 Required Heat Treatment

Heat trpatment shall be performed in accordance with
para. 331}1.1 when required by the following.

332.4J1 Hot Bending and Forming. After hot bend-
ing and forming, heat treatment is required for P-Nos:
3,4,5,6, and 10A materials in all thicknesses. Durations
and temperatures shall be in accordance with pard. 331.

332.4.p ColdBendingand Forming. After cold bend-
ing and f¢rming, heat treatment is requiredi(for all thick-
nesses, and with temperature and duration as given in
Table 331]1.1) when any of the followihg conditions exist:

(a) for|P-Nos. 1 through 6 mateTials, where the maxi-
mum calqulated fiber elongation after bending or form-
ing exceefls 50% of specified basic minimum elongation
(in the difrection of severeSt-forming) for the applicable
specification, grade, and thickness. This requirement
may be yaived if itiean be demonstrated that the
selection jof pipe @ngd the choice of bending or forming
process provideassurance that, in the finished condition,
the most| severely strained material retains at least
10% elongation

tlux or controlled atmosphere, shall wet and adhe¢re to
the surfaces to be joined.

333.2.2 Flux. A flux that is fluid arid chemjcally
active at brazing or soldering temperature shall bejused
when necessary to eliminate oxidatien ef the filler netal
and the surfaces to be joined, and tg-promote freq flow
of brazing alloy or solder.

333.3 Preparation

333.3.1 Surface Preparation. The surfaces [to be
brazed or soldered shall be clean and free from grease,
oxides, paint, scale, and dirt of any kind. A sujtable
chemical or migchanical cleaning method shall be|used
if necessary.to provide a clean wettable surface.

333.3.2 Joint Clearance. The clearance between sur-
faceso be joined by soldering or brazing shall be no
larger than necessary to allow complete capillary dlistri-
brition of the filler metal.

333.4 Requirements

333.4.1 Soldering Procedure. Solderers shall fpllow
the procedure in the Copper Tube Handbook df the
Copper Development Association.

333.4.2 Heating. To minimize oxidation, the joint
shall be brought to brazing or soldering temperatire in
as short a time as possible without localized undetheat-
ing or overheating.

333.4.3 Flux Removal.
removed if detrimental.

Residual flux shdll be

335 ASSEMBLY AND ERECTION

335.1 Alignment
(a) Piping Distortions. Any distortion of pipihg to

(b) for any material requiring impact testing, where
the maximum calculated fiber elongation after bending
or forming will exceed 5%.

(c) when specified in the engineering design.

333 BRAZING AND SOLDERING
333.1 Qualification

333.1.1 Brazing Qualification. The qualification of
brazing procedures, brazers, and brazing operators shall
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bring it intoatignmrentfor jointassembly which intro-
duces a detrimental strain in equipment or piping com-
ponents is prohibited.

(b) Cold Spring. Before assembling any joints to be
cold sprung, guides, supports, and anchors shall be
examined for errors which might interfere with desired
movement or lead to undesired movement. The gap or
overlap of piping prior to assembly shall be checked
against the drawing and corrected if necessary. Heating
shall not be used to help in closing the gap because it
defeats the purpose of cold springing.
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Fig. 335.3.3 Typical Threaded Joints Using Straight Threads

(a)

(c)| Flanged Joints. Before bolting up, flange faces shall
be aljgned to the design plane within 1 mm in 200 mm
(1/16 ih./ft) measured across any diameter; flange bolt
holed shall be aligned within 3 mm (% in.) maximum
offsef.

335.2 Flanged Joints

335.2.1 Preparation for Assembly. Any damage to
the gasket seating surface which would prevent gasket
seating shall be repaired, or the flange shall be replaced.

335.2.2 Bolting Torque
(a)] In assembling flanged joints, the gaskef shall be
unifgrmly compressed to the proper design,loading.
(b)| Special care shall be used in assembling flanged
joints in which the flanges haveswidely differing
mechanical properties. Tightening.t6 a predetermined
torqye is recommended.

335.2.3 Bolt Length. ( Bolts should extend com-
pletely through their nuits.) Any which fail to do so are
consildered acceptablytengaged if the lack of complete
engagement is not-more than one thread.

335.2.4 Gaskets. No more than one gasket shall be
used |pbetweéeneontact faces in assembling a flanged joint.

335.3 <Threaded Joints

N q
\ \ W
N J N
Gasket \ 1 ! \
asKe h
& AL
N
/,§ ?\;‘!
ANNNNN N N ]f
\
\

Threads are ASME B1.1 straight threads.

{c)

335.3.3 Straight Threaded Joints. Typilcal joints
using straight threads, with sealing at a surface other
than the thr€ads, are shown in Fig. 335.3.3 sketches (a),
(b), and (¢). Care shall be taken to avoid distprting the
seat when incorporating such joints into piping assem-
blies'by welding, brazing, or bonding.

335.4 Tubing Joints

335.4.1 Flared Tubing Joints. The sealing surface
of the flare shall be examined for imperfectiqns before
assembly and any flare having imperfection$ shall be
rejected.

335.4.2 Flareless and Compression Tubing Joints.
Where the manufacturer’s instructions call fdr a speci-
fied number of turns of the nut, these shall b¢ counted
from the point at which the nut becomes finger tight.

335.5 Caulked Joints

Caulked joints shall be installed and assgmbled in
accordance with the manufacturer’s instru¢tions, as
modified by the engineering design. Care shal| be taken
to ensure adequate engagement of joint mempers.

335.6 Expanded Joints and Special Joints

335.6.1 General. Expanded joints and spdcial joints
(as defined in para. 318) shall be installed and gssembled
in accordance with the manufacturer’s instructions, as
modified by the engineering design. Care shall be taken

335.3.1 Thread Compound or Lubricant. Any com-
pound or lubricant used on threads shall be suitable for
the service conditions and shall not react unfavorably
with either the service fluid or the piping material.

335.3.2 Joints for Seal Welding. A threaded joint
to be seal welded shall be made up without thread com-
pound. A joint containing thread compound which leaks
during leak testing may be seal welded in accordance
with para. 328.5.3, provided all compound is removed
from exposed threads.

to ensure adequate engagement of joint members.

335.6.2 Packed Joints. Where a packed joint is used
to absorb thermal expansion, proper clearance shall be
provided at the bottom of the socket to permit this
movement.

335.9 Cleaning of Piping

See Appendix F, para. F335.9.
335.10 Identification of Piping

See Appendix F, para. F335.10.
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Chapter VI
Inspection, Examination, and Testing

340 INSPECTION

(¢) In delegating performance of inspection, the own-

340.1 Glneral

This Code distinguishes between examination (see
para. 341) and inspection. Inspection applies to functions
perform¢d for the owner by the owner’s Inspector
or the Inspector’s delegates. References in this Code
to the “Inspector” are to the owner’s Inspector or the
Inspector|'s delegates.

340.2 Responsibility for Inspection

It is th¢ owner’s responsibility, exercised through the
owner’s Inspector, to verify that all required examina-
tions and testing have been completed and to inspect
~ the piping to the extent necessary to be satisfied that it
- conforms] to all applicable examination requirements of
" the Code[and of the engineering design.

340.3 Rights of the Owner’s Inspector

The owner’s Inspector and the Inspector’s delegates
 shall have access to any place where work concerned

er’s Inspector is responsible for determining that 3 per-
son to whom an inspection function is delegated is
qualified to perform that function.

341 EXAMINATION
341.1 General

Examination applies to quality, control functions per-
formed by the manufactufes (for components g¢nly),
fabricator, or erector. Reference in this Code to an gxam-
iner is to a person Wwho performs quality coptrol
examinations.

341.2 Responsibility for Examination

Inspection, doees not relieve the manufacturer, the
ricator, orsthe erector of the responsibility for

(a) providing materials, components, and workman-
shipcin*accordance with the requirements of this [Code
and of the engineering design [see para. 300(b)(3

(b) performing all required examinations

(c) preparing suitable records of examinations
tests for the Inspector’s use

fab-

—

and

with the|piping installation is being performed. ‘This

includes| manufacture, fabrication, heat treatment, 341.3 Examination Requirements

assembly] erection, examination, and testing of.the pip- 341.3.1 General. Prior to initial operation eacl pip-
ing. They shall have the I‘ight to audit any examination, 1ng installation, includjng components and Wor%“an-
to inspedt the piping using any examination method ship, shall be examined in accordance with the

specified |by the engineering design; and to review all
certifications and records necessary, to satisfy the own-
er’s respqnsibility stated in para:340.2.

340.4 Qualifications of the.Owner’s Inspector

(1) Th¢ owner’s Inspector shall be designated by the
owner and shall be the.owner, an employee of the owner,
an emplojyee of anéngineering or scientific organization,
or of a cognized insurance or inspection company
acting as fthe,owner’s agent The owner’s Inspector shall
not representr a e g
turer, fabricator, or erector unless the owner is also the
manufacturer, fabricator, or erector.

(b) The owner’s Inspector shall have not less than 10 y
experience in the design, fabrication, or inspection of
industrial pressure piping. Each 20% of satisfactorily
completed work toward an engineering degree recog-
nized by the Accreditation Board for Engineering and
Technology (Three Park Avenue, New York, NY 10016)
shall be considered equivalent to 1 y of experience, up
to 5y total.

72

applicable requirements of para. 341. The typ¢ and
extent of any additional examination required bfy the
engineering design, and the acceptance criteria fto be
applied, shall be specified. Joints not included in exami-
nations required by para. 341.4 or by the engindering
design are accepted if they pass the leak test required
by para. 345.

(a) For P-Nos. 3, 4, and 5 materials, examination
be performed after completion of any heat treatmjent.
(b) For a welded branch connection the examirjation
aining
weld shall be Completed before any reinforcing pad or
saddle is added.

341.3.2 Acceptance Criteria. Acceptance criteria
shall be as stated in the engineering design and shall at
least meet the applicable requirements stated below, in
para. 344.6.2 for ultrasonic examination of welds, and
elsewhere in the Code.

(a) Table 341.3.2 states acceptance criteria (limits on
imperfections) for welds. See Fig. 341.3.2 for typical weld
imperfections.
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Fig. 341.3.2 Typical Weld Imperfections

NS AN

ck of fusion between weld bead and base metal

(a) Side Wall Lack of Fusion
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Incomplete filling at root on one side only

-

(c) Incomplete Penetration due to Internal
Misalignment

\\ U

Root bead fused to both inside“surfaces but
center of root slightly below inside
surface of pipe (not/incomplete penetration)

|
AW

(e) Concave Root ‘Surface (Suck-Up)

D N N N\ 0 N A N

(b) Lack of Fusion Between
Adjacent Passes

NN

Incomplete filling at root

(d) Incomplete Penetration
of Weld Groove

External undercu

/

Internal undercut

(f) Undercut

(g) Excess E xternal Reinforcement
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(b) Acceptance criteria for castings are specified in
para. 302.3.3.

341.3.3 Defective Components and Workmanship.
An examined item with one or more defects (imperfec-
tions of a type or magnitude exceeding the acceptance
criteria of this Code) shall be repaired or replaced; and
the new work shall be reexamined by the same methods,
to the same extent, and by the same acceptance criteria
as required for the original work

(a) Visual Examination. At least the following shall be
examined in accordance with para. 344.2:

(1) sufficient materials and components, selected at
random, to satisfy the examiner that they conform to
specifications and are free from defects.

(2) atleast 5% of fabrication. For welds, each weld-
er’s and welding operator’s work shall be represented.

(3) 100% of fabrication for longitudinal welds,
except those in components made in accordance with a

341.3.4 Progressive Sampling for Examination.
When required spot or random examination reveals a
defedt, then

(a)] two additional samples of the same kind (if
welded or bonded joints, by the same welder, bonder,
or opferator) shall be given the same type of examination

(b)|if the items examined as required by (a) above
are acceptable, the defective item shall be repaired or
replaced and reexamined as specified in para. 341.3.3,
and all items represented by these two additional sam-
ples thall be accepted, but

(c)|if any of the items examined as required by (a)
abovg reveals a defect, two further samples of the same
kind [shall be examined for each defective item found
by that sampling

(d)] if all the items examined as required by (c) above
are agceptable, the defective item(s) shall be repaired or
replaced and reexamined as specified in para. 341.33]
and gall items represented by the additional sampling
shall|be accepted, but

(e)|if any of the items examined as required by (c)
abovg reveals a defect, all items represented by the pro-
gresdive sampling shall be either
1) repaired or replaced and.reexamined as
required, or
2) fully examined and repaired or replaced as nec-
essarfy, and reexamined as necessary to meet the require-
mentp of this Code

Tisted specification. See para 341.5.1(a) for exgmination
of longitudinal welds required to have a joint|factor, Ej;,
of 0.90.

(4) random examination ofythé€ ass¢mbly of
threaded, bolted, and other joints to satisfy thelexaminer
that they conform to the applicable requiremenits of para.
335. When pneumatic testing/is to be perfdrmed, all
threaded, bolted, and othet/mechanical jointp shall be
examined.

(5) random exainination during erection
including checking of alignment, supports,
spring.

(6) examination of erected piping for eviidence of
defects that would require repair or replacement, and
for otherevident deviations from the intent of the design.

(b) “Other Examination

(1) Not less than 5% of circumferential|butt and
miter groove welds shall be examined fully by random
radiography in accordance with para. 344.5 gr by ran-
dom ultrasonic examination in accordance With para.
344.6. The welds to be examined shall be s¢lected to
ensure that the work product of each welder of welding
operator doing the production welding is inclufled. They
shall also be selected to maximize coverage of intersec-
tions with longitudinal joints. When a circuinferential
weld with an intersecting longitudinal weld(s) is exam-
ined, at least the adjacent 38 mm 1% in.) of each inter-
secting weld shall be examined. In-process exdgmination
in accordance with para. 344.7 may be substjtuted for
all or part of the radiographic or ultrasonic exdmination

bf piping,
and cold

©8)  (f) If any of the defective items are repaired or  on a weld-for-weld basis if specified in the enfgineering
replaced, reexaminéd-and a defect is again detected in  design or specifically authorized by the Inspéctor.
the gepaired or.replaced item, continued progressive (2) Not less than 5% of all brazed joint} shall be
sampling inaccordance with (a), (c), and (e) is not  examined by in-process examination in accordance with
required based’on the defects found in the repair. The  para. 344.7, the joints to be examined being splected to
defeqtive.item(s) shall be repaired or replaced and reex-  gnsure that the work of each brazer making the produc-
amined(tintil acceptance as specified in para. 341.3.3.  tion joints is included.
Spot or random examination (whichever is applicable) (c) Certifications and Records. The examiner shall be
is then performed on the remaining unexamined joints. assured, by examination of certifications, records, and
other evidence, that the materials and components are of
341.4 Extent of Required Examination the specified grades and that they have received required
08) 341.4.1 Examination — Normal Fluid Service. Piping heat treatment, examination, and testing. The examiner

in Normal Fluid Service shall be examined to the extent
specified herein or to any greater extent specified in the
engineering design. Acceptance criteria are as stated in
para. 341.3.2 and in Table 341.3.2, for Normal Fluid
Service unless otherwise specified.

77

shall provide the Inspector with a certification that all
the quality control requirements of the Code and of the
engineering design have been carried out.

341.4.2 Examination — Category D Fluid Service.
Piping and piping elements for Category D Fluid Service
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as designated in the engineering design shall be visually
examined in accordance with para. 344.2 to the extent
necessary to satisfy the examiner that components,
materials, and workmanship conform to the require-
ments of this Code and the engineering design. Accept-
ance criteria are as stated in para. 341.3.2 and in
Table 341.3.2, for Category D fluid service, unless other-
wise specified.

341.4.3 Examination — Cyclic Conditions.

(1) All fabrication shall be examined.

(2) All threaded, bolted, and other joints shall be
examined.

(3) All piping erection shall be examined to verify
dimensions and alignment. Supports, guides, and points
of cold spring shall be checked to ensure that movement
of the piping under all conditions of startup, operation,
and shutdown will be accommodated without undue
binding or unanticipated constraint.

Piping tq be used under severe cyclic conditions shall
be examined to the extent specified herein or to any
greater gxtent specified in the engineering design.
Acceptanice criteria are as stated in para. 341.3.2 and in

(b) Aaditional Examination. The examination xequire-
ments of para. 341.4.1(b) apply with the following-excep-
tions:

(1) Fabrication for longitudinal welds”in P-No. 4

Table 341]3.2, for severe cyclic conditions, unless other- and P-No. 5 materials, except those in components made
wise spedified. in accordance with a listed specifijeation, shall be gxam-

(a) Vispal Examination. The requirements of para. ined by 100% radiography inv aceordance with para.
341.4.1(a) apply with the following exceptions: 344.5, or by 100% ultrasonic éxarhination in accordlance

(1) All fabrication shall be examined.

(2) All threaded, bolted, and other joints shall be
examined.

(3) All piping erection shall be examined to verify
dimensiops and alignment. Supports, guides, and points
of cold sgring shall be checked to ensure that movement
of the piging under all conditions of startup, operation,
and shutflown will be accommodated without undue
binding ¢r unanticipated constraint.

(b) Other Examination. All circumferential butt and
miter gropve welds and all fabricated branch connection
welds comparable to those shown in Fig. 328.5.4E shall
be examiphed by 100% radiography in accordance with
para. 3445, or (if specified in the engineering design)
by 100% wltrasonic examination in accordance with para.
344.6. Sodket welds and branch connection welds which
are not rpdiographed shall be examined-by magnetic
particle o liquid penetrant methods in\accordance with
para. 344|3 or 344.4.

(c) In-process examination in-accordance with para.
344.7, supplemented by appropriate nondestructive
examinatjon, may be substitirted for the examination
required |n (b) above ora-weld-for-weld basis if speci-
fied in the engineering design or specifically authorized
by the Inspector.

(d) Ceftificationvand Records. The requirements of
para. 341}4.1(c)apply.

341.44—Examinatior V8 att Hid
Service. Elevated temperature piping with a design
temperature greater than or equal to T, as defined in
Table 302.3.5, General Note (b), shall be examined to the
extent specified herein or to any greater extent specified
in the engineering design. Acceptance criteria are as
stated in para. 341.3.2 and in Table 341.3.2, for Normal
Fluid Service, unless the requirements for severe cyclic
conditions apply or otherwise specified.
(a) Visual Examination. The requirements of para.
341.4.1(a) apply with the following exceptions:

with para. 344.6.
(2) Socket welds and branch connection welds in
P-No. 4 and P-No. 5 materials that are not radiogrgphed
or ultrasonically éxamined shall be examined by jmag-
netic particle orliquid penetrant methods in accordlance
with para. 344(3 or 344.4.
(c) Additional Examination Required for Autoggnous
Welds, Without Filler Metal, in Austenitic Stainless| Steel
and Austenitic High Nickel Alloys. Autogenously welded
pipe shall receive nondestructive electric examirfation
in accordance with the material specification. Aytoge-
nously welded expansion joint bellows shall be gxam-
ined in accordance with para. X302.2.2(c).
(d) Certification and Records. The requirements of
para. 341.4.1(c) apply.

341.5 Supplementary Examination

Any of the methods of examination described in|para.
344 may be specified by the engineering design td sup-
plement the examination required by para. 341.4 The
extent of supplementary examination to be performed
and any acceptance criteria that differ from thgse in
para. 341.3.2 shall be specified in the engineering d¢sign.

341.5.1 Spot Radiography

(a) Longitudinal Welds. Spot radiography for longitu-
dinal groove welds required to have a weld joint factor
E; of 0.90 requires examination by radiography in gccor-

ree-withpara—344-S-of atdeas i each
30m (100 ft) of weld for each welder or welding operator.
Acceptance criteria are those stated in Table 341.3.2 for
radiography under Normal Fluid Service.

(b) Circumferential Butt Welds and Other Welds. It is
recommended that the extent of examination be not less
than one shot on one in each 20 welds for each welder
or welding operator. Unless otherwise specified, accept-
ance criteria are as stated in Table 341.3.2 for radiogra-
phy under Normal Fluid Service for the type of joint
examined.

cra o a
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(c) Progressive Sampling for Examination. The provi-
sions of para. 341.3.4 are applicable.

(d) Welds to Be Examined. The locations of welds and
the points at which they are to be examined by spot
radiography shall be selected or approved by the
Inspector.

341.5.2 Hardness Tests. The extent of hardness test-
ing required shall be in accordance with para. 331.1.7
except as otherwise specified in the engineering design.

be specified in the engineering design in enough detail
to permit qualification of the necessary procedures and
examiners.

344.1.3 Definitions. The following terms apply to
any type of examination:

100% examination: complete examination of all of a speci-
fied kind of item in a designated lot of piping?

random_examination:> _complete examination of a per-

341.5.3 Examinations to Resolve Uncertainty. Any
method may be used to resolve doubtful indications.
Accdptance criteria shall be those for the required
exanljination.

EXAMINATION PERSONNEL

I Personnel Qualification and Certification

342
342.

Expminers shall have training and experience com-
mengurate with the needs of the specified examinations.'
The ¢mployer shall certify records of the examiners
employed, showing dates and results of personnel quali-

centage of a specified kind of item in a designated lot
of piping?
spot examination:® a specified partiallexamination of
each of a specified kind of item jin a’designafted lot of
piping,” e.g., of part of the length of all shop-fabricated
welds in a lot of jacketed piping

examina-
item in a

random spot examination\\aspecified partial
tion of a percentage (ofy'a specified kind of
designated lot of piping?

344.2 Visual(Examination

ficatibns, and shall maintain them and make them avail- 344.2<1 Definition. Visual examination if observa-
able fo the Inspector. tion of the portion of components, joints, and pther pip-

ing elements that are or can be exposed to vigw before,
342.2 Specific Requirement durihg, or after manufacture, fabrication, assembly, erec-

For in-process examination, the examinations shall be
perfdrmed by personnel other than those performing
the groduction work.

343 | EXAMINATION PROCEDURES

Arly examination shall be performed mJaccordance
with|a written procedure that conforms-to one of the
methjods specified in para. 344, including special meth-
ods (see para. 344.1.2). Procedufes-shall be written as
required in the BPV Code, Section V, Article 1, T-150.
The ¢mployer shall certify  Tecords of the examination
procg¢dures employed, sHowing dates and results of pro-
cedute qualifications, and shall maintain them and make

tion, examination, or testing. This examination includes
verification of Code and engineering desigI require-
ments for materials, components, dimensipns, joint
preparation, alignment, welding, bonding, bragzing, bolt-
ing, threading, or other joining method, qupports,
assembly, and erection.

344.2.2 Method. Visual examination shqll be per-
formed in accordance with the BPV Code, $ection V,
Article 9. Records of individual visual examinptions are
not required, except for those of in-process exgmination
as specified in para. 344.7.

344.3 Magnetic Particle Examination

them| available to the Inspector. Examination of castings is covered in parg. 302.3.3.
Magnetic particle examination of welds and ¢f compo-
nents other than castings shall be performed|in accor-

344 | TYPES OF EXAMINATION dance with BPV Code, Section V, Article 7.

344.1 General

344 -t Methods—Exceptas providedir para:
344.1.2, any examination required by this Code, by the
engineering design, or by the Inspector shall be per-
formed in accordance with one of the methods specified
herein.

344.1.2 Special Methods. If a method not specified
herein is to be used, it and its acceptance criteria shall

1 For this purpose, SNT-TC-1A, Recommended Practice for Non-
destructive Testing Personnel Qualification and Certification, may
be used as a guide.

79

2 A designated lot is that quantity of piping to be considered
in applying the requirements for examination in this Code. The
quantity or extent of a designated lot should be established by
agreement between the contracting parties before the start of work.
More than one kind of designated lot may be established for differ-
ent kinds of piping work.

3 Random or spot examination will not ensure a fabrication prod-
uct of a prescribed quality level throughout. Items not examined
in a lot of piping represented by such examination may contain
defects which further examination could disclose. Specifically, if
all radiographically disclosable weld defects must be eliminated
from a lot of piping, 100% radiographic examination must be spec-
ified.
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344.4 Liquid Penetrant Examination

Examination of castings is covered in para. 302.3.3.
Liquid penetrant examination of welds and of compo-
nents other than castings shall be performed in accor-
dance with BPV Code, Section V, Article 6.

344.5 Radiographic Examination
344.5.1 Method. Radiography of castings is cov-

(3) for sizes > DN 450, once for each welded joint

examined

(d) Each type of material and each size and wall thick-
ness shall be considered separately in applying the trans-
fer method. In addition, the transfer method shall be
used at least twice on each type of weld joint.

(e) The reference level for monitoring discontinuities
shall be modified to reflect the transfer correction when
the transfer method is used.

ered in para. 3023 3 Radiography of welds and of com-
ponents jother than castings shall be performed in
accordange with BPV Code, Section V, Article 2.

344.5]2 Extent of Radiography

(a) 1000 Radiography. This applies only to girth and
miter gropve welds and to fabricated branch connection
welds comparable to Fig. 328.5.4E, unless otherwise
specified |in the engineering design.

(b) Random Radiography. This applies only to girth
and mitef groove welds.

(c) Spot Radiography. This requires a single exposure
radiograph in accordance with para. 344.5.1 at a point
within a [specified extent of welding. For girth, miter,
and branfh groove welds the minimum requirement is

(1) fpr sizes < DN 65 (NPS 27%), a single elliptical
exposure|encompassing the entire weld circumference

(2) for sizes > DN 65, the lesser of 25% of the inside
circumfefence or 152 mm (6 in.)

For lorfgitudinal welds the minimum requirement is
152 mm ({6 in.) of weld length.

344.6 Ultrasonic Examination

344.6.1 Method. Examination of castings iscevered
in para. $02.3.3; other product forms are not ‘covered.
Ultrasonik examination of welds shall be performed in
accordange with BPV Code, Section V,(Article 4, except
that the plternative specified in (a)_and (b) below is
permitted for basic calibration blocks specified in
T-434.2.1)and T-434.3.

(a) When the basic calibration blocks have not
received |heat treatment-insaccordance with T-434.1.5,
transfer methods shallbe‘used to correlate the responses
from the|basic calibtation block and the component.
Transfer|is accemiplished by noting the difference
between [responises received from the same reference
reflector in the-basic calibration block and in the compo-

344.6.2 Acceptance Criteria. A linear-type disgonti-
nuity is unacceptable if the amplitude of the.indidation
exceeds the reference level and its length‘exceeds

(@) 6 mm (% in.) for T, < 19 mm (% fitn)

(b) T,/3 for 19 mm < T,, < 57 mm 2% in.)

(c) 19 mm for T,, > 57 mm

344.7 In-Process Examination

344.7.1 Definition. {In=process examination [com-
prises examination of‘thé following, as applicablg:
(a) joint preparation and cleanliness
(b) preheating
(c) fit-up,joint clearance, and internal alignment|prior
to joining
(d) variables specified by the joining proce
including filler material
(1) (for welding) position and electrode
(2) (for brazing) position, flux, brazing temjpera-
ture, proper wetting, and capillary action
(e) (for welding) condition of the root pass after ¢lean-
ing — external and, where accessible, internal — pided
by liquid penetrant or magnetic particle examirfation
when specified in the engineering design
(f) (for welding) slag removal and weld cond
between passes
(¢) appearance of the finished joint

Hure,

ition

344.7.2 Method. The examination is visupl, in
accordance with para. 344.2, unless additional methods
are specified in the engineering design.

345 TESTING
345.1 Required Leak Test

Prior to initial operation, and after completion ¢f the

nent and 'eerreetingfor-the-differenee:

(b) The reference reflector may be a V-notch (which
must subsequently be removed), an angle beam search
unit acting as a reflector, or any other reflector which
will aid in accomplishing the transfer.

(c) When the transfer method is chosen as an alterna-
tive, it shall be used, at the minimum

(1) for sizes < DN 50 (NPS 2), once in each 10
welded joints examined

(2) for sizes > DN 50 and < DN 450 (NPS 18), once
in each 1.5 m (5 ft) of welding examined
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Cltll)}i\.(l}.}lc C}\alllil latiUl S Lckiuilcd Ly IJCU.Cl. 341, Cdlll pip_
ing system shall be tested to ensure tightness. The test
shall be a hydrostatic leak test in accordance with para.
345.4 except as provided herein.

(a) At the owner’s option, a piping system in Cate-
gory D fluid service may be subjected to an initial service
leak test in accordance with para. 345.7, in lieu of the
hydrostatic leak test.

(b) Where the owner considers a hydrostatic leak test
impracticable, either a pneumatic test in accordance with
para. 345.5 or a combined hydrostatic-pneumatic test in
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accordance with para. 345.6 may be substituted, recog-
nizing the hazard of energy stored in compressed gas.
(c) Where the owner considers both hydrostatic and
pneumatic leak testing impracticable, the alternative
specified in para. 345.9 may be used if both of the follow-
ing conditions apply:
(1) a hydrostatic test would damage linings or
internal insulation, or contaminate a process which
would be hazardous, corrosive, or inoperative in the

(c) Closure Welds. The final weld connecting piping
systems or components which have been successfully
tested in accordance with para. 345 need not be leak
tested provided the weld is examined in-process in
accordance with para. 344.7 and passes with 100% radio-
graphic examination in accordance with para. 344.5 or
100% ultrasonic examination in accordance with
para. 344.6.

345.2.4 Externally Pressured Piping. Piping subject

presgiice of moisture, or would present the danger of
brittle fracture due to low metal temperature during
the test

2) a pneumatic test would present an undue haz-
ard df possible release of energy stored in the system,
or wpuld present the danger of brittle fracture due to
low netal temperature during the test

345,

Refjuirements in para. 345.2 apply to more than one
type of leak test.

345.2.1 Limitations on Pressure

(a)| Stress Exceeding Yield Strength. If the test pressure
would produce a nominal pressure stress or longitudinal
stresg in excess of yield strength at test temperature, the
test pressure may be reduced to the maximum pressure
that will not exceed the yield strength at test tempera-
ture. |[See paras. 302.3.2(e) and (f).]

(b)| Test Fluid Expansion. If a pressure test is to.be
maintained for a period of time and the test fluid, ifithe
system is subject to thermal expansion, precautionsshall
be taken to avoid excessive pressure.

(c)| Preliminary Pneumatic Test. A prelithinary test
using air at no more than 170 kPa (25 psi) gage pressure
may |be made prior to hydrostaticitesting to locate
majof leaks.

P General Requirements for Leak Tests

345.2.2 Other Test Requirements

(a)| Examination for Leaks:-A leak test shall be main-
tainefd for at least 10 mih, and all joints and connections
shall{be examined forleaks.

(b)| Heat Treatmént) "Leak tests shall be conducted after
any heat treatment has been completed.

(c)| Low Test Temperature. The possibility of brittle frac-
ture shall’be considered when conducting leak tests at
metall temperatures near the ductile-brittle transition

to external pressure shall be tested at an ifitgrnal gage
pressure 1.5 times the external differential\pregsure, but
not less than 105 kPa (15 psi).

345.2.5 Jacketed Piping

(a) The internal line shall be Ieak tested onf the basis
of the internal or external’design pressure, whichever
is critical. This test must be'performed before [the jacket
is completed if it is neeessary to provide vispal access
to joints of the internalline as required by parp. 345.3.1.

(b) The jacket shall be leak tested in accordance with
para. 345.1 ofivthe basis of the jacket design| pressure
unless otherwise specified in the engineering| design.

345.2:6 Repairs or Additions After Leak Tgsting. If
repairs or additions are made following the legk test, the
affécted piping shall be retested, except that for minor
repairs or additions the owner may waive retegt require-
ments when precautionary measures are taker] to assure
sound construction.

345.2.7 TestRecords. Records shall be mafle of each
piping system during the testing, including

(a) date of test

(b) identification of piping system tested

(c) test fluid

(d) test pressure

(e) certification of results by examiner

These records need not be retained after cgmpletion
of the test if a certification by the Inspector that the
piping has satisfactorily passed pressure flesting as
required by this Code is retained.

345.3 Preparation for Leak Test

345.3.1 Joints Exposed. Alljoints, welds (including
structural attachment welds to pressure-contaiping com-

temperature.

345.2.3 Special Provisions for Testing

(a) Piping Components and Subassemblies. Piping com-
ponents and subassemblies may be tested either sepa-
rately or as assembled piping.

(b) Flanged Joints. Flanged joints used to connect pip-
ing components and subassemblies that have previously
been tested, and flanged joints at which a blank or blind
is used to isolate equipment or other piping during a test,
need not be leak tested in accordance with para. 345.1.

ponents), and bonds shall be left uninsulated and
exposed for examination during leak testing, except that
joints previously tested in accordance with this Code
may be insulated or covered. All joints may be primed
and painted prior to leak testing unless a sensitive leak
test (para. 345.8) is required.

345.3.2 Temporary Supports. Piping designed for
vapor or gas shall be provided with additional tempo-
rary supports, if necessary, to support the weight of test
liquid.

L8

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

(08) 345.3.3 Piping With Expansion Joints under consideration, shall be calculated by eq. (24).
(a) Unrestrained expansion joints depend on external ~ When the piping system contains more than one mate-
main anchors to resist pressure thrust forces. Except as  rial or more than one design temperature, eq. (24) shall
limited in para. 345.3.3(c), a piping system containing  be used for every combination, excluding pipe support-
unrestrained expansion joints shall be leak tested with-  ing elements and bolting, and the maximum calculated
out any temporary restraints in accordance with  value of Py is the minimum test gage pressure.
para. 345 up to 150% of the expansion joint design pres-
sure. If the required test pressure exceeds 150% of the Pr = 15 PR, (24)
expansion joint design pressure and the main anchors
are not designed to Tesist the pressure thrust forces at where
the required test pressure, for that portion of the test P = internal design gage pressure
when the pressure exceeds 150% of the expansion joint Pr = minimum test gage pressure
design p1lessure, the expansion joint shall either be tem- R, = ratio of S¢/S for pipe or componerits without
porarily femoved or temporary restraints shall be added established ratings, but shall net exceed| 6.5
to resist the pressure thrust forces. = ratio of the component pféssure rating at the
(b) Self-restrained metallic bellows expansion joints test temperature to thecomponent pressure
(i.e., tied,|hinged, pressure balanced, etc.) have restraint rating at the compenent design tempegature
hardwarg designed to resist the pressure thrust forces. for components with established rating$, but
Except ag limited in para. 345.3.3(c), a piping system shall not exceed-65
containing self-restrained expansion joints shall be leak S = allowable stress value at component dpsign
tested in|accordance with para. 345. A self-restrained temperature(see Table A-1)
expansiop joint previously shop tested by the manufac- St = allowable'stress value at test temperatufe
turer in accordance with Appendix X may be excluded
from the pystem to be leak tested, except when a sensi- Alternatively, for carbon steel piping with a minjmum
tive leak fest in accordance with para. 345.8 is required. ~ specified\'yield strength not greater than 4P ksi
Restraintfhardware for all types of expansion joints shall ~ (290.MPa), the test pressure for the assembly of compo-
be desigmed for the pressure thrust forces at the test  nents; excluding pipe supporting elements and b¢lting
pressure. (e'g., pipe, fittings, valves, flanges), may be based jon R,
(c) When a metallic bellows expansion joint is .\“for any of the components in the assembly.
installed in the piping system subject to a leak test and (c) if the test pressure as defined above would pro-
the leak fest pressure determined in accordance with  duce a nominal pressure stress or longitudinal strgss in
para. 345|exceeds the pressure of the test performed by  excess of the yield strength at test temperature| or a
the manyfacturer in accordance with Appendix X, the  pressure more than 1.5 times the component rating at
required leak test pressure shall be reduced,to the manu-  test temperature, the test pressure may be reduged to
facturer’s test pressure. the maximum pressure that will not exceed the lesser
345.3}4 Limits of Tested Piping. (Equipment which of the yield strength or 1.5 times the component rgtings
is not to e tested shall be either disconnected from the at test.temperature. [Se.e paras. 302.3.2(¢) am:l (E)}] For
.. . . . metallic bellows expansion joints, see Appendix X, [para.
piping o1 isolated by blinds or'\other means during the X302.2.3(a)
test. A vallve may be used provided the valve (including B
its closurp mechanism) isysuitable for the test pressure. 345.4.3 Hydrostatic Test of Piping With Vessels as a
. System *
345.4 Hydrostatic Leak Test (a) Where the test pressure of piping attached to a
345.4)1 Test'Fluid. The fluid shall be water unless ~ Vvessel is the same as or less than the test pressure for
there is the pessibility of damage due to freezing or to the vessel, the piping may be tested with the vesgel at
adverse ¢ffects of water on the piping or the process  the piping test pressure.
(see para. F345.4.1). In that case another suitable non- (b) Where the test pressure of the piping exceeds the
toxic liquid may be used. If the liquid is flammable, its vessel test pressure, and it is not considered practicable
flash point shall be at least 49°C (120°F), and consider- to isolate the piping from the vessel, the piping and the
ation shall be given to the test environment. vessel may be tested together at the vessel test pressure,
) ) provided the owner approves and the vessel test pres-
(08) 345.4.2 Test Pressure. Except as provided in para. g re is not less than 77% of the piping test pressure

345.4.3, the hydrostatic test pressure at any point in a
metallic piping system shall be as follows:

(a) not less than 1.5 times the design pressure.

(b) when the design temperature is greater than the
test temperature, the minimum test pressure, at the point

82

calculated in accordance with para. 345.4.2(b).

* The provisions of para. 345.4.3 do not affect the pressure test
requirements of any applicable vessel code.
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345.5 Pneumatic Leak Test

345.5.1 Precautions. Pneumatic testing involves
the hazard of released energy stored in compressed gas.
Particular care must therefore be taken to minimize the
chance of brittle failure during a pneumatic leak test.
Test temperature is important in this regard and must
be considered when the designer chooses the material
of construction. See para. 345.2.2(c) and Appendix F,
para. F323.4.

Article 10, or by another method demonstrated to have
equal sensitivity. Sensitivity of the test shall be not less
than 107> atm-ml/sec under test conditions.

(a) The test pressure shall be at least the lesser of
105 kPa (15 psi) gage or 25% of the design pressure.

(b) The pressure shall be gradually increased until a
gage pressure the lesser of one-half the test pressure or
170 kPa (25 psi) is attained, at which time a preliminary
check shall be made. Then the pressure shall be gradu-

345.5.2 Pressure Relief Device. A pressure relief
devige shall be provided, having a set pressure not
highé¢r than the test pressure plus the lesser of 345 kPa

(50 psi) or 10% of the test pressure.

345.5.3 Test Fluid. The gas used as test fluid, if not
air, shall be nonflammable and nontoxic.

345.5.4 Test Pressure.
110% of design pressure.

345.5.5 Procedure. The pressure shall be gradually
increpsed until a gage pressure which is the lesser of
one-half the test pressure or 170 kPa (25 psi) is attained,
at whjich time a preliminary check shall be made, includ-
ing ¢xamination of joints in accordance with para.
341.41(a). Thereafter, the pressure shall be gradually
increpsed in steps until the test pressure is reached, hold-
ing the pressure at each step long enough to equalize
pipir|g strains. The pressure shall then be reduced to the
design pressure before examining for leakage in accet-
dance with para. 345.2.2(a).

The test pressure shall be

345.

If o combination hydrostatic-pneumatic-leak test is
used| the requirements of para. 345.5 shall be met, and
the pressure in the liquid filled part\of the piping shall
not eixceed the limits stated in para’345.4.2.

345.

This test is applicableonly to piping in Category D
Fluid Service, at the gwner’s option. See para. 345.1(a).

345.7.1 Test Fluid: The test fluid is the service fluid.

34
tion,

b Hydrostatic-Pneumatic Leak Test

y Initial Service Leak Test

5.7.2 Pfocedure. During or prior to initial opera-
the presstire shall be gradually increased in steps
untiljthe ‘operating pressure is reached, holding the pres-
sure at €ach step long enough to equalize piping strains.

ally increased in steps until the test pressure i$ reached,
the pressure being held long enough at eadh step to
equalize piping strains.

345.9 Alternative Leak Test

The following procedures ahd leak test mefthod may
be used only under the donditions stated in para.
345.1(c).

345.9.1 Examination of Welds. Welds, including
those used in thé_manufacture of welded pipe and fit-
tings, which-have not been subjected to hydgostatic or
pneumaticledk tests in accordance with this Code, shall
be examiined as follows:

(a)<Eircumferential, longitudinal, and spirpl groove
weélds shall be 100% radiographed in accordgnce with
para. 344.5 or 100% ultrasonically examined|in accor-
dance with para. 344.6.

(b) All welds, including structural attachmsg
not covered in (a) above, shall be examined using the
liquid penetrant method (para. 344.4) or, for|magnetic
materials, the magnetic particle method (parq. 344.3).

nt welds,

345.9.2 Flexibility Analysis. A flexibility analysis
of the piping system shall have been made in a¢cordance
with the requirements of para. 319.4.2 (b), if applicable,
or (c) and (d).

345.9.3 Test Method. The system shall be[subjected
to a sensitive leak test in accordance with pafa. 345.8.

346 RECORDS

346.2 Responsibility
It is the responsibility of the piping designer} the man-

A preliminary check shall be made as described in para.
345.5.5 if the service fluid is a gas or vapor.

345.7.3 Examination for Leaks. In lieu of para.
345.2.2(a), it is permissible to omit examination for leak-
age of any joints and connections previously tested in
accordance with this Code.

345.8 Sensitive Leak Test

The test shall be in accordance with the Gas and Bub-
ble Test method specified in the BPV Code, Section V,

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

83

tfacturer, the fabricator, and the erector, as applicable,
to prepare the records required by this Code and by the
engineering design.

346.3 Retention of Records

Unless otherwise specified by the engineering design,
the following records shall be retained for at least 5 y
after the record is generated for the project:

(a) examination procedures

(b) examination personnel qualifications
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Chapter VII
Nonmetallic Piping and Piping Lined With Nonmetals

A300 GENERAL STATEMENTS

A302.1 General

(a) Chapter VII pertains to nonmetallic piping and to
piping limed with nonmetals.

(b) Th¢ organization, content, and paragraph desig-
nations of this Chapter correspond to those of the first
six Chapters (the base Code). The prefix A is used.

(c) Prdvisions and requirements of the base Code
apply only as stated in this Chapter.

(d) Metallic piping which provides the pressure con-
tainment|for a nonmetallic lining shall conform to the
requirements of Chapters I through VI, and to those in
Chapter VII not limited to nonmetals.

(e) Thip Chapter makes no provision for piping to be
used under severe cyclic conditions.

(f) Wifh the exceptions stated above, Chapter I
applies i1 its entirety.

PART 1
CONDITIONS AND CRITERIA

A301 DESIGN CONDITIONS
Paragfaph 301 applies in its entirety, with\the
exceptior] of paras. 301.2 and 301.3. See below:

A301.2 Design Pressure

Paragr
reference
to paras.

hph 301.2 applies in its entirety, except that
5 to paras. A302.2.4 and A304 replace references
302.2.4 and 304, respectively.

A301.3 Design Temperaturé

Paragfaph 301.3 applies with the following
exceptior]s.

A301.3.1 Design Minimum Temperature. Paragraph
301.3.1 ajpplies;\but see para. A323.2.2, rather than
para. 323|2.2.

The designer shall be satisfied as to the adequacy
nonmetallic material and its manufacture, considering
at least the following:

(a) tensile, compressive, flexural, and shear strgngth,
and modulus of elasticity, at desigmtemperature [(long
term and short term)

(b) creep rate at design conditions

(c) design stress and its-basis

(d) ductility and plasticity

(e) impact and therthal shock properties

(f) temperature/limits

(g) transition(témperature: melting and vaporization

(h) porosity<and permeability

(i) testing methods

(j) methods of making joints and their efficiendy

(k) possibility of deterioration in service

A302.2 Pressure-Temperature Design Criteria

A302.2.1 Listed Components Having Establishegl Rat-
ings. Paragraph 302.2.1 applies, except that reference
to Table A326.1 replaces reference to Table 326.1.

A302.2.2 Listed Components Not Having Specifif Rat-
ings. Nonmetallic piping components for which design
stresses have been developed in accordance with [para.
A302.3, but which do not have specific presjure-
temperature ratings, shall be rated by rules for pressure
design in para. A304, within the range of tempergtures
for which stresses are shown in Appendix B, modlified
as applicable by other rules of this Code.

Piping components which do not have alloyable
stresses or pressure-temperature ratings shall be quali-
fied for pressure design as required by para. A30§.7.2.

A302.2.3 Unlisted Components. Paragraph 302.2.3
applies, except that references to Table A326.1 and paras.

A301.3:2Yninsutated-Compoments.—Thecomporent
design temperature shall be the fluid temperature,
unless a higher temperature will result from solar radia-
tion or other external heat sources.

A302 DESIGN CRITERIA

Paragraph A302 states pressure-temperature ratings,
stress criteria, design allowances, and minimum design
values, together with permissible variations of these fac-
tors as applied to the design of piping.

84
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A304 and A304.7.2 replace references to Table 326.1 and
paras. 304 and 304.7.2, respectively.

A302.2.4 Allowances for Pressure and Temperature
Variations

(a) Nonmetallic Piping. Allowances for variations of
pressure or temperature, or both, above design condi-
tions are not permitted. The most severe conditions of
coincident pressure and temperature shall be used to
determine the design conditions for a piping system.
See paras. 301.2 and 301.3.
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(b) Metallic Piping With Nonmetallic Lining. Allow-
ances for pressure and temperature variations provided
in para. 302.2.4 are permitted only if the suitability of
the lining material for the increased conditions is estab-
lished through prior successful service experience or
tests under comparable conditions.

A302.2.5 Rating at Junction of Different Services.
When two services that operate at different pressure—
temperature conditions are connected, the valve segre-

in the temperature range from -29°C (-20°F) through
82°C (180°F).

(c) Reinforced Thermosetting Resin and Reinforced Plastic
Mortar (Filament Wound and Centrifugally Cast). The
hydrostatic design basis stress (HDBS) values for materi-
als listed in Table B-3 shall be obtained by the procedures
in ASTM D 2992 and are valid only at 23°C (73°F). HDS
shall be obtained by multiplying the HDBS by a service
(design) factor” selected for the application, in accor-

gatinig the two services shall be rated for the more severe vance WILD PROTEURIES Hestibed TS D 2992,
cervile condition. within the following limits:
(1) When using the cyclic HDBS; the¢ service
A302.3 Allowable Stresses and Other Design Limits (design) factor F shall not exceed 1.0.
J (2) When using the stati¢ HDBS, the service
(A)J?I‘zfl.l Banera![ s hvdrostatic desi . (design) factor F shall not exceed 0.5.
(Hfa) 4) ?I"a‘t;es_B-EO;njllgz a};e rlci)sstii 1;: o fezlizi;ciisciﬁz (d) Other Materials. Allowable pressures in ables B-4
1 e & p and B-5 have been detexrhiined conservatiyely from
which meet the criteria of paras. A302.3.2(b) and (c), . . . . .
velv. Tables B-4 and B-5 Al bl physical properties of materials conforming to|the listed
respactively. lables B-2 and B-> contain allowable pres- specifications, and have been confirmed by [extensive

sured. These HDS values, allowable stress criteria, and
presgures shall be used in accordance with the Notes to
Appé¢ndix B, and may be used in design calculations
(whefre the allowable stress S means the appropriate
design stress) except as modified by other provisions of
this Code. Use of hydrostatic design stresses for calcula-
tions| other than pressure design has not been verified.
The ases for determining allowable stresses and pres-
sureq are outlined in para. A302.3.2.

(b)| The stresses and allowable pressures are groupéd
by mhpterials and listed for stated temperatures. Straight-
line interpolation between temperatures is permissible.

experience. Use of\other materials shall be qyalified as
required by para.“A304.7.2.

A302.3:3\Limits of Calculated Stresses Dy
tained Loads

(a)dnternal Pressure Stresses. Limits of stress due to
internal pressure are covered in para. A304.

(b) External Pressure Stresses. Stresses due tp uniform
external pressure shall be considered safe whep the wall
thickness of the component and its means of [stiffening
have been qualified as required by para. A304#.7.2.

(c) External Loading Stresses. Design of pipjng under
external loading shall be based on the followjing:

e to Sus-

A302.3.2 B for All ble St $.and Pres-
sureg ! ases for Allowable StresB\® res (1) Thermoplastic Piping. ASTM D |2321 or
(a)| Thermoplastics. The method of determining HDS AWWA C9,00' . . .
is depcribed in ASTM D 2837. HDS-values are given in 2) Re”?f orced Thermosettmg Res in (RIR) jand Rein-
Tablg B-1 for those materials and temperatures for which forced Plastic Mortar (RPM) Piping. ASTM I 3839 or

suffigient data have been compiléd to substantiate the
detemination of stress.

(b)| Reinforced Thermo&etting Resin (Laminated). The
design stress (DS) values for materials listed in Table
B-2 shall be one-tenth of the minimum tensile strengths
specified in TableslVof ASTM C 582 and are valid only

es of ASTM Specifications and AWWA Standards referenced
aret

L i
hereir
ASTM C 14, Concrete Sewer, Storm Drain, and Culvert Pipe

Appendix A of AWWA C950.

(3) Strain and possible buckling shall be ¢
when determining the maximum allowable fleflection
in (1) or (2) above, but in no case shall the pllowable
diametral deflection exceed 5% of the pipe inside
diameter.

(4) Nonmetallic piping not covered in (1) or (2)
above shall be subjected to a crushing or three-edge
bearing test in accordance with ASTM C 14 jor C 301;
the allowable load shall be 25% of the minimum value

bnsidered

ASTM-E-361Method-of-Testing—Vitrified-ClayPipe

ASTM C 582, Contact-Molded Reinforced Thermosetting Plastic
(RTP) Laminates for Corrosion Resistant Equipment

ASTM D 2321, Practice for Underground Installation of Thermo-
plastic Pipe for Sewers and Other Gravity-Flow Applications

ASTM D 2837, Test Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis for
Thermoplastic Pipe Products

ASTM D 2992, Practice for Obtaining Hydrostatic or Pressure
Design Basis for “Fiberglass” (Glass-Fiber-RTR) Pipe and Fittings

ASTM D 3839, Underground Installation of Fiberglass Pipe

AWWA C900, PVC Pressure Pipe, 4-inch through 12-inch, for Water

AWWA C950, Glass-Fiber-Reinforced Thermosetting Resin Pres-
sure Pipe

85

obtained.

A302.3.4 Limits of Calculated Stresses Due to Occa-
sional Loads

(a) Operation. The sum of the stresses in any compo-
nent in a piping system due to sustained loads, such as

2 The service (design) factor, F, should be selected by the designer
after evaluating fully the service conditions and the engineering
properties of the specific material under consideration. Aside from
the limits in paras. A302.3.2(c)(1) and (2), it is not the intent of this
Code to specify service (design) factors.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

pressure and weight, and of the stresses produced by
occasional loads, such as wind or earthquake, shall not
exceed the limits in the applicable part of para. A302.3.3.
Wind and earthquake forces need not be considered as
acting concurrently.

(b) Test. Stresses due to test conditions are not subject
to the limitations in para. A302.3.3. It is not necessary
to consider other occasional loads, such as wind and
earthquake, as occurring concurrently with test loads.

pressure or as determined in accordance with
para. A304.1.3 for external pressure

minimum required thickness, including
mechanical, corrosion, and erosion allowances

A304.1.2 Straight Nonmetallic Pipe Under Internal
Pressure. The internal pressure design thickness, t,
shall be not less than that calculated by one of the follow-
ing equations, using stress values listed in or derived
from the appropriate table in Appendix B:

Em

A302.4 Allowances

Paragraph 302.4 applies in its entirety.

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

A303 GENERAL

Paragiaph 303 applies, except that references to
Table A3P6.1 and para. A302.2.1 replace references to
Table 324.1 and para. 302.2.1. For nonmetallic compo-
nents, reference to para. A304 replaces reference to
para. 304

A304 PRESSURE DESIGN OF PIPING
OMPONENTS
A304.1 $traight Pipe

A304.1.1 General
(a) Th¢ required thickness of straight sections of pipé
shall be determined by eq. (25).

by =t+c (25)
The minimum thickness T for the pipe.sélected, con-
sidering manufacturer’s minus tolerafice, shall be not
less than|t,,.
(b) The following nomenclature is used in the equa-
tions for [pressure design of straight pipe:

(a) Thermoplastic Pipe [See Para. A302.3.2(a)]

PD

E= 557!

Table B-1) (26a)

(b) RTR (Laminated) Pipe [See Para, A302.3.2(b)

PD

= m (Table B—2)

t (26b)°
(c) RTR (Filament Wound) and RPM (Centrifugally

Pipe [See Para. A302:3.2(c)]

Cast)

\_ _PD
T2SF+P

A304.1.3, Straight Pipe Under External Pressure
(a) Nenmetallic Pipe. The external pressure design
thickness, ¢, shall be qualified as required by para.
A304.7.2.
(b) Metallic Pipe Lined With Nonmetals
(1) The external pressure design thickness, t, fpr the
base (outer) material shall be determined in accordlance
with para. 304.1.3.
(2) The external pressure design thickness,
the lining material shall be qualified as required by
A304.7.2.

(Table B-3) (26¢)®

t, for
para.

A304.2 Curved and Mitered Segments of Pipe

A304.2.1 PipeBends. The minimum required thick-
ness, t,, of a bend, after bending, shall be determined
1.1,

quali-

¢ = the sum of mechahical allowances (thread or as for straight pipe in accordance with para. A30
roove depth)plus corrosion and erosion )
llowance. Far threaded components, the nomi- A304.2.2 ) Elbows. Manufactured. glbows n o.t n
al thread depth (dimension /1 of ASME B1.20.1 accordance with para. A303 shall be qualified as required
r equivalent) shall apply. For machined sur- by para. A304.7.2.
acesorgrooves where the tolerance is not spec- A304.2.3 Miter Bends. Miter bends shall be
ified; the tolerance shall be assumed to be fied as required by para. A304.7.2.
075 T (6702 i) addition tothe specified
depth of the cut. A304.3 Branch Connections
D = outS}de dlar.neter of pipe A304.3.1 General. A pipe having a branch connec-
F = service (des1.gn) factor. See para. A302.3.2(c). tion is weakened by the opening that must be made in
P= mtgrnal design gage pressure . it and, unless the wall thickness of the pipe is sufficiently
S = design stress from applicable Table in Appen- . ¢ . . e
) in excess of that required to sustain the pressure, it is
d?x B . . necessary to provide added reinforcement. The amount
T = pipe wall thickness (measured or minimum per
purchase spec.lflcatlc?n) . % The internal design pressure thickness ¢ shall not include any
t = pressure design thickness, as calculated in thickness of the pipe wall reinforced with less than 20% by weight

accordance with para. A304.1.2 for internal
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of reinforcement shall be qualified as required by para.
A304.7.2 except as provided in para. A304.3.2.

A304.3.2 Branch Connections Using Fittings. It may
be assumed without calculation that a branch connection
has adequate strength to sustain the internal and exter-
nal pressure which will be applied to it if it utilizes
a fitting (a tee, lateral, or cross) in accordance with para.
A303.

A304.7 Pressure Design of Other Components

A304.7.1 Listed Components. Other pressure con-
taining components, manufactured in accordance with
standards in Table A326.1 but not covered elsewhere in
para. A304, may be utilized in accordance with para.
A303.

A304.7.2 Unlisted Components. Pressure design of
unlisted components and joints, to which the rules else-

A304.3.3 Additional Design Considerations. The
requirements of paras. A304.3.1 and A304.3.2 are
intended to assure satisfactory performance of a branch
conngction subjected only to internal or external pres-
sure.[The designer shall also consider paras. 304.3.5(a),
(c), apd (d).

A304.4 Closures

Clgsures not in accordance with para. A303 shall be
quall'](ied as required by para. A304.7.2.

A30

A304.5.1 General

(a)| Flanges not in accordance with para. A303, or
A304.5.1(b) or (d) shall be qualified as required by para.
A304.7.2.

(b)| Flanges for use with flat ring gaskets may be
designed in accordance with the BPV Code, Section VIII,
Division 1, Appendix 2, except that the allowable
stresges and temperature limits of this Code shall(gov-
ern. INomenclature shall be as defined in the BRV_Code,
except for the following;:

P |= design gage pressure

.5 Pressure Design of Nonmetallic Flanges

S, |= bolt design stress at atmospheric temperature*

Sy |= bolt design stress at desigm-temperature*

S¢ |= allowable stress for flange material from Table
B-1, B-2, or B-3

(c)| The rules in (b) above are not applicable to a

flanged joint having a-gasket that extends outside the
bolts|(usually to thecutside diameter of the flange).
(d)| For flangesthat make solid contact outside the
bolts} Section VIlI, Division 1, Appendix Y should be
used

A304:5.2 Blind Flanges. Blind flanges not in accor-

Whete i para. A304 do Tot appiy, sttt belbased on
calculations consistent with the design eritefia of this
Code. Calculations shall be substantiated by ope or both
of the means stated in (a) and (b)-belew, considering
applicable ambient and dynamic,effects in pqras. 301.4
through 301.11:
(a) extensive, successful service experierjce under
comparable design conditions with similarly propor-
tioned components made‘of the same or like[material
(b) performance test-tinder design conditiofs includ-
ing applicable dynamic and creep effects, continued for
a time period/sufficient to determine the acdeptability
of the component or joint for its design life
For (a)\or’(b) above, the designer may ifpterpolate
betweensizes, wall thicknesses, and pressuj‘e classes,
and may determine analogies among related materials.

A304.7.3 Nonmetallic Components WitH Metallic
Pressure Parts. Components not covered by $tandards
in Table A326.1, in which both nonmetallic an¢l metallic
parts contain the pressure, shall be evaluated bl applica-

ble requirements of para. 304.7.2 as well as thoge of para.
A304.7.2.

PART 3
FLUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

A305 PIPE

Listed pipe may be used in Normal Fluidl Service,
subject to the limitations of the pressure-c¢ntaining
material and para. A323.4. Unlisted pipe may be used
only in accordance with para. A302.2.3.

A306 FITTINGS, BENDS, MITERS, LAPS, AND
BRANCH CONNECTIONS

dance with para. A303 may be designed in accordance
with para. 304.5.2, except that allowable stress S shall
be taken from Tables in Appendix B. Otherwise, they
shall be qualified as required by para. A304.7.2.

A304.6 Reducers

Reducers not in accordance with para. A303 shall be
qualified as required by para. A304.7.2.

* Bolt design stresses shall not exceed those in Table A-2.
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General. Fittings, bends, miters, laps, and branch con-
nections may be used in accordance with paras. A306.1
through A306.5. Pipe and other materials used in such
components shall be suitable for the manufacturing pro-
cess and the fluid service.

A306.1 Pipe Fittings

A306.1.1 Listed Fittings. Listed fittings may be used
in Normal Fluid Service subject to limitations on
materials.
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A306.1.2 Unlisted Fittings. Unlisted fittings may be
used only in accordance with para. A302.2.3.

A306.2 Pipe Bends

A306.2.1 General. A bend made in accordance with
para. A332 and verified for pressure design in accor-
dance with para. A304.2.1 shall be suitable for the same
service as the pipe from which it is made.

A306.2.2 Corrugated and Other Bends. Bends of

A308.2 Nonmetallic Flanges

A308.2.1 General

(a) Flanges shall be adequate, with suitable facing,
gasketing, and bolting, to develop the full rating of the
joint and to withstand expected external loadings.

(b) The designer should consult the manufacturer for
ratings of flanges.

A308.2.2 Threaded Flanges. Threaded flanges are

other degigns (such as creased or corrugated) shall be
qualified for pressure design as required by para.
A304.7.2.

A306.3 Miter Bends

Exceptfas specified in para. 306.3.2, a miter bend which
conformsjto para. A304.2.3 may be used in Normal Fluid
Service.

A306.4 [abricated or Flared Laps

The following requirements do not apply to fittings
conformihg to para. A306.1.

A306.4.1 Fabricated Laps

(1) Th¢ requirements in paras. 306.4.1(a) and (b) shall
be met.

(b) Lap) material shall be suitable for the service condi-
tions. Prgssure design shall be qualified as required by
para. A3(4.7.2.

A306.4.2 Flared Laps. Flared laps shall not be used
in nonmgdtallic piping.
A306.5 kabricated Branch Connections

The following requirements do not apply to fittings
conformihg to para. A306.1.

A306.5.1 General. A fabricated brafich connection
made by ponding the branch pipe directly to the header
pipe, with or without added reinforcement as stated in
para. 328/5.4, and shown in Fig-328!5.4, may be used in
Normal Fluid Service, provided-that pressure design is
qualified |as required by para.”A304.7.2.

A306.%.2 Specific Requirements. Fabricated branch
connectigns shall be'miade as specified in para. A328.5.

A307 MALVES:AND SPECIALTY COMPONENTS
Paragraph™307 applies in its entirety, except that in

subject to the requirements for threaded joints in|para.
A314.
A308.3 Flange Facings

Paragraph 308.3 applies in its entirety.

A308.4 Limitations on Gaskets
See also Appendix F, para..F308.4.

A308.4.1 Lining Used-as Facing or Gasket. Ifining
material extended oyer the flange face and used as a
gasket shall confofm to para. 308.4.

A309 BOLTING
Bolting includes bolts, bolt studs, studs, cap sdrews,
nuts,@nd washers. See Appendix F, para. F309.
A309.1 General
Paragraph 309.1 applies in its entirety.

A309.2 Specific Bolting

Any bolting which meets the requirements of [para.
309.1 may be used with any combination of flange mate-
rials and flange facings. Joint assembly shall confofm to
the requirements of para. A335.2.

A309.3 Tapped Holes in Nonmetallic Components

Tapped holes for pressure retaining bolting in piping
components may be used provided pressure desjgn is
qualified as required by para. A304.7.2.

PART 4
FLUID SERVICE REQUIREMENTS FOR PIPING JQINTS

A310 GENERAL

para. 307.1.2 reference to paras. A302.2.3 and A304.7.2
replaces reference to paras. 302.2.3 and 304.7.2, respec-
tively.

A308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

A308.1 General

Paragraph 308.1 applies, except that in para. 308.1.2
reference to para. A302.2.3 replaces reference to para.
302.2.3.
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Paragraph 310 applies in its entirety.

A311 BONDED JOINTS IN PLASTICS

A311.1 General

Bonding shall be in accordance with para. A328 and
examination shall be in accordance with para. A341.4.1
for use in Normal Fluid Service, subject to the limitations
of the material.

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

A311.2 Specific Requirements

A311.2.1 Fillet Bonds. A fillet bond may be used
only in conjunction with a qualified hot gas welding
procedure for bonding (see para. A328.5.2).

A311.2.2 Seal Bonds. A seal bond may be used
only to prevent leakage of a threaded joint and only if it
has been demonstrated that there will be no deleterious
effect on the materials bonded.

(d) Factory cut or molded threaded nipples, cou-
plings, or adapters, bonded to plain-end RTR pipe and
fittings, may be used where it is necessary to provide
connections to threaded metallic piping.

A314.2.3 Reinforced Plastic Mortar Piping.
Threaded joints are not permitted in reinforced plastic
mortar (RPM) piping.

A311.2.3 Joints Limited to Category D Fluid Service.
Joint$ which have been examined in accordance with
para| 341.4.2 may be used only for Category D Fluid

Servike.

A312 FLANGED JOINTS

The designer should consult the manufacturer for rat-
ings of flanged joints in nonmetallic piping and in piping
lined| with nonmetals.

A317
Pa

EXPANDED JOINTS
ragraph 313 applies in its entirety.

A314 THREADED JOINTS
A314.1 General

A threaded joint is suitable for use in Normal Fluid
Servike, subject to the limitations of the material-and
requirements elsewhere in para. A314. A joint.¢onform-
ing tp para. 314.1(d) shall not be used.

A314.2 Specific Requirements

Aj
shall
(a)

814.2.1 Thermoplastic Piping. Threaded joints
conform to all of the following;:
The pipe wall shall be-atleast as thick as Schedule
80 ag defined in ASTM D~1785.

(b) Threads shall.be.NPT, and shall conform to
ASME B1.20.1 or ASFM F 1498.

(c)| Threads shall conform to applicable standards in
Tablg A326.1,

(d)| A suitable thread sealant shall be used.

A314,2:2 Reinforced Thermosetting Resin Piping.
Thrc

A315—TUBINGJOINTS

Paragraph 315 applies in its entirety, subject to mate-
rial limitations, exclusion of 315.2(b)cregarding severe
cyclic conditions, and replacement '0f ref¢rence to
Table 326.1 and para. 304.7.2 with refdgrence to
Table A326.1 and para. A304.Z.2)respectively]

A316 CAULKED JOINTS
Paragraph 316 applies in its entirety.

A318 SPECIAL JOINTS

Specialjoints are those not covered elsewhere in
Chapter.VII, Part 4, such as bell type and packed gland
type‘joints.

A318.1 General

Paragraph 318.1 applies in its entirety, except that, in
para. 318.1.2, reference to para. A304.7.2 repldces refer-
ence to para. 304.7.2.

A318.2 Specific Requirements

Paragraph 318.2 applies with the exception of para.
318.2.3.

A318.3 Piping Lined With Nonmetals

A318.3.1 Welding of Metallic Piping
(a) General. Joints made in accordance with the rules
in para. A329.1 may be used in Normal Fluif Service,
subject to material limitations.
(b) Specific Requirements. Welds shall be ljmited to
those which do not affect the serviceability of the lining.

A318.3.2 Flared Linings
(a) General. Flared ends of linings made in agcordance
with the rules in para. A329.2 may be used ih Normal

ded-jeintsinreinforced-thermosettingresin (RER)
piping shall conform to the following:

(a) Male threads shall be factory cut or molded on
special thick-walled pipe ends.

(b) Matching female threads shall be factory cut or
molded in the fittings.

(c) Threading of plain ends of RTR pipe is not permit-
ted, except where such threads are limited to the func-
tion of a mechanical lock to matching female threads
factory cut or molded in the bottom portions of fittings
with deep sockets.
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Frurd-Service; bu‘UjCL'L toTrmatertat Hmitatiors:

(b) Specific Requirements. Flaring shall be limited to
applications which do not affect the serviceability of the
lining.

A318.4 Flexible Elastomeric Sealed Joints

Flexible elastomeric seals conforming to the following
may be used in Normal Fluid Service, subject to material
limitations:

(a) Seals for joints in thermoplastic piping shall con-
form to ASTM D 3139.
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(b) Seals for joints in RTR and RPM piping shall con-
form to ASTM D 4161.

PART 5
FLEXIBILITY AND SUPPORT

A319 FLEXIBILITY OF NONMETALLIC PIPING
A319.1 Requirements

A319.1.1 B R
be designed to prevent thermal expansion or contrac-
tion, pregsure expansion, or movement of piping sup-
ports and terminals from causing

(a) failpre of piping or supports from overstrain or
fatigue

(b) leakage at joints

(c) dettimental stresses or distortion in piping or in
connectedl equipment (pumps, for example), resulting
from exc¢ssive thrusts and moments in the piping

A319.1.2 Specific Requirements

(a) In para. A319, guidance, concepts, and data are
given to gssist the designer in assuring adequate flexibil-
ity in pipjng systems. No specific stress-limiting criteria
or methofls of stress analysis are presented since stress—
strain behavior of most nonmetals differs considerably
from that|of metals covered by para. 319 and is less well
defined fpr mathematical analysis.

(b) Piping systems should be designed and laid out
so that flgxural stresses resulting from displacement due
to expan ion, contraction, and other movement are minic
mized. This concept requires special attention to ‘sup-
ports, terinals, and other restraints, as well as:te’ the
techniques outlined in para. A319.7. See also para.

A3519.2 oncepts

‘A319.p.1 Displacement Strains. The concepts of
strain imposed by restrainit'of thermal expansion or con-
traction, find by exterfial ' movement, described in para.
319.2.1, apply in prineiple to nonmetals. Nevertheless,
the assumption thatstresses throughout the piping sys-
tem can He predicted from these strains because of fully
elastic bghayior of the piping materials is not gener-

A319.2.2 Displacement Stresses
(a) Elastic Behavior. The assumption that displace-
ment strains will produce proportional stress over a suf-
ficiently wide range to justify an elastic stress analysis
often is not valid for nonmetals. In brittle piping, strains
initially will produce relatively large elastic stresses. The
total displacement strain must be kept small, however,
since overstrain results in failure rather than plastic
deformatlon In thermoplast1c and thermosettmg resin
i f the
overstramed (plastlc) type even at relatively low ialues
of total displacement strain. If a method of \flexibility
analysis which assumes elastic behavior.is sélectedl, the
designer must be able to demonstrate,its validity for the
piping system under consideration;’and shall estgblish
safe limits for computed stresses:
(b) Overstrained Behavior. Strésses cannot be cqnsid-
ered proportional to displacement strains throughout a
piping system in whichian“excessive amount of $train
may occur in localized‘portions of the piping [an unbal-
anced system; see’para. 319.2.2(b)] or in which dlastic
behavior of the piping material cannot be assumed.
Overstrain shall be minimized by system layout and
excessive displacements shall be minimized by special
joints or éxpansion devices (see para. A319.7).

A319.2.3 Cold Spring. Cold spring is the intenfional
deformation of piping during assembly to prodjice a
desired initial displacement or stress. Cold spring may
be beneficial in serving to balance the magnitufe of
stress under initial and extreme displacement dondi-
tions. When cold spring is properly applied, there 1s less
likelihood of overstrain during initial operation. THere is
also less deviation from as-installed dimensions during
initial operation, so that hangers will not be displlaced
as far from their original settings. No credit for cold
spring is permitted in stress range calculations, |or in
calculating thrusts and moments.

A319.3 Properties for Flexibility Analysis

A319.3.1 Thermal Expansion Data. Appendix ( lists
coefficients of thermal expansion for several nonmyetals.
More precise values in some instances may be obtaihable
from manufacturers of components. If these valugs are
to be used in stress analysis, the thermal displacements
shall be determined as stated in para. 319.3.1. T

ally valid-

(a) In thermoplastics and some RTR and RPM piping,
displacement strains are not likely to produce immediate
failure but may result in detrimental distortion. Espe-
cially in thermoplastic piping, progressive deformation
may occur upon repeated thermal cycling or on pro-
longed exposure to elevated temperature.

(b) Inbrittle piping (such as porcelain, glass, etc.) and
some RTR and RPM piping, the materials show rigid
behavior and develop high displacement stresses up to
the point of sudden breakage due to overstrain.
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A319.3.2 Modulus of Elasticity. Appendix C lists
representative data on the tensile modulus of elasticity,
E, for several nonmetals as obtained under typical labo-
ratory rate of strain (loading) conditions. Because of
their viscoelasticity, the effective moduli of plastics
under actual conditions of use will depend on both the
specific course of the strain (or load) with time and the
specific characteristics of the plastic. More precise values
of the short term and working estimates of effective
moduli of elasticity for given conditions of loading and
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temperature may be obtainable from the manufacturer.
The modulus may also vary with the orientation of the
specimen, especially for resins with filament-wound
reinforcement. For materials and temperatures not
listed, refer to ASTM or PPI documents, or to manufac-
turer’s data.

A319.3.3 Poisson’s Ratio. Poisson’s ratio varies
widely depending upon material and temperature. For
that reason simplified formulas used in stress analysis

Where piping lacks inherent flexibility or is unbal-
anced, additional flexibility shall be provided by one or
more of the following means: bends, loops, or offsets;
swivel or flexible joints; corrugated, bellows, or slip-joint
expansion joints; or other devices permitting angular,
rotational, or axial movement. Suitable anchors, ties, or
other devices shall be provided as necessary to resist end
forces produced by fluid pressure, frictional resistance to
movement, and other causes.

for netals may not be valid for nonmetals.
A319.3.4 Dimensions. Nominal thicknesses and
outside diameters of pipe and fittings shall be used in

flexilility calculations.

A319.4 Analysis

A319.4.1 Formal Analysis Not Required. No formal
analyfsis is required for a piping system which

(a)| duplicates, or replaces without significant change,
a system operating with a successful service record

(b)| can readily be judged adequate by comparison
with [previously analyzed systems, or

(c)]is laid out with a conservative margin of inherent
flexilility, or employs joining methods or expansion joint
deviges, or a combination of these methods, in accor-
dance with manufacturers’ instructions

A319.4.2 Formal Analysis Requirements. For a pip-
ing system which does not meet the above criteria, the
designer shall demonstrate adequate flexibility by(sim-
plifigd, approximate, or comprehensive stress-analysis,
using a method which can be shown to be'wvalid for
the specific case. If substantially elastic behavior can be
dempnstrated for the piping system [see para.
A3192.2(a)], methods outlined inpara. 319.4 may be
applicable.

A319.5 Reactions

Pa
analy

fagraph 319.5 may, be)applicable if a formal stress
sis can be showfi:to be valid for the specific case.

A319.6 Movements

Special attention shall be given to movement (dis-
placgment’erirotation) of piping with respect to supports
and paints’ of close clearance. Movements of the run

ipe lat-the-junetion-of-a-small branch-connection-shall
pip t—tReJHRcHOR-o - Sar-prahen-connecHen-Sha

A321 PIPING SUPPORT
Paragraph 321 applies in its entirety.

A321.5 Supports for Nonmetatlic*Piping

A321.5.1 General. Insaddition to other gpplicable
requirements of para. 321, stipports, guides, and anchors
shall be selected and dpplied to comply with the princi-
ples and requirements-of para. A319 and the following;:

(a) Piping shalhybe supported, guided, and |anchored
in such a mafiner as to prevent damage to the piping.
Point loads;and narrow areas of contact between piping
and supports shall be avoided. Suitable paddling shall
be placed between piping and supports wherp damage
to piping may occur.

(b) Valves and equipment which would|transmit
excessive loads to the piping shall be independently
supported to prevent such loads.

(c) Consideration shall be given to mechani
ing in traffic areas.

(d) Manufacturers” recommendations fof
shall be considered.

ral guard-

support

A321.5.2 Supports for Thermoplastic, RTR{and RPM
Piping. Supports shall be spaced to avoid excgssive sag
or deformation at the design temperature and within
the design life of the piping system. Decreages in the
modulus of elasticity with increasing temperpture and
creep of material with time shall be considefed when
applicable. The coefficient of thermal expansign shall be
considered in the design and location of supports.

A321.5.3 Supports for Brittle Piping. Britfle piping,
such as glass, shall be well supported but frpe of hin-
drance to expansion or other movement. Not fnore than
one anchor shall be provided in any straight run without

be considered in determining the need for flexibility in
the branch pipe.

A319.7 Means of Increasing Flexibility

Piping layout often provides adequate inherent flexi-
bility through changes in direction, wherein displace-
ments produce chiefly bending and torsional strains of
low magnitude. The amount of tension or compression
strain (which can produce larger reactions) usually is
small.
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PART 6
SYSTEMS

A322 SPECIFIC PIPING SYSTEMS

A322.3 Instrument Piping

Paragraph 322.3 applies in its entirety, except that
references to paras. A301 and A302.2.4 replace references
to paras. 301 and 302.2.4, respectively.
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A322.6 Pressure Relieving Systems

Paragraph 322.6 applies in its entirety, except for para.
322.6.3. See para. A322.6.3 below.

A322.6.3 Overpressure Protection. Paragraph
322.6.3 applies, except that maximum relieving pressure
shall be in accordance with para. A302.2.4.

PART 7

(b) When materials are qualified for use at tempera-
tures below the minimum temperature listed in Appen-
dix B, the allowable stresses or pressures shall not exceed
the values for the lowest temperatures shown.

(c) See also the recommended Ilimits in
Table A323.4.2C for reinforced thermosetting resin pipe
and in Table A323.4.3 for thermoplastics used as linings.

A323.2.3 Temperature Limits, Unlisted Materials.

Paoyaoya nh 32323

A line

MATERIALS
A323 GENERAL REQUIREMENTS

A323.1 Materials and Specifications

Paragr
para. A3}

hph 323.1 applies except for para. 323.1.4. See
3.1.4 below.

A323.1.4 Reclaimed Materials. Reclaimed piping
componehts may be used, provided they are properly
identified as conforming to a listed or published specifi-
cation (see para. 323.1.1) and otherwise meet the require-
ments of this Code. The user shall verify that
componehts are suitable for the intended service. Suffi-
cient clegning, examination, and testing shall be per-
formed fo determine the minimum available wall
thickness| and freedom from any of the following to
an exteny that would be unacceptable in the intended
service:

(a) imperfections
(b) redpction of mechanical properties, or
(c) absprption of deleterious substances

A323.2 Temperature Limitations

The designer shall verify that materialss\which meet
other requirements of the Code are sujtable for service
throughout the operating temperatyre range. Also see
the Noteg for Tables B-1 through(B-5 in Appendix B.

A323.2.1 Upper Temperature-Limits, Listed Materials

(a) Exdept as provided in\(b) below, a listed material
shall not|be used at a_design temperature higher than
the maxithum for whi¢h a stress value or rating is shown,
or higher|than the maXimum recommended temperature
in Tablg A323:42C for RTR materials and in
Table A323.43-for thermoplastics used as linings.

(b) A listed material may be used at a temperature

Tafagiaptt

A323.2.4 Verification of Serviceability..\Whe¢n an
unlisted material is to be used, or when a listed material
is to be used above or below the limits'in Appendix B
or Table A323.4.2C or Table A323.4.3 'the designer|shall
comply with the requirements of/para. 323.2.4.

A323.4 Fluid Service Requirements for Nonmetalflic
Materials

A323.4.1 General
(a) Nonmetallic materials shall be safeguarded
against excessive temperature, shock, vibration, pulsa-
tion, and mechanical abuse in all fluid services.
(b) Requirements in para. A323.4 apply to pressure
containing parts. They do not apply to materials|used
for supports, gaskets, or packing. See also Appenflix F,
pata. FA323.4.

A323.4.2 Specific Requirements
(a) Thermoplastics
(1) They shall not be used in flammable flui
vice above ground, unless all of the following arg
(a) The size of the piping does not exceed I
(NPS 1).
(b) Owner’s approval is obtained.
(c) Safeguarding per Appendix G is providled.
(d) The precautions of Appendix F, plaras.
F323.1(a) through (c) are considered.
(2) They shall be safeguarded when used in
than Category D Fluid Service.
(3) PVC and CPVC shall not be used in compressed
air or other compressed gas service.
(b) Reinforced Plastic Mortars (RPM) Piping. Thi
ing shall be safeguarded when used in other
Category D Fluid Service.

] ser-
met:
N 25

other

pip-
than

higher than the maximum stated in (a) above if there is
no prohibition in Appendix B or elsewhere in the Code,
and if the designer verifies the serviceability of the mate-
rial in accordance with para. 323.2.4.

A323.2.2 Lower Temperature Limits, Listed Materials

(a) Materials for use at design minimum tempera-
tures below certain limits must usually be tested
to determine that they have suitable toughness for use
in Code piping. Table A323.2.2 sets forth those
requirements.
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(c) Reinforced Thermosetting Resins (RTR) Piping. This
piping shall be safeguarded when used in toxic or flam-
mable fluid services. Table A323.4.2C gives the recom-
mended temperature limits for reinforced thermosetting
resins.

(d) Borosilicate Glass and Porcelain

(1) They shall be safeguarded when used in toxic
or flammable fluid services.

(2) They shall be safeguarded against large, rapid
temperature changes in fluid services.
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Table A323.2.2 Requirements for Low Temperature Toughness Tests for Nonmetals

Column A Column B
Type of At or Above Listed Below Listed Minimum
Material Minimum Temperature Temperature

Listed nonmetallic
materials

No added requirement

at the design minimum temperature.

The designer shall have test results at or below the lowest expected service temperature,
which assure that the materials and bonds will have adequate toughness and are suitable

Unlisted materials

unlisted materials shall be qualified as required in Column B.

An unlisted material shall conform to a published specification. Where composition, properties, and product form are
comparable to those of a listed material, requirements for the corresponding listed material shall be met. Other

GENERAL NOTE:

These requirements are in addition to the requirements of the material specification.

Table A323.4.2C Recommended Temperature Limits-for
Reinforced Thermosetting Resin Pipe

Recommended Témperature Limits

Materials Minimum Maximum

Resin Reinforcing °C °F °C °F
Epoxy Glass fiber -29 =20 149 300
Phenolic Glass fiber -29 -20 149 300
Furan Carbon -29 -20 93 200
Furan Glass fiber -29 -20 93 200
Polyester Glass fiber -29 -20 93 200
Vinyl ester Glass fiber =29 -20 93 200

GENERAL NOTE: These temperature limitsiapply only to materials listed and do not reflect evidence of
successful use in specific fluid services'atthese temperatures. The designer should consult the manufac-
turer for specific applications, particblatly as the temperature limits are approached.

A323.4.3 Piping Lined With Nonmetals

(a)| Metallic Piping Lined With Nonmetals. Fluid service
requirements for the base (outer) material in para. 323.4
govern except as stated.in/(d) below.

(b)| Nonmetallic Piping Lined With Nonmetals. Fluid ser-
vice fequirements for the base (outer) material in para.
A3234.2 govern,eXcept as stated in (d) below.

(c)| Nonmetallic Lining Materials. The lining may be
any mhaterialthat, in the judgment of the user, is suitable

A325 MATERIALS — MISCELLANEOUS
Paragraph 325 applies in its entirety.

PART 8
STANDARDS FOR PIPING COMPONEN

A326 DIMENSIONS AND RATINGS OF
COMPONENTS

TS

A326.1 Requirements

for thedntended service and for the method of manufac-
ture and uooulllbl] uf the yiyiu@. Huaidserviee L\/\.iull\f Pcuasuzyll 326 atjl,llica rits cu'Liu:'L_y CALCP'L hat refer—
ments in para. A323.4.2 do not apply to materials used  ences to Table A326.1 and Appendix B replace references

as linings.

(d) Properties of both the base and lining materials,
and of any bond between them, shall be considered
in establishing temperature limitations. Table A323.4.3
gives recommended temperature limits for thermoplas-
tic materials used as linings.

A323.5 Deterioration of Materials in Service
Paragraph 323.5 applies in its entirety.
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to Table 326.1 and Appendix A, respectively.

A326.4 Abbreviations in Table A326.1 and
Appendix B

The abbreviations tabulated below are used in this
Chapter to replace lengthy phrases in the text, in the
titles of standards in Table A326.1, and in the Specifica-
tion Index for Appendix B. Those marked with an aster-
isk (*) are in accordance with ASTM D 1600, Standard
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Table A323.4.3 Recommended Temperature Limits for
Thermoplastics Used as Linings

Materials Minimum Maximum

[Note (1)] °C oF oC of
PFA -198 -325 260 500
PTFE -198 -325 260 500
FEP -198 -325 204 400
ECTEE -198 -325 171 340
ETFE -198 -325 149 300
PVDF -18 0 135 275
PP -18 0 107 225
PVDC -18 0 79 175

GENERAL NOTE:

are approached.
NOTE:
(1) See para. A326.4 for definitions of materials.

Terminolpgy for Abbreviated Terms Relating to Plastics.
Those items marked with a dagger (1) are in accordance
with ASTM F 412, Standard Terminology Relating to
Plastic Piping Systems.

Abbreviatipn Term
ABS*t Acrylonitrile-butadiene-styrene plastics
BPS Bonding Procedure Specification
CPVC*t Chlorinated poly(vinyl chloride) plastics
DRt Dimension ratio
DS Design stress
E-CTFE* Ethylene-chlorotrifluoroethylene
ETFE* Ethylene-tetrafluoroethylene copolymer
FEP* Perfluoro (ethylene-propylene)-copolymer
HDBS Hydrostatic Design Basis Stress
HDSt Hydrostatic Design Stress
PB*t Polybutylene-1
PE*t Polyethylene
PFA* Perfluoro (alkoxyalkane)
PP*t Polypropylene
PQR Proceduite Qualification Record
PR* Pressufe-rating
PTFE* Polytetrafluoroethylene
PVC*t Roly(vinyl chloride)
PVDC* Poly(vinylidene chloride)
PVDF* Poly(vinylidene fluoride)
RPM Reinforced plastic mortar
RTP Reinforced therm
RTR Reinforced thermosetting resin
SDR+ Standard dimension ratios
SIDRt Standard inside diameter dimension ratio
WPS Welding Procedure Specification

PART 9
FABRICATION, ASSEMBLY, AND ERECTION

A327 GENERAL

Piping materials and components are prepared for
assembly and erection by one or more of the fabrication

These temperature limits are based on material tests and do not necessarily réflect
evidence of successful use as piping component linings in specific fluid services at these tefmperatures.
The designer should consult the manufacturer for specific applications, particularly as temperature limits

o

processes in paras. A328, A329, A332, and A334. When
any of these\processes is used in assembly and ereftion,
requirements are the same as for fabrication.

A328 BONDING OF PLASTICS

Paragraph A328 applies only to joints in thermgplas-
tic, RTR, and RPM piping. Bonding shall confofm to
paras. A328.1 through A328.7 and the applicable require-
ments of para. A311.

A328.1 Bonding Responsibility

Each employer is responsible for the bonding [done
by personnel of his organization and, except as proyided
in paras. A328.2.2 and A328.2.3, shall condudt the
required performance qualification tests to qualify hond-
ing procedure specifications (BPS) and bonders or lbond-
ing operators.

A328.2 Bonding Qualifications

A328.2.1 Qualification Requirements
(a) Qualification of the BPS to be used, and ¢f the
performance of bonders and bonding operatoyrs, is
required. To qualify a BPS, all tests and examingtions
com-

pleted successfully.
(b) In addition to the procedure for making the bonds,

the BPS shall specify at least the following;:

(1) all materials and supplies (including storage
requirements)

(2) tools and fixtures (including proper care and
handling)

(3) environmental requirements (e.g., temperature,
humidity, and methods of measurement)

(4) joint preparation
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Table A326.1 Component Standards (08)
Standard or Specification Designation

Nonmetallic Fittings, Valves, and Flanges

Process Glass Pipe and Fittings. . . . . . . . o i i i e e e e e e ASTM C 599
Threaded PVC Plastic Pipe Fittings, Sch 80. . . . . . . . . . . . . e ASTM D 2464
PVC Plastic Pipe Fittings, Sch 40 . . . . . . . . . . . e e e ASTM D 2466
PVC Plastic Pipe Fittings, Sch 80 ASTM D 2467
Sockef-Type ABS Plastic Pipe Fittings, Sch 40 . . . . . . ... ... . . . . o ASTM D 2468
Thermpplastic Gas Pressure Pipe, Tubing, and Fittings . . . . . . ... ... ... ... . ... ...... ASTM D 2513
Reinfofrced Epoxy Resin Gas Pressure Pipe and Fittings . . . . . . . . . . . . .. .. .. .. ASTM D 2517
Plastiq Insert Fittings for PE Plastic Pipe . . . . . . . . .. . .. . e ASTM D 2609
Sockef-Type PE Fittings for Outside Diameter-Controlled PE Pipe and Tubing . . . ... ... ... .... ASTM D 2683
CPVC Plastic Hot- and Cold-Water Distribution Systems. . . . . .. ... ... ... . ... ... .... ASTM D 2846[D 2846M
Butt Heat Fusion PE Plastic Fittings for PE Plastic Pipe and Tubing. . . . . ... ... ... ... ... ASTM D 3261
PB Plgstic Hot- and Cold-Water Distribution Systems . . . . .. ... ... .. ... .........(=\ ASTM D 3309
Fiberglass RTR Pipe Fittings for Nonpressure Applications [Note (1)]. . . . . .. .. .. ... ... O=7 . ASTM D 3840
Machipe Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges . . . . . .. X, . .. ASTM D 4024
Conta¢t Molded Fiberglass RTR Flanges [Note (1)] . . . . . . . o o o v i i i i i it i e e e N ASTM D 5421
Fiberglass Pressure Pipe Fittings . . . . . . . . . . o i e ASTM D 5685
PTFE Hlastic-Lined Ferrous Metal Pipe and Fittings [Notes 2) and (3)]. . . . . . .. % . v v v v v ... A$TM F 423
Threaded CPVC Plastic Pipe Fittings, Sch 80. . . . . . . . . . .. . . e\ oo .. A$TM F 437
Sockef-Type CPVC Plastic Pipe Fittings, Sch 40. . . . . . . .. . ... . . . . N .o oo A$TM F 438
CPVC Plastic Pipe Fittings, Schedule 80 . . . . . . . . . . . . . am& A$TM F 439
PVDF Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (2) and (3)] .~ . . . . . . o oo oo A$TM F 491
Propylene and PP Plastic-Lined Ferrous Metal Pipe and Fittings [Notes\(2) and 3)] . . ... ....... A$TM F 492
FEP Plpstic-Lined Ferrous Metal Pipe and Fittings [Notes () and ®)] . . ... ... ... ... ...... A$TM F 546
PVDC Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (Qand 3)] . . . .. . . ... ... ... ... A$TM F 599
PFA Plastic-Lined Ferrous Metal Pipe and Fittings [Notes(@-and 3)] . . . . . ... ... ... ... ... A$TM F 781
Electrgfusion Type PE Fittings for Outside Diameter Controlled PE Pipe and Tubing. . . . . .. ... ... ASTM F 1055
Plastid-Lined Ferrous Metal Pipe, Fittings, and Flanges)[Notes ) and 3)] . . ... ... ... ... ... ASTM F 1545
Plastid Industrial Ball Valves [Notes (2) and (3)].°. . . . .« o v v i i i e e e e e e e e e M$S SP-122
Nonmetallic Pipes and Tubes

PELine Pipe . . . . o o e API 15LE
Low Pfessure Fiberglass Line Pipe_J . . . . . . o i i i e e e e e e e e API 15LR
Reinfofced Concrete Low-Head\Pressure Pipe . . . . . . . . . .. i e A9TM C 361
Proceds Glass Pipe and Fittings . . . . . . . . . . o i i e e e e e e e A4T™™ C 599
ABS Plastic Pipe, Sch™a0 and 80 . . . . . . . . i e e e e e e e e e e e e ASTM D 1527
PVC Plastic PipesSeh 40, 80 and 120 . . . . . o o it i it e e e e e e e e e e ASTM D 1785
PE Plastic PipeinSeh 40 . . . . . o o o e e e e e e e e e e e e ASTM D 2104
PE Plaistic Pipe.(SIDR-PR) Based on Controlled Inside Diameter. . . . . . . . ... ... ... ... .... ASTM D 2239
PVC Plastic_Pressure-Rated Pipe (SDR Series) . . . . . . o v i i it i e e e e e e e e ASTM D 2241
ABS Plastic Dipn (SDR-PR) ASTI D 2282
Classification for Machine-Made RTR Pipe . . . . . . . . . . . o i et ASTM D 2310
PE Plastic Pipe, Sch 40 & 80, Based on Outside Diameter . . . . . . . . . . .. ... ASTM D 2447
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings . . . . .. ... ... ... ... ... . ..... ASTM D 2513
Reinforced Epoxy Resin Gas Pressure Pipe and Fittings . . . . . . ... ... ... ... .. ........ ASTM D 2517
PB Plastic Pipe (SDR-PR). . . . .t v i ittt e e e e e e e e e e ASTM D 2662
PB Plastic TUDING. . . . . . o o e e e e e e e e e e e e e e ASTM D 2666
Joints for IPS PVC Pipe Using Solvent Cement . . . . . . . . . . . i ittt it e e ASTM D 2672
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Table A326.1 Component Standards (Cont’d)

Standard or Specification

Designation

Nonmetallic Pipes and Tubes (Cont’d)

PE Plastic Tubing. . . . . . . . . i e e e e e

CPVC Plastic Hot- and Cold-Water Distribution System . . . ... ... ... .....

ASTM D 2737

ASTM D 2846/D 28

46M

Filament-Wound Fiberglass RTR Pipe [Note (1)]. . . . . . o o v v i i it e e e e e e e e e e ASTM D 2996
Centrifugally Cast Fiberglass RTR Pipe . . . . . . . . et e e e ASTM D 2997
PB Plastic Ripe (SDR-PR) Based on Outside Diameter. . . . . . . . . . o v i ittt e e ASTM-D_B000
PE Plastic Hipe (DR-PR) Based on Controlled Outside Diameter. . . . . . . . .. ... ... ... .. ASTM\D’B035
PB Plastic Hlot- and Cold-Water Distribution Systems . . . . . . . ... ... ... ... ... .. ..., ASTM D B309
Fiberglass RTR Pressure Pipe [Note (1)]. . . . .« o v i v i i et e e e e e e e e e e e e e e e ASTM D B517
Fiberglass RTR Sewer and Industrial Pressure Pipe [Note (1)]. . . . . . . . o v i i i i i e e e e ASTM D B754
PTFE Plasti¢-Lined Ferrous Metal Pipe and Fittings [Notes @) and 3)]. . . . . . . . . o oo v v ASTM H 423

CPVC Plasti
CPVC Plasti
PVDF Plasti
Propylene 4

FEP Plastic
PVDC Plast
PFA Plastic
Polyolefin H
Plastic-Line
PVDF Corro

Reinforced
Prestressed
Reinforced

PVC Pressu
Fiberglass f

Miscellaneg

Contact-Mo
Threads for
Solvent Cer
Solvent Cer
Joints for P
Fiberglass §

Design and
Solvent Cer
Taper Pipe

L Pipe, Sch40and 80 . . ... ... .. it
C Pipe (SDR-PR) . . . . o e e
C-Lined Ferrous Metal Pipe and Fittings [Notes (2) and 3)] . .. ... ..
nd PP Plastic-Lined Ferrous Metal Pipe and Fittings [Notes (2) and (3)] .

| ined Ferrous Metal Pipe and Fittings [Notes (2) and (3)] . . .. ... ..
c-Lined Ferrous Metal Pipe and Fittings [Notes (2) and 3)] . . ... ...
Lined Ferrous Metal Pipe and Fittings [Notes ) and 3)] . . . ... ...
ipe and Fittings for Corrosive Waste Drainage Systems [Notes (2) and (3)]
H Ferrous Metal Pipe, Fittings, and Flanges [Notes (2) and (3)] . . .. ..
ive Waste Drainage Systems .. . . . . . . . . .. e

Concrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liguids

Concrete Pressure Pipe, Steel Cylinder Type, for Water and OtherLiquids
Concrete Pressure Pipe, Noncylinder Type . . . . . .. ... ...,
e Pipe, 4-inch through 12-inch, forWater. . . . . . ... 7% . ... ...
ressure Pipe. . . . .. L Lo N

us

ded RTP Laminates for Corrosion Resistant Equipment. . . . . ... ...
Fiberglass RTR Pipe (60 deg stub) [Nete{(1)] . . . . ... ... ... ...
hents for ABS Plastic Pipe and Fittings” . . . . . ... ... ........
hents for PVC Plastic Piping Systems. . . . ... ... ... ........
astic Pressure Pipes Using Elexible Elastomeric Seals . . . . . ... ...
TR Pipe Joints Using Flexible Elastomeric Seals [Note (1)] . . . . ... ..

Construction of Nonmetallic Enveloped Gaskets for Corrosive Service . .
hents for CPVC Plastic Pipe and Fittings . . . . . ... ...........
Threads 60° fer\Ihermoplastic Pipe and Fittings . . .. ... ... ....

ASTM F 441/F 4
ASTM F 442/F 4
ASTM H
ASTM H

ASTM H
ASTM H
ASTM H
ASTM F
ASTM F
ASTM F

AWWA
AWWA
AWWA
AWWA
AWWA

ASTM g
ASTM D
ASTM D
ASTM D
ASTM D
ASTM D

ASTM H
ASTM H
ASTM F

41M
42M
491
492

546
599
781
1412
1545
1673

£300
(301
£302
£900
{950

582
1694
p235
D564
139
(1161

336
493
1498

GENERAL N
references,

NOTES:

DTE:  It\is'm0t practical to refer to a specific edition of each standard throughout the Code text. Instead, the approved
along-with the names and addresses of the sponsoring organizations, are shown in Appendix E.

bdition

(1) The ter

(2) This Standard allows the use of unlisted materials; see para. 323.1.2.
(3) This Standard contains no pressure—temperature ratings.
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SME
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(5) dimensional requirements and tolerances

(6) cure time

(7) protection of work

(8) tests and examinations other than those
required by para. A328.2.5

(9) acceptance criteria for the completed test
assembly

A328.2.2 Procedure Qualification by Others. Subject

size of pipe and fittings in the assembly shall be as
follows:

(1) When the largest size to be joined is DN 100
(NPS 4) or smaller, the test assembly shall be the largest
size to be joined.

(2) When the largest size to be joined is greater than
DN 100 (NPS 4), the size of the test assembly shall be
between 25% and 100% of the largest piping size to be
joined, but shall be a minimum of DN 100 (NPS 4).

to the specific approval of the Inspector, a BPS qualified
by others may be used provided that

(a)] the Inspector satisfies him/herself that the pro-
posedl qualified BPS has been prepared and executed
by a tesponsible recognized organization with expertise
in the field of bonding

(b)| by signature, the employer accepts both the BPS
and procedure qualification record (PQR) as his own

(c)

the employer has at least one currently employed

() Burst-Test viethod —The testassembiy syl be sub-
jected to a burst test in accordance with the dpplicable
sections of ASTM D 1599.° The time 0, bugst in this
standard may be extended. The test.is succesdful if fail-
ure initiates outside of any bonded joint.

(c) Hydrostatic Test Method. The test assembly shall be
subjected to hydrostatic pressure of at least Pr for not
less than 1 hr with no leakage or separation pf joints.

(1) For thermoplasties, Py shall be detefmined in
accordance with eqs(27)

bonder who, while in his employ, has satisfactorily (Ss + Sp)
passgd a performance qualification test using the pro- Pr = 0.80T (S—_H) (27)
posedl qualified BPS b-T
. where

A328.2.3 Performance Qualification by Others. D =\outside diameter of pipe
Withput the Inspector’s specific approval, an employer Si“= mean long term hydrostatic strengfh (LTHS)
shall[not accept a performance qualification test made in accordance with ASTM D 2837. Use twice
by a ponder or bonding operator for another employer. the 23°C (73°F) HDB design stress ffom Table
If approval is given, it is limited to work on piping using B-1 if listed, or use manufacturer’s data.
the same or equivalent BPS. An employer accepting such S = mean short term burst stress in adcordance
perfdrmance qualification tests shall obtain a copy of the with ASTM D 1599,° from Table B-1 if listed,
perfgrmance qualification test record from the previous otherwise from manufacturer’s data
employer showing the name of the employer by whom T = nominal thickness of pipe

the bpnder or bonding operator was qualified, the date
of su¢h qualification, and the date the bonder or bonding
operdtor last bonded pressure piping\under such per-
formance qualification.

(2) For RTR (laminated and filament-wgund) and
RPM, P shall be three times the manufacturgr’s allow-
able pressure for the components being joinefl.

(3) The test shall be conducted so that| the joint

A328.2.4 Qualification Re¢ords. The employer shall is loaded in both the circumferential and longitudinal
maingain a self-certified reécord, available to the owner directions.
or owner’s agent and to the Inspector, of the BPS used A328.2.6 Performance Requalification. Rgnewal of

and fhe bonders orybonding operators employed by
him /her, and showing the dates and results of BPS quali-
ficatipns and bending performance qualifications.

Aj
para.
BPS

$28.2:5-\Qualification Tests. Tests, as specified in
A328.2.1(a), shall be performed to qualify each

hnd the pﬂanvmanr‘n of each bonder and hnﬂr‘ing

a bonding performance qualification is requited when
(a) a bonder or bonding operator has not{used the
specific bonding process for a period of 6 mo of more, or
(b) there is specific reason to question the inflividual’s
ability to make bonds that meet the BPS

A328.3 Bonding Materials and Equipment

operator. Test assemblies shall conform to (a) below and
the test method shall be in accordance with either (b)
or (c).

(a) Test Assembly. The assembly shall be fabricated in
one pipe size in accordance with the BPS and shall con-
tain at least one of each different type of joint identified
in the BPS. More than one test assembly may be prepared
if necessary to accommodate all of the joint types or to
assure that at least one of each joint type is loaded in
both circumferential and longitudinal directions. The

A328.3.1 Materials. Bonding materials that have
deteriorated by exposure to air or prolonged storage, or
will not spread smoothly, shall not be used in making
joints.

® Titles of referenced standards and specifications are listed in
Table A326.1, except ASTM D 1599, Test Method for Resistance to
Short-Time Hydraulic Pressure of Plastic Pipe, Tubing, and Fittings;
ASTM D 2657, Practice for Heat Fusion Joining of Polyolefin Pipe
and Fittings; ASTM D 2855, Practice for Making Solvent-Cemented
Joints with PVC Pipe and Fittings; and ASTM F 1290, Practice for
Electrofusion Joining Polyolefin Pipe and Fittings.
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A328.3.2 Equipment. Fixtures and tools used in
making joints shall be in such condition as to perform
their functions satisfactorily.

A328.4 Preparation for Bonding

Preparation shall be defined in the BPS and shall spec-
ify such requirements as

(a) cutting

(b) cleaning

A328.5.3 Solvent Cemented Joints in Thermoplastic
Piping °

(a) Preparation. Thermoplastic pipe and fitting sur-
faces shall be prepared in accordance with ASTM D 2855
for PVC, ASTM F 493 for CPVC, and ASTM D 2235 for
ABS. A dry fit test of each joint is required before solvent
cementing. The pipe shall enter the fitting socket
between one-third and two-thirds of the full socket
depth when assembled by hand.

(c) preheat
(d) end preparation

(e) fit—Ip
A328.5 Bonding Requirements

A328.5.1 General

(a) Production joints shall be made only in accordance
with a written bonding procedure specification (BPS)
that has Heen qualified in accordance with para. A328.2.
Manufacfurers of piping materials, bonding materials,
and bondjing equipment should be consulted in the prep-
aration of the BPS.

(b) Production joints shall be made only by qualified
bonders pr bonding operators who have appropriate
training ¢r experience in the use of the applicable BPS
and have|satisfactorily passed a performance qualifica-
tion test hat was performed in accordance with a quali-
fied BPS.

(c) Eadh qualified bonder and bonding operator shall
be assigned an identification symbol. Unless otherwise
specified |in the engineering design, each pressure-con-
taining b¢nd or adjacent area shall be stenciled.er.other-
wise suitably marked with the identification symbol of
the bond¢r or bonding operator. Identification stamping
shall not|be used and any marking paint or ink shall
not be dptrimental to the piping rhaterial. In lieu of
marking the bond, appropriate récords may be filed.

(d) Quplification in one BPS.does not qualify a bonder
or bonding operator for any ether bonding procedure.

(e) Lorjgitudinal joints’ate not covered in para. A328.

A328.,5.2 Hot Gas-Welded Joints in Thermoplastic

o)y Procedure. Joints shalt be made in accordancyg with
the qualified BPS. ASTM D 2855 provides a-Stijtable
basis for development of such a procedure, Solvent
cements for PVC, CPVC, and ABS shall donfofm to
ASTM D 2564, D 2846, and D 2235, respectively. Applica-
tion of cement to both surfaces to be jéined and assgmbly
of these surfaces shall produce{a continuous pond
between them with visual evidence of cement at| least
flush with the outer end of the fitting bore around the
entire joint perimeter. See.Fig. A328.5.3.

(c) Branch Connectiohs." A fabricated branch cophnec-
tion shall be made’using a manufactured full reinforce-
ment saddle with integral branch socket.| The
reinforcement\saddle shall be solvent cemented fo the
run pipe over its entire contact surface.

A328.5.4 Heat Fusion Joints in Thermoplastic Piping °

(a)\Preparation. Surfaces to be heat fused together
shall be cleaned of all foreign material.

(b) Procedure. Joints shall be made in accordancg with
the qualified BPS. The general procedures in ASTM D
2657, Techniques I — Socket Fusion, II — Butt Fysion,
and III — Saddle Fusion, provide a suitable basfs for
development of such a procedure. Uniform heating of
both surfaces to be joined and assembly of these suffaces
shall produce a continuous homogeneous bond between
them and shall produce a small fillet of fused mdterial
at the outer limits of the joint. See Fig. A328.5/4 for
typical heat fusion joints. Fixtures shall be used to[align
components when joints are made.

(c) Branch Connections. A fabricated branch copnec-
tion is permitted only where molded fittings are
unavailable.

Pip-

Piping ° A328.5.5 Electrofusion Joints in Thermoplastig
i 5
(a) Prqparationi. Surfaces to be hot gas welded ing .
together phall-be cleaned of any foreign material. For (a) Preparation. Surfaces to be heat fused together
butt weldsthe ioinine edaes should be beveled at 20 dee  shall be cleaned of all foreign material.
7 J o o o

to 40 deg with 1 mm (%, in.) root face and root gap.

(b) Procedure. Joints shall be made in accordance with
the qualified BPS.

(c) Branch Connections. A fabricated branch connec-
tion shall be made by inserting the branch pipe in the
hole in the run pipe. Dimensions of the joint shall con-
form to Fig. 328.4.4 sketch (c). The hole in the run pipe
shall be beveled at 45 deg. Alternatively, a fabricated
branch connection shall be made using a manufactured
full reinforcement saddle with integral socket.
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(b) Procedure. Joints shall be made in accordance with
the qualified BPS. The general procedures in ASTM F
1290, Technique I — Coupling Procedure and Technique
II — Saddle Procedure provide a suitable basis for the
development of such a procedure. See Fig. A328.5.5.

A328.5.6 Adhesive Joints in RTR and RPM Piping
(a) Procedure. Joints shall be made in accordance with
the qualified BPS. Application of adhesive to the surfaces
to be joined and assembly of these surfaces shall produce
a continuous bond between them and shall seal over all
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Fig. A328.5 Typical Plastic Piping Joints
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cuts to protect the reinforcement from the service fluid.
See Fig. A328.5.6.

(b) Branch Connections. A fabricated branch connec-
tion shall be made using a manufactured full reinforce-
ment saddle having a socket or integral length of branch
pipe suitable for a nozzle or coupling. The hole in the
run pipe shall be made with a hole saw; the cut edges
of the hole shall be sealed with adhesive at the time the
saddle is bonded to the run pipe.

for any other welding procedure involving different lin-
ing materials.

A329.2 Flaring of Nonmetallic Linings

A329.2.1 General

(a) Paragraph A329.2 applies only to the flaring
of linings in pipe that has previously been lined with
nonmetals.

(b) Flaring which conforms to para. A329.2 may be

A328.5.7 Butt-and-Wrapped Joints in RTR and RPM
Piping °

(a) Pro
the quali
saturated|
shall pro
shall be

Fedure. Joints shall be made in accordance with
ied BPS. Application of plies of reinforcement
with catalyzed resin to the surfaces to be joined
Huce a continuous structure with them. Cuts
bealed to protect the reinforcement from the
service flpid. See Fig. A328.5.7.

(b) Brapich Connections. For a fabricated branch con-
nection made by inserting the branch pipe into a hole
in the run pipe, the hole shall be made with a hole saw.

A328.6 Bonding Repair

Defect
that fails
the engin|
also para

ve material, joints, and other workmanship

to meet the requirements of this Code and of

pering design shall be repaired or replaced. See
341.3.3.

A328.7 $eal Bonds

If thredded joints are to be seal bonded in accordance
with parg. A311.2.2, the work shall be done by qualifiéd
bonders qnd all exposed threads shall be covered by;the

seal bond.

A329 FABRICATION OF PIPING LINED:WITH
NONMETALS

A329.1 Welding of Metallic Pipihg

A329.1.1 General

(a) Parpgraph A329.1 appli€s only to welding subas-
semblies Jof metallic piping that have previously been
lined with nonmetals:

(b) Welding which conforms to para. A329.1 may be

used in accordanee with para. A318.3.1.

A329.1.2, Specific Welding Requirements. Welding

used in accordance with para. A318.3.2.

(c) Flaring shall be performed only in accordancg with
a written flaring procedure specification,and only by
qualified operators who have appropuiate”training or
experience in the use of the applicableflaring procedure
specification.

A332 BENDING AND FORMING

A332.1 General
Paragraph 332.1 applies in its entirety.

A332.2 Bending
Paragraph 332.2 applies, except para. 332.2.2.

A332.3_Forming
Paragraph 332.3 applies, except for heat treatmpnt.

A334 JOINING NONPLASTIC PIPING
A334.1 Borosilicate Glass Piping

Short unflanged pieces used to correct for differpnces
between fabrication drawings and field dimension$ may
be cut to length and finished in the field.

A334.2 Repair of Defects

Defective material, joints, and other workmanship in
nonplastic piping that fail to meet the requiremefits of
para. A334 or of the engineering design shall be refjaired
or replaced.

Completed repairs and replacements shall be ¢
ined, subject to the same limitations on imperfe
as the original work.

Xam-
tions

A335 ASSEMBLY AND ERECTION

shall contermto-the-requirements-of-para—328-and-the
following additional requirements:

(a) Modifications made in preparation for welding to
suit manufacturer’s recommendations shall be specified
in the engineering design.

(b) Welding shall be performed so as to maintain the
continuity of the lining and its serviceability.

(c) If a lining has been damaged, it shall be repaired
or replaced.

(d) Qualification to one WPS for a specific lining
material does not qualify a welder or welding operator
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A335.1 Alignment
Paragraph 335.1 applies in its entirety.

A335.2 Flanged and Mechanical Joints
Paragraph 335.2 applies in its entirety.

A335.2.5 Nonmetallic Bolted Joints
(a) Bolted joints in nonmetallic piping may be assem-
bled with any combination of flange material and flange
facings, except that the following apply when other than
flat face flanges and full face gaskets are used:
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(1) consideration shall be given to the strength of
the flanges, and to sustained loads, displacement strains,
and occasional loads described in paras. A302.3.4 and
A302.3.5, and

(2) an appropriate bolt-up sequence shall be
specified

(b) Appropriate limits shall be specified for bolt-up
torque, and those limits shall not be exceeded.
(c) Flat washers shall be used under bolt heads and

A335.6.3 Flexible Elastomeric Sealed Joints. Assem-
bly of flexible elastomeric sealed joints shall be in accor-
dance with the manufacturer’s recommendations and
the following;:

(a) Seal and bearing surfaces shall be free from injuri-
ous imperfections.

(b) Any lubricant used to facilitate joint assembly
shall be compatible with the joint components and the
intended service.

nuts.

A335.2.6 Metallic Piping Lined With Nonmetals. In
assethbling mechanical joints in metallic piping lined
with [nonmetals, consideration shall be given to means
for maintaining electrical continuity between pipe sec-
tions| where static sparking could cause ignition of flam-
mable vapors. See Appendix F, para. FA323.4(a).

A334.3 Threaded Joints

Patagraph 335.3 applies except for para. 335.3.2. See
para{A335.3.2.

A335.3.2 Joints for Seal Bonding. A threaded joint
to bg seal bonded shall be made up without thread
compound. A joint containing thread compound which
leaks| during leak testing may be seal bonded in accor-
dance with para. A328.6, provided all compound is
remgved from exposed threads.

A335.3.4 General, Nonmetallic Piping. Either strap
wreniches or other full circumference wrenches shall be
used|to tighten threaded pipe joints. Tools and other
devides used to hold or apply forces to thepipe shall
be sych that the pipe surface is not scored or deeply
scratthed.

A335.3.5 RTR and RPM Piping. In assembling
threaded joints in RTR and RPM:piping, where threads
may pe exposed to fluids which can attack the reinforc-
ing material, threads shall be coated with sufficient resin
to cqver the threadssand completely fill the clearance
betwpen the pipesanid the fitting.

A335.4 Tubing Joints

AB35(4.1 Flared Joints in Thermoplastic Tubing.
Paragraph 335.4.1 applies.

{c) PToper joint clearances and piping restrajnts (if not
integral in the joint design) shall be providedto prevent
joint separation when expansion can occut”dye to ther-
mal and/or pressure effects.

A335.8 Assembly of Brittle Piping

Care shall be used to avoid seratching of brittle nonme-
tallic piping in handling and supporting. Any [scratched
or chipped components shall be replaced. Cate shall be
used in handling glass<}ined and cement-lined steel pipe
because the lining. can be injured or broken |by blows
which do not.dent or break the pipe.

A335.8:1 Borosilicate Glass Piping. In agldition to
the pregaution in para. A335.8, borosilicate glgss piping
components shall be protected from weld spatter. Any
component so damaged shall be replaced. Flgnges and
cushion inserts shall be carefully fitted and 4ligned to
pipe, fitting, and valve ends. Gaskets shall |pe of the
construction recommended for the joint. Installation and
torquing of bolts shall be in accordance with fhe manu-
facturer’s recommendations.

A335.9 Cleaning of Piping
See Appendix F, para. F335.9.

PART 10
INSPECTION, EXAMINATION, AND TESTING

A340 INSPECTION
Paragraph 340 applies in its entirety.

A341 EXAMINATION
A341.1 General
Paragraph 341.1 applies.

A335.4.2 Flareless and Compression Tubing Joints.
Paragraph 335.4.2 applies.

A335.5 Caulked Joints
Paragraph 335.5 applies.

A335.6 Special Joints

Paragraph 335.6 applies, except that expanded joints
are not permitted.

A341.2 Responsibility for Examination
Paragraph 341.2 applies in its entirety.

A341.3 Examination Requirements

A341.3.1 Responsibility for Examination. Para-
graph 341.3.1 applies, except for (a) and (b), which apply
only for metals.

A341.3.2 Acceptance Criteria. Acceptance criteria
shall be as stated in the engineering design and shall

101

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

Table A341.3.2

ASME B31.3-2008

Acceptance Criteria for Bonds

RTR and RPM
Kind Thermoplastic [Note (1)]
of Hot Gas Solvent Heat Adhesive
Imperfection Welded Cemented Fusion Cemented
Cracks None permitted  Not applicable Not applicable Not applicable

Unfilled areas in joint
Unbonded areas in

None permitted
Not applicable

None permitted
None permitted

None permitted
None permitted

None permitted
None permitted

joint

Inclusions of charred None permitted  Not applicable Not applicable Not applicable
material

Unfused filler material None permitted  Not applicable Not applicable Not applicable
inclusions

Protrusion of material Cement, 50% Fused material, 25%  Adhesive,25%
into pipe bore, %
of pipe wall

thickness

Not applicable

NOTE:
(1) RTR = reinforced thermosetting resin; RPM = reinforced plastic mortar.

A341.4.2 Examination — Category D Fluid Seryice.
Piping and piping elements for Category D Fluid S¢rvice
as designated in the engineering design shall be viqually
examineéd to the extent necessary to satisfy the examiner
that components, materials, and workmanship corpfform
tosthe requirements of this Code and the engingering
design.

at least mpeet the applicable requirements for bonds in
Table A341.3.2 and requirements elsewhere in the Code.

A341.3.3 Defective Components and Workmanship.
Paragraph 341.3.3 applies in its entirety.

A341.3.4 Progressive Sampling for Examination.
Paragraph 341.3.4 applies in its entirety.

A341.4 Extent of Required Examination A341.5 Supplementary Examination

A341.5.1 General. Any applicable method of gxam-
ination described in para. 344 may be specified By the
engineering design to supplement the examinption
required by para. A341.4. The extent of supplementary
examination to be performed and any acceptance ctfiteria
that differ from those in para. A341.3.2 shall be spetified
in the engineering design.

A341.4.1 Examination Normally Required. Ripingin
Normal Jluid Service shall be examined to, the' extent
specified |herein or to any greater extent specified in the
engineering design. Acceptance criterig are as stated in
para. A341.3.2 unless otherwise speified.

(a) Visyial Examination. At least(the following shall be
examined in accordance with para. 344.2:

(1) materials and components in accordance with
para. 341]14.1(a)(1).

(2) aft least 5% of(fabrication. For bonds, each type
of bond made by, each bonder and bonding operator
shall be fepresented-

(3) 100%-of fabrication for bonds other than circum-
ferential, |except those in components made in accor-

A341.5.2 Examinations to Resolve Uncertainty.
Paragraph 341.5.3 applies.

A342 EXAMINATION PERSONNEL
Paragraph 342 applies in its entirety.

dance withalisted-specifieation:
(4) assembly and erection of piping in accordance
with paras. 341.4.1(a)(4), (5), and (6).

(b) Other Examination. Not less than 5% of all bonded
joints shall be examined by in-process examination in
accordance with para. 344.7, the joints to be examined
being selected to ensure that the work of each bonder
and bonding operator making the production joints is

A343 EXAMINATION PROCEDURES
Paragraph 343 applies in its entirety.

A344 TYPES OF EXAMINATION
A344.1 General
Paragraph 344.1 applies in its entirety.

examined. . L
(c) Certifications and Records. Paragraph 341.4.1(c)  A344.2 Visual Examination
applies. Paragraph 344.2 applies in its entirety.
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A344.5 Radiographic Examination

Radiographic examination may be used in accordance
with para. 344.1.2.

A344.6 Ultrasonic Examination

Ultrasonic examination may be used in accordance
with para. 344.1.2.

A344.7 In-Process Examination

a nonmetallic piping system shall be not less than 1.5
times the design pressure, but shall not exceed 1.5 times
the maximum rated pressure of the lowest-rated compo-
nent in the system.

(b) Thermoplastic Piping. For piping systems in which
the design temperature is above the test temperature,
para. 345.4.2(b) applies, except that S and St shall be
from Table B-1 instead of A-1.

(c) Metallic Piping with Nonmetallic Lining. Paragraph

Pafagraph 344.7 applies in its entirety.

A345
A345
(a)

TESTING
.1 Required Leak Test

Prior to initial operation, each piping system shall
be tepted to ensure tightness. The test shall be a hydro-
statiq leak test in accordance with para. A345.4, except
as prpvided herein.

(b)| Paragraphs 345.1(a) and (b) apply.

A345
Re
type
A345.2.1 Limitations on Pressure.
345.201(b) and (c) apply.

A345.2.2 Other Test Requirements

(a)| Paragraph 345.2.2(a) applies.

(b)| The possibility of brittle fracture shall be consid-
ered when conducting leak tests on brittle materials or
at loy temperature.

(c)| Paragraphs 345.2.3 through 345.2.7 apply.

A345

Patagraph 345.3 applies in its entirety, considering
bonds in place of welds, and éxaluding expansion joints.

.2 General Requirements for Leak Test

Huirements in para. A345.2 apply to more than one
of leak test.

Paragraphs

.3 Preparation for Leak Test

A345.4 Hydrostatic Leak Test
A345.4.1 Test Fluid." Paragraph 345.4.1 applies.

A345.4.2 Test'\Pressure
(a)| Nonmetallie Piping. Except as provided in para.
345.43(b),«the hydrostatic test pressure at any point in

3454.2 applies.

A345.4.3 Hydrostatic Test of Piping With Vessels as
a System. Paragraph 345.4.3 applies’

A345.5 Pneumatic Leak Test

A345.5.1 Precautions. , Invaddition to th
ments of para. 345.5.1, a ‘pheumatic test of ngnmetallic
piping is permitted only’ with the owner’s [approval,
and precautions in "Appendix F, para. FA3234 should
be considered.

P require-

A345.5.2~0ther Requirements

(a) Paragraphs 345.5.2 through 345.5.5 app

(b) PVC and CPVC piping shall not be pney
tested.

y.
matically

A345.6 Hydrostatic-Pneumatic Leak Test

If a combined hydrostatic-pneumatic leak test is used,
the requirements of para. A345.5 shall be me}, and the
pressure in the liquid-filled part of the piping shall not
exceed the values calculated in accordance with para.
A345.4.2 or 345.4.2, as applicable.

A345.7 Initial Service Leak Test

Paragraph 345.7 applies in its entirety for
D Fluid Service only.

Category

A345.8 Sensitive Leak Test
Paragraph 345.8 applies.

A346 RECORDS
Paragraph 346 applies in its entirety.

103

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

Chapter VIII
Piping for Category M Fluid Service

M300 GENERAL STATEMENTS

detrimental vibration, pulsation, or resonance effects in

(a) Chapter VIII pertains to piping designated by the
owner as| being in Category M Fluid Service. See also
Appendix M.

(b) The organization, content, and paragraph desig-
nations of this Chapter correspond to those of the base
Code (Chapters I through VI) and Chapter VII. The
prefix Mlis used.

(c) Projvisions and requirements of the base Code and
Chapter VII apply only as stated in this Chapter.

(d) Comsideration shall be given to the possible need
for engipeered safeguards (see Appendix G, para.

itions can ordinarily be circumvented by pip-
t, component selection, and other means. If
F feasible, the engineering design shall specify
ssary provisions in accordance with para.

ing layot
this is no
any necq
300(c)(5).
(f) Chdpter I applies in its entirety.
PART 1
CONDITIONS AND CRITERIA

M301 DESIGN CONDITIONS

Paragraph 301 applies in its entirety, with the excep-
tions of paras. 301.3 and 301.5-See paras. M301.3 and
M301.5.

M301.3

Use of pny temperature other than the fluid tempera-
ture as the design, temperature shall be substantiated
by heat fransfer\ealculations confirmed by tests or by
e}xperime tallmeasurements.

M301.5

Pesign Temperature, Metallic Piping

ctc

mic E£E,
T TEImTeCtS

the piping.

M302 DESIGN CRITERIA

M302.1 General

Paragraph M302 pertaing te“pressure-temperpture
ratings, stress criteria, designallowances, and minimum
design values, together With permissible variatigns of
these factors as applied to piping design.

Paragraph 302 applies in its entirety, with the excep-
tion of paras,302.2 and 302.3. See paras. M302.2 and
M302.3.

M302.2’,Pressure-Temperature Design Criteria

Raragraph 302.2 applies in its entirety, with the e
fion of paras. 302.2.4 and 302.2.5. See paras. M3
and M302.2.5.

cep-
D2.2.4

M302.2.4 Allowance for Pressure and Temperature
Variations, Metallic Piping. Use of allowances in|para.
302.2.4 is not permitted. Design temperature and [pres-
sure shall be based on coincident pressure-tempernature
conditions requiring the greatest wall thickness ¢r the
highest component rating.

M302.2.5 Ratings at Junction of Different Seryices,
Metallic Piping. When two services that operate gt dif-
ferent pressure—temperature conditions are conngcted,
the valve segregating the services shall be rated f¢r the
more severe service condition.

M302.3 Allowable Stresses and Other Stress Limits
for Metallic Piping

Paragraph 301.5 applies with the exception of paras.
301.5.1 and 301.5.4. See paras. M301.5.1 and M301.5.4.

M301.5.1 Impact. Design, layout, and operation of
piping shall be conducted so as to minimize impact
and shock loads. In the event that such loadings are
unavoidable, para. 301.5.1 applies.

M301.5.4 Vibration. Suitable dynamic analysis,
such as computer simulation, shall be made where nec-
essary to avoid or minimize conditions which lead to

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

104

Paragraph 302.3 applies in its entirety, with the excep-
tion of para. 302.3.2. See para. M302.3.2.

M302.3.2 Bases for Allowable Stresses. The
designer shall fully document the basis for using any
stress limit not in accordance with the stress Tables in
Appendix A.

M302.4 Allowances

Paragraph 302.4 applies in its entirety.
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PART 2
PRESSURE DESIGN OF METALLIC PIPING
COMPONENTS

M303 GENERAL
Paragraph 303 applies in its entirety.

M304 PRESSURE DESIGN OF METALLIC
COMPONENTS

M306.4 Fabricated or Flared Laps

M306.4.1 General. The following requirements do
not apply to fittings conforming to para. M306.1, nor to
laps integrally forged on pipe ends. Paragraph 306.4.1
applies.

M306.4.2 Flared Laps. A flared lap shall meet the
requirements of para. 306.4.2. In addition,
(a) pipe size shall be less than or equal to DN 100

Patragraph 304 applies in its entirety.

PART 3
FLUID SERVICE REQUIREMENTS FOR METALLIC
PIPING COMPONENTS

M306 PIPE
M305.1 General

Ligted pipe may be used in accordance with para.
M30%.2. Unlisted pipe may be used only as provided in
para/302.2.3.

M305.2 Specific Requirements for Metallic Pipe

Pipe listed in para. 305.2.2 shall not be used. The
provision for severe cyclic conditions in para. 305.2.3
does|not apply [see para. M300(e)].

M306 METALLIC FITTINGS, BENDS, MITERS,
LAPS, AND BRANCH CONNECTIONS

Gefreral. Fittings, bends, miters, laps, and branch:eon-
nectipns may be used in accordance with paras;M306.1
throygh M306.6. Pipe and other materials-ised in such
components shall be suitable for the manufacturing pro-
cess and the fluid service.

M306.1 Pipe Fittings

Paragraph 306.1 applies in its entirety, with the excep-
tion ¢f para. 306.1.3. See para. M306.1.3 below. The provi-
sion [for severe cyclic ednditions in para. 306.1.4 does
not apply [see para,M300(e)].

MB06.1.3 Specific Fittings. The following shall not
be uged:
(a)| fittings.conforming to MSS SP-43 and MSS SP-119
(b)| proprietary “Type C” lap-joint stub-end butt weld-
ing fittings

(NPS2), with wall thickness before flaring gré¢ater than
or equal to the value of T for Schedule 10§
(b) pressure-temperature rating shallkbe legs than or
equal to that of an ASME B16.5 Class”150, Group 1.1
flange
(c) service temperature shall be < 204°C (4p0°F)

M306.5 Fabricated Branch_ Connections

The following requirements do not apply to fittings
conforming to para.\M306.1. Paragraph 306.5{1 applies,
with the following exceptions:

(a) Of the.taethods listed in para. 304.3.1(a), the one
in subparay(3) may be used only if those in ([l) and (2)
are unavailable.

(b)Of the branch connections described [in paras.
304:8.2(b) and (c), those having threaded outlefs are per-
mitted only in accordance with para. M314 &and those
having socket welding outlets are permitted only in
accordance with para. M311.2.

M306.6 Closures

The following requirements do not apply] to blind
flanges or to fittings conforming to para. M306.1. Of
the closures described in para. 304.4, flat closures in
accordance with the BPV Code, Section VIII] Division
1, UG-34 and UW-13, and conical closures without tran-
sition knuckles [UG-32(g) and UG-33(f)], may be used
only if others are not available. The requir¢gments in
M306.5 apply to openings in closures [see qlso para.
304.4.2(b)].

M307 METALLIC VALVES AND SPECIALTY
COMPONENTS

The following requirements for valves shall also be
met as applicable by other pressure containipg piping

M306.2 Pipe Bends

Paragraph 306.2 applies, except that bends in accor-
dance with para. 306.2.2 shall not be used and para.
306.2.3 does not apply [see para. M300(e)].

M306.3 Miter Bends

A miter bend shall conform to para. 306.3.1 and shall
not make a change in direction at a single joint (angle
ain Fig. 304.2.3) greater than 22.5 deg. Paragraph 306.3.3
does not apply [see para. M300(e)].

components, such as strainers and separators. See also
Appendix F, para. F307.
M307.1 General

Paragraph 307.1 applies, subject to the requirements
in para. M307.2.
M307.2 Specific Requirements

(a) Valves having threaded bonnet joints (other than
union joints) shall not be used.
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(b) Only metallic valves conforming to the following
requirements may be used:

(1) Special consideration shall be given to valve
design to prevent stem leakage to the environment.

(2) Bonnet or cover plate closures shall be: flanged,
secured by at least four bolts with gasketing conforming
to para. 308.4; or proprietary, attached by bolts, lugs, or
other substantial means, and having a gasket design that
increases gasket compression as fluid pressure increases;

or securefrwithra futlpernetration wetd mmade T accor- M3TT.Z Specific Requirements

dance with para. M311; or secured by a straight thread
sufficient|for mechanical strength, a metal-to-metal seat,
and a seql weld made in accordance with para. M311,
all acting]in series.

(3) Body joints, other than bonnet or cover plate
joints, shall conform to para. M307.2(b)(2).

M308 FKLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

Paragraph 308.1 applies in its entirety.

M308.2 Specific Requirements for Metallic Flanges

Paragraph 308.2.4 does not apply [see para. M300(e)].
The follojving shall not be used:

(a) single-welded slip-on flanges

(b) expanded-joint flanges

(c) slipron flanges used as lapped flanges unless the
requirements in para. 308.2.1(c) are met

(d) threaded metallic flanges, except those employing
lens ringp or similar gaskets and those used in lined
pipe whepre the liner extends over the gasket face

M308.3 Flange Facings
Paragraph 308.3 applies.

M308.4 [Gaskets
Paragraph 308.4 applies.

M308.5 Blanks
All blgnks shall be marked with material, rating,

and size.

M309 BOLTING

Paragraph 309.applies, except for para. 309.2.4 [see
para. M3p0(e)].

M311.1 General

Paragraph 311.1 applies with the following
exceptions.

(a) Split backing rings shall not be used.

(b) Socket welded joints greater than DN 50 (NPS 2)
are not permitted.

(c) Examination shall be in accordance with para.
M341.4.

Paragraphs 311.2.3(a); 311.2.4(a), (b), and (d);)311.2.5;
and 311.2.6 apply.

M312 FLANGED JOINTS IN METALLIC PIPING
Paragraph 312 applies in its/entifety.

M313 EXPANDED JOINTS’IN METALLIC PIPING
Expanded joints shall not be used.

M314 THREADED JOINTS IN METALLIC PIPING
M314.1 General
Paragraphs 314.1(a), (b), and (c) apply.

M314.2 Specific Requirements

M314.2.1 Taper-Threaded Joints. Paragraph 3]4.2.1
applies except that only components suitable for Ngrmal
Fluid Service in sizes 8 < DN < 25 (% < NPS < 1) are
permitted (see Table 314.2.1). Sizes smaller than )N 20
(NPS %) shall be safeguarded (see Appendix G).

M314.2.2 Straight-Threaded Joints. Paragraph
314.2.2 applies. In addition, components shall have ade-
quate mechanical strength and the joint shall have a
confined seating surface not subject to relative rofation
as or after the joint is tightened. [See Fig. 335.3.3 skqgtches
(b) and (c) for acceptable construction.]

M315 TUBING JOINTS IN METALLIC PIPING
Paragraph 315 applies, except for para. 315.2(b).

M316 CAULKED JOINTS

PART %
FLUID SERVICE REQUIREMENTS FOR METALLIC
PIPING JOINTS

M310 METALLIC PIPING, GENERAL
Paragraph 310 applies in its entirety.

M311 WELDED JOINTS IN METALLIC PIPING

Welded joints may be made in any metal for which
it is possible to qualify welding procedures, welders,
and welding operators in accordance with para. M328.

Caulked joints shall not be used.

M317 SOLDERED AND BRAZED JOINTS

Soldered, brazed, and braze welded joints shall not
be used.

M318 SPECIAL JOINTS IN METALLIC PIPING

Paragraph 318 applies, with the exception that adhe-
sive joints and bell type joints shall not be used.
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PART 5
FLEXIBILITY AND SUPPORT OF METALLIC PIPING

M319 FLEXIBILITY OF METALLIC PIPING

Paragraph 319 applies, with the exception that the
simplified rules in para. 319.4.1(c) do not apply.

M321 PIPING SUPPORT

M323.3 Impact Testing Methods and Acceptance
Criteria

Paragraph 323.3 applies in its entirety.
M323.4 Fluid Service Requirements for Metallic
Materials
Paragraph 323.4.1 applies.

M323.4.2 Specific Requirements. Paragraph 323.4.2

Paracraph 321 applies. except that supporting ele-
(&) 1 I I J Y (&)

ments shall be of listed material.

PART 6
SYSTEMS

M32p SPECIFIC PIPING SYSTEMS
M322.3 Instrument Piping

Patagraph 322.3 applies, with the exception that, for
signdl lines in contact with process fluids and process
templerature—pressure conditions

(a)| tubing shall be not larger than 16 mm (% in.) O.D.
and shall be suitable for the service

(b)] an accessible block valve shall be provided to iso-
late the tubing from the pipeline

(c)]joining methods shall conform to the requirements
of pdras. 315.1 and 315.2

M322.6 Pressure Relieving Systems

Paragraph 322.6 applies, except for para. 322.6.3. See
para|M322.6.3.

MB22.6.3 Overpressure Protection. Formetallic
piping, the design pressure may be exceeded by no more
than[10% during operation of a pressure relieving
system.

PART 7
METALLIC MATERIALS

M32B GENERAL REQUIREMENTS
M323.1 Materials and Specifications

Papagraphs 323.1.1 and 323.1.2 apply. See paras.
M323.1.3 and/M323.1.4.

323:4.3 Unknown Materials. Materials of
unknjowt_specification shall not be used.

applies, except that cast irons other than _dyctile iron
shall not be used for pressure-containing pafts, and lead
and tin shall be used only as linings.

M323.4.3 Metallic Cladding and ‘Lining Materials.
In addition to the requirements,of.para. 323.4.3, where
materials covered in paras. 323:4:2(c)(2) and 323.4.3 are
used as cladding or lining in which the clddding or
lining also serves as a<gasket or as part of the flange
facing, consideration shall be given to the desjign of the
flanged joint to prevént leakage to the enviropment.

M323.5 Deterioration of Materials in Servic

Paragrdph323.5 applies in its entirety.

M325 MATERIALS — MISCELLANEOUS
M325.1 Joining and Auxiliary Materials

In applying para. 325, materials such as|[solvents,
brazes, and solders shall not be used. Nonmetdllic mate-
rials used as gaskets and packing material§ shall be
suitable for the fluid service.

PART 8
STANDARDS FOR PIPING COMPONENTS

M326 DIMENSIONS AND RATINGS OF
COMPONENTS

Paragraph 326.1.3 applies.

M326.1 Dimensional Requirements

M326.1.1 Listed Piping Components. Hxcept for
prohibitions and restrictions stated elsewhere in
Chapter VIII, components made in accordgnce with
standards and specifications listed in Table 326.1 may

M323°T. fials. Reclaimed
materials may be used when the material certification
records are available for the specific materials employed,
and the designer is assured that the material is sound
and free from harmful defects.

M323.2 Temperature Limitations

Paragraph 323.2 applies with the exception that, in
regard to lower temperature limits, the relaxation of
minimum temperature limits stated in Note (3) of
Table 323.2.2 is not permitted.

beusedirCategory Mservice:
M326.1.2 Unlisted Piping Components. Dimensions
of unlisted components shall be governed by require-
ments in paras. 303 and 304.
M326.2 Ratings of Components
Paragraph 326.2 applies in its entirety.

M326.3 Reference Documents
Paragraph 326.3 applies in its entirety.
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PART 9
FABRICATION, ASSEMBLY, AND ERECTION OF
METALLIC PIPING

M327 GENERAL

Metallic piping materials and components are pre-
pared for assembly and erection by one or more of
the fabrication processes in paras. M328, M330, M331,
and M332. When any of these processes is used in assem-

M335.3.4 Condition of Threads. Taper-threaded
components and threaded ends permitted under para.
M314.2.1 shall be examined before assembly for cleanli-
ness and continuity of threads and shall be rejected if not
in conformance with ASME B1.20.1 or other applicable
standards.

M335.4 Tubing Joints
M335.4.1 Flared Tubing Joints. The requirements of

p L3 H 4 N £
bly and preetionrequirements—are-the-same-asfor

fabricati

M328 ELDING OF METALS

Weldinlg shall be in accordance with paras. M311.1
and 328, pxcept see para. M328.3.

M328.3

Paragraph 328.3 applies in its entirety, except that split
backing rjings shall not be used, and removable backing
rings and consumable inserts may be used only where
their suifiability has been demonstrated by procedure
qualificatfion.

elding Materials

M330 PREHEATING OF METALS

Paragraph 330 applies in its entirety.

M331 HEAT TREATMENT OF METALS

Paragr
tion that
Table 331

hph 331 applies in its entirety, with the excep-
no requirements less stringent than thosé-of
1.1 shall be specified.

M332 BENDING AND FORMING OF METALS

Paragr
ing whic

ph 332 applies in its entirety; éxcept that bend-
conforms to para. 332.2:3 is not permitted.

SSEMBLY AND ERECTION OF METALLIC
IPING

eneral

M335

M335.1

M335{1.1 Alignment. In addition to the require-
ments of para.835:1.1, any bending or forming required
for alignthentand fit-up shall be heat treated if required
by para. B32.4

para. 335.4.1 apply; however, see para. M322 for, limita-
tions associated with specific piping systems!

M335.4.2 Flareless and Compression Tubing Joipts.
The requirements of para. 335.4.2 apply;’however, see

para. M322 for limitations associated,with specifi¢ pip-
ing systems.
M335.6 Special Joints

Special joints shall be in-ac¢cordance with paras. M318

and 335.6.1.

M335.9 Cleaning ‘of Piping
See Appendix F, para. F335.9.

PART 10
INSPECTION, EXAMINATION, TESTING, AND

RECORDS OF METALLIC PIPING
M340 INSPECTION

Paragraph 340 applies in its entirety.

M341 EXAMINATION

Paragraphs 341.1,341.2, 341.3, and 341.5 apply in
entirety. See para. M341.4.

their

M341.4 Extent of Required Examination

Paragraph 341.4.1 applies with the follo
exceptions:
(a) Visual Examination
(1) All fabrication shall be examined.
(2) All threaded, bolted, and other mecha
joints shall be examined.
(b) Other Examination

wing

nical

M335.2 Flanged Joints
Paragraph 335.2 applies in its entirety.

M335.3 Threaded Joints
Paragraphs 335.3.1 and 335.3.2 apply. See paras.
M335.3.3 and M335.3.4.

M335.3.3 Straight-Threaded Joints. The require-
ments of para. 335.3.3 are subject to the limitations in
para. M322.
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( I) T} IC Idl lclUlll I ddiUBl dP} ly // ul'u dSU!1 liL CXd llina'
tion requirements of para. 341.4.1(b)(1) apply except that
at least 20% of circumferential butt and miter welds and
of fabricated lap and branch connection welds compara-
ble to those shown in Figs. 328.5.4E and 328.5.5 sketches
(d) and (e) shall be examined.

(2) The in-process examination alternative permit-
ted in para. 341.4.1(b)(1) may be specified on a weld-
for-weld basis in the engineering design or by the Inspec-
tor. It shall be supplemented by appropriate nondestruc-
tive examination.
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M342 EXAMINATION PERSONNEL
Paragraph 342 applies.

M343 EXAMINATION PROCEDURES
Paragraph 343 applies.

M344 TYPES OF EXAMINATION

MA302.3 Allowable Stresses and Other Design
Limits
Paragraph A302.3 applies, with the exception of para.
A302.3.2. See para. MA302.3.2.

MA302.3.2 Bases for Allowable Stress. The
designer shall fully document the bases for using any
stress or allowable pressure limit not in accordance with
both para. A302.3.2 and the Tables in Appendix B.

Patagraph 344 applies in its entirety.

M345 TESTING

MA302.4 Allowances
Paragraph 302.4 applies in its entirety.

Patagraph 345 applies in its entirety, except that PRESSURE DESlGNPgllz-'TN:lOZNMETALUC PIPING
itive leak test i d ith .345.8
(a)] a sensitive leak test in accordance with para COMPONENTS

shall be included in the required leak test (para.
345.1) and
(b)] the initial service leak test (para. 345.7) does not

apply

M34p RECORDS
Patagraph 346 applies in its entirety.

PARTS 11 THROUGH 20,
CORRESPONDING TO CHAPTER VI

Se¢ para. M300(b).

MA3D0 GENERAL STATEMENTS

Paragraphs MA300 through MA346 apply to nonme-
tallic|piping and piping lined with nenrmetals, based on
Chagpter VII. Paragraph A300(d)-applies.

PART 11
CONDITIONS/AND CRITERIA

MA3D1 DESIGN -CONDITIONS
Paragraph A801 applies in its entirety.

MA3D2_DESIGN CRITERIA

MA303 GENERAL
Paragraph A303\applies.

MA304 (PRESSURE DESIGN OF NONMETALLIC
COMPONENTS

Paragraph A304 applies in its entirety.

PART 13
FLUID SERVICE REQUIREMENTS FOR NONMETALLIC
PIPING COMPONENTS

MA305 PIPE

Paragraph A305 applies without further regtrictions.

MA306 NONMETALLIC FITTINGS, BENDS, [MITERS,
LAPS, AND BRANCH CONNECTIONS

Paragraphs A306.1 and A306.2 apply without further
restrictions. See para. MA306.3.

MA306.3 Miter Bends

Miter bends not designated as fittings confprming to
para. A306.1 shall not be used.

MA306.4 Fabricated Laps

Paragraphs A302.T and A302.4 apply. See paras.
MA302.2 and MA302.3.

MA302.2 Pressure-Temperature Design Criteria

Paragraph A302.2 applies, with the exception of para.
A302.2.4. See para. MA302.2.4.

MA302.2.4 Allowances for Pressure and Temperature
Variation. Paragraph A302.2.4(a) applies to both non-
metallic piping and to metallic piping with nonmetallic
lining.

Fabricated laps shall not be used.

MA306.5 Fabricated Branch Connections

Nonmetallic fabricated branch connections shall not
be used.

MA307 VALVES AND SPECIALTY COMPONENTS

Paragraph A307 applies, except nonmetallic valves
and specialty components shall not be used.

(08)
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MA308 FLANGES, BLANKS, FLANGE FACINGS, AND

GASKETS

Paragraphs A308.1, 308.3, and A308.4 apply without

further restrictions. See para. MA308.2.

MA308.2 Nonmetallic Flanges

Threaded nonmetallic flanges shall not be used.

PART 15

FLEXIBILITY AND SUPPORT OF NONMETALLIC

PIPING
MA319 PIPING FLEXIBILITY

Paragraph A319 applies in its entirety.

MA321 PIPING SUPPORT

MA309 [BOLTING

Paragraph A309 applies without further restrictions.

PART 14

FLUID SERVICE REQUIREMENTS FOR NONMETALLIC

PIPING JOINTS
MA310 | GENERAL
Paragraph 310 applies in its entirety.

MA311
MA311.1

BONDED JOINTS

General

Paragraph A311.1 applies in its entirety.

MA311.2| Specific Requirements

Hot gap welded, heat fusion, solvent cemented, and
adhesivg bonded joints are not permitted except in

linings.

MA312 | FLANGED JOINTS
Paragraph 312 applies in its entirety.

MA313 | EXPANDED JOINTS

Expanded joints shall not besused.

MA314
MA314.1

THREADED JOINTS

General

Threaded joints shall not be used in nonmetallic

piping.

Paragranh -A321 avnplies in its entiretsy
o rr J

PART 16

NONMETALLIC AND NONMETALLIC LINED’SYSTEMS

MA322 SPECIFIC PIPING SYSTEMS
Paragraph A322 applies in its efitirety.

PART, 17
NONMETALLIC MATERIALS

MA323 GENERAL REQUIREMENTS

Paragraphs A328.1 and A323.2 apply in their en
See para. MA323.4.

MA323.4< Fluid Service Requirements for Nonme
Materials

Raragraph A323.4.1 applies. See paras. MA323 .4,
MA323.4.3.

MA323.4.2 Specific Requirements. Parag
A323.4.2 applies, except that materials listed
paras. A323.4.2(a), (b), and (d) may be used on
linings. Thermoplastics may be used as gaskets in ¢
dance with paras. M325.1 and MA323.4.3.

MA323.4.3 Nonmetallic Lining Materials. WHh
material in para. A323.4.2 is used as a lining ¥
also serves as a gasket or as part of the flange f3
consideration shall be given to design of the fla
joint to prevent leakage to the environment.

PART 18
STANDARDS FOR NONMETALLIC AND
NONMETALLIC LINED PIPING COMPONENT]

MA326 DIMENSIONS AND RATINGS OF
COMPONENTS

irety.

tallic

D and

raph
nder
ly as

ccor-

ere a
vhich
cing,
nged
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MA315 TUBING JOINTS IN NONMETALLIC PIPING

Paragraph A315 applies in its entirety.

MA316 CAULKED JOINTS
Caulked joints shall not be used.

MA318 SPECIAL JOINTS
Paragraph A318 applies in its entirety.
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Paragraph A326 applies in its entirety. Table A326.1
applies, except for components and systems prohibited

or restricted elsewhere in this Chapter.

PART 19

FABRICATION, ASSEMBLY, AND ERECTION OF
NONMETALLIC AND NONMETALLIC LINED PIPING

MA327 GENERAL
Paragraph A327 applies.
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MA328 BONDING OF PLASTICS MA341.2 Extent of Required Examination
Paragraph A328 applies in its entirety. Paragraph A341.4.1 applies, except:
(a) Visual Examination
MA329 FABRICATION OF PIPING LINED WITH (1) All fabrication shall be visually examined.
NONMETALS (2) All bolted and other mechanical joints shall be
Paragraph A329 applies in its entirety. examined.
MA332 BENDING AND FORMING MA342 EXAMINATION PERSQNNEI

Paragraph A332 applies. Paragraph 342 applies.

MA3B4 JOINING NONPLASTIC PIPING

Paragraph A334 applies in its entirety. MA343 EXAMINATION PROCERURES

Paragraph 343 applies.
MA3B5 ASSEMBLY AND ERECTION

P

<)

fagraph A335 applies in its entirety. MA344 TYPES OF-EXAMINATION

PART 20 Paragraph A344 applies in its entirety.

INSPECTION, EXAMINATION, TESTING, AND
RECORDS OF NONMETALLIC AND NONMETALLIC

LINED PIPING MA345. TESTING
MA3fi0 INSPECTION Paragraph A345 applies in its entirety, excgpt that
Paragraph 340 applies in its entirety. (@) asensitive leak test in accordance with fara. 345.8
shall be included in the required leak test (parh. A345.1)
MA341 EXAMINATION ( bl) the initial service leak test (para. A345.7) does not
apply

Paragraph A341 applies in its entirety.

MA341.1 General

Paragraphs 341.1, 341.2, A341.3, and A341.5 apply in
their|entirety. See para. MA341.2. Paragraph 346 applies in its entirety.

MA346 RECORDS
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Chapter IX
High Pressure Piping

K300 GENERAL STATEMENTS

The term allowable stress is used in lieu of basic allow-

(a) Apglicability. This Chapter pertains to piping des-
ignated Hy the owner as being in High Pressure Fluid
Service. ]ts requirements are to be applied in full to
piping so|designated. High pressure is considered herein
to be prepsure in excess of that allowed by the ASME
B16.5 Claps 2500 rating for the specified design tempera-
ture and fnaterial group. However, there are no specified
pressure [imitations for the application of these rules.

(b) Responsibilities. In addition to the responsibilities
stated in|para. 300(b),

(1) for each piping system designated as being in
High Prejssure Fluid Service, the owner shall provide
all infornmpation necessary to perform the analyses and
testing rgquired by this Chapter

(2) the designer shall make a written report to the
owner symmarizing the design calculations and certi-
fying that the design has been performed in accordance
with this|Chapter

(c) Thq identification, intent, and Code requirements
in paras. [300(a), (c), (d), (e), and (f) apply.

(d) Th¢ organization, content, and, wherever possible;
paragraph designations of this Chapter correspofid to
those of the first six Chapters (the base Code). Theprefix
K is used.

(e) Prqvisions and requirements of the‘base Code
apply only as stated in this Chapter,

K300.1 $cope

K300.1.1 Content and Coyerage. Paragraph 300.1.1
applies wiith the exceptions stated in paras. K300.1.3 and
K300.1.4.

K300.1.2 Packaged/Equipment Piping. Intercon-
necting piping as’described in para. 300.1.2 shall con-
form to the requirements of this Chapter.

K300.1.3. Exclusions.

20012 1l

In addition to the exclusions

able stress.

The term safeguarding and other terms characteyfizing
hazardous fluid services are not used incthis Chlapter
but should be taken into account in design:
K300.3 Nomenclature

Paragraph 300.3 applies.

K300.4 Status of Appendices

Paragraph 300.4 and Table 300.4 apply, except for
Appendices A, B, H(D,'V, and X.

PART 1
CONDITIONS AND CRITERIA

K301 CDESIGN CONDITIONS

Raragraph 301 applies with the exceptions of paras.
301.1, 301.2, 301.3, and 301.5.

K301.1 General

Paragraph 301.1 applies but refer to para. K301 instead
of para. 301.

K301.2 Design Pressure

K301.2.1 General. Paragraph 301.2.1(a) applies
except that reference to para. 302.2.4 is not appligable.
Paragraphs 301.2.1(b) and (c) apply, but refer to [para.
K304 instead of para. 304.

K301.2.2 Required Pressure Containment or Relief.
Paragraphs 301.2.2(a) and (b) apply, but refer to [para.
K322.6.3 instead of para. 322.6.3. Paragraph 301.2.2(c) is
not applicable.

K301.3 Design Temperature

12

stated in para—36633-this-Chapterexcludesnonmetallie
and nonmetallic-lined piping.

K300.1.4 Category M Fluid Service. This Chapter
makes no provision for piping in Category M Fluid
Service. If such piping is required by the owner, the
engineering design shall be developed as provided in
para. 300(c)(5).

K300.2 Definitions

Paragraph 300.2 applies except for terms relating only
to nonmetals and severe cyclic conditions.

Pax 20 Bl FESTA A 4300 £

Paragraph-364-3-apphes-with-the-exceptions-efparas.
301.3.1 and 301.3.2 and the following exceptions in
the text:

(a) Refer to para. K301.2 instead of para. 301.2.

(b) Refer to para. K301.3.2 instead of para. 301.3.2.

K301.3.1 Design Minimum Temperature. Paragraph
301.3.1 applies, but refer to para. K323.2.2 instead of
para. 323.2.2.

K301.3.2 Uninsulated Components. The fluid tem-
perature shall be used as the component temperature.
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K301.5 Dynamic Effects

Paragraph 301.5 applies with the exception of para.
301.5.4.

K301.5.4 Vibration. Suitable dynamic analysis shall
be made where necessary, to avoid or minimize condi-
tions which lead to detrimental vibration, pulsation, or
resonance effects in the piping.

(b) Piping components which do not have allowable
stresses or pressure-temperature ratings shall be quali-
fied for pressure design as required by para. K304.7.2.

K302.2.3 Unlisted Components

(a) Piping components not listed in Table K326.1 or
Table K-1, but which conform to a published specifica-
tion or standard, may be used subject to the following
requirements:

nposition,

- (1) The desioner shall determine that co
K302 DESIGN CRITERIA ) o
mechanical properties, method of manufadture, and
K302.1 General quality control are comparable to theccorresponding
In [para. K302, pressure-temperature ratings, stress  characteristics of listed components.

critetfia, design allowances, and minimum design values
are sfated, and permissible variations of these factors as
applied to design of high pressure piping systems are
formplated.

The designer shall be satisfied as to the adequacy
of the design, and of materials and their manufacture,
considering at least the following;:

(a)] tensile, compressive, flexural, and shear strength
at design temperature

(b)| fatigue strength

(c)| design stress and its basis

(d) ductility and toughness

(e)| possible deterioration of mechanical properties in
servife

(f)| thermal properties

(g)| temperature limits

(h)| resistance to corrosion and erosion

(i) |fabrication methods

(j) |examination and testing methods

(k)| hydrostatic test conditions

(1) |bore imperfections

K302.2 Pressure-Temperature Design Criteria

K302.2.1 Listed Components Having Established Rat-
ings.| Pressure-temperatufe ratings for certain piping
components have been gtablished and are contained in
somq of the standards-in Table K326.1. Unless limited
elsewhere in this Chapter, those ratings are acceptable
for design pressures and temperatures under this
Chapjter. With the owner’s approval, the rules and limits
s Chapter may be used to extend the pressure-

in para. K323.2.

K302.2.2 Listed Components Not Having Specific
Ratings

(a) Piping components for which design stresses have
been developed in accordance with para. K302.3, but
which do not have specific pressure-temperature rat-
ings, shall be rated by rules for pressure design in para.
K304, within the range of temperatures for which
stresses are shown in Table K-1, modified as applicable
by other rules of this Chapter.
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(2) Pressure design shall be verified in agcordance
with para. K304, including the fatigue analysi$ required
by para. K304.8.

(b) Other unlisted compenents shall be quglified for
pressure design as required by para. K304.7.3.

K302.2.4 Allowance for Pressure and Te
Variations. Variations in pressure above t
pressure at thé.coincident temperature, except
mulation during pressure relieving (see para.
are not.petmitted for any piping system.

perature
e design
for accu-
K322.6.3),

K302.2.5 Ratings at Junction of Different Services.
Paragraph 302.2.5 applies.

K302.3 Allowable Stresses and Other Design Limits

K302.3.1 General. The allowable stresses defined
below shall be used in design calculations unless modi-
fied by other provisions of this Chapter.

(a) Tension. Allowable stresses in tension for use in
design in accordance with this Chapter are| listed in
Table K-1, except that maximum allowable strgss values
and design stress intensity values for bolting, respec-
tively, are listed in the BPV Code, Section If, Part D,
Tables 3 and 4.

The tabulated stress values in Table K-1 arg grouped
by materials and product form and are for stated temper-
atures up to the limit provided for the materials in para.
K323.2.1. Straight line interpolation between |tempera-
tures to determine the allowable stress for  specific
design temperature is permissible. Extrapolation is not
permitted.

(b) Shear and Bearing. Allowable stress in shear shall
804 i ior-tabulated
in Table K-1. Allowable stress in bearing shall be 1.60
times the allowable stress in tension.

(c) Compression. Allowable stress in compression
shall be no greater than the allowable stress in tension
tabulated in Table K-1. Consideration shall be given to
structural stability.

(d) Fatigue. Allowable values of stress amplitude,
which are provided as a function of design life in the
BPV Code, Section VIII, Division 2, Part 3, para. 3.15
and Annex 3.F, or Division 3, Article KD-3, as applicable,

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT

(08)


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

may be used in fatigue analysis in accordance with para.
K304.8.

K302.3.2 Bases for Allowable Stresses. The bases
for establishing allowable stress values for materials in
this Chapter are as follows:

(a) Bolting Materials. The criteria of Section II, Part D,
Appendix 2, para. 2-120 or 2-130, or Section VIII, Divi-
sion 3, Article KD-6, para. KD-620, as applicable, apply.

K302.3.3 Casting Quality Factor? The casting quality
factor E. shall be 1.00 by conformance to all of the follow-
ing supplementary requirements:

(a) All surfaces shall have a roughness average, R,,
not greater than 6.3 pm R, (250 win. R,); see ASME B46.1
for a definition of R,.

(b) All surfaces shall be examined by either the liquid
penetrant method in accordance with ASTM E 165, or
the magnetic particle method in accordance with ASTM

(b) Other_Materials. For materials other than bolting
materials| the following rules apply:

(08) (1) Bxcept as provided in (b)(2) below, allowable
stress values at design temperature for materials shall
not exceeld the lower of two-thirds of Sy and two-thirds
of S S,,|is determined in accordance with eq. (31)

Sy = SyRy (31)
where
Ry = fratio of the average temperature dependent
trend curve value of yield strength to the room
temperature' yield strength
Sy = ppecified minimum yield strength at room tem-
perature1
Sy = [yield strength at temperature
(08) (2) Hor solution heat treated austenitic stainless

steels and certain nickel alloys with similar stress-strain
behavior,| allowable stress values shall not exceed the
lower of fwo-thirds of Sy and 90% of S,

Application of stress values so determined is not rect
ommended for flanged joints and other components.in
which slight deformation can cause leakage or malfinc-
tion. [Th¢se values are shown in italics or boldface in
Table K-[l, as explained in Note (5) to Appendix K
Tables.] [Instead, either 75% of the stress value in
Table K-1jor two-thirds of the yield stfength at tempera-
ture listedl in Section II, Part D, Table.Y-1, as applicable,
should b¢ used.

(c) Unlisted Materials. For@ material that conforms to
para. K323.1.2, allowable stress values at design temper-
ature shall not exceed the lower of: two-thirds of Sy and
two-thirds of S,;.

(1) Bxcept as provided in (c)(2) below, S; shall be
determinpd intaccordance with eq. (31).

(08) (2)
unlisted lma onta ection art D
Table Y-1, that yield strength at temperature value may
be used directly in the determination of allowable stress.

(08) (d) Cyclic Stresses. Allowable values of alternating
stress or equipment alternating stress, as applicable,
shall be in accordance with Section VIII, Division 2,
Part 3, para. 3.15 and Annex 3.F, and Part 5; or Division 3,
Article KD-3; respectively.

! For tension testing, room temperature shall be considered to
be 10°C to 38°C (50°F to 100°F).
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E 709. Acceptability of imperiections and weld 1gpairs
shall be judged in accordance with MSS SP¢53,)ising
ASTM E 125 as reference.

(c) Each casting shall be fully examined €ither fltra-
sonically in accordance with ASTM E 114, or radiograph-
ically in accordance with ASTM E 142. Cracks and hot
tears (Category D and E discontintuities per the|stan-
dards listed in Table K302.8.8P) and imperfections
whose depth exceeds 3% pf nominal wall thicknegs are
not permitted. Acceptdble’severity levels for rpdio-
graphic examination of, castings shall be in accor¢lance
with Table K302.3:3D:

K302.3.4 Weld Joint Quality Factor. Piping compo-
nents containing welds shall have a weld joint qgality
factor Ef=r1.00 (see Table 302.3.4 for requirenjents)
except that the acceptance criteria for these welds|shall
be injaccordance with para. K341.3.2. Spiral welds are
nob permitted.

K302.3.5 Limits of Calculated Stresses Due to Sus-
tained Loads and Displacement Strains

(a) Internal Pressure Stresses. Stresses due to infernal
pressure shall be considered safe when the wall thick-
ness of the piping component, and its means of stfiffen-
ing, meet the requirements of para. K304.

(b) External Pressure Stresses. Stresses due to ex{ernal
pressure shall be considered safe when the wall thick-
ness of the piping component, and its means of stfiffen-
ing, meet the requirements of para. K304.

(c) Longitudinal Stresses, S| The sum of the longjtudi-
nal stresses S, in any component in a piping systerh due
to sustained loads, such as pressure and weight,|shall
not exceed S in (d) below. The thickness of pipe[used
in calculating S; shall be the nominal thickness thinus
mechanical, corrosion, and erosion allowance, c.

(see para. 319.4.4) shall not eceed the allowble dis-
placement stress range, S, (see para. 319.2.3), calcu-
lated by

Sa = 1255, + 0.25S, 32)

where

2 See Notes to Tables 302.3.3C and 302.3.3D for titles of standards
referenced herein.
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Table K302.3.3D Acceptable Severity Levels for Steel Castings
Acceptable Acceptable
Thickness Applicable Severity Discontinuity
Examined, mm (in.) Standards Level Categories
T<51( ASTM E 446 1 A, B, C
51<T <114 (4.5) ASTM E 186 1 A B, C
114 < T <305 (12) ASTM E 280 1 A, B, C

S

K3

allowable stress from Table K-1 at minimum
metal temperature expected during the dis-
placement cycle under analysis
allowable stress from Table K-1 at maximum
metal temperature expected during the dis-
placement cycle under analysis

02.3.6 Limits of Calculated Stresses Due to Occa-

siondl Loads

(a)
S;,d
and

(08)

Operation. The sum of the longitudinal stresses,
1e to sustained loads, such as pressure and weight,
f the stresses produced by occasional loads, such

as wind or earthquake, may be as much as 1.2 times the

allow
stres{

able stress given in Table K-1. Where the allowable
value in Table K-1 exceeds two-thirds of S, S

K304 PRESSURE DESIGN OF HIGH PRESSURE

COMPONENTS
K304.1 Straight Pipe

K304.1.1 General
(a) The required wallthickness of straight
pipe shall be determined in accordance with

t, =t+c

The minimum wall thickness, T, for the pipg

ections of
eq. (33).

(33)

selected,

consjidering manufacturer’s minus tolerance, shall be not

less_than t,,.
(b) The following nomenclature is used in
tion for pressure design of straight pipe:

the equa-

shall| not exceed 90% of S, listed in the BPV Code; C=0G+6 . 5
Sectipn II, Part D, Table Y-1. Wind and earthquake forces = the sum of mechanical allow.ances (Ithreaq or
need|not be considered as acting concurrently. groove depth) plus corrosion and erosion
(b)] Test. Stresses due to test conditions are nefsubject allowances (where ¢; = the sum of internal
to the limitations in para. K302.3. It is not.necessary allowances and ¢, = the sum of exterpual allgw-
to consider other occasional loads, such as wind and ances). For three.aded QOmPOHe“tS' the nominal
earthiquake, as occurring concurrently\with test loads. thre.ad depth (dimension h of ASME 81'20‘.1 or
equivalent) shall apply, except that fqr straight
K302.4 Allowances threaded connections, the external thread
) groove depth need not be considered provided:
In |determining the minimum required thickness of (a) it does not exceed 20% of [the wall
a pifing component, allowances shall be included for thickness;
corrgsion, erosion, and-thread or groove depth. See the (b) the ratio of outside to inside [diameter,
definition of ¢ in pararK304.1.1(b). D/d, is greater than 1.1;
. (c) the internally threaded attachient pro-
K.302.4.1 Mgc.hamcal S.trength. P.ara.graph 302.4.1 vides adequate rei};lforcement; and 3
applies. In_addition, a fatigue analysis in accordance (d) the thread plus the undercut aflea, if any,
with para: K304.8 shall be perforrr}eftl for any means does not extend beyond the reinforc am,ent fo1:
used|to/increase the strength of a piping component. a distance more than the nominal walllthickness
of the pipe.
t = pressure design wall thickness, as calculated
PRESSURE DESIGNP3§1|;|€|NG COMPONENTS in para. K304'.1.2 for internal pressure, or in
accordance with the procedure listed in para.
K304.1.3 for external pressure
K303 GENERAL t, = minimum required wall thickness, including

Co

mponents manufactured in accordance with stan-

dards listed in Table K326.1 shall be considered suitable
for use at pressure-temperature ratings in accordance

with
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mechanical, corrosion, and erosion allowances

3 For machined surfaces or grooves where the tolerance is not
specified, the tolerance shall be assumed to be 0.5 mm (0.02 in.)

in addition to the specified depth of the cut.
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Adequate reinforcement by the attachment is defined
as that necessary to ensure that the static burst pressure
of the connection will equal or exceed that of the
unthreaded portion of the pipe. The adequacy of the
reinforcement shall be substantiated as required by para.
K304.7.2.

K304.1.2 Straight Pipe Under Internal Pressure

(a) Except as provided in (b) below for solution heat
treated austenitic stainless steels and certain nickel
alloys with similar stress-strain behavior, the internal
pressure fesign wall thickness, t, shall be not less than
that calcfilated in accordance with eq. (34a) for pipe
with a specified outside diameter and minimum wall
thickness} or eq. (34b) for pipe with a specified inside
diameter|and minimum wall thickness.

D - 2¢, -P
t = 5 [1 - exp <?)]

(34a)* >

or

_ d+ 2Ci P 456
t = 5 [exp (g) - 1] (34b)

Alternatively, the internal design gage pressure, P,
may be chlculated by eq. (35a) or (35b).

(35a)>

D - 2¢,
P=len[ ]

D-2(T-¢)

or

(35b)> ©

P=len[w}

d+2Cl‘

utside diameter of pipe. Eer.design calcula-
ons in accordance with this-Chapter, the out-
de diameter of the pipe.is-the maximum value

lowable under thespecifications.

side diameter of pipé. For design calculations
accordance with this Chapter, the inside

iameter of.the pipe is the maximum value

allowablesunder the specifications.
= internal ‘design gage pressure
= allowable stress from Table K-1

[=aE N =)

[Vl

T = pipe wall thickness (measured or minimum per
purchase specification)

(b) At design temperatures where allowable stress, S,
values in Table K-1 are in boldface (solution heat treated
austenitic stainless steels and certain nickel alloys with
similar stress—strain behavior only), the internal pressure
design wall thickness, ¢, shall be not less than that calcu-
lated in accordance with eq. (34c) for pipe with a speci-

eq. (34d) for pipe with a specified inside diametef and
minimum wall thickness.

_ D=2 -1.155P 56
t = 3 [1 - exp( 5 )] (340)

or

(Fad)> ©

, _d+2g L155P)
=2, PPl

Alternatively, the internal design gage pressufre, P,
may be calculated by eq. (35c) or (35d).

S

P = I D — 2c, 5056
T115 | D-2(T-¢) (15
or
S d+2(T-c,)
= 0 b 5,6
P= 1155 “[ d+ 2 } 3P

K304.1.3 Straight Pipe Under External Press:Lre.

The pressure design thickness for straight pipe yinder
external pressure shall be determined in accordancg with
para. K304.1.2 for pipe where D/t < 3.33, if at leadt one
end of the pipe is exposed to full external pregsure,
producing a compressive axial stress. For D/t >3.33, and
for D/t < 3.33 where external pressure is not applied to
at least one end of the pipe, the pressure design wall
thickness shall be determined in accordance with|para.
304.1.3 except that the stress values shall be taken|from
Table K-1.

K304.2 Curved and Mitered Segments of Pipe

K304.2.1 Pipe Bends. The minimum required wall
thickness ¢, of abend, after bending, may be determined

* An exponential [e.g., the term exp (—P/S)] represents the base
of natural logarithms e raised to the stated power (i.e., —P/S).

® The intent of this equation is to provide a factor of not less than
1.732 (or \/5) on the pressure required, according to the von Mises
theory, to initiate yielding on the outside surface of a cylinder
made from an elastic-perfectly plastic material. For solution heat
treated austenitic stainless steels and certain nickel alloys with
similar stress—strain behavior, this factor is as low as approximately
1.5 at elevated temperatures.

6 Any mechanical, corrosion, or erosion allowance, ¢, not specified
as internal, ¢;, or external, c,, shall be assumed to be internal, i.e.,
¢ =candc, = 0.

as for straight pipe in accordance with para. K304.1,
provided that the bend radius of the pipe centerline is
equal to or greater than ten times the nominal pipe
outside diameter and the tolerances and strain limits
of para. K332 are met. Otherwise the design shall be
qualified as required by para. K304.7.2.

K304.2.2 Elbows. Manufactured elbows not in
accordance with para. K303 and pipe bends not in accor-
dance with para. K304.2.1 shall be qualified as required
by para. K304.7.2.
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K304.2.3 Miter Bends.
permitted.

K304.2.4 Curved Segments of Pipe Under External
Pressure. The wall thickness of curved segments of
pipe subjected to external pressure may be determined
as specified for straight pipe in para. K304.1.3 provided
the design length L is the running centerline length
between any two sections which are stiffened in accor-
dance with para. 304.1.3.

Miter bends are not

The methods, allowable stresses, and temperature lim-
its of Section VIII, Division 2, Part 4, para. 4.6 may be
used, with the following changes in nomenclature, to
calculate t,,:
¢ = sum of mechanical allowances, defined in para.
K304.1.1

t = pressure design thickness as calculated for the
given style of blind flange using the appropriate
equation of Part 4, para. 4.6

K3OIJ.3 Branch Connections

K304.3.1 General. Acceptable branch connections
inclyde: a fitting in accordance with para. K303; an
extrided outlet in accordance with para. 304.3.4; or a

(c) A blind flange may be designed jir{a¢cordance
with the rules, allowable stresses, and temperature limits
of Section VIII, Division 3, Article KD-6-and $ection 1II,
Part D.

bran¢h connection fitting (see para. 300.2) similar to that K304.5.3 Blanks. Designof blanks shall bg in accor-  (08)
shown in Fig. K328.5.4. dance with para. 304.5.3(b), except that E shgll be 1.00
K304.3.2 Strength of Branch Connections and the definitions of S%and ¢ shall be in a¢cordance
T ith . K304.1.1.
(a)| The opening made for a branch connection reduces With pard
both |static and fatigue strength of the run pipe. There  K304.6 Reducers
shall[be sufficient material in the branch connection to . .
contgin pressure and meet reinforcement requirements. Rgdpcers o\ mn accordance with para. K30p shall be
(b)| Static pressure design of a branch connection not qualified as'required by para. K304.7.2.
in adcordance with para. K303 shall conform to para. .
304.314 for an extruded outlet or shall be qualified as K304.7, Pressure Design of Other Components
required by para. K304.7.2. K304.7.1 Listed Components. Other pregsure con-
K804.3.3 Reinforcement of Welded Branch Connec- taining components manufactured in accord@nce with
tionsl P;ra.mch connections made as provided in para standards in Table K326.1 may be utilized in a¢cordance
304.33 are not permitted. with para. K303.
K304.4 Closures K304.7.2 Unlisted Components and Elements. Static (08)

(a)] Closures not in accordance with para™K303 or (b)
below shall be qualified as required by para. K304.7.2.
(b)] Closures may be designed in acéerdance with the

methods, allowable stresses, and teniperature limits of
- the BPV Code, Section VIII, Diyision 2 or Division 3,
and $ection II, Part D.

K304.5 Pressure Design-of-Flanges and Blanks

K304.5.1 Flanges,~-General
(a)| Flanges not/in‘accordance with para. K303 or (b)

" Dbelo shall be qualified as required by para. K304.7.2.

(b)| A flange’niay be designed in accordance with the
methjods,-allowable stresses, and temperature limits of
Sectipn-VH1, Division 2, Part 4, para. 4.16, or Part 5, or
Divigi , i . i .

K304.5.2 Blind Flanges

(a) Blind flanges not in accordance with para. K303
or (b) or (c) below shall be qualified as required by para.
K304.7.2.

(b) A blind flange may be designed in accordance
with eq. (36). The thickness of the flange selected shall
be not less than t,, (see para. K304.1.1 for nomenclature),
considering manufacturing tolerance:

tw =t+c (36)
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pressure design of unlisted components to yhich the
rules in paras. K304.1 through K304.6 do not apply shall
be based on calculations consistent with the design phi-
losophy of this Chapter. These calculations shall be sub-
stantiated by one or more of the means stated in (a),
(b), and (c) below, considering applicable ampient and
dynamic effects in paras. 301.4 through 301.1{:

(a) extensive, successful service experierjce under
comparable design conditions with similarly propor-
tioned components made of the same or like|material;

(b) performance testing sufficient to substarjtiate both
the static pressure design and fatigue life at thq intended
operating conditions. Static pressure design may be sub-
stantiated by demonstrating that failure or [excessive
plastic deformation does not occur at a pressufe equiva-
i i i re, P. The
test pressure shall be two times the design pressure
multiplied by the ratio of allowable stress at test temper-
ature to the allowable stress at design temperature, and
by the ratio of actual yield strength to the specified
minimum yield strength at room temperature from
Table K-1;

(c) detailed stress analysis (e.g., finite element
method) with results evaluated as described in Section
VIII, Division 3, Article KD-2, except that for linear elas-
tic analyses
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(1) S,/1.5 in Division 3 shall be replaced by S from
Table K-1, and
(2) the Division 3 stress intensity limits due to sus-
tained loads may be increased by the same factor applied
in para. K302.3.6(a) when wind or earthquake loads are
included. However, this limit shall not exceed 90% of
S, listed in the BPV Code, Section II, Part D, Table Y-1;
(d) for(a), (b), and (c) above, interpolations supported
by analysis are permitted between sizes, wall thick-

stress intensity shall be determined in accordance with
Articles KD-2 and KD-3. The allowable amplitude of the
equivalent alternating stress shall be determined from
the applicable design fatigue curve in Article KD-3.
(2) If it can be shown that the piping component
will fail in a leak-before-burst mode, the number of
design cycles (design fatigue life) may be calculated in
accordance with either Article KD-3 or Article KD-4. If
a leak-before-burst mode of failure cannot be shown,

thefracture mechanics evatuation outhned Im Article

nesses, aifd PIessSUTe Classes, as Well as anatogies among,
related materials with supporting material property =~ KD-4 shall be used to determine the numberef design
data. Extfapolation is not permitted. cycles of the component.

K304.7.3 Components With Nonmetallic Parts. . (c) Additional Co.nSIdefatzon.s. The desigher is cau-
E . . tioned that the considerations listed in, para. K302.]1 may

xcept fqr gaskets and packing, nonmetallic parts are - .

! reduce the fatigue life of the component below the alue
not permiitted. .
predicted by para. (a) or (b) above.

K304.7.4 Bellows Type Expansion Joints. Bell . .
¢ . yp pansi J crows K304.8.3 Pressure Stress.Evaluation for Fatigue
ype expqnsion joints are not permitted. .

Analysis
K304.8 Katigue Analysis (a) For fatigue analysis of straight pipe, eq. (37) may (08)
. .10 1.
K304.8.1 General. A fatigue analysis shall be per- be used to calculate. the stress intensity™ at the ihside
. ) . surface due only.t¢ internal pressure.

formed dgn each piping system, including all compo-
nents’ ar{d joints therein, and considering the stresses PD?
resulting [from attachments, to determine its suitability S = AT—[D-(T-0] (37)
for the cyflic operating conditions® specified in the engi-
neering design. Except as permitted in (a) and (b) below, (b)(For fatigue analysis of curved pipe, eq. (37] may
or in pargs. K304.8.4 and K30485, this analysis shall be be used, with the dimensions of the Straight plpe from
in. gc.cordance .W.it.h th69 BPV Co.de, Sec.t.ion VIII, | which it was formed, to calculate the maximum ptress
Division |2 or Division 3." The cyclic conditions shall .\ “intensity at the inside surface due only to internal[pres-
include pressure variations as well as thermal variations sure, provided that the centerline bend radius is nqt less
or displgcement stresses. The requirements of para.  than ten times the nominal outside diameter of the|pipe,
K304.8 arp in addition to the requirements for a flexibility  and that the tolerance and strain limits of para. K332
analysis Stated in para. K319 NO formal fatlgue analysis are met. Bends Of Smaller radius Shau be quahflgd as
is requirgd in systems that required by para. K304.7.2.

. (a) are|duplicates of .successfull.yloperating installa- (c) If the value of S calculated by eq. (37) exfeeds
tions or rpplacements without significant'change of sys-  three times the allowable stress from Table K-1 gt the
tems with a satisfactory service record or average temperature during the loading cycle, an ifelas-

(b) can| readily be judged adequate by comparison tic analysis is required.
with preyiously analyzed systems . . .
. . K304.8.4 Fatigue Evaluation by Test. With thejown-
K304.8.2 Amplltyde of Alternatlng Stress o er’s approval, the design fatigue life of a comppnent
(08) (a) Fatigue Analysis Based Upon Section VIII, Division 2. may be established by destructive testing in accorglance
The valug of the alternating stress amplitude for compar- with para. K304.7.2 in lieu of the above anglysis
ison withl design fatigue curves shall be determined in requirements.
accordarjce with Part 5. The allowable amplitude of ] . . .
alternatir|gsstress shall be determined from the applica- i K304.'8,’5 Extended Fatigue Life. The design fatigue (08)
ble desigh-fatigre-curve-inPart3-para—3-45- life of piping components may be extended beyondl that

(b) Fatigue Analysis Based Upon Section VIII, Division 3
(1) The values of the alternating stress intensity, the
associated mean stress, and the equivalent alternating

7 Bore imperfections may reduce fatigue life.

8 If the range of temperature change varies, equivalent full tem-
perature cycles N may be computed as provided in footnote 6 to
para. 302.3.5.

? Fatigue analysis in accordance with Section VIII, Division 2 or
Division 3, requires that stress concentration factors be used in
computing the cyclic stresses.
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determined by Section VIII, Division 2, Part 3, para. 3.15
and Annex 3.F, and Part 5, Annex 5.F, or Division 3,
Article KD-3, fatigue curves, as applicable, by the use
of one of the methods listed below, provided that the
component is qualified in accordance with para.
K304.7.2:

(a) surface treatments, such as improved surface
finish

10 The term stress intensity is defined in Section VIII, Division 3.
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Table K305.1.2 Required Ultrasonic or Eddy
Current Examination of Pipe and Tubing for
Longitudinal Defects

K306.1 Pipe Fittings

K306.1.1 General. All castings shall have a casting
quality factor E, = 1.00, with examination and accept-

Diameter, Examination Paragraph ance criteria in accordance with para. K302.3.3. All welds
mm (in.) Required Reference  shall have a weld quality factor E; = 1.00, with examina-
d<3.2 () or None tion and acceptance Friterie.l i.n accordance wit.h paras.
D<6.4 (V) K341 through K344. Listed fittings may be used in accor-
; u dance with para. K303. Unlisted fittings may be used
3.2 ( I/g) < d1 <17.5 (Vi) Edgy current (EN K344.8 or only in accordance with para. K302.2.3.
anar6 a7, =0 =254 (1) Note(H)Tor K346
ultrasonic (UT) K306.1.2 Specific Fittings
d>11.5 (Y or D> 25.4 (1)  Ultrasonic (UT) K344.6 (a) Socket welding fittings are not pérmitted.

NOTE:
(1) THis examination is limited to cold drawn austenitic stainless
stpel pipe and tubing.

(b) prestressing methods, such as autofrettage, shot
peening, or shrink fit

The designer is cautioned that the benefits of prestress
may be reduced due to thermal, strain softening, or other
effects.

PART 3
ALUID SERVICE REQUIREMENTS FOR PIPING
COMPONENTS

K305 PIPE

Pipe includes components designated as “tubé’) or
“tubing” in the material specification, when iftended
for pessure service.

K305.1 Requirements

K305.1.1 General. Pipe and tubing shall be either
seamfless or longitudinally welded-with straight seam
and a joint quality factor E; =-1.00, examined in accor-
dancg with Note (2) of Table,K341.3.2.

K305.1.2 Additional.Examination. Pipe and tubing
shall{have passed a 400% examination for longitudinal
defeqts in accordareewith Table K305.1.2. This examina-
tion s in additionto acceptance tests required by the
mateyial specification.

KB05:1.3 Heat Treatment. Heat treatment, if
required;-shall be in accordance with para. K331.

(b) Threaded fittings are permitted only in a¢cordance
with para. K314.
(c) Branch connection fittingS)see para. 300.2) whose
design has been performariee) tested succegsfully as
required by para. K304.7.2(b) may be used within their
established ratings.

K306.2 Pipe Bends

K306.2.1 General. A bend made in accordance with
para. K332:2"and verified for pressure design| in accor-
dance with para. K304.2.1 shall be suitable foy the same
service“as the pipe from which it is made.

K306.2.2 Corrugated and Other Bends. [Bends of
other design (such as creased or corrugated) are not
permitted.

K306.3 Miter Bends

Miter bends are not permitted.

K306.4 Fabricated or Flared Laps
Only forged laps are permitted.

K306.5 Fabricated Branch Connections

Fabricated branch connections constructed|by weld-
ing shall be fabricated in accordance with para. K328.5.4
and examined in accordance with para. K341{4.

K307 VALVES AND SPECIALTY COMPONEITS

The following requirements for valves shall also be
met, as applicable, by other pressure containihg piping
components, such as traps, strainers, and seplarators.

K307-1-General

K305.1.4 Unlisted Pipe and Tubing. Unlisted pipe
and tubing may be used only in accordance with para.
K302.2.3.

K306 FITTINGS, BENDS, AND BRANCH
CONNECTIONS

Pipe and other materials used in fittings, bends, and
branch connections shall be suitable for the manufactur-
ing or fabrication process and otherwise suitable for the
service.

Pressure design of unlisted valves shall be qualified
as required by para. K304.7.2.

K308 FLANGES, BLANKS, FLANGE FACINGS, AND
GASKETS

K308.1 General

Pressure design of unlisted flanges shall be verified
in accordance with para. K304.5.1 or qualified as
required by para. K304.7.2.
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K308.2 Specific Flanges

K308.2.1 Threaded Flanges. Threaded flanges may
be used only within the limitations on threaded joints
in para. K314.

K308.2.2 Other Flange Types. Slip-on, socket weld-
ing, and expanded joint flanges, and flanges for flared
laps, are not permitted.

shall not be used in butt welded joints except when
specified by the engineering design.

K311.2.2 Fillet Welds. Fillet welds may be used
only for structural attachments in accordance with the
requirements of paras. K321 and K328.5.2.

K311.2.3 Other Weld Types. Socket welds and seal
welds are not permitted.

The flahge facing shall be suitable for the service and
for the gasket and bolting employed.

K308.4

Gasketp shall be selected so that the required seating
load is compatible with the flange rating and facing, the
strength pf the flange, and its bolting. Materials shall
be suitablle for the service conditions. Mode of gasket
failure shiall be considered in gasket selection and joint
design.

askets

K308.5 Blanks

Blanks
pressure-
after inst

shall have a marking identifying material,
temperature rating, and size, which is visible
hllation.

OLTING

, including bolts, bolt studs, studs, cap screws,

washers, shall meet the requirements of the
BPV Codg, Section VIII, Division 2, Part 3, para. 3.7; Part
4, para. 4|16; and Part 5, para. 5.7. See also Appendix F,
para. F30P, of this Code.

K309 B

Bolting
nuts, and

(08)

PART 4
RVICE REQUIREMENTS FOR,PIPING JOINTS

ENERAL

hall be suitable foréthe fluid handled, and for
ure—temperaturetand other mechanical load-
cted in serviee:

FLUID Sk
K310 (¢

Joints s
the press|
ings expd

K311 ELDEDJOINTS
K311.1 General

Welds shall conform-to ollowing:

(a) Welding shall be in accordance with para. K328.

(b) Preheating and heat treatment shall be in accor-
dance with paras. K330 and K331, respectively.

(c) Examination shall be in accordance with

para. K341.4, with acceptance criteria as shown in
Table K341.3.2.

K311.2 Specific Requirements

K311.2.1 Backing Rings and Consumable Inserts.
Backing rings shall not be used. Consumable inserts
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K312 FLANGED JOINTS

Flanged joints shall be selected for leak tightness, con-
sidering the requirements of para. K308, flange facing
finish, and method of attachment. See also para. F312.

K312.1 Joints Using Flanges of Different Ratingg
Paragraph 312.1 applies.

K313 EXPANDED JOINTS

Expanded joints’ are not permitted.

K314 THREADED JOINTS

K314.1 General

Exeept as provided in paras. K314.2 and K3
threaded joints are not permitted as pipeline assq
joints.

(a) Layout of piping should be such as to min
strain on threaded joints which could adversely
sealing.

(b) Supports shall be designed to control or min
strain and vibration on threaded joints and seals.

14.3,
mbly

mize
hffect

mize

K314.2 Special Threaded Joints

Special threaded joints may be used to attach fl
or fittings for joints in which the pipe end pr
through the flange or fitting and is machined to
the sealing surface with a lens ring, cone ring, the m
pipe end, or other similar sealing device.

hnges
jects
form
ating

K314.3 Other Threaded Joints

Threaded joints not in accordance with para. K
shall be used only for instrumentation, vents, d

or vibration loads.

K314.3.1 Taper-Threaded Joints. For mechanical
strength, male-threaded components shall be at least
Schedule 160 in nominal wall thickness. The nominal
thickness of Schedule 160 piping is listed in ASME
B36.10M for DN 15 (NPS %) and in ASME B16.11 for
sizes smaller than DN 15 (NPS %).

K314.3.2 Straight-Threaded Joints. Threaded joints
in which the tightness of the joint is provided by a
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seating surface other than the threads (e.g., construction
shown in Fig. 335.3.3) shall be qualified as required by
para. K304.7.2.

K315 TUBING JOINTS

Tubing joints of the flared, flareless, and compression
type are not permitted.

included in the fatigue analysis in accordance with para.
K304.8.

K321 PIPING SUPPORT

Piping supports and methods of attachment shall be
in accordance with para. 321 except as modified below,
and shall be detailed in the engineering design.

K321.1.1 Objectives. Paragraph 321.1.1 applies, but

K31TJ CAULKED JOINTS
Cajulked joints are not permitted.

K317 SOLDERED AND BRAZED JOINTS
K317.1 Soldered Joints

Soldered joints are not permitted.

K317

(a)| Braze welded joints and fillet joints made with
brazing filler metal are not permitted.

(b)] Brazed joints shall be made in accordance with
para| K333 and shall be qualified as required by para.
K30417.2. Such application is the owner’s responsibility.
The 1nelting point of brazing alloys shall be considered
wher) exposure to fire is possible.

.2 Brazed Joints

K318

Sp
nut g

SPECIAL JOINTS

bcial joints include coupling, mechanical, and«gland
nd collar types of joints.

K318.1 General

Joi
the r
Chap

hts may be used in accordance with para. 318.2 and
bquirements for materials and ¢omponents in this
ter.

K318
K

.2 Specific Requirements

818.2.1 Prototype‘Tests. A prototype joint shall
have([been subjected to performance tests in accordance
with para. K304.72(b) to determine the safety of the joint
under test conditions simulating all expected service
condjtions. Testing shall include cyclic simulation.

K318.22" Prohibited Joints. Bell type and adhesive
jointg afe not permitted.

substitute “Chapter” for “Code” in (a).

K321.1.4 Materials. Paragraph 321c1.4’ap
replace (e) with the following:

(e) Attachments welded to the piping shall be of a
material compatible with the piping and the service.

Other requirements are specified’in paras. K321.3.2 and
K323.4.2(b).

K321.3.2 Integral Attachments.
applies, but substitute<*K321.1.4(e)” for “321.1
“Chapter IX” for‘Chapter V.”

plies, but

Paragraph 321.3.2
4(e)” and

PART 6
SYSTEMS

K322.“SPECIFIC PIPING SYSTEMS
K322.3 Instrument Piping

K322.3.1 Definition. Instrument piping within the
scope of this Chapter includes all piping aﬂtd piping
components used to connect instruments to figh pres-
sure piping or equipment. Instruments, permanently
sealed fluid-filled tubing systems furnished with instru-
ments as temperature- or pressure-responsive devices,
and control piping for air or hydraulically opefated con-
trol apparatus (not connected directly to the high pres-
sure piping or equipment) are not within the scope of
this Chapter.

K322.3.2 Requirements. Instrument pipi
the scope of this Chapter shall be in accordance with
para. 322.3.2 except that the design pressure anfd temper-
ature shall be determined in accordance with ppra. K301,
and the requirements of para. K310 shall apply. Instru-
ments, and control piping not within the scope of this
Chapter, shall be designed in accordance with para.
322.3.

hg within

PART 5
FLEXIBILITY AND SUPPORT

K319 FLEXIBILITY

Flexibility analysis shall be performed for each piping
system. Paragraphs 319.1 through 319.7 apply, except
for paras. 319.4.1(c) and 319.4.5. The computed displace-
ment stress range shall be within the allowable displace-
ment stress range in para. K302.3.5 and shall also be
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K322.6 Pressure Relieving Systems
Paragraph 322.6 applies, except for para. 322.6.3.

K322.6.3 Overpressure Protection. Overpressure
protection for high pressure piping systems shall con-
form to the following:

(a) The cumulative capacity of the pressure relieving
devices shall be sufficient to prevent the pressure from
rising more than 10% above the piping design pressure
at the operating temperature during the relieving condi-
tion for a single relieving device or more than 16% above
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the design pressure when more than one device is pro-
vided, except as provided in (c) below.

(b) System protection must include one relief device
set at or below the design pressure at the operating
temperature for the relieving condition, with no device
set to operate at a pressure greater than 105% of the
design pressure, except as provided in (c) below.

(c) Supplementary pressure relieving devices pro-
vided for protection against overpressure due to fire or
other un¢xpecte

design p1essure of the piping system and shall be capa-
ble of linpiting the maximum pressure during relief to
no more fhan 121% of the design pressure.

PART 7
MATERIALS

K323 QENERAL REQUIREMENTS

(a) Parpgraph K323 states limitations and required
qualificatfions for materials based on their inherent prop-
erties. Their use is also subject to requirements elsewhere
in Chapté¢r IX and in Table K-1.

(b) Spdcific attention should be given to the manufac-
turing plrocess to ensure uniformity of properties
throughout each piping component.

(c) See[para. K321.1.4 for support materials.

K323.1 Materials and Specifications

K323.1.1 Listed Materials

(a) Any material used in a pressure-containing piping
componept shall conform to a listed specification)except
as provided in (b) below or in para. K323,1.2.

(b) Materials manufactured to specification editions
different from those listed in Appendix-E may be used,
provided

(1) the requirements for chemical composition and
heat-treafment condition in_the edition of the specifica-
tion to which the materialk.was manufactured meet the
requirements of the listed-edition

(2) the specified minimum tensile and yield
strengths| and, if applicable, the specified maximum ten-
sile and yield strengths, required by the two editions of
the specification are the same, and

(3) the\material has been tested and examined in

requirements of this Chapter. Allowable stresses shall be
determined in accordance with the applicable allowable
stress basis of this Chapter or a more conservative basis.

K323.1.3 Unknown Materials. Materials of
unknown specification, type, or grade are not permitted.

K323.1.4 Reclaimed Materials. Reclaimed pipe and
other piping components may be used provided they
are properly identified as conforming to a listed specifi-

inspection shall be made to determine minimu
thickness and freedom from defects, which wo
unacceptable in the intended serviée:

K323.1.5 Product Analysis./ Conformance of materi-
als to the product analysis chemical requirements pf the
applicable specification shall ‘be verified, and cerfifica-
tion shall be supplied. Requirements for product anplysis
are defined in the applicable materials specificatipn.

K323.1.6 Repairof Materials by Welding. A malterial
defect may bésepaired by welding, provided that(all of
the following: criteria are met:

(a) The.material specification provides for weld
repair:

(b)*The welding procedure and welders or welding
operators are qualified as required by para. K328|2.

(c) The repair and its examination are performjed in
accordance with the material specification and with the
owner’s approval.

K323.2 Temperature Limitations

The designer shall verify that materials which|meet
other requirements of this Chapter are suitable for ser-
vice throughout the operating temperature range. Atten-
tion is directed to Note (4) in Appendix K, and |para.
K323.2.1 following. [Note (7) of Appendix A explains
the means used to set both cautionary and restrjctive
temperature limits for materials.]

K323.2.1 Upper Temperature Limits, Listed Materi-
als. A listed material may be used at a tempefature
above the maximum for which a stress value is shown
in Table K-1, but only if

(a) thereis no prohibition in Appendix K or elseyhere

accordance with the requirements of the listed edition
of the specification

A material that does not meet the requirements of
paras. K323.1.1(b)(1), (2), and (3) may be evaluated as
an unlisted material in accordance with para. K323.1.2.

K323.1.2 Unlisted Materials. An unlisted material
may be used, provided it conforms to a published speci-
fication covering chemistry, physical and mechanical
properties, method and process of manufacture, heat
treatment, and quality control, and otherwise meets the

in this Chapter

(b) the designer verifies the serviceability of the mate-
rial in accordance with para. K323.2.4 and

(c) the upper temperature limit shall be less than the
temperature for which an allowable stress determined
in accordance with para. 302.3.2 is governed by the creep
or stress rupture provisions of that paragraph

K323.2.2 Lower Temperature Limits, Listed Materials
(a) The lowest permitted service temperature for a
component or weld shall be the impact test temperature

122

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

determined in accordance with para. K323.3.4(a), except
as provided in (b) or (c) below.

(b) For a component or weld subjected to a longitudi-
nal or circumferential stress < 41 MPa (6 ksi), the lowest
service temperature shall be the lower of —46°C (-50°F)
or the impact test temperature determined in para.
K323.3.4(a).

(c) For materials exempted from Charpy testing by
Note (6) of Table K323.3.1, the service temperature shall

(d) If necessary in (a), (b), or (c) above, corners of
specimens parallel to and on the side opposite the notch
may be as shown in Fig. K323.3.3.

K323.3.4 Test Temperatures. For all Charpy impact
tests, the test temperature criteria in (a) or (b) below
shall be observed.

(a) Charpy impact tests shall be conducted at a tem-
perature no higher than the lower of the following:

(1) 20°C (70°F)

not He Tower than =46°C (=5U"F). (2) the lowest metal temperature at which a piping
K323.2.3 Temperature Limits, Unlisted Materials. component or weld will be subjected to-a'stress greater
An (nlisted material acceptable under para. K323.1.2  than 41 MPa (6 ksi). In specifying the lowest metal tem-
shall|be qualified for service at all temperatures within ~ perature, the following shall be considered:
a stafed range from design minimum temperature to (a) range of operating cenditions
design (maximum) temperature, in accordance with (b) upset conditions
para| K323.2.4. The requirements of para. K323.2.1(c) (c) ambient temperature extremes
also apply. (d) required leakstest temperature
K323.2.4 Verification of Serviceability .(b) Where the largest possible test spec1me0n has a
. s . width along the nietch less than the lesser of §0% of the
(a)| When an unlisted material is used, or when a listed . - .
1. . material thickness’or 8 mm (0.315 in.), the tegt shall be
matefial is to be used above the highest temperature for . .
. . . . conducted at-d'reduced temperature in accordance with
which stress values appear in Appendix K, the designer L I
) . : 1 Table 323.3.4/ considering the temperature a$ reduced
is regponsible for demonstrating the validity of the below the test temperature required by (a) above
allowable stresses and other design limits, and of the P q y '
apprpach taken in using the material, including the deri- K323.3.5 Acceptance Criteria
vatiop of stress data and the establishment of tempera- (@) Minimum Energy Requirements for Matetjials Other
ture limits. Than Bolting. The applicable minimum impajct energy
(b)| Paragraph 323.2.4(b) applies except that allowablg”)  requirements for materials shall be those showjn in Table
stresg values shall be determined in accordance with ~ K323.3.5. Lateral expansion shall be measured in accor-
para|K302.3. dance with ASTM A 370 (for title see para. 323.3.2). The
results shall be included in the impact test rejport.
K323.3 Impact Testing Methods and Acceptance (b) Minimum Energy Requirements for Bolting|Materials.
Criteria The applicable minimum energy requirements shall be
th h in Table K323.3. t ided i
K323.3.1 General. Impact testing shall be per- ose shown in Table K323.3.5 except as prpvided in
. . Table K323.3.1.
formpd in accordance with Table K323.3.1 on representa- .

) . . . . (c) Weld Impact Test Requirements. Where [two base
tive amples using the testing methods described in metals having different required impact energy values
parag. K323.3.2, K323.3.3, and-K323.3.4. Acceptance cri- 2 6 e a P py va:

- . - are joined by welding, the impact test energy require-
teria |are described in pafay K323.3.5. .

ments shall equal or exceed the requirements qf the base
K323.3.2 Proceddre.” Paragraph 323.3.2 applies. material having the lower required impact enjergy.
] . (d) Retests

K323.3.3 Test .SpeCImens ) ] (1) Retest for Absorbed Energy Criteria. When the

(a) Each sét(of impact test specimens shall consist of average value of the three specimens equals qr exceeds
three specimen bars. Impact tests shall be rpade usmg  the minimum value permitted for a single $pecimen,
standard 10 mm (0.394 in.) Square cross section Charpy  and the value for more than one specimen|is below
V-notch Spectmen barsoriented-in-the transverse the 1equiled average value, orwherrthe—vatte for one
direction.

(b) Where component size and/or shape does not per-
mit specimens as specified in (a) above, standard 10 mm
square cross-section longitudinal Charpy specimens
may be prepared.

(c) Where component size and/or shape does not per-
mit specimens as specified in (a) or (b) above, subsize
longitudinal Charpy specimens may be prepared. Test
temperature shall be reduced in accordance with Table
323.3.4. See also Table K323.3.1, Note (6).
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specimen is below the minimum value permitted for a
single specimen, a retest of three additional specimens
shall be made. The value for each of these retest speci-
mens shall equal or exceed the required average value.

(2) Retest for Erratic Test Results. When an erratic
result is caused by a defective specimen or uncertainty
in the test, a retest will be allowed. The report giving test
results shall specifically state why the original specimen
was considered defective or which step of the test proce-
dure was carried out incorrectly.
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Table K323.3.1 Impact Testing Requirements

Column A
Test Pipe, Tubes, and Components Column B Column C
Characteristics Made From Pipe or Tubes Other Components, Fittings, Etc. Bolts
Number of tests As required by the material specification, or one test set per lot [see Note (1)], whichever is greater, except as
permitted by Note (6).

Location and (@) Transverse to the longitudinal (@) Transverse to the direction of (@ Bolts <52 mm (2 in.) nominal
orientation axis, with notch parallel to maximum elongation during size made in accordance with
of specimens axis. [See Note (3).] rolling or to direction of ASTM A 320 shall meet the
[Fee Note (2)] (b) Where component size and/ major working during forging. impact requirements of that

or shape does not permit Notch shall be oriented paral- specification.
specimens as specified in (a) lel to direction of maximum (b) For all other bolts§,longifudinal
above, paras. K323.3.3(b), elongation or major working. specimens shall be takefp. The
" (c), and (d) apply as needed. (b) If there is no single identifi- impact values)obtained $hall
© able axis, e.g., for castings or meet the'transverse values of
§ triaxial forgings, specimens TableK323.3.5.
g shall either meet the longitu-
s dinal values of Table
@ K323.3.5, or three sets of
§ orthogonal specimens shall
be prepared, and the lowest
impact values obtained from
any set shall meet the trans-
verse values of Tahlé
K323.3.5.
(c) Where componentssize and/
or shape doés not permit
specimenszas specified in (a)
or (b) above, paras.
K323.3.3(c) and (d) apply as
needed.

Test pieces Test pieces for preparation of impact specimens shall be made for each welding procedure, type of electrode,

[bee Note (5)] or filler metal (i.e., AWS E-XXXX classification) and each flux to be used. All test pieces shall be subjegt to
- heat treatment, including coolihg-rates and aggregate time at temperature or temperatures, essentially the
é same as the heat treatmentWhich the finished component will have received.
§ Number of test (1) One test piece with a thickness T for each range of material thicknesses which can vary from ¥%Tto [T + 6
< flieces [see mm (¥, in.).
° Note (4)] (2) Unless otherwjse,specified in this Chapter [see Note (3)] or the engineering design, test pieces need not
,s be made frgt individual material lots, or from material for each job, provided welds in other certified
5 material-ef theé same thickness ranges and to the same specification (type and grade, not heat or lof)
..(gv have been’tested as required and the records of those tests are made available.
E Lodation and (1) Weldymetal impact specimens shall be taken across the weld with the notch in the weld metal. Each|speci-
o drientation men shall be oriented so that the notch axis is normal to the surface of the material and one face of the
° df specimens specimen shall be within 1.5 mm (¢ in.) of the surface of the material.
E (2) Heat affected zone impact specimens shall be taken across the weld and have sufficient length to lgcate
g the notch in the heat affected zone, after etching. The notch shall be cut approximately normal to thle
§ material surface in such a manner as to include as much heat affected zone material as possible in [the
= resulting fracture.

(3) The impact values obtained from both the weld metal and heat affected zone specimens shall be cdm-
pared to the transverse values in Table K323.3.5 for the determination of acceptance criteria.
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Table K323.3.1 Impact Testing Requirements (Cont’d)

NOTES:

(1) A lot shall consist of pipe or components of the same nominal size, made from the same heat of material, and heat treated together. If
a continuous type furnace is used, pipe or components may be considered to have been heat treated together if they are processed
during a single continuous time period at the same furnace conditions.

(2) Impact tests shall be performed on a representative sample of material after completion of all heat treatment and forming operations
involving plastic deformation, except that cold bends made in accordance with para. K304.2.1 need not be tested after bending.

(3) For longitudinally welded pipe, specimens shall be taken from the base metal, weld metal, and the heat affected zone.

(4) The test piece shall be large enough to permit preparing the number of specimens required by para. K323.3. If this is not possible,
additional test pieces shall be prepared.

(5) FJrwelds in the fabrication or assembly of piping of components, mcluding repair welds.

(6) Infpact tests are not required when the maximum obtainable longitudinal Charpy specimen has a width along the notch.tesq than 2.5

mm (0.098 in.). See para. K323.2.2(c).

Fig. K323.3.3 Example of an Acceptable
Impact Test Specimen

Note (1

7.5 mm (0.30in.) \\
max. /
/£25mm(010|n)

min.

\

GENERAL NOTE: This Figure illustrates how an acceptable transverse

Chatpy specimen can be obtained from a tubing or component shape

top small for a full length standard specimen in accordance with

ASTM A 370. The corners of a longitudinal specimen parallel to and

on the side opposite the notch may be as shown.

NOTE:

(1) Corners of the Charpy specimen [see para. K323.3.3(d)] may
follow the contour of the component within the dimension
limits shown.
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Table K323.3.5 Minimum Required Charpy V-Notch Impact Values

Energy, ) (ft-1bf) [Note (2)]

Specified Minimum Yield

Pipe Wall No. of R
Specimen or Component Specimens Strength, MPa (ksi)
Orientation Thickness, mm (in.) [Note (1)] <932 (< 135) > 932 (> 135)
Transverse <25(<1) Average for 3 27 (20) 34 (25)
Minimum for 1 20 (15) 27 (20)
75 and X 51 Average for 3 3%4(25) 7T (30)
>1and<2) Minimum for 1 27 (20) 33 (24)
>51 (2 Average for 3 41 (30) 47 (35)
Minimum for 1 33 (24) 38 (28)
Longitudinal <25(1) Average for 3 54 (40) 68(50)
Minimum for 1 41 (30) 54 (40)
> 25 and < 51 Average for 3 68 (50) 81 (60)
>1and<?2) Minimum for 1 54 (40) 65 (48)
>51 (2 Average for 3 81 (60) 95 (70)
Minimum for 1 65, (48) 76 (56)
NOTES:

(1) See para. K323.3.5(c) for permissible retests.
(2) Energy values in this Table are for standard size specimens/For subsize specimens, these values
shall be multiplied by the ratio of the actual specimenswidth to that of a full-size specimen, 10

mm (0.394 in.).

K323.4 ILequirements for Materials

K323.4.1 General. Requirements in para. K323.4
apply to pressure-containing parts, not to materials-used
as suppgrts, gaskets, packing, or bolting. See also
Appendix F, para. F323.4.

K323.4.2 Specific Requirements

(a) Duttile iron and other cast irensdre not permitted.

(b) Zinc-coated materials are ot permitted for pres-
sure Contfining components(and may not be attached
to pressufe-containing components by welding.

K323.4.3 Metallic Clad and Lined Materials. Materi-
als with |metallic ,cladding or lining may be used in
accordange withythe following provisions:

(a) For|metallic clad or lined piping components, the
base metgl shall be an acceptable material as defined in

provisions of the BPV Code, Section VIII, Division 1,
UCL-30 through UCL-52, and the provisions of this
Chapter.

(c) If a metallic liner also serves as a gasket or a$ part
of the flange facing, the requirements and limitatigns in
para. K308.4 apply.

K323.5 Deterioration of Materials in Service

Paragraph 323.5 applies.

K325 MISCELLANEOUS MATERIALS

Paragraph 325 applies.

para. K323, andthethickmessusedir pressure desigrm
in accordance with para. K304 shall not include the thick-
ness of the cladding or lining. The allowable stress used
shall be that for the base metal at the design temperature.
For such components, the cladding or lining may be any
material that, in the judgment of the user, is suitable for
the intended service and for the method of manufacture
and assembly of the piping component.

(b) Fabrication by welding of clad or lined piping
components and the inspection and testing of such com-
ponents shall be done in accordance with applicable

PART 8
STANDARDS FOR PIPING COMPONENTS

K326 DIMENSIONS AND RATINGS OF
COMPONENTS

Paragraph 326 applies in its entirety, except as follows:
(a) Refer to Table K326.1 instead of Table 326.1.

(b) Refer to Appendix K instead of Appendix A.

(c) Refer to para. K303 instead of para. 303.

(d) Refer to para. K304 instead of para. 304.
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Table K326.1 Component Standards (08)

Standard or Specification Designation
Bolting
Square and Hex Bolts and Screws, Inch Series; Including Hex Cap Screws and Lag Screws. . . . . ... ....... ASME B18.2.1
Square and Hex Nuts (Inch Series) . . . . . . . . i i e e e e e e ASME B18.2.2
Metallic Fittings, Valves, and Flanges
Pipe Hanges and Flanged Fittings [Note (1)]. . . . . . . . . o i i i e e e e e e e SME B16.5
Factorj-Made Wrought Steel Buttwelding Fittings [Note (1)] . . . . . . . . . o i i i i i i e e e e e e e SME B16.9
Forged Fittings, Socket Welding and Threaded [Note (1)] . . . . . . . . . . o i i i i it e e e et e et A$ME B16.11
Valved—Flanged, Threaded, and Welding End [Note (1)]. . . . . . . . . . . i i i i i i i it e e e e eee b A$ME B16.34
Line Bllanks [Note (1)] . . . . o ot v i e e e e e e e e e e e e e e A$ME B16.48
Standard Marking System for Valves, Fittings, Flanges, and Unions . . . . . . . . . . ... ... ... m . MSS SP-25
High Rressure Chemical Industry Flanges and Threaded Stubs for Use with Lens Gaskets. . . . .. ... .. X/, .. MSS SP-65
Metallic Pipe and Tubes
Welde[d and Seamless Wrought Steel Pipe [Note (1)] . . . . . . . . . . oo it oo X0 o ASME B36.10M
Stainlgss Steel Pipe [Note (1)] . . . . . o v v i i e e e e N ASME B36.19M
Miscellaneous
Threading, Gauging, and Thread Inspection of Casing, Tubing, and Line Pipe Threads. . . . . ... ... ... .. .. API 5B
Unifiegl Inch Screw Threads (UN and UNR Thread Form) . . . . . . o o i 0@ v v o e e e e e e e e e e et e e ASME B1.1
Pipe Threads, General Purpose (Inch) . . . . .. ... .. . N e ASME B1.20.1
Metalljc Gaskets for Pipe Flanges. . . . . . . . . o o i i i i e A$ME B16.20
Buttwelding Ends . . . . . . o o e e P e e e e e e e e e e e e e e A$ME B16.25
Surfage Texture (Surface Roughness, Waviness, and Lay). . . . .\ . . . . oo oo o SME B46.1

GENERAL NOTE:

NOTE:

It is not practical to refer to a specific edition of each standard throughout the Code text. Instead, the apprqved edition
references, along with the names and addresses of the(sponsoring organizations, are shown in Appendix E.

(1) THe use of components made in accordance with these standards is permissible provided they meet all of the requirements|of this

Chapter.

PART.9
FABRICATION, ASSEMBLY, AND ERECTION

K327 GENERAL

Piping materialscand components are prepared for
assethbly and ere¢tion by one or more of the fabrication
procgsses covefed'in paras. K328, K330, K331, K332, and
K333 Whertvany of these processes is used in assembly
or er¢ctign, requirements are the same as for fabrication.

K328.2 Welding Qualifications

K328.2.1 Qualification Requirements. Qualification
of the welding procedures to be used and of the perform-
ance of welders and welding operators shall comply
with the requirements of the BPV Code, S¢ction IX,
except as modified herein.

(a) Impact tests shall be performed for all procedure
qualifications in accordance with para. K323.8.

(b) Testweldments shall be made using the shme spec-

K328 WELDING

Welding which conforms to the requirements of para.
K328 may be used in accordance with para. K311.

K328.1 Welding Responsibility

Each employer is responsible for the welding done
by the personnel of his organization and shall conduct
the tests required to qualify welding procedures, and to
qualify and as necessary requalify welders and welding
operators.

Hicatiormarct typeor 51adc of basemetalfs), and the
same specification and classification of filler metal(s) as
will be used in production welding.

(c) Test weldments shall be subjected to essentially
the same heat treatment, including cooling rate and
cumulative time at temperature, as the production
welds.

(d) When tensile specimens are required by Section
IX, the yield strength shall also be determined, using the
method required for the base metal. The yield strength of
each test specimen shall be not less than the specified
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minimum yield strength at room temperature (Sy) for
the base metals joined. Where two base metals having
different Sy values are joined by welding, the yield
strength of each test specimen shall be not less than the
lower of the two Sy values.

(e) Mechanical testing is required for all performance
qualification tests.

(f) Qualification on pipe or tubing shall also qualify
for plate, but qualification on plate does not qualify for

Fig. K328.4.3 Pipe Bored for Alignment: Trimming
and Permitted Misalignment

26 mm (Y, in.)

)
) §

pipe or t{ibing.

(¢) Forfthickness greater than 51 mm (2 in.), the proce-
dure test|coupon shall be at least 75% as thick as the
thickest jpint to be welded in production.

(h) Panagraph 328.2.1(f) applies.

K328.2.2 Procedure Qualification by Others.
fication
mitted.

K328.2.3 Performance Qualification by Others.
Welding|performance qualification by others is not
permitted.

K328.2.4 Qualification Records.
applies.

Quali-
f welding procedures by others is not per-

Paragraph 328.2.4

K328.3 Materials

K328.3.1 Filler Metal. Filler metal shall be specified
in the enjgineering design and shall conform to the
requirements of the BPV Code, Section IX. A filler metal
not yet ifcorporated in Section IX may be used with
the owngr’s approval if a procedure qualification, test;
including an all-weld-metal test, is first successfully
made.

K328.3.2 Weld Backing Material.
shall not [be used.

K328.3.3 Consumable Inserts. ‘Raragraph 328.3.3
applies, pxcept that proceduresishall be qualified as
required py para. K328.2.

Backing rings

K328.4 Preparation for, Welding
K328.4.1 Cleaning. Paragraph 328.4.1 applies.

K328.4.2 End‘Preparation
(a) General
(1) Buttweld end preparation is acceptable only if

Round corner

Permitted misalignment
< 1.5 mm (V46 in.). See WPS.

misalignment, such trimming¢hall not result in h fin-
ished wall thickness befereswelding less thah the
required minimum wall thigkness, f,,

(2) It is permissible\to size pipe ends of the [same
nominal size to impfove alignment, if wall thickness
requirements are.nfaintained.

(3) Wheremecessary, weld metal may be depgsited
on the inside or outside of the component to permit
alignmerit\or provide for machining to ensure saffisfac-
tory seating of inserts.

(4) When a butt weld joins sections of unequal wall
thickness and the thicker wall is more than 1% fimes
the thickness of the other, end preparation and geoinetry
shall be in accordance with acceptable desigr]s for
unequal wall thickness in ASME B16.5.

K328.4.3 Alignment
(a) Girth Butt Welds
(1) Inside diameters of components at the erds to
be joined shall be aligned within the dimensional |imits
in the welding procedure and the engineering d¢sign,
except that no more than 1.5 mm (¥ in.) misaligrfment
is permitted as shown in Fig. K328.4.3.
(2) If the external surfaces of the two compopents
are not aligned, the weld shall be tapered betwedn the
two surfaces with a slope not steeper than 1:4.
(b) Longitudinal Butt Joints. Preparation for longjtudi-
nal butt welds (not made in accordance with a stamdard
listed in Table K-1 or Table K326.1) shall conform fo the
requirements of para. K328.4.3(a).
(c) Branch Connection Welds

the surfatetsmachinedor 51uuud to bxisht mretat:

(2) Butt welding end preparation contained in
ASME B16.25 or any other end preparation which meets
the procedure qualification is acceptable. [For conve-
nience, the basic bevel angles taken from B16.25, with
some additional J-bevel angles, are shown in Fig. 328.4.2
sketches (a) and (b).]

(b) Circumferential Welds

(1) If components ends are trimmed as shown in
Fig:328.4.2 sketch (a) or (b) to accommodate consumable
inserts, or as shown in Fig. K328.4.3 to correct internal

(1) The dimension m in Fig. K328.5.4 shall not
exceed +1.5 mm (4, in.).

(2) The dimension g in Fig. K328.5.4 shall be speci-
fied in the engineering design and the welding
procedure.

K328.5 Welding Requirements

K328.5.1 General. The requirements of paras.
328.5.1(b), (d), (e), and (f) apply in addition to the
requirements specified below.

128

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

Fig. K328.5.4 Some Acceptable Welded Branch Connections Suitable for 100% Radiography

i

— —¢-Branch

(a)] All welds, including tack welds, repair welds,.and
the gddition of weld metal for alignment[paras.
K3284.2(b)(3) and K328.4.3(c)(1)], shall be madeby qual-
ified [welders or welding operators, in accordance with
a qualified procedure.

(b)| Tack welds at the root of thejoint shall be made
with[filler metal equivalent to (that used for the root
pass.|Tack welds shall be fused with the root pass weld,
except that those which haye\cracked shall be removed.
Bridge tacks (above the xoot) shall be removed.

K328.5.2 Fillet Welds. Fillet welds, where permitted
(see para. K311.2.2) Jshall be fused with and shall merge
smodthly into’ the'component surfaces.

K328.5.3Seal Welds. Seal welds are not permitted.
K328.5.4 Welded Branch Connections. Branch con-

K328.6 Weld Repair

Paragraph 328.6 applies, except that procedlures and
performance shall be qualified as required| by para.
K328.2.1. See also para. K341.3.3.

K330 PREHEATING

K330.1 General

The requirements in para. K330 apply to all types of
welding, including tack welds and repair welds.

K330.1.1 Requirements. The necessity for pre-
heating prior to welding, and the temperatlure to be
used, shall be established by the engineerinlg design.
However, the preheat temperatures for th¢ various
P-Number materials shall be not less thlan those

nection fittings (see para. 300.2), attached by smoothly
contoured full penetration groove welds of a design that
permits 100% interpretable radiographic examination
are the only types acceptable.

Figure K328.5.4 shows acceptable details of welded
branch connections. The illustrations are typical and are
not intended to exclude acceptable types of construction
not shown.

K328.5.5 Fabricated Laps.
permitted.

Fabricated laps are not

strowrm i Tabte 330.1.1, iukludius thoseshown as
“Recommended.” The suitability of the preheat temper-
ature shall also be demonstrated by the procedure quali-
fication. For joints of dissimilar thickness, the nominal
wall thickness stated in Table 330.1.1 shall be that of the
thicker component at the joint.

K330.1.2 Unlisted Materials. Preheat requirements
for an unlisted material shall be specified in the WPS.

K330.1.3 Temperature Verification. Preheat temper-
ature shall be checked by use of temperature-indicating
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crayons, thermocouple pyrometers, or other suitable
means to ensure that the temperature specified in the
WPS is obtained prior to and maintained during weld-
ing. Temperature-indicating materials and techniques
shall not be detrimental to the base metals.

K330.1.4 Preheat Zone. The preheat zone shall
extend at least 25 mm (1 in.) beyond each edge of the
weld.

K330.2 $
Paragraph 330.2 applies in its entirety.

K331 HEAT TREATMENT
The text introducing para. 331 applies.

K331.1 General

K331.1.1 Heat Treatment Requirements. The provi-
sions of para. 331 and Table 331.1.1 apply, except as
specified |below.

(1) Heqt treatment is required for all thicknesses of
P-Nos. 4 jand 5 materials.

(b) Forl welds other than longitudinal in quenched
and templered materials, when heat treatment is required
by the enjgineering design, the temperature shall not be
higher than 28°C (50°F) below the tempering tempera-

material shall be heat treated in accordance with the
applicablp material specification.

applying|the heat treatment provisions of Table'331.1.1
shall be that of the thicker component measured at the
joint, except as follows:

In the dase of fillet welds used for attachment of exter-
nal nonpressure parts, such as lugs or other pipe-
supporting elements, heat treatment is required when
the thickness through the weld and base metal in any
plane is more than twice)the minimum material thick-
ness requiiring heat treatinient (even though the thickness
of the components,at-the joint is less than that minimum
thickness) except.ds’follows:

(a) no{ required for P-No. 1 materials when weld
throat thickness is 16 mm (% in.) or less, regardless of

such as differential thermal expansion due to elevated
temperature, or corrosion, will not adversely affect the
weldment.

K331.1.4 Heating and Cooling. Paragraph 331.1.4
applies.

K331.1.6 Temperature Verification. Heat treatment
temperature shall be checked by thermocouple pyrome-
ters or other suitable methods to ensure that the WPS
and techniques shall not be detrimental to-fite| base
metals.

K331.1.7 Hardness Tests.
applies.

Paragraph 331.1.7

K331.2 Specific Requirements
Paragraph 331.2 applies intits/éntirety.

K332 BENDING AND FORMING
K332.1 General

Pipe shall beChot or cold bent in accordance with a
written procédure to any radius which will resylt in
surfaces freeof cracks and free of buckles. The procgdure
shall address at least the following, as applicable

(a)cmraterial specification and range of siz¢ and
thickness

{b) range of bend radii and fiber elongation

(c) minimum and maximum metal temperaturg dur-
ing bending

(d) method of heating and maximum hold tim¢e

(e) description of bending apparatus and procg¢dure
to be used

(f) mandrels or material and procedure used to fill
the bore

(¢) method for protection of thread and machined
surfaces

(h) examination to be performed

(i) required heat treatment

(j) postheat treatment dimensional adjustment|tech-
nique

K332.2 Bending

K332.2.1 Bend Flattening. The difference befjween
the maximum and the minimum diameters at any|cross

section of a bend shall not exceed 8% of nominal o1 tside

base metatthickrress:

(b) not required for P-Nos. 3, 4, 5, 10A, and 10B mate-
rials when weld throat thickness is 6 mm (% in.) or less,
regardless of base metal thickness, provided that not
less than the recommended minimum preheat is applied
and the specified minimum tensile strength of the base
metal is less than 490 MPa (71 ksi).

(c) not required for ferritic materials when welds are
made with filler metal which does not air harden. Aus-
tenitic welding materials may be used for welds to fer-
ritic materials when the effects of service conditions,

diameter for internal pressure and 3% for external
pressure.

K332.2.2 Bending Temperature. Paragraph 332.2.2
applies, except that in cold bending of quenched and
tempered ferritic materials, the temperature shall be at
least 28°C (50°F) below the tempering temperature.

K332.3 Forming

Piping components shall be formed in accordance
with a written procedure. The temperature range shall
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be consistent with material characteristics, end use, and
specified heat treatment. The thickness after forming
shall be not less than required by design. The procedure
shall address at least the following, as applicable:

(a) material specification and range of size and
thickness

(b) maximum fiber elongation expected during

K335.2 Flanged Joints

Paragraph 335.2 applies, except that bolts shall extend
completely through their nuts.

K335.3 Threaded Joints

Paragraph 335.3 applies, except that threaded joints
shall not be seal welded.

forming
(c) minimum and maximum metal temperature dur- ~ K335.4 Special Joints
ing Wending . . . Special joints (as defined in para. K318] shall be
(d)l method of heating and maximum hold time installed and assembled in accordance with-the manu-
(e)| description of forming apparatus and procedure facturer’s instructions, as modified byythe engineering
to bej used design. Care shall be taken to ensure full engagement
(f)|materials and procedures used to provide internal  of joint members.
suppprt during forming . o
()| examination to be performed K335.5 Cleaning of Piping
(h)| required heat treatment See Appendix F, para. F335.9.
K332.4 Required Heat Treatment
9 PART 10
K332.4.1 HotBending and Forming. After hotbend- INSPECTION, EXAMINATION, AND TESTING
ing ahd forming, heat treatment is required for all thick-
nessds of P-Nos. 3, 4, 5, 6, 10A, and 10B materials that K340 INSPECTION
are rjot quenched and tempered. Times and tempera- Paragraphs 340.1 through 340.4 apply.
tures| shall be in accordance with para. 331. Quenched
an'd. empered.materle?l? s}}all be reheat treated to the K341 EXAMINATION
original material specification.
K332.4.2 Cold Bending and Forming Paragraphs 341.1 and 341.2 apply.
(a)| After cold bending and forming, heat treatment K341.3 Examination Requirements
m ac pordance with (I:r).belc.)w 8 requ.lred,.regardl‘ess of K341.3.1 General. Prior to initial operafion, each
thickhess, when specified in the engineering d¢sign or L . . .
piping installation, including components ahd work-

wher) the maximum calculated fiber elongation’exceeds
5% strain or 50% of the basic minimum spetified longitu-
dinal elongation for the applicable specification, grade,
and thickness for P-Nos. 1 through-6.materials (unless
it hag been demonstrated that the selection of the pipe
and Jhe procedure for making-the’components provide
assuifance that the most seyerely formed portion of the
matefial has retained an elongation of not less than 10%)).

(b)] Heat treatment is.xequired regardless of thickness
and shall conform t¢0-the temperatures and durations
given) in Table 331/.1, except that for quenched and
tempered materials, the stress relieving temperature
shall[not exceéd a temperature 28°C (50°F) below the
tempering temperature of the material.

manship, shall be examined in accordance With para.
K341.4 and the engineering design. If heat freatment
is performed, examination shall be conducted after its
completion.

K341.3.2 Acceptance Criteria. Acceptan
shall be as stated in the engineering design ar
least meet the applicable requirements stated
(b) below, and elsewhere in this Chapter.

(a) Table K341.3.2 states acceptance criteria |(limits on
imperfections) for welds. See Fig. 341.3.2 for typical weld
imperfections.

(b) Acceptance criteria for castings are specified in
para. K302.3.3.

e criteria
d shall at
in (a) and

K333 BRAZING AND SOLDERING

Brazing shall be in accordance with para. 333. The
owner shall specify examination requirements for
brazed joints.

K335 ASSEMBLY AND ERECTION

K335.1 General
Paragraph 335.1 applies.
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K3%41:3:3Defective-Components—and-Workmanship

(a) Defects (imperfections of a type or magnitude not
acceptable by the criteria specified in para. K341.3.2)
shall be repaired, or the defective item shall be replaced.

(b) Repaired or replaced items shall be examined as
required for the original work.

K341.4 Extent of Required Examination

Piping shall be examined to the extent specified herein
or to any greater extent specified in the engineering
design.
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(08) Table K341.3.2 Acceptance Criteria for Welds

Criteria (A—E) for Types of Welds, and for Required
Examination Methods [Note (1)]

Type of Weld

Methods

Longitudinal Branch
Type of 100% Girth Groove Fillet Connection
Imperfection Visual Radiography Groove [Note (2)] [Note (3)] [Note (4)]
Crack X X A A A A
Lack of fusjon X X ) [} ) A\
Incomplete|penetration X X A A A A
Internal pofosity X B B NA B
Slag inclusion or elongated indication - X C C NA C
Undercutting X X A A A i\
Surface porosity or exposed slag inclusion X A A A A\
Concave ropt surface (suck-up) X X D D NA D
Surface finish X E E E E
Reinforcement or internal protrusion X F F F F
GENERAL NPTE: X = required examination; NA = not applicable; ... = not required.
Criterion Value Notes for Table K341.3.2
Criterion

Symbol Measure Accéptable Value Limits [Note (5)]

A Extent of imperfection Zero (nonevident imperfection)

B Size and distribution of internal porosity Seé BPV Code, Section VIlI, Division 1, Appendix 4

C Slag inclusion or elongated indication

Individual length <T, /4 and <4 mm (%, in)
Individual width <Ty /4 and < 2.5 mm (%, in)
Cumulative length <Ty,inany 12 T, weld length

D Depth of surface concavity Wall Thickness, Depth of Surface Concavity,
Tw, mm (in.) mm (in.)
<13 (%) <1.5 (Y4)
>13 (%) and <51 (2) <3 W)
>51(2) <4 (5/32)
and total joint thickness including weld reinforcement
>T,
E Surface roughness <12.5 pm (500 pin.) R, (see ASME B46.1 for definition of
roughness average, R;)

F Height of reinforeemient or internal protrusion [Note (6)] External Weld Reinforcemlent
in any planesthrough the weld shall be within the Wall Thickness, or Internal Weld Protrusiof,
limits of the-applicable height value in the tabula- Tw, mm (in.) mm (in.)
tion at the right. Weld metal shall be fused with and
merge smootg;ﬂy into the component surfaces. =13 (1/2) <15 (o)

>13 (%) and < 51 (2) <3 (%
>51(2) <4 (5/32)

NOTES:

(1) Criteria given are for required examination. More stringent criteria may be specified in the engineering design.

(2) Longitudinal welds include only those permitted in paras. K302.3.4 and K305. The radiographic criteria shall be met by all welds,
including those made in accordance with a standard listed in Table K326.1 or in Appendix K.

(3) Fillet welds include only those permitted in para. K311.2.2.

(4) Branch connection welds include only those permitted in para. K328.5.4.

(5) Where two limiting values are given, the lesser measured value governs acceptance. T,, is the nominal wall thickness of the thinner of
two components joined by a butt weld.

(6) For groove welds, height is the lesser of the measurements made from the surfaces of the adjacent components. For fillet welds,
height is measured from the theoretical throat; internal protrusion does not apply. Required thickness t,, shall not include reinforce-
ment or internal protrusion.
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K341.4.1 Visual Examination
(a) Therequirements of para. 341.4.1(a) apply with the
following exceptions in regard to extent of examination:
(1) Materials and Components. 100%.
(2) Fabrication. 100%.
(3) Threaded, Bolted, and Other Joints. 100%.
(4) Piping Erection. All piping erection shall be
examined to verify dimensions and alignment. Supports,
guides, and points of cold spring shall be checked to

K344 TYPES OF EXAMINATION

K344.1 General

Paragraphs 344.1.1 and 344.1.2 apply. In para. 344.1.3,
terms other than “100% examination” apply only to
supplementary examinations.

K344.2 Visual Examination
Paragraph 344.2 applies in its entirety.

ensufe that movement of the piping under all conditions
of startup, operation, and shutdown will be accom-
modpted without undue binding or unanticipated
consfraint.

(b)| Pressure-Containing Threads. 100% examination for

finish and fit is required. Items with visible imperfec-
tions|in thread finish and/or the following defects shall
be rejected:
1) Tapered Threads. Failure to meet gaging require-
ments in API Spec 5B or ASME B1.20.1, as applicable.
2) Straight Threads. Excessively loose or tight fit
when gaged for light interference fit.

K3

(a)
weld
K344(5.

(b)| Ultrasonic examination shall not be substituted
for rgdiography, but may supplement it.

(c)] In-process examination (see para. 344.7) shall not
be sybstituted for radiography.

b41.4.2 Radiographic Examination
All girth, longitudinal, and branch connection
s shall be 100% examined as specified in para.

K341.4.3 Certifications and Records. . Paragraph

341.41(c) applies.

K341
An
K344

supp
The

.5 Supplementary Examination

y of the examination metlods described in para.

may be specified by the engineering design to
[ement the examination)required by para. K341.4.
bxtent of suppleméntary examination to be per-
formpd and any acceptance criteria that differ from those
specified in para. K841.3.2 shall be specified in the engi-
neering designs

KB41.5.1.'Hardness Tests. Paragraph 341.5.2
applies.

K3#%1757
Paragraph 341.5.3 applies.

K342 EXAMINATION PERSONNEL

Paragraph 342 applies in its entirety.

K343 EXAMINATION PROCEDURES
Paragraph 343 applies. See also para. 344.6.1.
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K344.3 Magnetic Particle Examination

The method for magnetic particle examinaftion shall
be as specified in

(a) paragraph K302.3.3(b) for castihgs

(b) BPV Code, Section V, Article 7 for welds
components

and other

K344.4 Liquid Penetrant EXxamination

The method for liquid’ penetrant examinatign shall be
as specified in

(a) paragraph'K302.3.3(b) for castings

(b) BPV Code, Section V, Article 6 for welds
components

and other

K344.5) Radiographic Examination

The method for radiographic examination ghall be as
specified in

(a) paragraph K302.3.3(c) for castings

(b) BPV Code, Section V, Article 2 for welds
components

and other

K344.6 Ultrasonic Examination

K344.6.1 Method. The method for ultrasonic exam-
ination shall be as specified in

(a) paragraph K302.3.3(c) for castings

(b) paragraph 344.6.1 for welds and other co

(c) paragraph K344.6.2 for pipe

mponents

K344.6.2 Examination of Pipe and Tubing. | Pipe and
tubing, required or selected in accordance with Table
K305.1.2 to undergo ultrasonic examination, shall pass a
100% examination for longitudinal defects in agcordance
with ASTM E 213, Ultrasonic Examination of Nletal Pipe
and Tubing. The following specific requiremients shall
be met:

(a) A calibration (reference) standard sha

reference notches shall be introduced on the outer and
inner surfaces of the standard in accordance with Fig.
2(c) of E 213 to a depth not greater than the larger of
0.1 mm (0.004 in.) or 4% of specimen thickness and a
length not more than 10 times the notch depth.

(b) The pipe or tubing shall be scanned in both cir-
cumferential directions in accordance with Supplemen-
tal Requirement S1 of E 213. (Removal of external weld
reinforcement of welded pipe may be necessary prior
to this examination.)
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K344.6.3 Acceptance Criteria. Any indication
greater than that produced by the calibration notch rep-
resents a defect; defective pipe and tubing shall be
rejected.

K344.6.4 Records. For pipe and tubing which pas-
ses this examination, records specified in Supplemental
Requirement S5 of ASTM E 213 shall be prepared. [See
para. K346.2(g).]

components and welds, adequate protection is provided
to prevent injury to people and damage to property from
missile fragments, shock waves, or other consequences
of any failure that might occur in the pressurized system.

(b) In addition to the requirements of (a) above, a leak
test of the installed piping system, excluding pressure
relieving devices to be used during operation, shall be
conducted at a pressure not less than 110% of the design
pressure to ensure tightness, except as provided in (c)

K344.7 In-Process Examination

Paragraph 344.7 applies in its entirety.

K344.8 Eddy Current Examination

K344.8.1 Method. The method for eddy current
examinatjon of pipe and tubing shall follow the general
guidelines of the ASME BPV Code, Section V, Article 8,
subject tq the following specific requirements:

(a) Cold drawn austenitic stainless steel pipe and tub-
ing, selected in accordance with Table K305.1.2 for eddy
current examination, shall pass a 100% examination for
longitudinal defects.

(b) A qalibration (reference) standard shall be pre-
pared frgm a representative sample. A longitudinal
(axial) reference notch shall be introduced on the inner
surface of the standard to a depth not greater than the
larger of 9.1 mm (0.004 in.) or 5% of specimen thickness
and a lenigth not more than 6.4 mm (0.25 in.).

K3448.2 Acceptance Criteria. Any indication
greater than that produced by the calibration notch rep=
resents g defect; defective pipe or tubing shall:be
rejected.

K344.8.3 Records. For pipe and tubing which pas-
ses this ¢xamination, a report shall belprepared that
includes pt least the following information:

(1) material identification by type,size, lot, heat, etc.

(b) listing of examination equipment and accessories

(c) dethils of examination technique (including exam-
ination speed and frequency) and end effects, if any

(d) description of thelcalibration standard, including
dimensiops of the notch, as measured

(e) examination results

K345 LEAK-TESTING

or (d) betow:
(c) If the leak test required in (a) above is ¢ondpcted
on the installed piping system, the additional'test fin (b)
above is not required.
(d) With the owner’s approval, pressure religving
devices to be used during operatiérymay be included
in the leak test required in (b) abo¥e. The leak test|pres-
sure may be reduced to prevént the operation ¢f, or
damage to, the pressure relieving devices, but shalll not
be less than 90% of the lowvest set pressure of the pressure
relieving devices in the, system.
(e) For closure welds, examination in accordance
para. K345.2.3(¢) ‘may be substituted for the leal
required in (a)(above.
(f) None\of the following leak tests may be used in
lieu of the leak tests required in para. K345.1:
(@)-initial service leak test (para. 345.7)
(2) sensitive leak test (para. 345.8)
(3) alternative leak test (para. 345.9)

with
test

K345.2 General Requirements for Leak Tests

Paragraphs 345.2.4 through 345.2.7 apply. See 1
for paras. K345.2.1, K345.2.2, and K345.2.3.

elow

K345.2.1 Limitations on Pressure
(a) Through-Thickness Yielding. If the test prepsure
would produce stress (exclusive of stress intensificqtion)
in excess of S,; at the outside surface of a component''
at test temperature, as determined by calculation jor by
testing in accordance with para. K304.7.2(b), the test
pressure may be reduced to the maximum pressurg that
will result in a stress (exclusive of stress intensification)
at the outside surface which will not exceed S,;.
(b) The provisions of paras. 345.2.1(b) and (c) qpply.

K345.2.2 Other Test Requirements. Paragraph
345.2.2 applies. In addition, the minimum metal tethper-

K345.1 Required Leak Test

Prior to initial operation, each piping system shall be
leak tested.

(a) Each weld and each piping component, except
bolting and individual gaskets to be used during final
system assembly and pressure relieving devices to be
used during operation, shall be hydrostatically or pneu-
matically leak tested in accordance with para. K345.4 or
K345.5, respectively. The organization conducting the
test shall ensure that during the required leak testing of
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ature during testing shall be not less than the impact
test temperature (see para. K323.3.4).

K345.2.3 Special Provisions for Leak Testing. Para-
graphs K345.2.3(a), (b), and (c) below apply only to the
leak test specified in para. K345.1(a). They are not appli-
cable to the installed piping system leak test specified
in para. K345.1(b).

1 See para. K304.1.2, footnote 5.
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(a) Piping Components and Subassemblies. Piping com-
ponents and subassemblies may be leak tested either
separately or as assembled piping.

(b) Flanged Joints. Flanged joints used to connect pip-
ing components that have previously been leak tested,
and flanged joints at which a blank or blind flange is
used to isolate equipment or other piping during the
leak test, need not be leak tested.

(c) Closure Welds. Leak testing of the final weld con-

K345.6 Hydrostatic-Pneumatic Leak Test for
Components and Welds

If a combination hydrostatic-pneumatic leak test is
used, the requirements of para. K345.5 shall be met, and
the pressure in the liquid-filled part of the piping shall
not exceed the limits stated in para. K345.4.2.

K346 RECORDS

nectifig piping Systems oI cOmponents that ave been
succgssfully leak tested is not required, provided the
weld]| is examined in-process in accordance with para.
344.7|and passes the required 100% radiographic exami-
nation in accordance with para. K341.4.2.

K345
Pa

K345

Pa
K345

K3
The
paras
for t
stress
Tablg

K3

a Syq

K345

Patagraph 345.5 applies, except para. 345:5:4: See para.
K345|5.4 below.

K345.5.4 Test Pressure. The pfietimatic test pres-
sure for components and welds shall’be identical to that
required for the hydrostatic test itraccordance with para.
K345/4.2.

.3 Preparation for Leak Test
ragraph 345.3 applies in its entirety.

.4 Hydrostatic Leak Test

ragraph 345.4.1 applies. See paras. K345.4.2 and
4.3 below.

45.4.2 Test Pressure for Components and Welds.
hydrostatic test pressure shall be as calculated in
. 345.4.2(a) and (b), excluding the limitation of 6.5
he maximum value of R,, and using allowable
es from Table K-1 rather than stress values from
A-1.

45.4.3 Hydrostatic Test of Piping With Vessels as
tem. Paragraph 345.4.3(a) applies.

.5 Pneumatic Leak Test

K346.1 Responsibility

the man-
pplicable,
er and by

It is the responsibility of the piping designer|
ufacturer, the fabricator, and the efeector, as a
to prepare the records required by this Chapt]
the engineering design.

K346.2 Required Records

At least the following records, as applicabl¢, shall be
provided to the owner or the Inspector by the person
responsible for theéir preparation:

(a) the engineering design

(b) material certifications

(c) procedures used for fabrication, weld
treatment, examination, and testing

(d) repair of materials including the procedlure used
for each, and location of repairs

(e) performance qualifications for welders gnd weld-
ing operators

(f) qualifications of examination personnel

(g) records of examination of pipe and tubing for lon-
gitudinal defects as specified in paras. K344.6.4 and
K344.8.3

ing, heat

K346.3 Retention of Records

The owner shall retain one set of the requirgd records

for at least 5 years after they are received.
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APPENDIX A
ALLOWABLE STRESSES AND QUALITY FACTORS FOR METALLIC
PIPING AND BOLTING MATERIALS

Begins on the next page.
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(08) Specification Index for Appendix A
Spec. Spec.
No. Title No. Title
ASTM ASTM (Cont’d)
A 36 Carbon Structural Steel A 302 Pressure Vessel Plates, Alloy Steel, Manganese-
A 47 Ferritic Malleable Iron Castings Molybdenum and Manganese-Molybdenum-Nickel
A 48 Gray Iron Castings A 307 Carbon Steel Bolts and Studs, 60,000 PSI Tensile
A 53 Pipe, Steel, Black and Hot-Dipped, Zinc Coated, Strength
Welded and Seamtess A 312 Seamtess, Wetded, and Heavily Cotd Worked Augten-
itic Stainless Steel Pipe
A 105 Carbon Steel Forgings, for Piping Applications A 320 Alloy-Steel and Stainless Steel Bolting Materials for
A 106 Seamless Carbon Steel Pipe for High-Temperature Low-Temperature Service
Service A 325 Structural Bolts, Steel, Heat Treated{ 120/105 ks
A 126 Gray Cast Iron Castings for Valves, Flanges, and Pipe Minimum Tensile Strength
Fittings A 333 Seamless and Welded Steel Ripefor Low-Temper|
A 134 Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS ture Service
16 and Over) A 334 Seamless and Welded Gawbon and Alloy-Steel Tubes
A 135 Electric-Resistance-Welded Steel Pipe for Low-Temperaturé:Setvice
A 139 Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and A 335 Seamless Ferritic Altgy)Steel Pipe for High-
Over) TemperatureSetyice
A 167 Stainless and Heat-Resisting Chromium-Nickel Steel A 350 Carbon and Low*Alloy Steel Forgings, Requiring Notch
Plate, Sheet and Strip Toughnéss Testing for Piping Components
A 179 Seamless Cold-Drawn Low-Carbon Steel Heat- A 351 Castings, Austenitic, for Pressure-Containing Partp
Exchanger and Condenser Tubes A 352 SteelLastings, Ferritic and Martensitic, for Pressjire-
A 181 Carbon Steel Forgings for General Purpose Piping Cantaining Parts Suitable for Low-Temperature
A 182 Forged or Rolled Alloy and Stainless Steel Pipe Service
Flanges, Forged Fittings, and Valves and Parts for A 353 Pressure Vessel Plates, Alloy Steel, 9 Percent Nidkel,
High Temperature Service Double Normalized and Tempered
A 193/A193M Alloy-Steel and Stainless Steel Bolting Materials for A 354 Quenched and Tempered Alloy Steel Bolts, Studd,
High Temperature or High Pressure Service and and Other Externally Threaded Fasteners
Other Special Purpose Applications A 358 Electric-Fusion-Welded Austenitic Chromium-Nicke
A 194/A 194M  Carbon and Alloy Steel Nuts for Bolts for High Pres; Alloy Stainless Steel Pipe for High-Temperaturg
sure or High Temperature Service, or Both Service and General Applications
A 197 Cupola Malleable Iron A 369 Carbon and Ferritic Alloy Steel Forged and Bored
Pipe for High-Temperature Service
A 202 Pressure Vessel Plates, Alloy Steel, Chromium- A 376 Seamless Austenitic Steel Pipe for High-Temperajure
Manganese-Silicon Central-Station Service
A 203 Pressure Vessel Plates, Alloy Steel;*Nickel A 381 Metal-Arc-Welded Steel Pipe for Use with High-
A 204 Pressure Vessel Plates, Alloy-Steel, Molybdenum Pressure Transmission Systems
A 216 Steel Castings, Carbon, Suitable for Fusion Welding A 387 Pressure Vessel Plates, Alloy Steel, Chromium-
for High-Temperature \Setvice Molybdenum
A 217 Steel Castings, Martensitic Stainless and Alloy, for A 395 Ferritic Ductile Iron Pressure-Retaining Castings fi
Pressure-Containing Parts Suitable for High- Use at Elevated Temperatures
Temperature Service
A 234 Piping Fitting§ 6f Wrought Carbon Steel and Alloy A 403 Wrought Austenitic Stainless Steel Piping Fittingg
Steelfor Moderate and High Temperatures A 409 Welded Large Diameter Austenitic Steel Pipe for [Cor-
A 240 Chromium and Chromium-Nickel Stainless Steel rosive or High-Temperature Service
Plate, Sheet, and Strip for Pressure Vessels A 420 Piping Fittings of Wrought Carbon Steel and Allo
A 268 Seamless and Welded Ferritic and Martensitic Stain- Steel for Low-Temperature Service
less Steel Tubing for General Service A 426 Centrifugally Cast Ferritic Alloy Steel Pipe for Higl-
A 269 Secamless and Welded Austenitic Stainless Stool Tubh. Tnmpnr:lhlrn Service
ing for General Service A 437 Alloy-Steel Turbine-Type Bolting Material Specifically
A 278 Gray Iron Castings for Pressure-Containing Parts for Heat Treated for High-Temperature Service
Temperatures Up to 650°F (350°C) A 451 Centrifugally Cast Austenitic Steel Pipe for High-Tem-
A 283 Low and Intermediate Tensile Strength Carbon Steel perature Service
Plates A 453 High Temperature Bolting Materials, with Expansion
A 285 Pressure Vessel Plates, Carbon Steel, Low- and Inter- Coefficients Comparable to Austenitic Stainless
mediate-Tensile Strength Steels
A 299 Pressure Vessel Plates, Carbon Steel, Manganese- A 479 Stainless Steel Bars and Shapes for Use in Boilers
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Specification Index for Appendix A (Cont’d)

Spec.
No. Title

Spec.
No. Title

ASTM (Cont’d)

A 487 Steel Castings Suitable for Pressure Service
A 494 Castings, Nickel and Nickel Alloy

ASTM (Cont’d)

B 148 Aluminum-Bronze Sand Castings
B 150 Aluminum-Bronze Rod, Bar and Shapes
B 152 Copper Sheet, Strip, Plate and Rolled Bar

A 515 Pressure Vessel Plates, Carbon Steel, for Intermedi- B 160 Nickel Rod and Bar
ate- and HIgher-Temperature Service BI6T NicRer Seamtess Pipe and Tube

A 516 Pressure Vessel Plates, Carbon Steel, for Moderate- B 162 Nickel Plate, Sheet and Strip
and Lower-Temperature Service B 164 Nickel-Copper Alloy Rod, Bar and Wire

A 524 Seamless Carbon Steel Pipe for Atmospheric and B 165 Nickel-Copper Alloy (UNS N04400) $eamlesk Pipe
Lower Temperatures and Tube

A 537 Pressure Vessel Plates, Heat-Treated, Carbon- B 166 Nickel-Chromium-Iron Alloys/{UNS N06600, N06601,
Manganese-Silicon Steel N06603, N06690, N06693, N0O6025, and

A 553 Pressure Vessel Plates, Alloy Steel, Quenched and N06045)*and Nickel-Chromium-Cobalt-Mdlybde-
Tempered 8 and 9 Percent Nickel num Alloy (UNSN@6617) Rod, Bar, and Wire

A 563 Carbon and Alloy Steel Nuts B 167 Nickel-Chromiunistron Alloys (UNS N06600, N0O6601,

A 570 Steel Sheet and Strip, Carbon Hot-Rolled N06603, N06690, N06693, N06025, and

A 571 Austenitic Ductile Iron Castings for Pressure- N06045)* dnd Nickel-Chromium-Cobalt-Mplybde-
Containing Parts Suitable for Low-Temperature num Attoy (UNS N06617) Seamless Pipe pnd Tube
Service B 168 Nickél-Chromium-Iron Alloys (UNS N06600, N06601,

A 587 Electric-Resistance-Welded Low-Carbon Steel Pipe for N06603, N06690, N06693, N06025, and

the Chemical Industry

A 645 Pressure Vessel Plates, Five Percent Nickel Alloy
Steel, Specially Heat Treated

A 671 Electric-Fusion-Welded Steel Pipe for Atmospheric
and Lower Temperatures

A 672 Electric-Fusion-Welded Steel Pipe for High-Pressure
Service at Moderate Temperatures

A 675 Steel Bars, Carbon, Hot-Wrought, Special Quality,
Mechanical Properties

A 691 Carbon and Alloy Steel Pipe, Electric FusionsWelded
for High-Pressure Service at High Temperatures

A 789 Seamless and Welded Ferritic/Austenitic Stainless
Steel Tubing for General Sepvice

A 790 Seamless and Welded Ferritic JAdstenitic Stainless
Steel Pipe

A 815 Wrought Ferritic, Ferritic/Austenitic, and Martensitic

Stainless Steel Riping Fittings

N06045)* and Nickel-Chromium-Cobalt-Mplybde-
num Alloy (UNS N06617) Plate, Sheet, arld Strip
B 169 Aluminum-Bronze Sheet, Strip, and Rolled Bar
B 171 Copper-Alloy Plate and Sheet for Pressure Vessels,
Condensers, and Heat Exchangers
B 187 Copper, Bus Bar, Rod, and Shapes and General Pur-
pose Rod, Bar, and Shapes

B 209 Aluminum and Aluminum-Alloy Sheet and Hlate

B 210 Aluminum and Aluminum-Alloy Drawn Seanjless
Tubes

B 211 Aluminum and Aluminum-Alloy Bars, Rods, pnd Wire

B 221 Aluminum and Aluminum-Alloy Extruded Bafs, Rods,
Wire, Profiles, and Tubes

B 241 Aluminum and Aluminum-Alloy Seamless Pipe and
Seamless Extruded Tube

B 247 Aluminum and Aluminum-Alloy Die Forgings, Hand

Forgings, and Rolled Ring Forgings
B 265 Titanium and Titanium Alloy Strip, Sheet, and Plate
B 280 Seamless Copper Tube for Air Conditioning pnd

Refrigeration Field Service

B 21 Naval Brass Rod, Bar, and Shapes B 283 Copper and Copper-Alloy Die Forgings (Hot-Pressed)

B 26 Aluminum:Alloy Sand Castings

B 42 Seamless Copper Pipe, Standard Sizes B 333 Nickel-Molybdenum Alloy Plate, Sheet, and [Strip

B 43 Seamless Red Brass Pipe, Standard Sizes B 335 Nickel-Molybdenum Alloy Rod

B 61 Steam or Valve Bronze Castings B 337 Seamless and Welded Titanium and Titaniupn Alloy

B 62 €omposition Bronze or Ounce Metal Castings Pipe

B 68 Seamless anpnr Tllhn’ Rrighf Annealed B 338 Seamless-and Welded Titanium-and Titanium A[[oy

B 75 Seamless Copper Tube Tubes for Condensers and Heat Exchangers

B 88 Seamless Copper Water Tube B 345 Aluminum and Aluminum-Alloy Seamless Pipe and

B 96 Copper-Silicon Alloy Plate, Sheet, Strip, and Rolled Seamless Extruded Tube for Gas and Oil Transmis-
Bar for General Purposes and Pressure Vessels sion and Distribution Piping Systems

B 98 Copper-Silicon Alloy Rod, Bar and Shapes B 361 Factory-Made Wrought Aluminum and Aluminum-

B 127 Nickel-Copper Alloy (UNS N04400) Plate, Sheet, and
Strip
B 133 Copper Rod, Bar and Shapes
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Specification Index for Appendix A (Cont’d)

Spec.
No.

Title

Spec.
No.

Title

ASTM (Cont’d)

B 366
B 381

B 407

B 409

B 423

B 424

B 425

B 435

B 443

B 444

B 446

B 462

B 463
B 464
B 466
B 467
B 491
B 493
B 514
B 517

B 523

B 547

ASTM (Cont’d)

Factory-Made Wrought Nickel and Nickel Alloy Fittings B 550 Zirconium and Zirconium Alloy Bar and Wire
Titanium and Titanium Alloy Forgings B 551 Zirconium and Zirconium Alloy Strip, Sheet, and
Plate
Nickel-Iron-Chromium Alloy Seamless Pipe and Tube B 564 Nickel Alloy Forgings
NicRer-ron-cChromium Atloy Ptate, Sheet, and Strip B 574 Tow-Carbon Nicket-Motybdenum-Chromium Altoy Rod
Nickel-lron-Chromium-Molybdenum-Copper Alloy B 575 Low-Carbon Nickel-Molybdenum-Chromium Alloy,
(UNS N08825 and N08221) Seamless Pipe and Plate, Sheet and Strip
Tube B 581 Nickel-Chromium-Iron-Molybdenum-Copper Alloy Rod
Nickel-Iron-Chromium-Molybdenum-Copper Alloy B 582 Nickel-Chromium-Iron-Molybdenum-Copper Alloy
(UNS N08825 and N08221) Plate, Sheet and Strip Plate, Sheet and Strip
Nickel-Iron-Chromium-Molybdenum-Copper Alloy B 584 Copper Alloy Sand Castings for General Applicatipns
(UNS N08825 and N08221) Rod and Bar
UNS N06022, UNS N06230, and UNS R30556 Plate, B 619 Welded Nickel and NickelxCobalt Alloy Pipe
Sheet, and Strip B 620 Nickel-Iron-ChromiumMalybdenum Alloy (UNS
Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N08320) Plate, Sheet and Strip
N06625) and Nickel-Chromium-Molybdenum-Sili- B 621 Nickel-Iron-Chremidm-Molybdenum Alloy (UNS
con Alloy (UNS N06219)* Plate, Sheet, and Strip N08320) Red
Nickel-Chromium-Molybdenum-Columbium Alloys B 622 Seamless{lNickel and Nickel-Cobalt Alloy Pipe an
(UNS N06625 and UNS N06852) and Nickel-Chro- Tube
mium-Molybdenum-Silicon Alloy (UNS N06219) B 625 Nickel/Alloy Plate and Sheet
Pipe and Tube B 626 Welded Nickel and Nickel-Cobalt Alloy Tube
Nickel-Chromium-Molybdenum-Columbium Alloy (UNS B 649 Ni‘Fe-Cr-Mo-Cu Low Carbon Alloy (UNS N08904) gnd
N06625), Nickel-Chromium-Molybdenum-Silicon Ni-Fe-Cr-Mo-Cu-N Low Carbon Alloy UNS N08915,
Alloy (UNS N06219), and Nickel-Chromium-Molyb- UNS N08031, and UNS N08926) Bar and Wire
denum-Tungsten Alloy (UNS N06650)* Rod and Bar B 658 Zirconium and Zirconium Alloy Seamless and We]ded
Forged or Rolled UNS N06030, N06022, N06035, Pipe
N06200, NO6059, N0O6686, NO8020, N0O8024. B 675 UNS N08366 and UNS N08367 Welded Pipe
N08026, N08367, N10276, N10665, N10675, B 688 Chromium-Nickel-Molybdenum-Iron (UNS N08364
N10629, N08031, N06045, N06025, and R20033 and UNS N08367) Plate, Sheet, and Strip
Alloy Pipe Flanges, Forged Fittings, and Valvescand B 690 Iron-Nickel-Chromium-Molybdenum Alloys (UNS
Parts for Corrosive High-Temperature Service N08366 and UNS N08367) Seamless Pipe and
UNS N08020, UNS N08026, and UNS N08024-“Alloy Tube
Plate, Sheet, and Strip
Welded UNS N08020, N08024, and-N08026 Alloy B 705 Nickel-Alloy (UNS N06625 and N08825) Welded Pipe
Pipe B 725 Welded Nickel (UNS N02200/UNS N02201) and
Seamless Copper-Nickel Pipe and-Tube Nickel-Copper Alloy (UNS N04400) Pipe
Welded Copper-Nickel Pipe B 729 Seamless UNS N08020, UNS N08026, UNS N08(Q24
Aluminum and Aluminum‘Alloy Extruded Round Nickel-Alloy Pipe and Tube
Tubes for General-Rurpose Applications
Zirconium and Zircorjum Alloy Forgings B 804 UNS N08367 Welded Pipe
Welded Nickel-lron-Chromium Alloy Pipe E 112 Methods for Determining Average Grain Size
Welded Nickel-Chromium-Iron Alloy (UNS N06600,
UNS NQ6603, UNS N06025, and UNS N06045)
Pipe API

Seamtess and Welded Zirconium and Zirconium Alloy
Tubes

ol

Line Pipe
P

Aluminum and Aluminum-Alloy Formed and Arc-
Welded Round Tube

GENERAL NOTE:

references, along with the names and addresses of the sponsoring organizations, are shown in Appendix E.
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NOTES FOR APPENDIX A TABLES

GENERAL NOTES:

(08)

is to the left) below the corresponding temperature is

(@ The allowable stress values, P-Number or S-Number affected as described in a referenced Note. A single bar
assignments, weld joint and casting quality factors, and adjacent to the “Min. Temp.” value has the same
ninimum temperatures in Tables A-1, A-1A, A-1B and A-2, Significance. A double bar (]]) adjacent to a stress|value
ogether with the referenced Notes and single or double bars indicates that use of a material is prohibited-aboye the
n the stress tables, are requirements of this Code. corresponding temperature or above some(tower
(b) Notes (1) through (7) are referenced in table headings and in temperature, depending on location (as ‘dgscribed above)
headings for material type and product form; Notes (8) and and on the referenced Note. A doublé bar to the left of “Min.
ollowing are referenced in the Notes column for specific Temp.” indicates prohibition below\that temperatyre. Where
haterials. Notes marked with an asterisk (*) restate no stress values are listed, a_material may be usdd in
equirements found in the text of the Code. accordance with para. 323,2 uhless prohibited by[a double
(© A\t this time, metric equivalents have not been provided in bar.
hppendix A tables. To convert stress values in Table A-1 to (8) *There are restrictions.onithe use of this material|in the text
MPa at a given temperature in °C, determine the equivalent of the Code as follows:
emperature in °F and interpolate to calculate the stress (@) See para.(305.2.1; temperature limits are —-P9°C to
alue in ksi at the given temperature. Multiply that value by 186°C (-20°F t0)366°F).
£.895 to determine basic allowable stress S in MPa at the (b) See‘para. 305.2.2; pipe shall be safeguard¢d when
biven temperature. used odtside the temperature limits in Note (8a).
(c) ‘See Table 323.2.2, Section B-2.
NOTES: (d) See para. 323.4.2(@).
(1)  fThe stress values in Table A-1 and the design stress values (€) See para. 323.4.2(b).
n Table A-2 are basic allowable stresses in tension in () See para. 309.2.1.
hccordance with para. 302.3.1(a). For pressure design, the () See para. 309.2.2.
tress values from Table A-1 are multiplied by the (9)  *For pressure-temperature ratings of components made in
hppropriate quality factor £ (£, from Table A-1A or £; from accordance with standards listed in Table 326.1, §ee para.
[able A-1B). Stress values in shear and bearing are stated in 326.2.1. Stress values in Table A-1 may be used fo calculate
bara. 302.3.1(b); those in compression in para. 302.3:1c). ratings for unlisted components, and special ratings for
(2)  fThe quality factors for castings E. in Table A-1A arelbasic listed components, as permitted by para. 303.
actors in accordance with para. 302.3.3(b). The quality (9a) Component standards listed in Table 326.1 imposfe the fol-
actors for longitudinal weld joints E; in Table\A;1B are basic lowing restrictions on this material when used as |a forging:
actors in accordance with para. 302.3.4(a). See paras. composition, properties, heat treatment, and grain size shall
B02.3.3(c) and 302.3.4(b) for enhancement of quality conform to this specification: manufacturing procddures, tol-
actors. See also para. 302.3.1(a), foothote 1. erances, tests, certification, and markings shall bg in accor-
(3) The stress values for austenitic stairless steels in these dance with ASTM B 564.
fables may not be applicable(if the material has been given (10) *This casting quality factor is applicable only whep proper
h final heat treatment othef than that required by the supplementary examination has been performed (see para.
aterial specification o by) reference to Note (30) or (31). 302.3.3).
(4)  TStress values printed.in+italics exceed two-thirds of the (11) *For use under this Code, radiography shall be pefformed
bxpected yield strépgth at temperature. Stress values in after heat treatment.
poldface are equalito 90% of expected yield strength at (12) *Certain forms of this material, as stated in Table[323.2.2,
emperatureSSee paras. 302.3.2(d)(3) and (e). must be impact tested to qualify for service belowy —29°C
(5) TSee para,328.2.1(f) for description of P-Number and (=20°F). Alternatively, if provisions for impact test|ng are
b-Numbergroupings. P-Numbers are indicated by number or included in the material specification as supplementary
by.a_humber followed by a letter (e.g., 8, 5B, or 11A). requirements and are invoked, the material may He used
p-NUmbers are preceded by an S (e.g., S-1). down to the temperature at which the test was conducted in
(6) *The minimum temperature shown is that design minimum accordance with the specification.
temperature for which the material is normally suitable (13) Properties of this material vary with thickness or size. Stress
without impact testing other than that required by the values are based on minimum properties for the thickness
material specification. However, the use of a material at a listed.
design minimum temperature below —29°C (-20°F) is (14) For use in Code piping at the stated stress values, the
established by rules elsewhere in this Code, including para. required minimum tensile and yield properties must be veri-
323.2.2(a) and other impact test requirements. For carbon fied by tensile test. If such tests are not required by the
steels with a letter designation in the Min. Temp. column, material specification, they shall be specified in the pur-
see para. 323.2.2(b) and the applicable curve and Notes in chase order.
Fig. 323.2.2A. (15) These stress values are established from a consideration of
(7)  *A single bar (]) adjacent to a stress value indicates that use strength only and will be satisfactory for average service. For
of the material above (if the bar is to the right) or (if the bar bolted joints where freedom from leakage over a long period
141
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(17

(18)

19

0)

(1)
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of time without retightening is required, lower stress values
may be necessary as determined from the flexibility of the
flange and bolts and corresponding relaxation properties.
An E; factor of 1.00 may be applied only if all welds, includ-
ing welds in the base material, have passed 100% radio-
graphic examination. Substitution of ultrasonic examination
for radiography is not permitted for the purpose of obtaining
an E; of 1.00.

(B2

(33)

Stress values shown are for the lowest strength base mate-
rial permitted by the specification to be used in the manufac-
ture of this grade of fitting. If a higher strength base material
is used, the higher stress values for that material may be
used in design.

For welded construction with work hardened grades, use the
stress values for annealed material; for welded construction
with precipitation hardened grades, use the special stress

Filler metal shall not be used in the manufacture of this pipe values for welded construction given in the Tables.

or tube. (34) If material is welded, brazed, or soldered, the allowable

TR e . . stress values for the annealed condition shall be ised

ThIS Speciiication aoes not mctude requirements 10 1UU7 . .. . .
radiographic inspection. If this higher joint factor is to be (35) ;h's slteeldls |r}f.endedd for Tse at high temperatures;cit.nay
used,|the material shall be purchased to the special require- ave low hUCt' ity anft/orb 9W |mpadct Eroper::es Qyor tem-
ment§ of Table 341.3.2 for longitudinal butt welds with pedr.atutre(,j bovx;(;ver,. a lerb e|?)g usse al ove t e;;zn;pzratlzr)e
1009% radiography in accordance with Table 302.3.4. Indicate X .y . € sing e_ ar ,l - oee ?SO paia, T (© (, ’
L e . . (36) The specification permits this material to be-furnished with-
This |specification includes requirements for random radio- . A .

. . . . - out solution heat treatment or with other than a solutign
graphijic inspection for mill quality control. If the 0.90 joint heat treatment. When the materialdis ot been solution
factor] is to be used, the welds shall meet the requirements I o

L . . heat treated, the minimum temgerature shall be —29°Q
of Taljle 341.3.2 for longitudinal butt welds with spot radiog- ° I \
i q ith Table 302.3.4. This shall b h (=20°F) unless the material s impact tested per para. $23.3.
raphy|in accordance with Table -3.4. This shall be a mat- (37) Impact requirements for seamless fittings shall be govgmed
ter of|special agreement between purchaser and

manufacturer.

For pipe sizes > DN 200 (NPS 8) with wall thicknesses > Sch
140, the specified minimum tensile strength is 483 MPa (70
ksi).
For mpterial thickness > 127 mm (5 in.), the specified mini-
mum [tensile strength is 483 MPa (70 ksi).

(21a) For mpterial thickness > 127 mm (5 in.), the specified mini-

22

(23)

@4

(25)

(26)

@7)
(28)

29

(0)

GD

mum
The nf
stresq

tensile strength is 448 MPa (65 ksi).

inimum tensile strength for weld (qualification) and
values shown shall be multiplied by 0.90 for pipe hav-
ing ap outside diameter less than 51 mm (2 in.) and a D/t
value|less than 15. This requirement may be waived if it can
be shjown that the welding procedure to be used will consist-
ently produce welds that meet the listed minimum tensile
strength of 165 MPa (24 ksi).

Lightweight aluminum alloy welded fittings conforming to
dimersions in MSS SP-43 shall have full penetration welds.
Yield [strength is not stated in the materidl Specification. The
value|shown is based on yield strengths of materials with

(39)
B9

(40)

(41)

(42)

by those listed in this Tabte for the particular base matferial
specification in the grades permitted (A 312, A 240, ar{d A
182). When A 276 mdterials are used in the manufactyre of

these fittingsythesNotes, minimum temperatures, and 3llow-
able stress€s for comparable grades of A 240 materialg shall
apply.

Deleted

This,material when used below —29°C (—20°F) shall be
impact tested if the carbon content is above 0.10%.
*This casting quality factor can be enhanced by supplemen-
tary examination in accordance with para. 302.3.3(c) apd
Table 302.3.3C. The higher factor from Table 302.3.3C may
be substituted for this factor in pressure design equatipns.
Design stresses for the cold drawn temper are based op hot
rolled properties until required data on cold drawn are|sub-
mitted.

This is a product specification. No design stresses are
sary. Limitations on metal temperature for materials co
by this specification are:

heces-
ered

Metal Temperature,

similgr characteristics. Grade(s) °C (°F)

This dteel may develop embrittlement after service at approxi- 1 229 to 482 (=20 to 940)
matelly 316°C (600°F) and highér temperature. 2, 2H, and 2HM 48 to 593 (=55 to 1100)
This ¢nstabilized grade oftstainless steel increasingly tends 3 —29 to 593 (=20 to 1100)
to prdcipitate intergrantlar-carbides as the carbon content 4 [see Note (42a)] -101 to 593 (~150 to|1100)
incredses above 0.03%, See also para. F323.4(c)(2). 6 -29 to 427 (-20 to 8(0)
For tegmperatures above 427°C (800 °F), these stress values 7 and 7M [see Note (42a)] -101 to 593 (-150 to]llOO)
apply|only when'the carbon content is 0.04% or higher. 8FA [see Note (39)] -29 to 427 (-20 to 8(0)
For temperatures above 538°C (1000°F), these stress values 8MA and 8TA —198 to 816 (-325 to|1500)
apply|ofily-when the carbon content is 0.04% or higher. 8,8A, and 8CA —254 to 816 (-425 to[1500)
The stressvatues above 5506 L (IUUUTF) 1Isted nere snatt De

used only when the steel’s austenitic micrograin size, as
defined in ASTM E 112, is No. 6 or less (coarser grain). Other-
wise, the lower stress values listed for the same material,
specification, and grade shall be used.

For temperatures above 538°C (1000°F), these stress values
may be used only if the material has been heat treated at a
temperature of 1093°C (2000°F) minimum.

For temperatures above 538°C (1000°F), these stress values
may be used only if the material has been heat treated by
heating to a minimum temperature of 1038°C (1900°F) and
quenching in water or rapidly cooling by other means.
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(42a) When used below —46°C (-=50°F), this material shall be

impact tested as required by A 320 for Grade L7.

(42b) This is a product specification. No design stresses are neces-

(43)

(44)
(45)
(46)
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sary. For limitations on usage, see paras. 309.2.1 and
309.2.2.

*The stress values given for this material are not applicable
when either welding or thermal cutting is employed [see
para. 323.4.2(0)].

This material shall not be welded.

Stress values shown are applicable for “die” forgings only.
The letter “a” indicates alloys which are not recommended
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(50)

(51

(52)

(53)
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(56)

(57)

(58)

(59

(60)

(61)
(62)
(63)

(64)

(65)
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for welding and which, if welded, must be individually quali-
fied. The letter “b” indicates copper base alloys which must
be individually qualified.

If no welding is employed in fabrication of piping from these
materials, the stress values may be increased to 230 MPa
(33.3 ksi).

The stress value to be used for this gray cast iron material at
its upper temperature limit of 232°C (450°F) is the same as
that shown in the 204°C (400°F) column.

If the chemical composition of this Grade is such as to ren-

Impact Test Temp. (°C) for Plate Thicknesses Shown

Spec. No. 25 mm 51 mm Over 51 to
& Grade Max. Max. 76 mm
A 203 A —68 —68 -59

A 203 B -68 —68 -59

A 203 D -101 -101 -87

A 203 E -101 -101 -87

Her it hardenable, qualification under P-No. 6 is required.

[his material is grouped in P-No. 7 because its hardenability
s low.

[his material may require special consideration for welding
ualification. See the BPV Code, Section IX, QW/QB-422. For
ise in this Code, a qualified WPS is required for each
trength level of material.

Copper-silicon alloys are not always suitable when exposed
o certain media and high temperature, particularly above

[ 00°C (212°F). The user should satisfy himself that the alloy
elected is satisfactory for the service for which it is to be
ised.

btress relief heat treatment is required for service above

Impact Test Temp. (°F) for Plate Thicknesges Shown

Spec. No. 1 in. 2.n. Over 2 in.
& Grade Max. Max. to 3 in.
A 203 A -90 -90 -75

A 203 B —90 -90 -75

A 203D =150 -150 -125
A 203 E —150 -150 -125

(66) Stress values shown are 90% of those for the corfesponding
p32°C (450°F). core fatefial.
[he maximum operating temperature is arbitrarily set at (67) FotUse under this Code, the heat treatment requifements for
P60°C (500°F) because hard temper adversely affects design pipé manufactured to A 671, A 672, and A 691 shall be as
tress in the creep rupture temperature ranges. required by para. 331 for the particular material being used.
Pipe produced to this specification is not intended for high (68) The tension test specimen from plate 12.7 mm (% in.) and
emperature service. The stress values apply to either nonex- thicker is machined from the core and does not irfclude the
banded or cold expanded material in the as-rolled, normal- cladding alloy; therefore, the stress values listed are those
zed, or normalized and tempered condition. for materials less than 12.7 mm.
Because of thermal instability, this material is not recom- (69) This material may be used only in nonpressure agplications.
mended for service above 427°C (800°F). (70) Alloy 625 (UNS N06625) in the annealed conditiop is subject
Conversion of carbides to graphite may occur-after prolonged to severe .loss of impact strength at room temperdture after
bxposure to temperatures over 427°C (800°F)*-See para. exposure in the range of 538°C to 760°C (1000°F|to
323.4(b)(2). 1400°F).
R . . . (71) These materials are normally microalloyed with Ch, V, and/or
Conversion of carbides to graphite may, eccur after prolonged . PR
Ti. Supplemental specifications agreed to by manyifacturer
bxposure to temperatures over 468°C(875°F). See para. . . e
£323.4(0)(3). and purchaser comrn.only establish chemistry mgre restrlFFlve
than the base specification, as well as plate rollinlg specifica-
for temperatures above 482°G (900°F), consider the advan- tions and requirements for weldability (i.e., C-equfvalent) and
ages of killed steel. Se€ para. F323.4(b)(4). toughness.
For all design temperatures, the maximum hardness shall be (72) For service temperature > 454°C (850°F), weld mgtal shall
Rockwell C35 immediately under the thread roots. The hard- have a carbon content > 0.05%.
hess shall be taken on a flat area at least 3 mm (Y in.) (73) Heat treatment is required after welding for all prgducts of
hcross, prepared by removing threads. No more material than zirconium Grade R60705. See Table 331.1.1.
pecessary shall be removed to prepare the area. Hardness (74) Mechanical properties of fittings made from forgir|g stock
letermination shall be made at the same frequency as ten- shall meet the requirements of one of the bar, forging, or rod
ile tests. specifications listed in Table 1 of B 366. 'F
nnealed at approximately 982°C (1800°F). (75) Stress values shown are for materials in the normalized and
Annealed at approximately 1121°C (2050°F). tempered condition, or when the heat treatment is unknown.
For stress relieved tempers (T351, T3510, T3511, T451, If mgterial i: annealed, use the following values above
T4510, T4511, T651, T6510, T6511), stress values for mate- 510°C (950°F):
rial in the listed temper shall be used. .
The minimum tensile strength of the reduced section tensile M ﬁ ﬂ ﬂ ﬂ @
specimen in accordance with the BPV Code, Section IX, QW- S, MPa 55.1 393 262 16.5 9.6
462.1, shall not be less than 758 MPa (110.0 ksi).
The minimum temperature shown is for the heaviest wall per- Temp., °F 1000 1050 1100 1150 1200
missible by the specification. The minimum temperature for - - - - - -
lighter walls shall be as shown in the following tabulation: S, ksi 8.0 5.7 3.8 24 14
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(76) Hydrostatic testing is an option (not required) in this specifi- (78) Not permitted for the P4 and P5 materials in Table 302.3.5
cation. For use under this Code, hydrostatic testing is for Elevated Temperature Fluid Service.
required.

(77) The pipe grades listed below, produced in accordance with
CSA (Canadian Standards Association) Z245.1, shall be
considered as equivalents to API 5L and treated as listed
materials.

Grade Equivalents

API 5L CSA 7245.1
A25 172
A 207
B 241
X42 290
X46 317
X52 359
X56 386
X60 414
X65 448
X70 483
X80 550
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Table A-1 Basic Allowable Stresses in Tension for Metals®
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1),
at Metal Temperature, °F (7)

P-No. or Min. Specifie(ril !\:\(m Min.
S-No. Temp., M Temp.
Material Spec. No. 5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600 650
Iron
Castings (2)
Gray A48 :L
Gray A 278 20 (8e)(48) -20 20 :L
Gray A 126 A 8e)(9)(48) -20 21 Ce 2.0 20 2.0f ‘20
Gray A48 :L
Gray A 278 25 (8e)(48) =20 25 Ce 2.5 2.5 2.5 2.5
Gray A 48 :L
Gray A 278 30 (8€)(48) -20 30 l
Gray A 126 B 8e)(9)(48) -20 31 Ce 3.0 3.0 3.0/ 3.0
Gray A48 :L
Gray A 278 35 (8e)(48) -20 35 \ 3.5 3.5 3.5 3.5
Gray A 48 40 (8e)(9)(48) -20 40 l
Gray A 126 C B8e)(9)(48) -20 M Ce 4.0 40 4.0 40 ... ... ...
Gray A 278 40 8e)(9)(53) -20 40 e 4.0 4.0 4.0 40 4.0 4.0 4.0]|
Gray A 48 45 (8e)(48) -20. 45 e 4.5 4.5 4.5 4.5
Gray A 48 50 (8e)(48) =20 50 e 5.0 5.0 5.0 5.0 A A A
Gray A 278 50 (8e)(53) -20 50 - 5.0 50 5.0/ 50 50 [50 5.0]
Gray A 48 55 8€)(48) -20 55 . 5.5 5.5 5.5 5.5
Gray A 48 60 (8e)(48) -20 60 Ce 6.0 6.0 6.0 60| ... [... ...
Gray A 278 60 (8e)(53) =20 60 L 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Cupol A 197 (8e)(9) =20 40 30 8.0 8.0 8.0 8.0 8.0 | 8.0 8.0
malleable
Mallegble A 47 32510 8e)(9) -20 50 32.5 10.0 10.0 10.0] 10.0 10.0 [10.0 10.0
Ferriti¢ ductile A 395 8d)(9) -20 60 40 20.0 19.0 17.9 16.9 159 [4.9 141
Austenitic AS7ZL Type D- (8d) -20 65 30 20.0
ductile 2M, Cl.1
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300
Carbon Steel
Pipes and_Tubes (2)
A 285 Gr. A A 134 1 . (8b)(57) | B 45 24 15.0 1460 14.2
A 285 Gr. A A 672 1 A45 (57)(59)(67) B 45 24 15.0 146 | 14.2
Butt weld API 5L S-1 A25 (8a) | -20 45 25 15.0 15.0 | 14.5
Smls & ERV API 5L S-1 A25 (57)(59) B 45 25 15.0 15.0 | 14.5
A 179 1 ... (57)(59) -20 47 26 15.7 15.0 | 14.2
Type F A53 1 A (8a)(77) I 20 48 30 16.0 16.0 | 16.0
A 139 S-1 A (8b)(77) | A 48 30 16.0 16.0 | 16.0
A 587 1 ... (57)(59) -20 48 30 16.0 16.0 | 16.0
A 53 1 A (57)(59)
A 106 1 A (57)
A 135 1 A (57)(59) B 48 30 16.0 16.0 | 16.0
A 369 1 FPA (57)
API 5L S-1 A (57)(59)(77)
A 285 Gr. B A 134 1 .. (8b)(57) | B 50 27 16.7 16.4 | 16.0
A 285 Gr. B A 672 1 A50 (57)(59)(67) B 50 27 16.7 16.4 | 16.0
A 285 Gr. A 134 1 . (8b)(57) | A 55 30 18.3 18.3 | 17.7
A 524 1 I (57) -20 55 30 18.3 18.3 | 17.7
A 333 1 1 l
... A 334 1 1 (57)(59) -50 55 30 18.3 18.3 | 17.7
A 285 Gr. ( A 671 1 CA55 (59)(67) A
A 285 Gr. ( A 672 1 A55 (57)(59)(67) A
A 516 Gr. 95 A 672 1 C55 (57)(67) C _ 55 30 18.3 18.3 | 17.7
A 516 Gr. 40 A 671 1 CC60 (57)(67) C 60 32 20.0 19.5 | 18.9
A 515 Gr. 0 A 671 1 CB60 :L i
A 515 Gr. 40 A 672 7 B60 (57)(67) B | 60 32 20.0 19.5 | 18.9
A 516 Gr. 40 A 672 1 C60 (57)(67) c
AA39 S-1 B (8b) | A 60 35 20.0 20.0 | 20.0
A135 1 B (57)(59) B l
A 524 1 I (57) -20 60 35 20.0 20.0 | 20.0
A 53 1 B (57)(59) :L
A 106 1 B (57) B 1
’I\‘ 933 _l
A 334 J— 1 6 (57) -50 60 35 20.0 20.0  20.0
A 369 1 FPB (57) -20
A 381 S-1 Y35 . A
API 5L 51 B (57)(59)(77) B
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel
Pipes and Tubes )

[1B.7 13.0 11.8 11.6 115 10.3 9.0 7.8 6.5 A 134
1B.7 13.0 11.8 11.6 11.5 10.3 9.0 7.8 6.5 4.5 2.5 1.6 1.0  A45 A 672

[11B.8 ... YiA25 API 5L

1B.8 A25 API 5L
1B.5 128 121 11.8 11.5 106 9.2 7.9 6.5 4.5 2.5 1.6 7.0 ... A 179
[I11b.0 ... A A53
[ 1.. ... A A 139
16.0 16.0 14.8 145 144 107 9.3] 7.9 A 587
A A53

A A 106

16.0 16.0 148 145 144 107 9.3| 7.9 6.5 435 2.5 1.6 1.0 A A 135
FPA A 369

A API 5L

|[1p.4 146 133 13.1  13.0 11.2 9.6 8.1 6.5 A 134
1p.4  14.6 13.3 131 13.0 11.2 9.6 8.1 6.5| 4.5 2.5 1.6 1.0 A50 A 672
1.2 162 148 145 144 120 10.2 83 6.5 A 134
1.2 162 148 145 144 120 10.2 8.3 6.5 4.5 2.5 A | A 524
{ 1 A 333

1.2 162 148 145 144  12.0 . 10:2 8.3 6.5 4.5 2.5 1.6 1.0 11 A 334
CA55 A 671

A55 A 672

1.2 162 148 145 144 W21 10.2 8.4 6.5 4.5 2.5 1.6 1.0 7L C55 A 672
1B.3 173 158 155 1547 13.0 10.8 8.7 6.5 4.5 2.5 e ... (Cce0 A 671
CB60 A 671

1B.3 173 158 1555154 13.0 10.8] 8.7 6.5 4.5 2.5 1.6 1.0 -{ B60 A 672
L C60 A 672

[ 1.. ... B A 139
{ B A 135

2p.0  1849,\ 173 170 16,5 13.0 10.8] 8.7 6.5 4.5 2.5 | A 524
B A53

B A 106

& A 333

20.0 189 173 17.0 16,5 13.0 10.8] 8.7 6.5 4.5 2.5 1.6 1.0 6 A 334
FPB A 369

Y35 A 381

B API 5L

147

Copyright ASME International
Provided by IHS under license with ASME Licensee=Technip/5931917102, User=de martis, riccardo
No reproduction or networking permitted without license from IHS Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300
Carbon Steel (Cont’d)
Pipes and Tubes (2) (Cont’d)
A 139 S-1 C (8b) A 60 42 :L
A 139 S-1 D (8b) A 60 46 20.0 20:0 20.0
APl 5L S-1 X42 (55)(77) A 60 42 20.0 20.0 20.0
A 381 S-1 Y42 - A 60 42 20.0 20.0 20.0
A 381 S-1 Y48 A 62 48 20.6 19.7 18.7
API 5L S-1 X46 (55)(77) A 63 46 21.0 21.0 21.0
A 381 S-1 Y46 . A 63 46 21.0 21.0 21.0
A 381 S-1 Y50 A 64 50 21.3 20.3 19.3
A 516 Gr. 45 A 671 1 CC65 (57)(67) B 65 35 21.7 21.3 20.7
A 515 Gr. 45 A 671 1 CB65
A 515 Gr. 45 A 672 1 B65 (57)(67) A 65 35 21.7 21.3 20.7
A 516 Gr. 45 A 672 1 C65 (57)(67) B
A 139 S-1 E (8b) | A 66 52 22.0 22.0 22.0
API 5L S-1 X52 (55)(77) A 66 52 22.0 22.0 22.0
A 381 S-1 Y52 A 66 52 22.0 22.0 22.0
A 516 Gr. 40 A 671 1 CC70 (5267) B 70 38 23.3 23.1 22.5
A 515 Gr. 40 A 671 1 CB70
A 515 Gr. 70 A 672 1 B70 57)(67) A 70 38 23.3 23.1 22.5
A 516 Gr. 10 A 672 1 C70 (57)(67) B
. A 106 1 C (57) B 70 40 23.3 23.3 23.3
A537Cl.1 A 671 1 CD70
(< 2% in| thick)
A537Cl. 1 A 672 1 D70 (67) D 70 50 23.3 23.3 22.9
(< 2% in| thick)
A537Cl. 1 A 691 1 CMSH70
(< 2% in| thick)
API 51 S-1 X56 (51)(55)(71)(77) A 71 56 23.7 23.7 23.7
- A 381 S-1 Y56 (51)(55)(71) A 71 56 23.7 23.7 23.7
A 299 A 671 1 CK75
(> 1 in. thick)
A 299 A 672 1 N75 ~ (57)(67) A 75 40 25.0 24.4 23.7
(> 1 in. thick)
A 299 A 691 1 CMS75
> 1 in. thide
A 299 A 671 1 CK75
(£ 1 in. thick)
A 299 A 672 1 N75 ~ (57)(67) A 75 42 25.0 25.0 24.8
(€1 in. thick)
A 299 A 691 1 CMS75
(€1 in. thick)
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel (Cont’d)
Pipes and Tuhes (2) (Cont’d)
{ C A 139
| 1.. LD A 139
2p.o| X4 API 5L
2p.0 Y42 A 381
1.8 169 16.0 155 Y48 A 381
201.0]| X46 API 5L
21L.0 Y46 A 381
1B.4  17.4 165 16.0 Y50 A 381
2p.0 189 173 17.0 168 13.9 11.4 9.0 6.5 4.5 2.5 ... CC65 A 671
(B65 A 671
2p.0 189 173 17.0 168 13.9 11.4 9.0 6.5 435 2.5 1.6 1.0 9 B65 A 672
€65 A 672
| 1.. E A 139
2p.o|| X52 API 5L
2p.0 Y52 A 381
0.7 205 187 18.4 183 148 12.0 913 6.5 4.5 2.5 ~CC70 A 671
CB70 A 671
0.7 205 187 184 183 148 12.0 9.3 6.5 4.5 2.5 1.6 1.0 4 B70 A 672
| C70 A 672
2R.9  21.6 197  19.4 192  14.87 \12.0 C A 106
CD70 A 671
2.9 229 226 220 214 - D70 A 672
| CMSH70 A 691
2B.7|| X56 API 5L
2B.7 Y56 A 381
CK75 A 671
2p.9 2067 197 19.4 192 157 12.6] 9.5 6.5 4.5 2.5 1.6 1.0 - N75 A 672
L CMS75 A 691
™ cK75 A671
24.0 227 207 204  20.2 - N75 A 672
| CMS75 A 691
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(08) Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300
Carbon Steel (Cont’d)
Pipes and Tubes (2) (Cont’d)
API 5L S-1 X60 (51)(55)(71)77) A 75 60 25.0 250 25.0
API 5L S-1 X65 (51)(55)(71)(77) A 77 65 25.7 25+7 25.7
API 5L S-1 X70 (51)(55)(71)77) A 82 70 27.3 27.3 27.3
API 5L S-1 X80 (51)(55)(71)(77) A 90 80 30.0 30.0 30.0
A 381 S-1 Y60 (51)(71) A 75 60 25.0 25.0 25.0
Pipes (Structural Grade) (2)
A 283 Gr. A A 134 1 . (8a)(8¢c) -20 45 24 13.7 13.0 12.4
A 570 Gr. 30 A 134 S-1 . (8a)(8¢c) -20 49 30 15.0 15.0 15.0
A 283 Gr. B A 134 1 e (8a)(8¢) -20 50 27 15.3 14.4 13.9
A 570 Gr. 33 A 134 S-1 A (8a)(8c) =20 52 33 15.9 15.9 15.9
A 570 Gr. 36 A 134 S-1 . (8a)(8¢) -20 53 36 16.3 16.3 16.3
A 570 Gr. 40 A 134 1 . (8a)(8¢) -20 55 40 16.9 16.9 16.9
A 36 A 134 1 - (8a)(86) =20 58 36 17.6 16.8 16.8
A 283 Gr. [ A 134 1 - (8a)(8c) -20 60 33 18.4 17.4 16.6
A 570 Gr. 45 A 134 S-1 . (8a)(8¢c) -20 60 45 18.4 18.4 18.4
A 570 Gr. 50 A 134 1 A N (8a)(8c) -20 65 50 19.9 19.9 19.9
Plates, Bprs, Shapes, and Sheets
A 285 1 A (57)(59) B 45 24 15.0 14.6 14.2
A 285 1 B (57)(59) B 50 27 16.7 16.4 16.0
A 516 1 55 (57) C 55 30 18.3 18.3 17.7
A 285 1 C (57)(59) A 55 30 18.3 18.3 17.7
A 516 1 60 (57) C 60 32 20.0 19.5 18.9
A 515 1 60 (57) B 60 32 20.0 19.5 18.9
A 516 1 (57) B 65 35 21.7 21.3 20.7
A-545 3 &5 &5 A 65 25 23— 233 20.7
A 516 1 70 (57) B 70 38 23.3 23.1 22.5
L A 515 1 70 (57) A 70 38 23.3 23.1 22.5
(£121/2 in. thick) A 537 1 cl. 1 D 70 50 23.3 23.3 22.9
(> 1 in. thick) A 299 1 - (57) A 75 40 25.0 24.4 23.7
(£ 1 in. thick) A 299 1 . (57) A 75 42 25.0 25.0 24.8
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel (Cont’d)
Pipes and Tuhes (2) (Cont’d)
2b.0 X60 API 5L
2b.7 X65 API 5L
2.3 X70 API 5L
3p.0 X80 API 5L
2.0 Y60 A 381
Pipes (Structural Grade) (2)
1.8 A 134
1b.0 A 134
A 134
1b.9 A 134
1p.3 A 134
16.9 A 134
1p6.8 A 134
.. A 134
1B.4 A 134
1p.9 A 134
Plates, Bars, Shapes, arjd Sheets
1B.7 13.0 11.8 11.6 11.5 10.2 9.0 7.7 6.5 4.5 2.5 1.6 1.0 A A 285
1b.4 14.6 13.3 13,1 13.0 11.1 9.6 8.0 6.5 4.5 2.5 1.6 1.0 B A 285
1.2 16.2 14.8 14.5 14.4 12.0 10.2 8.3 55 A 516
1.2 16.2 148 14.5 14.4 12.0 10.2 8.3 6.5 4.5 2.5 1.6 1.0 C A 285
1B.3 173 15.8 15.5 15.4 12.9 10.8 8.6 - R R 60 A 516
1B.3 173 15.8 15.5 15.4 12.9 10.8 8.6 6.5 4.5 2.5 60 A 515
2p.Q 8.9 17.3 17.0 16.8 13.8 11.4 8.9 .. e .. 6 A 516
26-6 185 173 376 168 138 4 5 65 45 25 65 A 515
21.7 20.5 18.7 18.4 18.3 14.7 12.0 9.2 - A - 70 A 516
21.7 20.5 18.7 18.4 18.3 14.7 12.0 9.2 6.5 4.5 2.5 70 A 515
22.9 22.9 22.6 22.0 21.4 Cl.1 A 537
22.9 21.6 19.7 19.4 19.2 15.6 12.6 9.5 6.5 4.5 2.5 1.6 1.0 A 299
24.0 22.7 20.7 20.4 20.2 15.6 12.6 9.5 6.5 4.5 2.5 1.6 1.0 A 299
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(08) Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. SSpecifie(}i‘ '\:l('" Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300
Carbon Steel (Cont’d)

Plates, Bars, Shapes_and Sheets (Structural)
A 283 1 A 89 (7) A 45 24 13.8 132 12.5
A 570 S-1 30 89 (57) A 49 30 15.0 15.0 15.0
A 283 1 B 809)(57) A 50 27 15.3 14.6 14.0
A 570 S-1 33 89 (57) A 52 33 15.9 15.9 15.9
A 570 S-1 36 89 (57) A 53 36 16.3 16.3 16.3
A 283 1 C 80)(57) A 55 30 16.9 16.1 15.3
A 570 S-1 40 80 (57) A 55 40 16.9 16.9 16.9
A 36 1 - (80) A 58 36 17.8 16.9 16.9
A 283 1 D 80 (57) A 60 33 18.4 17.5 16.7
A 570 S-1 45 809)(57) A 60 45 18.4 18.4 18.4
A 570 S-1 50 809)(57) A 65 50 19.9 19.9 19.9

Forgings [and Fittings (2)
A 350 1 LF1 9759 -20 60 30 20.0 18.3 17.7
A 181 1 Cl. 60 9 (BREB) A 60 30 20.0 18.3 17.7
A 420 1 WPL6 (57) -50 60 35 20.0 20.0 20.0
A 234 1 WPB (57)(59) B 60 35 20.0 20.0 20.0
A 350 1 LF2 9)(57) -50 70 36 23.3 21.9 21.3
A 105 1 . 9)(57)(59) -20 l
A 181 1 Cl. 70 9 (7)(59) A 70 36 23.3 21.9 21.3
A 234 1 WPC (57)(59) B 70 40 23.3 23.3 23.3

Castings|(2)
A216 1 WCA (57) -20 60 30 20.0 18.3 17.7
A 352 1 LCB 9)(57) -50 65 35 21.7 21.3 20.7
A 216 1 WCB 9)(57) -20 70 36 23.3 21.9 21.3
A 216 1 wcCcC 9 (57) -20 70 40 23.3 23.3 23.3
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

400 500 600 650 700 750 800 850 900 950 1000 1050 1100 Grade Spec. No.

Carbon Steel (Cont’d)
Plates_BRars Qhalnpc and Sheets |Structural)
1.9 11.3 10.7 10.3 10.1 9.4 A A 283
1.0 15.0 13.8 13.5 13.4 10.5 30 A 570
1B.3 12.5 11.8 11.5 11.1 10.2 B A 283
1b.9 15.9 14.7 14.4 14.3 11.2 33 A 570
1p.3 16.3 15.0 14.7 14.6 11.4 36 A 570
1k.6 13.8 13.0 12.6 12.2 11.1 C A 283
1p.9 16.9 15.6 15.3 15.2 11.6 40 A 570

16.9 16.9 16.9 16.9 16.9 A 36
1p.9 15.0 14.2 13.8 13.2 11.9 D A 283
1B.4 17.2 15.7 15.4 15.2 12.2 45 A 570
1p.9 18.6 17.2 16.9 16.7 12.9 50 A 570
Forgings and Fittings (2)
1.2 16.2 14.8 14.5 14.4 13.0 10.8 7.8 5.0 3.0 1.5 Ce LF1 A 350
1.2 16.2 14.8 14.5 14.4 13.0 10.8 8% 6.5 4.5 2.5 1.6 1.0 Cl. 60 A 181
2p.0 18.9 17.3 17.0 16.8 13.0 10.8 7.8 5.0 3.0 1.5 WPL6 A 420
2p.0 18.9 17.3 17.0 16.8 13.0 10.8 8.7 6.5| 4.5 2.5 1.6 1.0 WPB A 234
2p.6 19.4 17.8 17.4 17.3 14.8 12.0 7.8 5.0 3.0 1.5 LF2 A 350
J: . A 105
2p.6 19.4 17.8 17.4 178 14.8 12.0 9.3 6.5 4.5 2.5 1.6 1.0 Cl. 70 A 181
2p.9 21.6 19.7 19.4 19.2 14.8 12.0 WPC A 234
Captings (2)
1.2 16.2 148 14.5 14.4 13.0 10.8 8.6 6.5 4.5 2.5 1.6 1.0 WCA A 216
2p.0 1849 17.3 17.0 16.8 13.8 11.4 8.9 6.5 4.5 2.5 1.6 1.0 LCB A 352
2p.6 19.4 17.8 17.4 17.3 14.8 12.0 9.3 6.5 4.5 2.5 1.6 1.0 WCB A 216
2p.9 21.6 19.7 19.4 19.2 14.8 12.0 9.3 6.5 4.5 2.5 WCC A 216
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200

Low and Intermediate Alloy Steel

Pipes (2)
5Cr-Y5Mo A 335 3 P2 . -20 55 30 18.3 18.3
YCr=Y,Mo A 691 3 4CR (11)(67) -20 55 33 183 18.3

A 387 Grj2Cl 1
c-Y%Mo A 335 3 P1 l
c-Y%Mo A 369 3 FP1 (58) -20 55 30 18.3 18.3
YCr-Y,Mo A 369 3 FP2 .. -20 55 30 18.3 18.3
1Cr-%Mo A 691 4 1CR (11)(67) -20 55 33 18.3 18.3

A387 G 12 Cl. 1
YCr-Y,Mo A 426 3 CP2 (10) -20 60 30 18.4 17.7
1Y%Si-Y4M A 335 3 P15 .. :L
1%Si-YM A 426 3 CP15 (10) -20 60 30 18.8 18.2
1Cr-%Mo A 426 4 CP12 (10) -20 60 30 18.8 18.3
5Cr-Y,Mo—1Y,Si A 426 5B CP5b (10) -20 60 30 18.8 17.9
3Cr-Mo A 426 5A cP21 (10) -20 60 30 18.8 18.1
%Cr—%Ni—Cu—Al A 333 4 4 -150 60 35 20.0 19.1
2Cr-Y5Mo A 369 4 FP3b -20 60 30 20.0 18.5
1Cr-%Mo A 335 4 P12 l
1Cr-%,Mo A 369 4 FP12 .. -20 60 32 20.0 18.7
1Y,Cr-Y,Mb A 335 4 P11 l
1Y,Cr-Y,Mp A 369 4 FP11 ... -20 60 30 20.0 18.7
1Y,Cr=YMp A 691 4 1Y,CR (11)(67) -20 60 35 20.0 20.0

A 387 Grf 11 Cl. 1
5Cr-Y,Mo A 691 5B 5CR 11)(67) -20 60 30 20.0 18.1

A387 Gl 5Cl1
5Cr-YMo A 335 5B P5 N
5Cr-Y,Mo-fSi A 335 5B P5b = -20 60 30 20.0 18.1
5Cr—Y,Mo-Ti A335 5B P5c
5Cr-Y4Mo A369 5B FP5 _
9Cr-1Mo A 335 5B P9 7]
9Cr-1Mo A 369 5B FP9 = -20 60 30 20.0 18.1
9Cr-1Mo A 691 5B 9CR

A 387 Gr-9-€— =
3Cr-1Mo A 335 5A P21 :L
3Cr-1Mo A 369 5A FP21 . -20 60 30 20.0 18.7
3Cr-1Mo A 691 5A 3CR (11)(67) -20 60 30 20.0 18.5

A387Gr.21ClL1
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

300 400 500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 Grade Spec. No.

Low and Intermediate Alloy Steel

Pipes (2)

17.5 [16.9 163 157 154 151 13.8 135 132 128 92 59 ... ... ... ... P2 A 335
18.3 [18.3 17.9 173 169 16.6 13.8 13.8 13.4 128 9.2 59 ... ... ... ... YR A 691
{Pl A 335

17.5 [16.9 16.3 157 154 151 13.8 13.5 13.2 |[12.7 82 48 40 2.4 ... .30FP1 A 369
17.5 [16.9 163 157 154 151 13.8 13.5 13.2 12.8 9.2 59 40 2.4 ..., SA. FP2 A 369
18.3 [18.3 17.9 173 169 16.6 163 159 154 140 113 72 45 28 18{,/11 1R A 691
17.0 |16.3 15.6 14.9 14.6 142 139 13.5 13.2 125 100 63 40 24¥ ... ... CP2 A 426
{ms A 335

17.6 |17.0 16.5 159 15.6 153 150 14.4 13.8 125 100 63 40 2.4 ... ....CP15 A 426
17.6 [17.1 16,5 159 157 154 151 148 142 13.1 113 72 /45 28 18 1.1 CP12 A 426
17.1 [16.2 15.4 145 141 13.7 133 128 124 109 9.0 %% 35 25 18 1.2 CP5b A 426
17.4 [16.8 16.1 155 152 148 145 13.9 132 120 9.0 (%70 55 40 27 1.5 CP21 A 426
18.2 (173 16.4 155 150 ... ... ... .. .o N . .. ... ... .4 A 333
17.5 [16.4 163 157 154 151 13.9 13.5 13.1 12,57,10.0 6.2 42 2.6 1.4 1.0 FP3b A 369
{Plz A 335

18.0 [17.5 17.2 167 16.2 15.6 15.2 150 145v12.8 11.3 7.2 45 28 1.8 1.1 FP12 A 369
{Pll A 335

18.0 [17.5 17.2 167 16.2 15.6 152 150 145 128 93 63 42 2.8 19 1.2 FP11 A 369
20.0 |19.7 189 183 18.0 17.6 A7Z3' 168 163 150 99 63 42 28 19 1.2 1YCR A 691
17.4 [17.2 171 16.8 16.6 16.3-13.2 12.8 121 109 80 58 42 28 20 1.3 5CR A 691
ps A 335

17.4 (172 17.1 1685166 163 13.2 12.8 121 109 80 58 42 29 1.8 1.0 Psb A 335
P5¢ A 335

| FP5 A 369

P9 A 335

17.4 |17.22947.1 16.8 16.6 163 13.2 12.8 12.1 11.4 106 7.4 50 3.3 22 1.5 FP9 A 369
| 9CR A 691

{le A 335

18.0 17.5 17.2 16.7 16.2 15.6 152 150 140 120 9.0 7.0 55 4.0 2.7 1.5 FP21 A 369
18.1 17.9 179 179 179 179 179 17.8 140 120 9.0 70 55 40 27 1.5 3CR A 691
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200
Low and Intermediate Alloy Steel (Cont’d)
Pipes (2)(Cont’d)
2Y,Cr-1Mo| A 691 5A 2Y,CR (11)(67)
A 387 Grj 22 Cl. 1 (72)(75)
2Y,Cr-1Mo| A 369 5A FP22 (72)(75) -20 60 30 200 18.5
2Y,Cr-1Mo| A 335 5A P22 (72)(75)
2Ni-1Cu A 333 :L
2Ni-1Cu A 334 9A 9 -100 63 hé 21.0
2Y.Ni A 333 1
2Y,Ni A 334 9A 7 -100 65 35 21.7 19.6
3Y,Ni A 333 1
3YNi A 334 9B 3 -150 65 35 21.7 19.6
c-Y%Mo A 426 3 CP1 (10)(58) -20 65 35 21.7 21.7
C-Mo A 200 Gr. A A 672 3 L65 l
C-Mo A 20l Gr. A A 691 3 CM65 (11)(58)67) -20 65 37 21.7 21.7
2Y,Ni A 20B Gr. B A 671 9A CF70 l
3YNi A 20B Gr. E A 671 9B CF71 (21)(65)(67) -20 70 40 23.3
C-Mo A 20k Gr. B A 672 3 L70 :L
C-Mo A 20k Gr. B A 691 3 CcM70 (11)(58)(67) -20 70 40 23.3 23.3
1Y,Cr-Y,Mp A 426 4 CR11 (10) -20 70 40 23.3 23.3
2Y,Cr-1Mo| A 426 5A CP22 (10)(72) -20 70 40 23.3 23.3
C-Mo A 20k Gr. C A 672 3 L75 :L
C-Mo A 20k Gr. C A 691 3 cM75 (11)(58)(67) -20 75 43 25.0 25.0
9Cr-1Mo- A 335
< 3 in. tHick
9Cr-1Mo- A 691 5B P91 -20 85 60 28.3 28.3
< 3 in. tHick
5Cr-Y4Mo AL26 5B CP5 (10) -20 90 60 30.0 28.0
9Cr-1Mo A 426 5B CP9 (10) -20 90 60 30.0 22.5
ONi A 333 11A 8 47) :L
9Ni A 334 11A 8 .. -320 100 75 31.7 31.7
Plates
YCr=Y,Mo A 387 3 2CL1 -20 55 33 18.3 18.3
1Cr-%;Mo A 387 12Cl 1 -20 55 33 18.3 18.3
9Cr-1Mo A 387 5 9cl1 -20 60 30 20.0 18.1
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

300 400 500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 Grade Spec. No.

Low and Intermediate Alloy Steel (Cont’d)
Pipes (2) (Cont’d)

2Y,CR A 691

18.0 [17.9 17.9 179 179 179 179 17.8 145 12.8 108 7.8 51 3.2 2.0 1.6 FP2 A 369
P22 A 335

‘|:A333

9 A 334

‘|:A333

19.6 [18.7 17.6 16.8 163 155 13.9 11.4 90 6.5 45 25 1.6 1.0_.2).. ... 7 A 334
J:ABBB

19.6 [18.7 17.8 16.8 163 155 13.9 114 90 6.5 45 25 1.6, 1.0 ... ... 3 A 334
21.7 |21.7 213 207 20.4 20.0 163 157 14.4 |12.5 100 6.3 40 2.4 ... ... CP1 A 426
J:Lés A 672

21.7 |20.7 20.0 19.3 19.0 18.6 16.3 158 15.3 |13.7 82 (4.8 4.0 2.4 ...~ CMé65 A 691
{cwo A 671

..LCF71 A 671

{uo A 672

233 |22.5 21.7 209 20.5 20.1 17.5 17.5 17.1%[13.7 82 48 40 2.4 CM70 A 691
233 |23.3 229 223 21.6 209 155 150NM4.4 13.7 93 63 42 28 19 1.2 CP11 A 426
233 |23.3 229 223 21.6 209 17.5 175 160 140 11.0 7.8 51 3.2 20 1.2 CP22 A 426
{us A 672

25.0 241 23.3 225 221 21.7~ 188 188 183 |13.7 82 48 40 2.4 ... ...LCM75 A 691
A 335

28.3 |28.2 281 27.7 2»3 267 259 249 237 223 207 180 140 103 7.0 43 P91 A 691
26.1 |24.1 221 204 19.0 17.5 16.0 145 128 104 7.6 56 42 31 18 1.0 CP5 A 426
22,5 |22.5 22/5\.22.5 22.5 22.0 21.0 194 173 150 107 85 55 33 22 1.5 CP9 A 426
{8 A 333

.8 A 334

Plates

183 18.3 17.9 173 169 16.6 13.8 13.8 13.4 128 92 59 ... ... ... ... 2C.1 A 387
18.3 183 17.9 17.3 169 16.6 163 159 154 140 113 72 45 28 1.8 1.1 12Cl.1 A 387
17.4 172 17.1 16.8 16.6 163 13.2 12.8 12.1 11.4 106 7.4 50 33 22 1.5 9cC.1 A 387
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200

Low and Intermediate Alloy Steel (Cont’d)

Plates (Cpat’d)
1Y,Cr-Y5Mp A 387 4 11CL1 -20 60 35 20.0 20.0
5Cr-Y,Mo A 387 5B 5ClL1 -20 60 30 20:0 18.1
3Cr-1Mo A 387 5A 21ClL 1 .. -20 60 30 20.0 18.5
2Y,Cr-1Mo| A 387 5A 221 (72) -20 60 30 20.0 18.5
2Y,Ni A 203 9A A l
3YNi A 203 9B D (12)(65) | -20 65 37 21.7 19.6
Cc-Y;Mo A 204 3 A (58) -20 65 37 21.7 21.7
1Cr-Y,Mo A 387 4 12 Cl. 2 e -20 65 40 21.7 21.7
2Y,Ni A 203 9A B l
3Y4Ni A 203 9B E (12)(65) | -20 70 40 23.3 211
YCr=Y,Mo A 387 3 2Cl2 ... -20 70 45 23.3 17.5
C-%;Mo A 204 3 B (58) -20 70 40 23.3 23.3
Cr-Mn-Si A 202 4 A -20 75 45 25.0 23.9
Mn-Mo A 302 3 A . -20 75 45 25.0 25.0
C-Y;Mo A 204 3 C (58) -20 75 43 25.0 25.0
1Y,Cr-Y4Mp A 387 4 11 CL 2 -20 75 45 25.0 25.0
5Cr-%Mo A 387 5B 5Cl2 -20 75 45 25.0 24.9
3Cr-YMo A 387 5A 21 Cl. 2 .. -20 75 45 25.0 25.0
2Y,Cr-1Mo| A 387 5A 22CL 2 (72) -20 75 45 25.0 25.0
Mn-Mo A 302 3 B
Mn—Mo-Ni A 302 3 C .. -20 80 50 26.7 26.7
Mn—Mo—Ni A 302 3 D
Cr—-Mn-Si A 202 4 B -20 85 47 28.4 27.1
9Cr-1Mo- A 387 5B 91 Cl. 2 -20 85 60 28.3 28.3

< 3 in. tHick
8Ni A 553 11A Type Il 47) -275 100 85 31.7 e
5Ni ABL5 11A -275 95 65 31.7 31.6
9Ni A 553 11A Type | 47) -320 100 85
9Ni A 353 11A e 47 -320 100 75 31.7 31.7

Forgings [and,Fittings (2)
Cc-Y;Mo A 234 3 WP1 (58) -20 55 30 18.3 18.3
1Cr-YMo A 182 4 F12 Cl. 1 ©) -20 60 30
1Cr-Y,Mo A 234 4 WP12 Cl. 1 -20 60 32 20.0 18.7
1Y,Cr-Y%Mo A 182 4 F11 Cl. 1 © :L
1Y,cr-YMo A 234 4 WP11 Cl. 1 ... -20 60 30 20.0 18.7
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

300 400 500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 Grade Spec. No.

Low and Intermediate Alloy Steel (Cont’d)
Plates (Cont’d)
20.0 |19.7 189 18.3 18.0 17.6 17.3 16.8 16.3 13.7 9.3 6.3 4.2 2.8 1.9 1.2 11CL 1 A 387
17.4 |17.2 171 16.8 16.6 16.3 13.2 12.8 12.1 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5CL¢ A 387
18.1 |17.9 179 179 179 179 179 17.8 14.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 21CL1 A 387
18.0 |17.9 179 179 179 179 179 17.8 14,5 128 10.8 8.0 5.7 3.8 2.4 1.4 22Cl 1 A 387
J:A A 203
19.6 116.3 16.3 16.3 16.3 155 13.9 11.4 9.0 6.5 4.5 2.5 {-1D A 203
21.7 [20.7 20.0 19.3 19.0 18.6 16.3 15.8 15.3 |13.7 8.2 4.8 4.0 2.4 NS ... A A 204
21.7 |21.7 21.7 209 20.5 20.1 19.7 19.2 18.7 18.0 11.3 7.2 4.5 2.8 1.8 1.1 12Cl. 2 A 387
{B A 203
211 (17,5 17.5 17,5 17.5 16.6 14.8 12.0 9.3 6.5 4.5 2.5 ..LE A 203
i7.5 |17.5 17.5 17,5 17.5 175 17.5 17.5 16.8 14.5 10.0 6.3 A . 2ClL 2 A 387
23.3 |22.5 21.7 209 20.5 20.1 17.5 17.5 17.1 |13.7 8.2 4.8 4.0 2.4 B A 204
22.8 |21.6 20.5 19.3 18.8 17.7 15.7 12.0 7.8 5.0 3.0 1.5 A A 202
25.0 [25.0 25.0 25.0 25.0 25.0 18.3 17.7 16.8 13.7 8.2 4.8 - - A A 302
25.0 |24.1 23.3 225 22.1 21.7 18.8 18.8 18.3 |13.7 8.2 4.8 4.0 2.4 C A 204
25.0 [25.0 24.3 23.5 23.1 22.7 222 21.6 21.1 137/ 9.3 6.3 4.2 2.8 1.9 1.2 11CL.2 A 387
24.2 (24.1 23.9 23.6 23.2 228 16.5 16.0 15.1(10.9 8.0 5.8 4.2 2.9 1.8 1.0 5CL2 A 387
24.5 [24.1 239 23.8 23.6 23.4 23.0 225 19.0~13.1 9.5 6.8 4.9 3.2 2.4 1.3 21ClL2 A 387
24.5 [24.1 23.9 23.8 23.6 23.4 23.0 22.5. 218 17.0 11.4 7.8 5.1 3.2 2.0 1.2 22ClL2 A 387
B A 302
26.7 |26.7 26.7 26.7 26.7 26.7 19.6\.18.8 17.9 13.7 8.2 4.8 C A 302
D A 302
25.8 [24.5 23.2 21.9 21.3 19.8-717.7 12.0 7.8 5.0 3.0 1.5 e . . ... B A 202
28.3 [28.2 28.1 27.7 273,267 259 249 23.7 223 20.7 18.0 14.0 10.3 7.0 43 91Cl2 A 387
Type |l A 553
A 645
{Type [ A 553
R P A 353
Forgings and Fittings (2)
17.5 16.9 16.3 15.7 15.4 151 13.8 13.5 13.2 |12.7 8.2 4.8 4.0 2.4 WP1 A 234
{m a1 A 182
18.0 17.5 17.2 16.7 16.2 156 15.2 15.0 14.5 128 11.3 7.2 4.5 2.8 1.8 1.11.WP12 Cl. 1 A 234
{Fll a1 A 182
18.0 17.5 17.2 16.7 16.2 156 15.2 150 14.5 12.8 9.3 6.3 4.2 2.8 1.9 1.21.WP11 Cl. 1 A 234
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S h. ksi Min.
S-No. Temp., M Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 200
Low and Intermediate Alloy Steel (Cont’d)
Forgings and Fittings (2) (Cont’d)
2Y,Cr-1Mo| A 182 ... F22 Cl. 1 ©9©72(75)
2Y,Cr-1Mo| A 234 5A WpP22 Cl. 1 (72) -20 60 30 20:0 18.5
5Cr-Y4Mo A 234 5B WP5 -20 60 30 20.0 18.1
9Cr-1Mo A 234 5B WP9 -20 60 30 20.0 18.1
3Y5Ni A 420 9B WPL3 -150 65 35 21.7
3YNi A 350 9B LF3 ©) -150 70 37.5 23.3
YsCr=Y,Mo A 182 3 F2 ) -20 70 40 23.3 23.3
c-Y%Mo A 182 3 F1 9)(58) -20 70 40 23.3 23.3
1Cr-%,Mo A 182 4 F12 Cl. 2 © :L
1Cr-Y,Mo A 234 4 WP12 Cl. 2 ... -20 70 40 23.3 23.3
1Y,Cr-Y%Mp A 182 4 F11 Cl. 2 © 1
1Y,cr-YMp A 234 4 WP11 Cl. 2 ... -20 70 40 23.3 23.3
5Cr-Y4Mo A 182 5B F5 9) -20 70 40 23.3 23.3
3Cr-1Mo A 182 5A F21 ©) -20 75 45 25.0 25.0
2Y,Cr-1Mo| A 182 5A F22 Cl. 3 972 :L
2Y,Cr-1Mo| A 234 5A WP22:6103 (72) -20 75 45 25.0 25.0
9Cr-1Mo A 182 5B F9 ) -20 85 55 28.3 28.3
9Cr—1Mo- A 182 5B Fo1
< 3 in. tHick
9Cr-1Mo- A 234 5B WP91 .. -20 85 60 28.3 28.3
< 3 in. tHick
5Cr-Y,Mo A 182 5B F5a © -20 90 65 30.0 29.9
9Ni A 420 11A WPL8 47) -320 110 75 31.7 31.7
Castings|(2)
c-Y%Mo A352 3 LC1 9)(58) -75 65 35 21.7 21.5
c-Y%Mo A 217 3 WC1 9)(58) -20 65 35 21.7 21.5
2Y4Ni A 352 9A LC2 © -100 :L
3YNi A 352 9B LC3 ©) -150 70 40 23.3 17.5
Ni—Cr—l/zMo A 21/ 4 WC4 9) —=20 /0 40 25.5 23.3
Ni-Cr—1Mo A 217 4 WC5 ©) -20 70 40 23.3 23.3
1Y,Cr-YMo A 217 4 WCé ) -20 70 40 23.3 23.3
2Y,Cr-1Mo A 217 5A WC9 ©) -20 70 40 23.3 23.3
5Cr-YMo A 217 5B c5 ©) -20 90 60 30.0 29.9
9Cr-1Mo A 217 5B €12 © -20 90 60 30.0 29.9
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

300 400 500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 Grade Spec. No.

Low and Intermediate Alloy Steel (Cont’d)
Forgings and Fittings (2) (Cont’d)

{FZZ cl g A 182
18.0 |17.9 179 17.9 17.9 179 179 17.8 145 128 108 7.8 51 3.2 2.0 1.2 WP22Tl4 A 234

17.4 |17.2 171 168 16.6 163 13.2 128 121 109 8.0 5.8 4.2 2.9 1.8 1.0 WP5 A 234
17.4 |17.2 171 168 16.6 163 13.2 128 12.1 11.4 10.6 7.4 5.0 3.3 2.2 15, "WP9 A 234
WPL3 A 420
LF3 A 350
23.3 |22.5 21.7 209 20.5 201 17.5 17.5 17.1 [150 9.2 5.9 . X . ... F2 A 182
23.3 |22.5 21.7 209 205 201 175 175 17.1 13.7 8.2 4.8 4.0 2.4 R ... R A 182
F12 Cl. 2 A 182

23.3 |22.5 21.7 209 205 201 19.7 19.2 187 18.0 11.3 7.2 4.5 2.8 1.8 1.1 WP12 Cl. 2 A 234

{Fll cl. 2 A 182
233 [22.5 217 209 205 20.1 19.7 19.2 187 13.7 93-¥U63 42 28 1.9 1.2-LWPi1cl2 A 234

22.6 224 224 22.0 217 213 154 148 14.1 10.9-38.0 5.8 4.2 2.9 1.8 1.0 F5 A 182
245 |24.1 239 23.8 23.6 234 23.0 225 19.0 131 95 6.8 4.9 3.2 2.4 1.3 F21 A 182
F22 Cl. 3 A 182

24.5 1241 23.9 23.8 23.6 23.4 23.0 22.5.21.8 170 11.4 7.8 5.1 3.2 2.0 1.2 WP22 CL. 3 A 234

27.5 |27.2 271 268 263 258 187 181 17.1 16.2 11.0 7.4 5.0 3.3 2.2 1.5 F9 A 182
Fo1 A 182
28.3 |28.2 28.1 27.7 273 2674 259 249 237 223 20.7 18.0 14.0 103 7.0 4.3 WP91 A 234
29.1 |28.9 28.7 283 27.90 273 198 19.1 143 109 8.0 5.8 4.2 2.9 1.8 1.0 F5a A 182
WPLS8 A 420

Captings (2)

20.5 [19.7 18.9 183 18.0 17.6 ... ... cii it e e e a1 A 352
205 [19.7 189\.18.3 18.0 17.6 16.2 158 153 |13.7 82 48 40 2.4 ... ... WCl A 217

{ch A 352
17.5 [17.8917.5 175 175 ... ... ... .. ... .. .. ... ... ... ..ALes A 352
23.3 225 21.7 20.9 205 20.T 175 17,5 1I7.T 1I5.0 9.2 5.9 ... WG4 A 217
233 225 21.7 209 205 201 175 175 171 163 110 6.9 46 28 ... ... WC5 A 217
233 22,5 21.7 209 20.5 20.1 19.7 19.2 18.7 145 11.0 6.9 46 2.8 25 1.3 WC6 A 217
23.1 22,5 224 224 222 219 215 210 19.8 170 114 7.8 51 3.2 20 1.2 WC9 A 217
29.1 289 28.7 283 27.9 273 198 191 143 109 80 58 42 29 18 10 C5 A 217
29.1 28.9 287 283 279 273 198 19.1 182 165 11.0 7.4 50 33 22 1.5 (12 A 217
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S b ksi Min.
Spec. S-No. Temp., M Temp.
Material No. (5) Grade Notes °F (6) Tensile Yield t0100 200 300 400 500 600
Stainless Steel (3)(4)
Pipes and Tubes )
18Cr-10Ni-Ti]pipe A 312
smls > % in. thick
18Cr-10Ni-Ti|pipe A376 8 TP321 (30)36) —425| 70 25 16.7 16.7 16.7 16.1, 16.1| 15.2
> % in. thidk
18Cr-8Ni tub A269 8 TP304L  (14)(36) -425]]
18Cr-8Ni pipg A312 8 TP304L . =425 70 25 16.7 16.74/16.7 158 148 14.0
Type 304L A 340 A358 8 304L (36) -425] |
l6Cr—12Ni—2m0 tube A269 8 TP316L (14)36) —425|_
16Cr-12Ni-2Mo pipe A312 8 TP316L =425 70 25 167, 16.7 16.7 15,5 144 135
Type 316L A 240 A358 8 316L (36) -425] |
18Cr-10Ni-Ti|pipe A 312
smls > % if. thick B
18Cr-10Ni-Ti|pipe A376 8 TP321 (28)(30)(36) =425
> % in. thidk
18Cr-10Ni-Ti|pipe A312 8 TP321H (30)36) -325| 70 25 16.7 16.7 167 167 161 15.2
smls > % in. thick
18Cr-10Ni-Ti|pipe A376 8 TP321H el =325
> % in. thidk
23Cr-13Ni A451 8 CPH8 (26)(28)(35) =325 65 28 18.7 187 187 187 187| 18.0
25Cr-20Ni A451 8 CPK20 (12)(28)(35)(39) -325 65 28 18.7 187 187 187 187| 18.0
11Cr-Ti tube A268 7 TP409 (35) -20 60 30 20.0
18Cr-Ti tube A268 7 TP430Ti (35)(49) -20 60 40 20.0
15Cr-13Ni-2Mo-Cb A451 S8 CPF10MC (28) -325 70 30 20.0
16Cr-8Ni-2Mp pipe A376 8 16-8-2H (26)31)(35) -325 75 30 20.0
12Cr-Al tube A268 7 TP405 (35) -20 60 30 20.0 184 177 174 172 16.8
13Cr tube A268 6 TP410 (35) -20 60 30 20.0 184 177 174 172 16.8
16Cr tube A268 7 TP430 (35)(49) -20 60 35 20.0 200 19.6 19.2 19.0f 185
18Cr-13Ni-3Mo pipe A312 8 FP317L . -325 75 30 20.0 20.0 20.0 189 17.7| 16.8
25Cr-20Ni pige A312 8 TP310 (28)35)39) ]
Type 310S A 240 A 358 .58 310S (28)(31)(35)(36) r-325 75 30 20.0 20.0 200 200 20.0] 19.2
25Cr-20Ni pipe A 4098 TP310 (28)(31)(35)(36)
39) |
18Cr-10Ni-Tipipe A312 8 P321 (30) ]
smls < % in. thk &wld
18Cr-10Ni-Ti|pipe A358 8 321
18Cr-10Ni-Ti|pipe A 3761 (30)36) I 425 75 30 20.0 20.0 200 200 19.3| 183
<% in. thick } J
18Cr-10Ni-Ti pipe A409 |8 P321
23Cr-12Ni pipe A312 8 TP309 (28)(35)(39) -325
Type 309S A 240 A358 8 309S (28)(31)(35)(36) -325 75 30 20.0 20.0 200 200 20.0 19.2
23Cr-12Ni pipe A409 8 TP309 (28)(31)(35)(36) -325
39
18Cr-8Ni A451 8 CPF8 (26)(28) -425 70 30 20.0 20.0 19.8 175 16.4 157
162
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4)
Pipes and Tubes (2)

A312
149 146 143 141 140 138 136 135 9.6 6.9 5.0 3.6 2.6 1.7 11 0.8 0.5 073\JTP32 A376

(TP304L A 269

137 135 133 130 128 119 99 78 63 51 40 32 26 21 17 11,040 09 TP304L  A312
| 304L A358

[(TP316L A 269

132 [129 126 124 121 118 115 112 108 102 88 64 47 35 2579°18 13 1.0 TP31L  A312
| 316L A 358

[ TP32 A312

P32 A376

149 146 143 141 140 138 136 135 117 91 69 54 . %1 32 25 19 15 114 TP32H  A312
| TP32{H A 376

174 |17.1] 168 163 128 124 11.8 104 84  64. (50 37 29 23 17 13 09 08 CPH8 A 451
174 |17.1] 168 163 128 124 119 110 98 84\ 72 60 48 34 23 15 11 08 CPK2 A 451
P40 A 268

TP43QTi A 268

LN L. ... ... CPFIMC A 451

168pH A 376

165 [162] 157 151 104 97 84 M0 ... ... .. L. ... TR0 A 268
165 [162| 157 151 104 97  84N\N64 44 2.9 18 10 ... ... .. oL T4t A 268
182 [17.6] 171 164 104 97 (857 65 45 32 24 18 ... ... ... ... ... .. TP43 A 268
166 [162 158 155 152 L ). ... Lo LooomsiL A3
[ 1P31 A312

188 [183 180 175 446139 125 110 71 50 36 25 15 08 05 04 03 0.2 3108 A 358
| P31 A 409

[ 1P32 A312

321 A358

179 |175.17.2 169 167 166 164 162 96 69 50 36 26 17 11 08 05 03 TP32 A 376
| TP321 A 409

" 1P309 A312

188 183| 180 175 146 139 125 105/ 85 65 50 38 29 23 18 13 09 07 3095 A358
| TP309 A 409

153 151 149 148 129 127 123 108 95 74 58 44 32 24 18 13 10 08 (PR A 451
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. Specified Mi'}‘ Min.
Spec. S-No. Temp., M Temp.
Material No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Pipes and Tubes (2) (Cont’d)
18Cr-10Ni-CH pipe A312 8 P347 -425 )
Type 347 A 240 A358 8 347 (30)(36) =425
18Cr-10Ni-Cl pipe A376 8 TP347 (30)(36) =425
18Cr-10Ni-Ch pipe A409 8 TP347 (30)(36) =425 75 30 20.0 20.0 20.0 %200 19.9] 19.3
18Cr-10Ni-CH pipe A312 8 TP348 -325
Type 348 A 240 A358 8 348 (30)(36, -325
18Cr—10Ni-CH pipe A376 8 TP348 (30)(36 -325
7;18Cr—10Ni—Ct pipe A409 8 TP348 (30)(36, -325|_
23Cr-13Ni A451 8 CPH10 or  (12)(14)(28)(35)(39) -325 70 30 20.0 20.0 20.0 200 20.0] 19.2
: CPH20
5525Cr—20Ni pipe A312 8 TP310 (28)(29)(35)(39) j|‘ -325 75 30 20.0 20.0 20.0 200 20.0] 19.2
“Type 3105 A 340 A358 8 3105 (28)(29)(31)(35)(36)
?ilSCr—lONi—Ct A451 8 CPF8C (28) -325 70 30 20.0 20.0 200 200 19.3] 183
' 18Cr-10Ni-Tipipe A312 8 P321 (28)(30)
smls < % if. thk; wld
Type 321 A 240 A358 8 321
18Cr-10Ni-Ti|pipe A 376 -425[\p 75 30 20.0 20.0 200 200 19.3] 183
< ¥ in. thidk 8 P321 (28)(30)(36)
18Cr-10Ni-Ti]pipe A 409
18Cr-10Ni-Ti|pipe A376 8 TP321H (30)36) -325
<% in. thidk
18Cr-10Ni-Ti|pipe A312 8 TP321H -325
smls < % in. thk; wid |
16Cr-12Ni-Mp tube A269 8 TP316 (14)@6)(28)31)(36)  -425 7
16Cr-12Ni-2Mo pipe A312 8 TP316 (26)(28) =425
Type 316 A 240 A358 8 316 (26)(28)(31)(36) =425
16Cr-12Ni-2Mo pipe A376 8 TP316 (26)(28)(31)(36) -425| - 75 30 20.0 20.0 200 193 17.9| 17.0
16Cr-12Ni-2Mo pipe A409 8 IP316 (26)(28)(31)(36) =425
18Cr-3Ni-3Mp pipe A312 8 TP317 (26)(28) -325
18Cr-3Ni-3Mp pipe A409 8 TP317 (26)(28)(31)(36) -325
16Cr—12Ni—2]:0 pipe A376 8 P316H  (26)31)(36) -325|
16Cr-12Ni-2Mo pipe A312 8 TP316H (26) -325 75 30 20.0 20.0 200 193 17.9| 17.0
18Cr-10Ni-CH pipe A376 8 TP347H  (30)(36) -325|
18Cr-10Ni-Ch pipe A312 8 TP347 (28) -425
Type 347 A 240 A358 8 347 (28)(30)(36) —425|
18Cr-10Ni-Ch pipe A376 8 TP347 (28)(30)(36) =425
18Cr-10Ni-Cb pipe A409 8 TP347 (28)(30)(36) =425 75 30 20.0 20.0 200 200 199 193
18Cr-10Ni-Cb pipe A312 8 TP348 (28) -325
Type 348 A 240 A358 8 348 (28)(30)(36) —325‘
18Cr-10Ni-Cb pipe A376 8 TP348 (28)(30)(36) -325
18Cr-10Ni-Cb pipe A409 8 TP348 (28)(30)(36) -325 |
18Cr-10Ni-Cb pipe A312 8 TP347H 1
18Cr-10Ni-Cb pipe A312 8 TP348H -325 75 30 20.0 20.0 200 200 199 193
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4) (Cont’d)
Pipes and Tuhes (2) (Cont’d)

(~1p32 A312
347 A 358
P34 A376
19.0 [18.6 185 184 182 181 181 180 121 91 61 44 33 22 15 12 09 (08 TP34 A 409
P34 A312
348 A 358
P34 A376
| TP34 A 409
188 [18.3| 18.0 174 135 133 124 105 84 64 50 37 29 23 11413 09 0.8 CPHIpor A451
CPH#i20
188 [183| 180 175 146 139 125 110 98 85 73 60 48 350023 16 1.1 O.S‘I:TP31 A312
3108 A 358
180 [17.5 172 171 140 139 137 134 130 108 80 50 3%5) V27 20 14 11 1.0 (PR A 451
[ TP32 A312
321 A 358
179 175 172 169 167 166 164 162 117 91 69 > 54 41 32 25 19 15 114 TP32 A376
P32 A 409
TP321H A 376
L TP32{H  A312
[ TP31 A 269
P31 A312
316 A 358
167 |163 161 159 157 155. 154 153| 145 124 98 74 55 41 31 23 17 13- P31 A 376
P31 A 409
P31 A312
P31 A 409
L TP316H A 376
167 [163 161 159/ 157 155 154 153 145 124 98 74 55 41 31 23 1.7 13 TP36H  A312
[(TP34TH  A376
P34 A312
347 A 358
P34 A 376
19.0 186 185 184 182 181 181 180 171 142 105 7.9 59 44 32 25 18 13- TP347 A 409
P348 A312
348 A 358
P348 A 376
| TP348 A 409

{TPBMH A312
19.0 186 185 184 182 181 181 180 171 142 105 79 59 44 32 25 18 134 TP348H  A312
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S b ksi Min.
Spec. S-No. Temp., M Temp.
Material No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Pipes and Tubes (2) (Cont’d)
18Cr-8Ni tub. A269 8 TP304 (14)(26)(28)(31)(36) -425|]
18Cr-8Ni pipg A312 8 TP304 (26)(28) -425
Type 304 A 240 A358 8 304 (26)(28)(31)(36) =425 75 30 20.0 20.0 20.0 18.7, 17.5| 16.4
18Cr-8Ni pipg A376 8 TP304 (20)(26)(28)(31)(36) -425
18Cr-8Ni pipd A376 8 TP304H (26)(31)(36) -325
18Cr-8Ni pipd A409 8 TP304 (26)(28)(31)(36) -425
18Cr-8Ni pipd A312 8 TP304H (26) -325 75 30 20.0 20,0 \20.0 18.7 17.5| 16.4
18Cr-10Ni-Mp A451 8 CPF8M (26)(28) -425 70 30 20.0 200, 20.0 19.4 181 171
20Cr-Cu tube A268 10 TP443 1
27Cr tube A268 10l TP446 (35) -20| 70 40 233 233 214 204  19.4] 184
24Cr-9Ni-N A451 8 CPE20ON (35)39) -325| 80 40 26.7 262 249 233  220| 214
23Cr-4Ni-N A 7891
23Cr-4Ni-N A 790 - 10H 532304 (25) -60 87 58 29.0 279 263 253 249 24.5]
123/4Cr A426 6 CPCA-15 (10)35) -20 90 65 30.0
22Cr-5Ni-3Mp A 7891
22Cr-5Ni-3Mp A 790 - 10H 531803 (25) -60 90 65 30.0 300 289 279 27.2| 269
26Cr-4Ni-Mo A 789 1
26Cr-4Ni-Mo A 790 - 10H 532900 (25) =20 90 70 30.0 .
25Cr-8Ni-3Mp- A 789
W-Cu-N
25Cr-8Ni-3Mp- A790 S-10H 532760 (25) -60 109 80 36.3 359 344 340 34.0 34.0|
W-Cu-N
25Cr-7Ni-4Mp-N A 789 1
25Cr-7Ni-4Mp-N A 790 - 10H $32750 (25) -20 116 80 38.7 350 331 319 314 31.2|
24Cr-17Ni-6Mn- A358 S8 534565 (36) -325 115 60 38.3 381 358 345 338 332
4%Mo-N
Plates arld Sheets
18Cr-10Ni A240 8 305 (26)36)(39) -325 70 25 16.7
12Cr-Al A 240 /-7 405 (35) -20 60 25 16.7 153 148 145 143] 14.0
18Cr-8Ni A407 8 304L (36) =425 70 25 16.7 16.7 16.7 15.6 148 14.0
16Cr-12Ni-2Mo A240 8 316L (36) =425 70 25 16.7 16.7 16.7 155 144 135
18Cr-Ti-Al A 240 X8Mm (35) -20 65 30 20.0
18Cr-8Ni A167 S.8 3028 26)28)311(36)(39) 375 75 30 20.0 200 200 187 1741 16.4
:18Cr-Ni A240 8 302 (26)36) -325 75 30 20.0 20.0 20.0 18.7 17.4 16.4
513Cr A240 7 410S (35)(50) -20 60 30 20.0 184 177 174 172 168
13Cr A240 6 410 (35) -20 65 30 20.0 184 177 174 172 168
15Cr A240 6 429 1
‘217Cr A240 7 430 (35 -20 65 30 20.0 184 177 174 172 168
166
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.
Stainless Steel (3)(4) (Cont’d)

Pipes and Tuhes (2) (Cont’d)

1P30 A 269

FP30. A312

16.2 [16.0 15.6 152 149 146 144 138 12.2 9.7 7.7 6.0 4.7 3.7 2.9 2.3 1.8 1.4 5 304 A 358
TP30. A376

TP304H A 376

TP30 A 409

16.2 |[16.0 15.6 152 149 146 144 138 12.2 9.7 7.7 6.0 4.7 3.7 2.9 23 1.8 1.4 TP304H A312
16.7 [16.2 158 155 147 144 140 134 114 9.3 8.0 6.8 5.3 4.0 3.0 23 1.9 1.4 CPF8 A 451
{TPM A 268

18.0 [17.5 169 162 151 13.0 6.9 4.5 ... L TP44 A 268
213 [21.2 211 21.0 20.8 205 CPE2ON A 451
{A789

S323p4 A 790

CPCA}15 A 426

{A789

S318p3 A 790

{A789

$329p0 A 790

[A789

S327p0 A 790

{A789

S327p0 A 790
33.1 327 324 320 S345p5 A 358
Plates arld Sheets

305 A 240

13.8 [13.5 116 111 404 9.6 8.4 4.0 405 A 240
13.7 135 133 _ 1307 128 119 9.9 7.8 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 304L A 240
13.2 [129 126< 7124 121 118 115 112 10.8 10.2 8.8 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316L A 240
X8m A 240

161 l59 156 152 149 143 137| 3028 A 167
161 159 156 152 149 146 143 137 302 A 240
16.5 16.2| 157 151 10.4 9.6 8.4 6.4 4.4 2.9 1.7 1.0 410S A 240
16,5 16.2| 157 151 11.2 10.4 8.8 6.4 4.4 2.9 1.7 1.0 ... 410 A 240
{429 A 240

16,5 16.2| 157 151 11.2 104 9.2 9.5 4.5 3.2 2.4 1.7 ... 430 A 240
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. Sspecifieﬁ '\:l('" Min.
Spec. S-No. Temp., M Temp.
Material No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Plates anld_iheakc (Cont’d)
18Cr-13Ni-3Mo A240 8 317L (36) -325 75 30 20.0 20.0 20.0 18.9 ~I7.7| 16.8
25Cr-20Ni A167 S8 310 (28)(35)(36)(39) ]‘—325 75 30 20.0 20.0 200 20:0~-20.0] 19.2
25Cr-20Ni A240 8 310S (28)(35)(36)
18Cr-10Ni-Ti A240 8 321 (30)36) -325 75 30 20.0 20.0 20.0N "20.0 19.3| 183
20Cr-10Ni A167 S8 308 (6)26)31)39) -325 75 30 20.0 16,7 (15.0 13.6 125 11.6
23Cr-12Ni A167 S8 309 (12(28)31)(35)
(36)(39)
23Cr-12Ni A240 8 309S (28)(35)(36) -325 75 30 200 20.0 200 200 20.0| 19.2
18Cr-10Ni-CH A240 8 347 (36) —425]‘ 75 30 20.0 20.0 20.0 200 19.9] 19.3
18Cr-10Ni-Ch A240 8 348 (36) -325
25Cr-20Ni A167 S8 310 (28)(29)(35)(36)
(39)
25Cr-20Ni A240 8 310S (28)(29)(35)(36) -325 75 30 20.0 20.0 20.0 200 20.0] 19.2
18Cr-10Ni-Ti A240 8 321 (28)(30)(36) 1
18Cr-10Ni-Ti A240 8 321H (36) -325 75 30 20.0 20.0 200 200 19.3| 18.3
16Cr—12Ni—2%:0 A240 8 316 (26)(28)(36) >425 1
18Cr-13Ni-3Mo A240 8 317 (26)(28)(36) =325 75 30 20.0 20.0 200 193 17.9| 17.0
18Cr-10Ni-C§ A67 8 347 (28)30)(36) 1 ~
18Cr-10Ni-CH A240 8 347 (28)(36) -425
18Cr-10Ni-CH Al167 8 348 (28)(30)(36) 1 75 30 20.0 20.0 200 200 19.9] 19.3
18Cr-10Ni-CH A240 8 348 (28)(36) -325
18Cr-8Ni A240 8 304 (26)(28)(36) -426 75 30 20.0 20.0 20.0 18.7 17.5| 16.4
25Cr-8Ni-3Mp-W-Cu-N A240 S-10H 532760 (25) -60 109 80 36.3 35.9 344 340 34.0] 34.0
Forgingsrnd Fittings (2)
18Cr-13Ni-3Mo A182 8 F317L 9)(21a) -325 70 25 16.7 16.7 160 15.6 14.8| 14.0
< 5in. thk.
18Cr-8Ni AN 8 F304L ©)1a) -425 )
18Cr-8Ni A403 8 WP304L (3237) —425| 70 25 16.7 16.7 16.7 158 14.8| 14.0
16Cr-12Ni-2Mlo A182 8 F316L ©)1a) -4251
16Cr-12Ni-2Mo A403 8 WP316L (3237 -425 70 25 16.7 16.7 16.7 155 144 135
20Ni-8Cr A182 8 F10 26)(28)(39) =325 80 30 200
18Cr-13Ni-3Mo A403 8 WP317L (3237) -325 75 30 20.0 20.0 200 189 17.7 16.8
25Cr-20Ni A182 8 F310 (9)21)(28)(35) -325|
(39)
25Cr-20Ni A403 8 WP310 (28)(32)(35)(37) —325| 75 30 20.0 20.0 200 200 20.0 19.2
(39)

Copyright ASME International

Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

168

Licensee=Technip/5931917102, User=de martis, riccardo

Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4) (Cont’d)

Plates and Sheets (Cont’d)

16.6 |[16.2 15.8 155 15.2 3170 A 240

18.8 [183| 18.0 175 146 139 125 110 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2'[310 A 167

310S A 240

17.9 (175 17.2 169 167 16.6 164 162 9.6 6.9 5.0 3.6 2.6 1.7 1.1 0.8 Q.5 03 321 A 240

11.2 [10.8 10.4 10.0 9.7 9.4 9.1 8.8 8.5 7.5 5.7 4.5 3.2 2.4 1.8 1.4 1.0 0.7 308 A 167

{309 A 167

18.8 [183| 18.0 175 146 139 125 105 8.5 6.5 5.0 3.8 2.9 2.3 T8 1.3 0.9 0.7 1.309S A 240

19.0 (186 185 184 182 181 181 13.0| 121 9.1 6.1 4.4 3.3 2.2 1.5 1.2 0.9 0.8‘|:347 A 240

348 A 240

{310 A 167

18.8 [183| 18.0 175 146 139 125 110 9.8 8.5 7.3 6.0: 4.8 3.5 2.3 1.6 1.1 0.81_310S A 240

{321 A 240

17.9 (175 17.2 169 167 16.6 164 162 11.7 9.1 6.9 5.4 4.1 3.2 2.5 1.9 1.5 1.1 321H A 240

{316 A 240

16.7 (163 161 159 157 15,5 154 153| 145 124 9.8 7.4 5.5 4.1 3.1 2.3 1.7 131317 A 240

347 A 167

347 A 240

19.0 [18.6 185 184 182 18.1 181 18.0] «l71 14.2 10.5 7.9 5.9 4.9 3.2 2.5 1.8 1.3 348 A 167

348 A 240

16.2 [16.0 15.6 152 149 146 144 13.8° 122 9.7 7.7 6.0 4.7 3.7 2.9 2.3 1.8 1.4 304 A 240

S327p0 A 240

Forgings and Fittings (2)

13.8 (135 13.2 13.0 127 F317 A 182

{FBOA A 182

13.7 135 133 13,00 128 11.9 9.9 7.8 6.3 5.1 4.0 3.2 2.6 2.1 1.7 1.1 1.0 0.9 1 WP3(4L A 403

{F316 A 182

13.2 [1290-126 124 121 118 115 112 108 102 8.8 6.4 4.7 3.5 2.5 1.8 1.3 1.0 - WP316L A 403

| E10 A 182

16.6 16.2 158 155 15.2 WP317L A 403

F310 A 182

18.8 18.3| 18.0 175 146 139 125 11.0 7.1 5.0 3.6 2.5 1.5 0.8 0.5 0.4 0.3 0.2 1_WP310 A 403
169
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S b ksi Min.
Spec. S-No. Temp., M Temp.
Material No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Forgings and Fittings (2) (Cont’d)
18Cr-10Ni-Ti A182 8 F321 ©@ -325 1
18Cr-10Ni-Ti A403 8 WP321 (32(37) -325 75 30 20.0 20.0 20.0 20.00\'19.3| 18.3
23Cr-12Ni A403 8 WP309 (28)(32)(35)(37) -325 75 30 20.0 20.0 20.0 20.00 20.0] 19.2
(39)
25Cr-20Ni A182 8 F310 9)21)(28)(29) -325|]
(35)(39)
25Cr-20Ni A403 8 WP310 (28)(29/(32)(35) =325 75 30 20.0 20007 20.0 200 20.0] 19.2
(3739
18Cr-10Ni-CH A182 8 F347 9)1) -425
18Cr-10Ni-CH A403 8 WP347 (32(37) -425|
18Cr-10Ni-CH A182 8 F348 9)@1) -325 T 75 30 20.0 20.0 200 200 19.9] 19.3
18Cr-10Ni-Ct A403 8 WP3ss  (32)(37) -325/ ]
18Cr-10Ni-Ti A182 8 F321 9)21)(28)30) 7
18Cr-10Ni-Ti A182 8 F321H 9)(@1) —325|
18Cr-10Ni-Ti A403 8 WP321 (28)30)(32)(37) - 75 30 20.0 20.0 20.0 200 19.3] 183
18Cr-10Ni-Ti A403 8 WP321H (3237 -325.
16Cr—12Ni—2m0 A403 8 WP316H (26)32)(37) —325| 75 30 20.0 20.0 200 193 17.9| 17.0
16Cr-12Ni-2Mo A182 8 F316H 9)(21)(26) *325 75 30 20.0 20.0 200 193 179 17.0
18Cr-10Ni-CH A403 8 WP347H (3237 —325|_
18Cr-10Ni-CH A182 8 F347 9)(21)(28) -425
18Cr-10Ni-CH A403 8 WP347 (28) 323N —425|
18Cr-10Ni-CH A182 8 F348 9)21D)28) -325 75 30 20.0 20.0 200 200 19.9] 19.3
18Cr-10Ni-CH A403 8 WP348 (28)(32)(37) —325|_
18Cr-10Ni-CH A182 8 F347H 1
18Cr-10Ni-CH A182 8 F348H 9)(@1) -325 75 30 20.0 20.0 20.0 200 19.9] 19.3
16Cr-12Ni-2Mo A182 8 F316 9)(21)(26)(28) =325 ]
16Cr-12Ni-2Mo A403 8 WP316 (26)(28)(32)(37) -425| 75 30 20.0 20.0 200 193 17.9| 17.0
18Cr-13Ni-3Mo A403 8 WP317 (26)28)(32) -325 |
18Cr-8Ni A182 8 F304 9)21)26)(28) -425 1
~ 18Cr-8Ni A 403 .8 WP304 (26)28)32)(37) =425 75 30 20.0 20.0 200 18.7 17.5| 16.4
18Cr-8Ni ALO3/ 8 WP304H (26)32)(37) —3251
: 18Cr-8Ni A182 8 F304H 9)(21)(26) -325 75 30 20.0 20.0 20.0 18.7 17.5| 16.4
13Cr A182 6 Féa Cl. 1 (35 -20 70 40 233 233 226 224 220 215
130 A182 6 Féa Cl. 2 (35) -20 85 55 28.3 283 278 272 268| 26.1
© 25Cr-8Ni-3Mp-WeCu-N A 182 |
- 25Cr-8Ni-3Mo-W-Cu-N ASlSJ—S-lOH 532760 (25) -60 109 80 36.3 359 344 340 340 34.0]
7 13Cr A182 S6 Féa Cl. 3 (35 -20 110 85 36.6
13Cr—1/2Mo A182 6 Féb (35) .. 110-135 90 36.6
13Cr A182 S6 Féa Cl. 4 (35 -20 130 110 433
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500  Grade No.
Stainless Steel (3)(4) (Cont’d)

Forgings and Fittings (2) (Cont’d)

{F321 A 182

179 |17.5 172 169 167 166 164 162 96 69 50 36 26 17 11 08 05  03NWP3j1  A403
188 [18.3| 180 175 146 139 125 105 85 65 50 38 29 23 17 13 09 ~07 Wpido  A403
[F310 A 182

188 [18.3| 18.0 175 146 139 125 110 98 87 73 60 48 35 23 W%/ 1.1 084 WP3fo  A403
[ F347 A 182

WP347 A 403

19.0 [18.6 185 184 182 181 181 180 121 91 61 44 33 Q227 15 12 09 08 F348 A 182
| WP348 A 403

F321 A 182

F321 A 182

179 175 172 169 167 166 164 162 117 91 69 54N 41 32 25 19 15 114 WP3j1  A403
| WP3{1H A 403

167 |163 161 159 157 155 154 153| 145 124 98 74 55 41 31 23 1.7 13 WP36H A 403
167 [163 161 159 157 155 154 153 145 124. (98 74 55 41 31 23 17 13 F316 A 182
wP347H A 403

F347 A 182

WP347 A 403

19.0 [18.6 185 184 182 181 181 18.0| MA¥ 142 105 79 59 44 32 25 18 13- F348 A 182
| WP348 A 403

{FBM A 182

19.0 [18.6 185 184 182 181 181\\M8.0 171 142 105 79 59 44 32 25 18 13- F348 A 182
F316 A 182

167 [163 161 159 157 155 )i54 153| 145 124 98 74 55 41 31 23 17 134 WP3e  A403
Lwp3l7  A403

{904 A 182

162 160 156 1524189 146 144 138 122 97 77 60 47 37 29 23 18 144 WP3q4  A403
{WP3C4H A 403

162 [16.0 156,52 149 146 144 138 122 97 77 60 47 37 29 23 18 14 F304 A 182
211 [20.6)-99° 191 112 104 88 64 ... .. e e eee e oo mea(d.1 A182
257 2501244 232 144 123 88 64 44 29 18 10 ... ... ... ... ... ... Fmad.2 A1
[[S327p0 A 182

..1.532760  AB815

FaCl.3 A182

F6b A 182

FeaCl.4 A182
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. S b ksi Min.
Spec. S-No. Temp., M Temp.
Material No. (5) Grade Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Stainless Steel (3)(4) (Cont’d)
Bar
18Cr-8Ni A479 8 304 (26)(28)(31) =425 75 30 20.0 20.0 20.0 187 ~I7Z5| 16.4
Castings|(2)
28Ni-20Cr-2Mo-3Ch A351 45 CN7M 9)(30) -325 62 25 16.6
35Ni-15Cr-Mp A351  S-45 HT30 (36)(39) -325| 65 28 18.6 el e e ce. el
25Cr-13Ni A351 8 CH8 961 -325 65 28 18.6 1864186 186 186 18.0
25Cr-20Ni A351 8 CK20 927)3B1B53E9) -325| 65 28 18.6 186 186 186 186| 18.0
15Cr-15Ni-2Mo-Ch A351 S8 CF10MC (30) -325 70 30 20.0, al e e s s
18Cr-8Ni A351 8 CF3 ©) -425 70 30 20,0 20.0 19.7 17.6 16.4] 156
17Cr-10Ni-2Mo A351 8 CF3M ©) -425 70 30 20.0 180 174 16,6 16.0| 154
18Cr-8Ni A351 8 CF8 9)26)(27)31) -425 70 30 20.0 20.0 200 18.7 17.4] 16.4
25Cr-13Ni A351 S8 CH10 (27)31)(35) 1
25Cr-13Ni A351 8 CH20 927)3B1B53E9) -325| 70 30 20.0 20.0 200 200 2001 19.2
20Cr-10Ni-CH A351 8 CF8C 9)27)30) -325 70 30 20.0 20.0 200 193 18.6] 185
18Cr-10Ni-2Mo A351 8 CF8M 9)(26)(27)30) -425 70 30 20.0 20.0 200 19.4 181 174
25Cr-20Ni A351 S8 HK40 (35)(36)(39) -325 62 35 20.6
25Cr-20Ni A351 8 HK30 (3539 ~325 65 35 21.6
18Cr-8Ni A351 8 CF3A 9)(56) 1
18Cr-8Ni A351 8 CF8A 9)(26)(56) -425| 77 35 23.3 233 226 218 205] 193
25Cr-10Ni-N A351 8 CE20N (3539 -325 80 40 26.7 262 249 233  220| 214
12Cr A217 6 CA15 (35) -20| 90 65 30.0 215 208 200 193] 18.8
24Cr-10Ni-Mp-N A351 10H CESMN ) -60 95 65 31.7 316 293 282 28.2| 28.2
25Cr-8Ni-3Mp-W-Cu-N A351 S-10H CD3M- 9)(25) -60 100 65 33.3 333 319 319 31.1] 311
W-QU-N
13Cr-4Ni A487 6 CA6NM 9)(35) -20 110 80 36.7 36.,7 35.4 350 34.4| 337
CLA
172
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Spec.
650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (3)(4) (Cont’d)

Bar
162 [160 156 152 149 147 144 141 124 98 77 61 47 37 29 23 18 14 304 A 479
Captings (2)
A L. ON7 A351
P RSO o HT30 A351
2180 |17.1 167 164 127 125 117 105 85 65 55 37 29 20 17 12409 07 CH8 A351
175 [174] 167 164 127 125 119 110/ 97 85 72 60 47 35 24 ¥, 11 07 (K20 A351
CFLOfC A 351
1152 (150 149 147 .. . o o e e L (B A 351
2150|146 144 140 132 ... oo e e XL M A351
161|159 155 15| 144 142 139 122] 95 75 60 48 39 A3~ 27 23 20 17 CR8 A351
{cmo A351
187 (182 180 175\ 136 132 125 105 85 85 50 37 2% 20 1.7 12 09  0.7- CH20 A351
184 [182 182 182 181 181 181 180 171 142 105  7.9N\D54 44 32 25 18 13 CF8C A 351
167 |162 157 156| 147 145 140 131 115 94 80 67 52 40 30 24 19 15 CF8M A351
HK40 A 351
HK30) A 351
{CBA A 351
189 176 ... ... ... ... ... ] .. ... 1 CF8A A351
213 [21.2] 211 210 208 205 ... ... ANt L. L0 A 351
184 [181 175 168 149 110 76 50( 933 23 15 10 ... ... ... .o ... ... CALS A217
CESMN A 351
CD3M- A351
W-Qu-N
332 1326 ... .. .l N4 N ¢ | A 487
L
173
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. Specified Mir}.
S-No. Size Temp., S"Lth'ks'
Material Spec. No. (5)(46) Class Temper Range, in. Notes °F(6) Tensile Yield
Copper and Copper Alloy
Pipes and Tubes )
Cu pipe B 42 31 C10200, C12000, 061
C12200
Cu tube B 75 31 C10200, C12000, 050, 060
C12200
Cu tube B 68 :L
Cu tube B 88 S-31 C12200 050, 060 Ce 24) —452 30 9
Cu tube B 280 S-31 C12200 060 (24)
Red brass gipe B 43 32 C23000 061 e . —-452 40 12
90Cu—10Ni B 467 34 C70600 WO050, WO61 > 4.5 O.D.:L
90Cu—10Ni B 466 34 C70600 Annealed e (14) —452 38 13
90Cu—10Ni B 467 34 C70600 WO050, WO61 < 4.50.D. (14) —452 40 15
70Cu—30Ni B 467 34 C71500 WO050, W0O61 > 4,5)0.D. (14) —452 45 15
80Cu—20Ni B 466 34 C71000 Annealed </4.50.D. (14) -452 45 16
Cu pipe B 42 31 €10200, C12000,  H55 NPS 2V, |
C12200 thru 12
Cu tube B 75 31 C10200, C12000, H58 - (14)(34) —452 36 30
C12200
Cu tube B 88 S-31 C12200 H55 (14)(24)
(34)
70Cu—30Ni B 466 34 C71500 060 (14) - 452 52 18
70Cu—30Ni B 467 34 C71500 WO050, WO61 <4.50.D. (14) —452 50 20
Cu pipe B 42 31 €10200,°€12000,  H80 NPS Y4
C12200 thru 2
Cu tube B 75 31 €10200, C12000, H80 . (14)(34) —452 45 40
C12200
Plates arld Sheets
Cu B 152 31 C10200, C10400, 025 (14)(24) —452 30 10
C10500, C10700
C12200, C12300
90Cu—10Ni Bx171 34 C70600 - <2.5thk. (14) —452 40 15
Cu-Si B 96 33 C65500 061 A . -452 52 18
70Cu—30Ni B 171 34 C71500 - <2.5thk. (14) —452 50 20
Al-bronze B 169 35 C61400 025, 060 < 2.0 thk. 13) -452 70 30

Copyright ASME International

Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Symbols in Temper Column

025
050
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061

hot rolled, annealed WO061 = welded, fully finished,

light annealed annealed
soft annealed H = drawn
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Min.
Temp.
to100 150 200 250 300 350 400 450 500 550 600 650 700 Class Spec. No.
Copper and Copper Alloy
Pipes and Tubes )
[~ 10200, C1200070| B 42
€12200
€10200, ¢12000, | B 75
€12200
C12200 B 68
6.0 5.1 48 4.8 47 4.0 3.0 1.5 0.8 €12200 B 88
€22200 B 280
8.0 80 80 80 80 7.0 5.0 20 ... €23000 B 43
£C706OO B 467
8.7 8.4 8.3 8.0 7.8 7.7 7.6 7.5 7.3 7.0 6.0 C70600 B 466
10.0 9.7 9.5 9.3 9.0 87 87 86 80 7.0 6.0 C70600 B 467
10.0 9.6 9.5 9.2 9.1 88 8.6 84 82 8.1 8.0 )"7.9 7.8 C71500 B 467
10.7| 10.6 10.5 10.4 103 10.1 9.9 9.6 9.3 89 84 7.7 7.0 €71000 B 466
| €10200, C12000, | B 42
€12200
12.0 12.0 120 120 11.6 11.4 10.5 €10200, C12000, | B 75
€12200
€12200 B 88
120/ 11.6 113 11.0 108 10.6 10.3 . (10%1 99 98 9.6 95 9.4 C71500 B 466
13.3| 127 123 121 118 117 116(;11.5 11.4 113 11.2 111 104 C71500 B 467
[~ 10200, C12000, | B 42
€12200
15.0/ 15.0 15.0 150 147 A3Y" 4.3 €10200, C12000, | B 75
€12200
Plates arld Sheets
6.7 5.8 5.5 53 5.1 4.0 3.0 1.5 0.8 €10200, C10400, | B 152
€10500, C10700,
€12200, C12300
10.0 9.7 ,%9% 9.3 9.0 87 87 86 80 70 60 ... C70600 B 171
12.0] 12.08/11.9 11.7 10.0 5.0 C65500 B 96
13.3|  1257\“ 123 121 118 117 116 115 11.4 113 112 111 104 C71500 B 171
200 _ 20,00 199 198 196 19.4 192 191 19.0 ... C61400 B 169
175
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. or Min. Specified Mir}.
S-No. Size Temp., S"Lth’ks'
Material Spec. No. (5)(46) Class Temper Range, in. Notes °F(6) Tensile Yield
Copper and Copper Alloy (Cont’d)
Forgings
Cu B 283 S-31 C11000 (14) -452 33 11
High Si—brqnze (A) B 283 S-33 C65500 (14) —452 52 18
Forging braps B 283 a C37700 (14) -325 58 23
Leaded naval brass B 283 a C48500 (14) -325 62 24
Naval brasg B 283 S-32 C46400 (14) —425 64 26
Mn-bronze| (A) B 283 S-32 C67500 (14) #325 72 34
Castings |(2)
Compositioh bronze B 62 a (83600 9) -325 30 14
Leaded Ni—pronze B 584 a C97300 -325 30 15
Leaded Ni—pronze B 584 a €97600 -325 40 17
Leaded Sn+tbronze B 584 a €92300 -325 36 16
Leaded Sn+tbronze B 584 El €92200 . -325 34 16
Steam bronfze B 61 a 92200 ©) -325 34 16
Sn-bronze B 584 b C90300 -325 40 18
Sn—bronze B 584 b C€90500 -325 40 18
Leaded Mntbronze B 584 a 86400 ©) -325 60 20
Leaded Ni—pronze B 584 a C97800 -325 50 22
No. 1 Mn-lyronze B 584 b C86500 -325 65 25
Al-bronze B 148 S35 (95200 © :L
Al-bronze B 148 S-35 C95300 - —425 65 25
Si—Al-bronge B 148 S-35 €95600 -325 60 28
Al-bronze B 148 S-35 €95400 -325 75 30
Mn—-bronze| B 584 a C86700 -325 80 32
Al-bronze B 148 S-35 C95500 —452 90 40
High strength B 584 b €86200 -325 90 45
Mn-bronge
High strength B 584 b C86300 -325 110 60
Mn—-bronge
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Min.
Temp.
to 100 150 200 250 300 350 400 450 500 550 600 650 700 Class Spec. No.
Copper and Copper Alloy (Cont’d)

Forgings
7.3 6.7 6.5 6.3 5.0 3.8 2.5 1.5 0.8 A . A A C11000 B 283
12.0 10.0 10.0 10.0 10.0 5.0 2.0 Ce e Ce Ce Ce ... (€65500 B 283
15.3 12.5 12.0 11.2 10.5 7.5 2.0 Ce . A . A A C37700 B 283
16.0 15.2 15.0 14.1 13.0 8.5 2.0 A . A . A A C48500 B 283
17.3 15.8 153 14.2 13.0 9.0 2.0 Ce e - Ce e ... C46400 B 283
22.7 12.9 12.0 11.2 10.5 7.5 2.0 A . A . A Ce C67500 B 283
Captings (2)

9.4 9.4 9.4 9.4 9.1 8.9 8.6 8.5 Ce - . e +.. (83600 B 62
10.0 C97300 B 584
10.0 7.5 7.3 6.9 6.3 ... (€97600 B 584
10.6 9.0 9.0 9.0 8.5 8.0 7.0 L . A .y A A €92300 B 584
10.6 10.6 10.6 10.6 10.6 10.6 10.3 A A A .M A Ce €92200 B 584

10.6 10.6 10.6 10.6 10.6 10.6 10.3 9.6 9.0 6.3 . e ... (€92200 B 61
12.0 10.0 9.5 9.3 8.5 8.0 7.0 Ce. A - . A A C90300 B 584
12.0 12.0 12.0 120 12.0 119 11.0 ... (€90500 B 584
13.3 12.8 12.0 113 10.5 7.5 ... (86400 B 584
14.6 10.4 9.4 8.5 7.5 7.0 - - .. - .. - ... (97800 B 584
16.6 14.8 13.4 12.0 10.5 7.5 o ‘o e . . . ... (86500 B 584
{cs:szoo B 148
16.3 15.7 15.2 14.7 14.5 14.2 142 14.2 14.2 11.7 7.4 .. - €95300 B 148
18.8 ... (€95600 B 148
20.0 18.8 18.0 173 16.3 15.6 “148 129 11.0 - - . ... (€95400 B 148
21.3 17.5 153 129 10.5 7.5 Ce Ce Ce Ce e ... (86700 B 584
26.6 22,5 21.0 19.5 18.04 Mm6.5 15.0 13.5 12.0 e . . ... (€95500 B 148
30.0 19.5 173 16.5 10.5 7.5 - - e Ce Ce e ... (86200 B 584
36.6 233 19.0 148 ) 10.5 7.5 - - . Ce Ce e ... (86300 B 584
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ASME B31.3-2008

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

P-No. " . Min.
or Size Min. Specified M"}' Temp.
Spec. S-No.  UNS Range, Temp., S"Lth'ks' to
Material No. ) No. Class in. Notes  °F(6) Tensile Yield 100 200 300 400 500 600 650 700 750
Nickel and Nickel Allny (4)
Pipes an{l Tubes (2)
Low C-Ni B161 41 1
Low C-Ni B 725 S41 -N02201 Annealed >50.D. -325 50 10 6.7 64 63 62 62 62°"62 6.1 6.1
Ni B161 41 1
Ni B 725 S41 -N02200 Annealed >50.D. -325 55 12 8.0 80 80 80 8.0 /8.0
Low C-Ni B161 41 1
Low C-Ni B 725 S41 [-N02201 Annealed <50.D. -325 50 12 8.0 77 75 75 A5 75 75 74 73
Ni B161 41 1
Ni B 725 S41 -N02200 Annealed <50.D. -325 55 15 10.0 10.0 10.0~16:0° 10.0 10.0
Ni-Cu B165 42 1
Ni-Cu B 725 S42 _~N04400 Annealed >50.D. -325 70 25 16.7 147 %137 132 13.2 13.2 132 134 13.0
Ni-Fe-Cr B 407 45 N08800 H.F. or (76) -325 65 25 16.7 A6.A16.7 158 14.9 14.6 144 143 14.2
H.F. ann.
Ni-Cr-Fe B 167 43 N06600 H.F. or >50.D. -325 75 25 WyN/16.7 167 167 167 167 167 161 167
H.F. ann.
Ni-Fe-Cr B 407 45 N08810 C.D. sol. (62)(76)
ann. or
H.F. ann.
Ni-Fe-Cr B 514 45 N08810 Annealed (62)(76) _-325 65 25 16.7 167 16.7 16.7 167 16,5 16.0 154 15.4
Ni-Fe-Cr B 407 45 N08811 C.D. sol. 62)(76) -325 65 25 16.7 167 167 16.7 167 16,5 160 154 15.4
ann. or
H.F. ann.
Ni-Cu B165 42 1
Ni-Cu B 725 S42 -N04400 Annealed <50.D. -325 70 28 18.7 16.4 154 148 148 148 148 144 14.6
Ni-Fe-Cr-Mo| B 619 45 N08320  Sol. ann. (76)
Ni-Fe-Cr-Mo| B 622 45 N08320 Sol. ann. -325 75 28 187 187 186 179 176 175 175 174 174
Low C-Ni B161 41 1
Low C-Ni B 725 S41 -N02201 Str. rel. .. -325 60 30 20.0 15.0 15.0 148 147 142 ... ..
Ni-Fe-Cr B 514 45 N08800 Annealed (76) -325 75 30 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.q 20.0
Ni-Cr-Fe B167 43 N06600 H.F. or <50.D.
H.E"ann:
Ni-Cr-Fe B167 43 N06600 C¢D."anm. >50.D. ... -325 80 30 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.q 20.0
Ni-Fe-Cr B 407 45 N0880Q\.C.D. ann. (61) -325 75 30 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.9 20.0
Ni 81611
Ni B 725 41 N02200 Str. rel. -325 65 40 216 163 163 163 16.0 154
Cr-Ni-Fe-Mot B 464
Cu-Ch
Cr-Ni-Fe-Mot+ B 729 (=45 N08020 Annealed (76) -325 80 35 233 20.0 19.8 194 193 193 19.2 194 19.2
Cu-Ch
Ni-Cr-Fe-Mo-C B423 45 N08825 C.D. ann. -325 85 35 233 233 233 233 233 233 233 2331 232
Ni-Cr-Fe-Mo-CU—8705—#5 NO8825 .- =325 85 35 733 33233233 233 233233235 23.2
Ni-Cr-Fe-Mo-Cu B 619 45 N06007  Sol. ann. (76) -325 90 35 233 233 233 233 233 227 225 223 220
Ni-Cr-Fe-Mo-Cu B 622 45 N06007  Sol. ann. -325 90 35 233 233 233 233 233 227 225 223 220
Ni-Cr-Fe B 167 43 N06600 C.D. ann. <50D. ...
Ni-Cr-Fe B517 43 N06600 C.D. ann. (76) -325 80 35 233 233 233 233 233 233 233 233 233
Ni-Mo-Cr B619 43 N06455  Sol. ann. (76) -325 100 40 26.7 249 249 249 247 24.4 242 24.0 238
Abbreviations in Class Column:
ann. annealed forg. forged H.R. hot rolled R, rolled sol.  solution
C.D. cold worked H.F.  hot worked plt. plate rel.  relieved str.  stress
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ASME B31.3-2008

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

UNS Spec.

800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650  No. No.
Nickel and Nickel Alloy (4)

Pipes and [Tubes (2)

{B 161
59 [58 45 37 30 24 20 15 12 N03201- B 725
{B 161
N03200 B 725
{B 161
72 |58 45 37 30 24 20 15 12 N03201- B 725
{B 161
N03200 B 725
{B 165
127 118 8.0 ... . s N04400_B 725
140 132 131 129 128 127 127 100 70 60 46 36 28 ,2%) 17 N0§800 B 407
167 |165 159 159 7.0 45 3.0 22 20 N04600 B 167
B 407
153 151 148 146 144 137 116 93 74 59 47> 38 30 24 19 15 12 10 NO0§810- B 514
153 |151 148 146 144 137 129 104 83 67 %4 43 34 27 22 17 14 11 NOg811l B 407
{B 165
142 [11.0 8.0 N04400 B 725
{B 619
17.2 N0§320 B 622
{B 161
N07201- B 725
200 (183 182 179 176 170 130/ 98 66 46 20 1.6 11 10 06 N0§800 B 514
‘|:B 167
200 (196 160 106 70_( 45 30 22 20 N04600- B 167
200 (183 182 179 1A6N'17.0 130 98 66 42 20 1.6 11 10 08 N0§800 B 407
{B 161
N03200 B 725
‘|:B 464
19.1 N0§020_B 729
230 (229 228 26 223 N0§825 B 423
23.0 229 228 226 223 N08825 B 705
218 202 200 195 189 N06007 B 619
21.8 N06007 B 622
{B 167
233 200 160 106 70 45 3.0 22 20 N06600-_ B 517
22.9 N06455 B 619
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. . Min.
Spec.  S-No. Size Temp., M Temp.
Material No. (5) UNS No. Class Range, in. Notes °F(6) Tensile Yield to 100 200 300 400 500 600 650 700
Nickel and Nickel Alloy (4) (Cont’d)
Pipes andTubes (2) (Cont’d)
Ni—Cr-Mo—Fe B 619 43 N06002 Sol. ann. (76) :L
Ni—Cr—Mo—F¢] B 622 43 N06002 Sol. ann. .. -325 100 40 267 23.3 23.3 22.9 22.2 24¥ 24.7 20.3
Low C-Ni-Fe-(J-Mo-Cu B 619 45 N08031  Annealed (76)
Low C-Ni-Fe-Cp-Mo-Cu B 622 45 N08031 Annealed -325 94 40 26.7 26.7 26.6 24.8 2332 22.1 21.8 21.2
Ni—-Mo-Cr B 622 43 N06455 Sol. ann. .. -325 100 40 26.8 26.7 26.7 26/A _26.7 26.7 24.7 26.5
Ni-Mo-Cr B619 43  N10276  Sol. ann. 76 |
Ni—-Mo-Cr B 622 43 N10276 Sol. ann. —325 100 41 273 27.3€27.3 27.3 26.9 25.4 24.7 24.0
Ni-Cu B165 42 :L
Ni-Cu B 725 S42 _-NO4400  Str. rel. (54) -325 85 55  28.3-.21.2 21.2 21.0 21.0] ...
Fe-Ni-Cr-Mo-Cu-N B 675 45  NO08367  Annealed > Y 76) |
Fe-Ni-Cr-Mof-Cu-N B 690 45 N08367  Annealed > e (76)
Fe—Ni—-Cr-Mop-Cu-N B 804 45 N08367  Annealed >3/16 . _™—325 95 45 30.0 30.0 29.9 28.6 27.7 26.2 2%.6 25.1
Fe-Ni-Cr-Mof-Cu-N B 675 45 N08367  Annealed < (76) 7
Fe—Ni—Cr-Mop-Cu-N B 690 45 N08367  Annealed < 3/16 (76)
Fe—Ni-Cr-Mo-Cu-N B 804 45 N08367  Annealed 33/16 ce _—325 100 45  30.0 30.0 30.0 29.6 27.7 26.2 2%.6 25.1
Ni-Cr-Mo B619 43 N06022 Sol. ann. . (76) :L
Ni-Cr-Mo B 622 43 N06022 Sol. ann. . —325 100 45 30.0 30.0 30.0 30.0 28.6 27.1 24.5 25.9
Low C-Ni-Cr{Mo B 619 43 NO6059  Sol. ann. 76) :L
Low C-Ni-CrtMo B 622 43 N06059 Sol. ann. —325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 2%.5 26.7
Ni-Mo B 619}
Ni-Mo B 622 | 44 N10001 Sol. ann. ™ -325 100 45 30.0 30.0 30.0 30.0 30.0 30.0 3Q.0 30.0
Ni-Mo B619 44  N10665  Sol. ann. (76) :L
Ni-Mo B 622 44 N10665 Sol. ann. Ce -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Mo B 619 44 N10675  Sol. ann. (76)
Ni-Mo B 622 44 N10675  Sol. ann. c..
Ni-Mo B 626 44 N10675 Sol. ann. 76) —325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Cr-Mo—-CH B 444 43 N06625 Annealed (64)(70) -325 120 60 40.0 40.0 40.0 40.0 38.9 38.0 3%.7 37.4
Plates arld Sheets
Low C-Ni B 162 41 N02201 H.R.
plt. ann.
Low C-Ni B 162 41 N02201 H.R. plt -325 50 12 8.0 77 75 75 75 75 7p 7.4
as R.
Ni B 162 4% N02200 H.R. -325 55 15 10.0 10.0 10.0 10.0 10.0 10.0
plt. ann.
Ni B 16241 N02200 H.R. plt. -325 55 20 133 13.3 13.3 13.3 12.5 115
as R.
Ni—-Fe-Cr BY409 45 N08810  Annealed All -325 65 25 16.7 16.7 16.7 16.7 16.7 16.7 14.0 15.7
Ni—-Fe-Cr B 409 45 N08811 Annealed All -325 65 25 16.7 16.7 16.7 16.7 16.7 16.7 14.0 15.7
Ni—-Fe-Cr-Mo B 620 45 NO08320 Sol. ann. All -325 75 28 18.7 18.7 18.6 179 17.6 1/.5 175 17.5
Ni—-Cu B 127 42 N04400 H.R. -325 70 28 18.7 16.4 15.4 14.8 14.8 14.8 14.8 14.8
plt. ann.
Ni—Cr-Fe—Mo-Cu B 582 45 N06007 Sol. ann. >3/4 -325 85 30 20.0 20.0 20.0 20.0 20.0 19.4 19.2 19.0
Ni—-Fe-Cr B 409 45 N0O8800  Annealed All -325 75 30 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Ni-Cr-Fe-Mo-Cu B 424 45 N08825 Annealed -325 85 35 233 233 23.3 233 23.3 23.3 23.3 23.3
Cr—Ni-Fe—-Mo—-Cu-Cb B 463 45 N08020  Annealed All -325 80 35 233 20.0 19.8 19.4 19.3 19.3 19.2 19.2
Ni-Cr-Fe-Mo—-Cu B 582 45 N06007 Sol. ann. S3/4 -325 90 35 233 233 23.3 233 23.3 22.7 22.5 22.3
Ni—-Cr-Fe—-Mo B 435 43 N06002 H.R sol. ann. All -325 95 35 233 21.1 18.9 16.6 16.0 15.5 15.5 15.5
Ni-Cr-Fe B 168 43 N06600 H.R. plt. ann. -325 80 35 23.3 233 23.2 23.2 23.2 23.2 23.2 23.2
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

Spec.
750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 UNS No. No.
Nickel and Nickel Alloy (4) (Cont’d)
Pipes and Tubes (2) (Cont’d)
‘|:B 619
20.1 [19.8 19.7 19.6 195 19.3 193 175 141 113 9.3 7.7 6.1 4.8 3.8 3.0 NO6002 B 622
‘|:B 619
20.9 RO.5 N08031 B 622
26.1 P5.8 N064%5 _B 622
B 619
23,5 P3.0 226 223 22.1 21.8 185 150 12.2 9.8 7.8 N102y6 - B 622
{B 165
NO4400 _B 725
B 675
B 690
24,7 p4.3 239 23.6 N083¢7 _=B 804
B 675
B 690
24.7 R4.3 239 23.6 N083¢7 —|_B 804
{B 619
25.5 P5.1 N06022 -1 B 622
{B 619
26.1 P5.6 N060%9 B 622
{B 619
30.0 P9.8 N10001 B 622
‘|:B 619
34.0 4.0 N10665 B 622
B 619
B 622
339 B35 ... N106%5 B 626
37.4 B7.4 374 374 374 |37.4 37.4 275N\ 21.0 13.2 N06625 B 444
Plates arld Sheets
B 162
7.3 7.2 5.8 4.5 3.7 3.0 2.4 2.0 1.5 1.2 N022¢1 B 162
N022¢0 B 162
N022¢0 B 162
15.4 [5.3 ~15:% 14.8 14.6 14.4 13.7 11.6 93 7.4 5.9 4.7 3.8 3.0 2.4 1.9 1.5 1.2 1.0 N08810 B 409
15.4 [53_ k.1 14.8 14.6 14.4 13.7 129 10.4 8.3 6.7 5.4 4.3 3.4 2.7 2.2 1.7 1.4 1.1 N08811 B 409
17.4 17.2 ... B N08320 B 620
14.6 14.2 11.0 8.0 N04400 B 127
18.8 18.6 185 184 183 183 ... N06007 B 582
20.0 20.0 18.3 18.2 179 17.6 17.0 13.0 9.8 6.6 4.2 2.0 1.6 1.1 1.0 0.8 N08800 B 409
23.2 23.0 229 22.8 22.6 223 N08825 B 424
19.2 191 ... e e N N08020 B 463
22.0 21.8 20.3 20.0 19.5 19.0 N06007 B 582
15.5 15.5 N06002 B 435
23.3 23.3 20.0 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600 B 168
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ASME B31.3-2008

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or  UNS Min. s h ksi Min.
Spec.  S-No. No. or Size Range, Temp., M Temp.
Material No. (5) Grade Class in. Notes °F(6) Tensile Yield to 100 200 300 400 500 600 650 700
Nickel and Nickel Alloy (4) (Cont’d)
Plates and Sheets (2) (Cont’d)
Ni—-Cr-Fe B 168 43 N06600 H.R. plt. -325 85 35 23.3 21.2 21.2 21.2 21.2 212121.2 21.2
as R.
Ni-Cu B 127 42 NO04400 H.R. plt. -325 75 40 25.0 23.5 21.9 21.2 21.2 [21.2 21.2 21.2
as R.
Low C-Ni-FetCr— B 625 45 N08031 Annealed All -325 94 40 26.7 26.7 26.6 24.8\23.2 22.1 21.8 21.2
Mo—-Cu
Low C-Ni-Mg¢-Cr B 575 43 N06455 Sol. ann. All -325 100 40 26.7 26.7 26.7 \26.7 26.7 26.7 2¢.7 26.5
Low C-Ni-Mq-Cr B 575 43 N10276 Sol. ann. All -325 100 41 27.3  27.3027.3 27.3 26.9 25.4 24.7 24.0
Ni-Cr-Mo—CH B 443 43 N06625 Annealed All (64)(70) -325 110 55 36.7 8677 °36.7 36.7 35.6 34.8 34.6 34.3
plt.
Ni-Cr-Mo-CH B 575 43 N06022 Sol. ann. < 3/15 -325 100 45 30.0, 30.0 30.0 30.0 28.6 27.1 24.5 25.9
sheet
Fe—Ni-Cr-Mol-Cu-N B 688 45 N08367 Annealed > 3/16 -325 95 45 30.0 30.0 29.9 28.6 27.7 26.2 2%.6 25.1
Fe—Ni-Cr-Mof-Cu—-N B 688 45 N08367 Annealed < 3/16 -325 100 45 30.0 30.0 30.0 29.6 27.7 26.2 2%.6 25.1
Low C-Ni-CrtMo B 575 43 N06059 Sol. ann. All -325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 2}.5 26.7
Ni-Mo B 333 44 N10001 Sol. ann. > 3/16, < 21/2 -325 100 45 30.0 30.0 30.0 30.0 30.0 30.0 3¢.0 30.0
plt.
Ni-Mo B 333 44 N10001 Sol. ann. < 3/16 =325 115 50 33.3 33.3 33.3 333 333 333 333 333
sheet
Ni-Mo B 333 44 N10665 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Ni-Mo B 333 44 N10675 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Forgings [and Fittings (2)
Low C-Ni B 160 41 N02201 Annealed All 9)(9a)
Low C-Ni B 366 41 N02201 (32)(74)_-325 50 10 6.7 6.4 63 6.2 6.2 6.2 6, 6.2
Ni B366 41 1
Ni B 564 S-41 N02200 B2)(74) -325 55 12 8.0 80 80 80 80 80
Ni B 564 S-41 N02200 jAnnealed All (©)] -325 55 15 10.0 10.0 10.0 10.0 10.0 10.0
Ni-Fe—Cr B 564 45 N08810L
Ni—-Fe-Cr B 564 45 N08811_fAnnealed (©)] -325 65 25 16.2 16.2 16.2 16.2 16.0 16.0 1.0 15.7
Ni-Cu B 564 42 N04400 Annealed © :L
Ni—-Cu B 366 42 N04400 (32)(74)_-325 70 25 16.7 14.7 13.7 13.2 13.2 13.2 13.2 13.2
Ni—Cr—Fe B 366..\ 43 N06600 B2(74) -325 75 25 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7
Ni-Fe-Cr B366"° 45 N08800 Annealed .
Ni—-Fe-Cr B'564 45 N08800 Annealed ©9) -325 75 30 20.0 20.0 20.0 20.0 20.0 20.0 2¢.0 20.0
Cr-Ni-Fe-Mo-Cu=Cb” B 366 45 N08020 Annealed .. "L
Cr_Ni_Fe_M CuslCh B 462 s NORQ2Q  Annoalad (Q) 320 80 3L 233 20 0 10 8 10 4 1093 10 3 1 2 192
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d) (08)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

UNS No.  Spec.
750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 or Grade No.

Nickel and Nickel Alloy (4) (Cont’d)
Plates and Sheets (2) (Cont’d)

21.2 P12 21.2 21.2 21.2 145 103 7.2 5.8 5.5 NO66¢0 B 168
209 pO3 82 40 ... NO04400 B 127
209 pRO5 ... ... ... N08031 B 625
261 p58 ... ... ... NO064%5 B 575
23,5 P3.0 226 223 221 21.1 185 150 122 9.8 7.8 N10276 B 575
343 PB43 343 343 343 [343 343 254 21.0 132 ... N066%5 B 443
255 p51 ... ... ... N060%2 B 575
247 P43 239 236 ... NO083¢7 B 688
24.7 P43 239 236 ... N083¢7 B 688
261 p56 ... ... ... N060%9 B 575
30.0 pR98 ... ... ... N100¢1 B 333
333 B31 ... ... ... N100¢1 B 333
340 B4O ... ... ... N106¢5 B 333
339 B35 ... ... ... N10675 B 333

Forgings and Fittings (2)

N022¢1 B 160

6.1 5.9 5.8 4.8 3.7 3.0 2.4 2.0 1.5 1.2 N022¢1 B 366
{NOZZ 0 B366

... LN022¢0 B 564

N02200 B 564
{NOSSO B 564
154 h53 151 148 14.6,<144 137 116 93 74 59 47 38 30 24 1.9 1.5 1.2 1.0 |Nos8{1 B 564

{8564
13.0 127 110 80 A= ... .. ... ... ... Noasgo LB 366
167 [16.7 165 159-10.6 7.0 45 3.0 2.2 2.0 ... e aei e ... ... NO66PO B 366
{8366

20.0 0.0 183\v182 17.9 17.6 170 130 98 66 42 20 1.6 1.1 1.0 08 ... ... ... NO88p0 LB 564
JNosoo B 366

19.2 hod { NO8O0 B 462
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(08) Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. or Min. h ksi Min.
Spec. S-No.  UNS No. Size Temp., M Temp.
Material No. (5) or Grade Class Range, in. Notes °F(6) Tensile Yield to 100 200 300 400 500 600 650 700
Nickel and Nickel Alloy (4) (Cont’d)
Forgings and Fittings (2) (Cont’d)
Ni—-Cr-Fe B 564 43 N06600  Annealed All 9 -325 80 35 23.3 233 233 23.3 23.3 233,23\ 23.3
Cr—Ni—Fe—Mo}-Cu B 366 45 N08825  Annealed -325 85 35  23.3 233 23.3 23.3 23.3723.3 23.p 23.3
Cr—Ni—-Fe—Mo}-Cu B 564 45 N08825  Annealed -325 85 35 233 233 233 23.3 23.3 23.3 23.B 23.3
Ni—Cr—Mo—Fe B 366 43 N06002 3B2)(74) -325 100 40 26.7 23.3 23.3 22.9\22.3 21.1 20.fF 20.3
Low C-Ni-FetCr— B 366
Mo-Cu
Low C-Ni-FetCr- B 564 [~45 N08031  Annealed All -325 94 40 26.7 26.7.26,6 24.8 23.2 22.1 21.8 21.2
Mo-Cu HW.
Ni—Mo-Cr B 366 43 N10276  Sol. ann. All ..
Ni-Mo-Cr B 564 43 N10276  Sol. ann. All ) -325 100 41 273 27.3 27.3 27.3 26.9 25.4 24F 24.0
Ni-Mo B 366 44 N10001 B2)(74) -325 100 45, 30.0 250 250 24.7 24.3 24.2 24 24.0
Ni—-Mo-Cr B 366 43 N06022 . . (B32)(74)
Ni-Cr-Mo B 564 43 N06022 -325 100 45 30.0 30.0 30.0 30.0 28.6 27.1 26.p 25.9
Low C-Ni-Cr{Mo B 366
Low C-Ni-Cr{Mo B 564 [~43 N06059  H.W. sol. ann. All -325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 27.p 26.7
Ni-Cr-Mo-CH B 564 43 N06625 Annealed <4 9)(64) -325 120 60 40.0 40.0 40.0 40.0 38.3 38.0 37.f 37.4
Ni-Mo B 366 44 N10665  Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.p 34.0
Ni-Mo B 366
Ni-Mo B 462
Ni-Mo B 564 44 N10675  Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.p 34.0
Rod and [Bar
Ni B 160 41 N02200  HMW. All 9 -325 60 15 10.0 10.0 10.0 10.0 9.5 8.3
Ni B 160 41 N02200  Annealed All ) -325 55 15 10.0 10.0 10.0 10.0 10.0 10.0
Ni—-Cu B 164 42 N04400  Ann.“forg. All 13) -325 70 25 16.7 14.7 13.7 13.2 13.2 13.2 13.p 13.2
Ni—Fe-Cr-Mo B 621 45 N08320 (Salann. All -325 75 28 187 18.7 186 179 17.6 17.5 17p 17.5
Ni—Cr-Fe—Mof-Cu B 581 45 N060Q7 4 “Sol. ann. >3/4 -325 85 30 20.0 20.0 20.0 20.0 20.0 19.4 19.p 19.0
Ni—Fe—Cr—Mof-Cu B 425 45 N08825  Annealed -325 85 35 23.3 233 233 23.3 23.3 23.3 23.p 23.3
Ni—Cr-Fe—Mof-Cu B 581 45 NO6007  Sol. ann. 33/4 -325 90 35 233 223 223 22.3 22.3 22.7 22.p 22.3
Low C-Ni-FetCr— B 649 45 N08031  Annealed All -325 94 40 26.7 26.7 26.6 24.8 23.2 22.1 218 21.2
Mo—-Cu
Ni—-Cu B 164 42 N04400  H.W. All except ... -325 80 40 26.6 20.0 20.0 20.0 20.0 20.0 20.p 19.2
Ni-Mo-Cr B'S74 43 N06455  Sol. ann. hex.>21/8 ) -325 100 40 26.7 26.7 26.7 26.7 26.7 26.7 26.f 26.5
All
Ni—Cr—Mo-CH B 446 43 N06625  Annealed -|;4t0 10 (9)(64) -325 110 50 33.3 33.3 33.3 33.3 32.4 31.7 31.h 31.2
(70)
< 4 9)(64) -325 120 60 40.0 40.0 40.0 40.0 38.3 38.0 37.7 37.4
(70)
Low C-Ni-Cr-Mo B 574 43 N06059  Sol. ann. All -325 100 45 30.0 30.0 30.0 30.0 29.6 28.1 27.5 26.7
Ni-Mo B335 44 N10675 Sol. ann. All -325 110 51 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Castings (2)
Ni—-Mo-Cr A 494 ... CW-12MW ... . 9)(46)
Ni—-Mo-Cr A 494  S-44  CW-6M ) =325 72 40 24.0 17.1 16.2 16.2 16.2 16.2 16.1 16.1
Ni-Cr-Mo A 494 43 CX-2MW  Sol. ann. e ©) -325 80 45  26.7 25.9 25.3 249 23.6
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal Temperature, °F (7)

UNS No.  Spec.
750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 or Grade No.

Nickel and Nickel Alloy (4) (Cont’d)
Forgings and Fittings (2) (Cont’d)

23.3 P33 200 16.0 10.6 7.0 4.5 3.0 2.2 20 ... s S L L S L L A NO66¢0 B 564

23.2 P3.0 229 228 226 223 ... NO088%5 B 366
23.2 P3.0 229 228 226 223 ... NO88%5 B 564

20.1 [19.8 19.7 19.6 19.5 19.3 184 175 141 113 9.5 7.7 6.1 4.3 3.8 3.0 N060¢2 B 366
B 366

209 pROS5 ... ... ... NO8031 B 564

239 P38 ... ... ... N10001 B 366

B 366
B 564

1255 P50 ... .. e e eSS L N06072
: B 366

B 366
23.5 P3.0 226 223 221 21.8 185 150 12.2 9.8 7.8 N10276 ~|:B 564

261 P56 .. ... oo e oo oo SN0 L0 L L0 L L. N060§9 { B 564
37.4 PB7.4 37.4 374 37.4) 374 374 234 210 132 ... .. Lo ..o .0 0 L0 L0 .. NO66I5S B 564
934.0 P40 ... .. Lo L oA s oo oo N10665 B 366
; N10615 B 366
: N10615 B 462
T T2 I X0y R - 1Y

Rodl and Bar

N022¢0 B 160
N022¢0 B 160

13.0 2.7 11.0 80 ... NO04400 B 164
17.4 Qrz.2 ... NO08320 B 621

18.8 [18.6 185 184 183 183 .3 N060¢7 B 581
23.2 P3.0 229 228 226 223) ... NO08825 B 425
22.0 P1.8 20.3 20.0 1954190 ... N060¢7 B 581

209 ROS5 ... ... . N08031 B 649

18.5 [4.5 85 40/ .. NO44¢0 B 164

26.1 P5.8 .. \N\M.. ... NO064%5 B 574

31.2 B1.27731.2 31.2 31.2 312 312 231 231 210 132 ... —I—N066 5 B 446

37.4 37.4 37.4 37.4 37.4| 37.4 374 374 277 210 132 ... J

261 256 ... ... ... N06059 B 574
339 335 ... ... ... N10675 B 335

Castings (2)

CW-6M A 494
CX-2MwW A 494

CW-12MW A 494
15.7 15.2 148 14.4 141 138
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1)

P-No. or Min. SSpecifieI(fI l\:l(ln at Metal Temperature, °F (7)
S-No. Temp., M Min. Temp.
Material Spec. No. (5) Grade Notes °F (6) Tensile Yield to 100 150 200
Titanium and Titanium Alloy
Pipes and Tubes (2)
Ti B 337 51 1 17) -75 35 25 11.7 10.8 9.7
Ti B 337 51 2 l
Ti—0.2Pd B 337 51 7 17 =75 50 40 16.7 16.7 16.7
Ti B 337 52 3 17 -75 65 55 21.7 20.8 19.0
Plates arld Sheets
Ti B 265 51 1 -75 35 25 11.6 10.8 9.7
Ti B 265 51 2 -75 50 40 16.7 16.7 16.7
Ti B 265 52 3 -75 65 55 21.7 20.8 19.0
Forgings
Ti B 381 51 F1 -75 35 25 11.7 10.8 9.7
Ti B 381 51 F2 -75 50 40 16.7 16.7 16.7
Ti B 381 52 F3 =75 65 55 21.7 20.8 19.0
Zirconium gnd Zirconium Alloy
Pipes anfl Tubes (2)
Zr B 523 :L
Zr B 658 61 R60702 -75 55 30 17.3 16.0 14.7
Zr + Cb B 523 l
Zr + Cb B 658 62 R60705 (73) -75 80 55 26.7 24.6 22.1
Plates arld Sheets
Zr B 551 61 R60702 . -75 55 30 17.3 16.0 14.7
Zr + Cb B 551 62 R60705 (73) -75 80 55 26.7 24.6 22.1
Forgings [and Bar
o B 493 :L
Zr B 550 61 R60702 -75 55 30 17.3 16.0 14.7
Zr + Cb B 493 62 R60705 (73) -75 70 55 23.3 A A
Zr + Cb B 550 62 R60705 (73) -75 80 55 26.7 24.6 22.1
186

Copyright ASME International

Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1),

at Metal Temperature, °F (7)

250 300 350 400 450 500 550 600 650 700 Grade Spec. No.
Titanium and Titanium Alloy
Pipes and Tubes )
8.6 7.7 6.9 6.4 6.0 5.3 4.7 4.2 1 B 337
{ 2 B 337
13.7 12.3 10.9 9.8 8.8 8.0 7.5 7.3 7 B 337
17.3 15.6 13.9 12.3 11.1 9.9 8.9 8.0 3 B 337
Plates arld Sheets
8.6 7.7 6.9 6.4 6.0 5.3 4.7 4.2 1 B 265
13.7 12.3 10.9 9.8 8.8 8.0 7.5 7.3 2 B 265
17.3 15.6 13.9 12.3 11.1 9.9 8.9 8.0 3 B 265
Forgings
8.6 7.7 6.9 6.4 6.0 5.3 4.7 4.2 F1 B 381
13.7 12.3 10.9 9.8 8.8 8.0 7.5 753 F2 B 381
17.3 15.6 13.9 12.3 111 9.9 8.9 8.0 F3 B 381
Zirconium and Zircpnium Alloy
Pipes and [Tubes (2)
i" B 523
13.5 12.4 11.5 9.3 8.9 8.1 8.0 7.9 7.2 6.4 R60702 | B 658
i‘ B 523
20.5 18.6 17.7 16.7 16.2 15.6 14.8 13.9 13.6 13.2 R60705 | B 658
Plates arld Sheets
13.5 12.4 11.5 9.3 8.9 8.1 8.0 7.9 7.2 6.4 R60702 B 551
20.5 18.6 17.7 16.7, 16.2 15.6 14.8 13.9 13.6 13.2 R60705 B 551
Forging$ and Bar
i‘ B 493
13.5 12.4 11.5 9.3 8.9 8.1 8.0 7.9 7.2 6.4 R60702 | B 550
R60705 B 493
20.5 18.6 17.7 16.7 16.2 15.6 14.8 13.9 13.6 13.3 R60705 B 550
187
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal
Temperature, °F (7)

Size or " . Min.
P-No. or Thickness Min. Sspeafledh h:l(m Temp.
S-No. Range, Temp., M to

Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Aluminum Alloy

Seamlesg Pipes and Tubes
B 210, B 241 21 ]‘ 1060 0, H112, (14)(33) -452 8.5 2.5 1.7 1.7 1.6 1.5 13 1.1 0.8
B 345 S-21 H113
B 210 21 1060 H14 A (14)(33) -452 12 10 4.0 4.0 4.0 30 2.6 1.8 1.1
B 241 21 1100 0, H112 (14)(33) -452 11 3 2.0 2.0 2.0 1.9 1.7 1.3 1.0
B 210 21 1100 H113 s (14)(33) -452 11 3.5 2.3 2.3 2.3 2.3 1.7 1.3 1.0
B 210 21 1100 H14 e (14)(33) -452 16 14 5.3 53 5.3 4.9 2.8 1.9 1.1
B210,8 241 21 }
B 345, B 491 S-21 3003 0, H112 . (14)(33) -452 14 5 3.3 3.3 3.3 3.1 2.4 1.8 1.4
B 210 21 _ 3003 H14 . (14)(33) -452 20 17 6.7 6.7 6.7 4.8 4.3 3.0 2.3
B210,B8 241 2 }
B 345 S-21 3003 H18 .. (14)(33) -452 27 24 9.0 9.0 8.9 6.3 5.4 3.5 2.5
B 210, B 241 21 ]‘ Alclad 0, H112 (14)(33) -452¢\, 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6 1.3
B 345 S-21 3003
B 210 21 Alclad H14 . (14)(33) =452 19 16 6.0 6.0 6.0 4.3 3.9 2.7 2.1

3003
B 210 21 Alclad H18 . (14)33) -452 26 23 8.1 8.1 8.0 5.7 4.9 3.2 2.2
3003

B 210, B 241 22 5052 0 (14) -452 25 10 6.7 6.7 6.7 6.2 5.6 4.1 2.3
B 210 22 5052 H32 . (4)(33) -452 31 23 103 103 103 7.5 6.2 4.1 2.3
B 210 22 5052 H34 e (14)(33) -452 34 26 11.3 113 113 8.4 6.2 4.1 2.3
B 241 25 l
B 210, B 345 S-25 5083 0, H112 . (33) -452 39 16 10.7 10.7
B 241 25 'J 5086 0, HIM2 . (33) -452 35 14 93 93
B 210, B 345 S-25
B 210 S-25 5086 H32 ce. (33) =452 40 28 133 133
B 210 S-25 5086 H34 . (33) =452 44 34 14.7 147
B 210 22 5154 0 -452 30 11 7.3 7.3
B 210 22 5154 H34 . (33) -452 39 29 133 13.0
B 241 22 5454 0, H112 (33) -452 31 12 8.0 8.0 8.0 7.4 5.5 4.1 3.0
B 210 25 ]‘ 5456 0, H112 (33) -452 41 19 12.7 12.7
B 241 S-25
B 210 23 _ 6061 T4 e (33) -452 30 16 10.0 10.0 10.0 9.8 9.2 7.9 5.6
B 241 23 i
B 345 S-23 6061 T4 e (33)(63) -452 26 16 8.7 8.7 8.7 8.5 8.0 7.9 5.6
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal
Temperature, °F (7)

Size or ified Mi Min.
P-No. or Thickness Min. SSpeu Ieh k"f' Temp.
S-No. Range, Temp., M to

Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Alumit:m Alloy (Cont’d)

Seanless Pipes and Tubes (Cont’d)
B 210 23 6061 T6 e (33) =452 42 35 14.0 140 140 132,113 7.9 5.6
B 241 23 j|‘ 6061 T6 (33)(63) -452 38 35 12.7 127 127 +121 10.6 7.9 5.6
B 345 S-23
B 210, B 241 23 jI‘ 6061 T4, T6 . (22)(63) -452 24 8.0 8,0 8.0 7.9 7.4 6.1 4.3
B 345 S-23 wld.
B 210 23 6063 T4 e (33) =452 22 10
B 241 3 1
B 345 S-23 6063 T4 <0.500 (33) -452 19 10 6.7 6.7 6.7 6.7 6.7 3.4 2.0
B 241 3 1
B 345 S-23 6063 T5 <0.500 (33 =452 22 16 7.3 7.3 7.2 6.8 6.1 3.4 2.0
B 210 23 6063 T6 ... (33) -452%\33 28 11.0 11.0 105 9.5 7.0 3.4 2.0
B 241 3 1
B 345 S-23 6063 T6 .. (33) =452 30 25 10.0  10.0 9.8 9.0 6.6 3.4 2.0
B 210, B 241 23 jI‘ 6063 T4, 75, T6 ce. ce. -452 17 el 5.7 5.7 5.7 5.6 5.2 3.0 2.0
B 345 S-23 wld.

WelHded Pipes and Tubes
B 547 25 5083 0 ce. . -452 40 18 12.0 12.0

Stryctural Tubes
B 221 21 1060 0, H112 L. (33)(69) -452 8.5 2.5 1.7 1.7 1.6 1.5 1.3 1.1 0.8
B 221 21 1100 0, H112 e (33)(69) -452 11 3 2.0 2.0 2.0 1.9 1.7 1.3 1.0
B 221 21 3003 0,°H112 e (33)(69) -452 14 5 3.3 3.3 3.3 3.1 2.4 1.8 1.4
B 221 21 Alclad 0/H112 ce. (33)(69) -452 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6 1.3

3003

B 221 22 5052 0 (69) =452 25 10 6.7 6.7 6.7 6.2 5.6 4.1 2.3
B 221 25 5083 0 (69) -452 39 16 107 107
B 221 25 5086 0 (69) -452 35 14 9.3 9.3
B 221 22 5154 0 (69) -452 30 11 7.3 7.3
B 221 22 5454 0 (69) -452 31 12 8.0 8.0 8.0 7.4 5.5 4.1 3.0
B 221 25 5456 & — {65 4b2—Lt 10 e
B 221 23 6061 T4 e (33)(63)(69) -452 26 16 8.7 8.7 8.7 8.5 8.0 7.7 5.3
B 221 23 6061 T6 e (33)(63)(69) =452 38 35 12.7 127 127 121 10.6 7.9 5.6
B 221 23 6061 T4, T6 wld. . (22)(63)(69) -452 24 . 8.0 8.0 8.0 7.9 7.4 6.1 4.3
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal
Temperature, °F (7)

Size or " . Min.
P-No. or Thickness Min. Specified M"}' Temp.
S-No. Range, Temp., M to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Aluminumilloy (Cont’d)
Structural Tubes (Cont’d)
B 221 23 6063 T4 <0.500  (13)(33)(69) -452 19 10 6.4 6.4 6.4 6.4 6.4 3.4 2.0
B 221 23 6063 15 <0.500  (13)(33)(69) -452 22 16 7.3 7.3 7.2 6.8 6.1 3.4 2.0
B 221 23 6063 T6 (33)(69) -452 30 25 10.0 10.0 9.8 9.0 6.6 3.4 2.0
B 221 23 6063 T4, 75, T6 (69) =452 17 5.7 5.7 5.7 5.6 5.2 3.0 2.0
wld.
Plates arld Sheets
B 209 21 1060 0 . e -452 8 2.5 1.7 1.7 1.6 1.5 1.3 1.1 0.8
B 209 21 1060 H112 0.500- (13)33) -452 10 5 33 3.2 2.9 1.9 1.7 1.4 1.0
1.000
B 209 21 1060 H12 (33) -452 11 9 3.7 3.7 3.4 2.3 2.0 1.8 1.1
B 209 21 1060 H14 (33) -452 12 10 4.0 4.0 4.0 3.0 2.6 1.8 1.1
B 209 21 1100 0 . e -452 11 3.5 2.3 2.3 2.3 2.3 1.7 1.3 1.0
B 209 21 1100 H112 0.500- (13)(33) -452 12 5 3.3 3.3 3.3 2.5 2.2 1.7 1.0
2.000
B 209 21 1100 H12 (33) -452 14 11 4.7 4.7 4.7 3.2 2.8 1.9 1.1
B 209 21 1100 H14 (33) =452 16 14 5.3 5.3 5.3 3.7 2.8 1.9 1.1
B 209 21 3003 0 . e -452 14 5 3.3 3.3 3.3 3.1 2.4 1.8 1.4
B 209 21 3003 H112 0.500- (13)33) -452 15 6 4.0 4.0 3.9 3.1 2.4 1.8 1.4
2.000
B 209 21 3003 H12 (33) -452 17 12 5.7 5.7 5.7 4.0 3.6 3.0 2.3
B 209 21 3003 H14 (33) -452 20 17 6.7 6.7 6.7 4.8 4.3 3.0) 2.3
B 209 21 Alclad 0 0.006= (66) -452 13 4.5
3003 0:499
B 209 21 Alclad 0 0.500- (68) -452 14 5 3.0 3.0 3.0 2.8 2.2 1.6 1.3
3003 3.000
B 209 21 Alclad H112 0.500- (33)(66) -452 15 6 3.6 3.6 3.5 2.8 2.2 1.6) 1.3
3003 2.000
B 209 21 Alclad H12 0.017- (33)(66) =452 16 11
3003 0.499
B 209 21 Alclad H12 0.500- (33)(68) -452 17 12 5.1 5.1 5.1 3.6 3.2 2.7 2.1
3003 2.000
B 209 21 Alclad H14 0.009- (33)(66) -452 19 16
3003 0.499
B 209 21 Alclad H14 0.500- (33)(68) -452 20 17 6.0 6.0 6.0 4.3 3.9 2.7 2.1
3003 1.000
B 209 22 3004 0 e -452 22 8.5 5.7 5.7 5.7 5.7 5.7 3.8 2.3
B 209 22 3004 H112 (33) -452 23 9 6.0 6.0 6.0 6.0 5.8 3.8 2.3
B 209 22 3004 H32 (33) -452 28 21 9.3 9.3 9.3 7.0 5.8 3.8 2.3
B 209 22 3004 H34 (33) =452 32 25 10.7 10.7  10.7 8.0 5.8 3.8 2.3
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(08) Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal
Temperature, °F (7)

Size or . . Min.
P-No. or Thickness Min. Specified M"}' Temp.
S-No. Range, Temp., S"Lth’ks' to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Alumi[tum Alloy (Cont’d)
Platles and Sheets (Cont’d)
B 209 22 Alclad 0 0.006- (66) -452 21 8 7
3004 0.499
B 209 22 Alclad 0 0.500- (68) -452 22 85 I 5.1 5.1 5.1 5.1 5.1 3.4 2.1
3004 3.000
B 209 22 Alclad H112 0.250- (33)(66) -452 22 85 |
3004 0.499
B 209 22 Alclad H112 0.500 (33)(68) -452 23 9 I 54 5.4 5.4 5.4 5.2 3.4 2.1
3004 3.000
B 209 22 Alclad H32 0.017- (33)(66) =452 27 20
3004 0.499
B 209 22 Alclad H32 0.500- (33)(68) -452 28 2y - 8.4 8.4 8.4 6.3 5.2 3.4 2.1
3004 2.000 _
B 209 22 Alclad H34 0.009- (33)(66) -452 31 24
3004 0.499
B 209 22 Alclad H34 0.500- (33)(68) =452 % \32 25 1 9.6 9.6 9.6 7.2 5.2 3.4 2.1
3004 1.000
B 209 S-21 5050 0 .. ... =452 18 6 4.0 4.0 4.0 40 4.0 2.8 1.4
B 209 S-21 5050 H112 e (33) =452 20 8 5.3 5.3 5.3 5.3 5.3 2.8 1.4
B 209 S-21 5050 H32 .. (33) =452 22 16 7.3 7.3 7.3 5.5 5.3 2.8 1.4
B 209 S-21 5050 H34 e (33) =452 25 20 8.3 8.3 8.3 6.3 5.3 2.8 1.4
B 209 22 5052 & 0
5652
B 209 22 5052 & H112 0.500- @3)33) -452 25 9.5 6.3 6.3 6.3 6.2 5.6 4.1 2.3
5652 3.00
B 209 22 5052 & H32 L (33) -452 31 23 10.3 103 103 7.5 6.2 4.1 2.3
5652
B 209 22 5052 & H34 e (33) -452 34 26 11.3 113 113 8.4 6.2 4.1 2.3
5652
B 209 25 5083 0 0.051- (13) -452 40 18 120 120
1.500
B 209 25 5083 H32 0.188- (13)33) -452 44 31 14.7 147
1.500
B 209 25 5086 0 . . -452 35 14 1
B 209 25 5086 H112 0.500- (13)33) -452 35 16 9.3 9.3
1.000
B 209 25 5086 H32 .. (33) =452 40 28 133 133
B 209 25 5086 H34 . (33) -452 44 34 14.7 147
B 209 py) 51548 0O 7
5254 l
B 209 22 5154 & H112 0.500- (13)33) =452 30 11 7.3 7.3
5254 3.000
B 209 22 5154 & H32 e (33) -452 36 26 12.0 12.0
5254
B 209 22 5154 & H34 e (33) -452 39 29 13.0 13.0
5254
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal

Temperature, °F (7)

Size or " . Min.
P-No. or Thickness Min. Sspeafledh h:l(m Temp.
S-No. Range, Temp., M to
Spec. No. ) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Aluminum ,flloy (Cont’d)
Plates [and Sheets (Cont’d)
B 209 2 5454 0 1
B 209 22 5454 H112 0.500- (13)33) -452 31 12 8.0 8.0 8.0 7.4 5.5 41 3.0
3.000
B 209 22 5454 H32 (33) -452 36 26 120 120 12,0 7.5 5.5 4.1 3.0
B 209 22 5454 H34 (33) -452 39 29 13.0 13.0 3.0 7.5 5.5 4.1 3.0
B 209 25 5456 0 0.051- (13) -452 42 19 12.7 127
1.500
B 209 25 5456 H321 0.188- (13)33) -452 46 33 153 ¥ 15.3
0.499
B 209 23 6061 T4 (33)(63) -452 30 16 10.0 10.0 10.0 9.8 9.2 7.9 5.6
B 209 23 6061 T6 )
B 209 23 6061 T651 0.250- (13)33) =452 42 35 14.0 140 140 13.2 112 7.9 5.6
4.000
B 209 23 6061 T4, T6 (22)(63) -452 (24 8.0 8.0 8.0 7.9 7.4 6.1 4.3
wild.
B 209 23 Alclad T4 (33)(66) =452 27 14
6061
B 209 23 Alclad T451 0.250- (33)(66) -452 27 14 9.0 9.0 9.0 8.8 8.3 7.1 5.0
6061 0.499
B 209 23 Alclad T451 0.500- (33)(68) -452 30 16
6061 3.000
B 209 23 Alclad T6 N
6061
B 209 23 Alclad T651 0.250- (33)(66) -452 38 32 12.6 126 126 119 10.1 7.1 5.0
6061 0.499
B 209 23 Alclad T651 0.500- (33)(68) =452 42 35
6061 4.000
B 209 23 Alclad T4 T6 (22)(63) -452 24 8.0 8.0 8.0 7.9 7.4 6.1 4.3
6061 wid.
Forgings [and Fittings (2)
B 247 21 3003 H112, 9)(45) -452 14 5 3.3 33 3.3 3.1 2.4 1.8 1.4
H112
wld.
B 247 25 5083 0, H112, 93B2(33) -452 38 16 10.7 107
H112
wld.
82217 23 6061 T6 9)33) -452 38 35 127 127 127 121 106 7.9 5.6
82217 23 6061 T6 wld. 922 -452 24 8.0 8.0 8.0 7.9 7.4 6.1 4.3
B 361 S-21 WP1060 0, H112 (13)(14)(23) -452 8 2.5 1.7 1.7 1.6 1.5 1.3 1.1 0.8
B (32)33)
192
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(08) Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress S, ksi (1), at Metal
Temperature, °F (7)

Size or ified Mi Min.
P-No. or Thickness Min. SSpeu Ieh T(m Temp.
S-No. Range, Temp., M to
Spec. No. (5) Grade Temper in. Notes °F(6) Tensile Yield 100 150 200 250 300 350 400
Aluminum Alloy (Cont’d)
Forgdings and Fittings (2) (Cont’d)
B 361 S-21 WP1100 0, H112 e (13)14)(23)(32) -452 11 3 2.0 2.0 2.0 1.9 1.7 1.3 1.0
(33)
B 361 S-21 WP3003 0, H112 e (13)14)(23)(32) -452 14 5 3.3 3.3 33 3.1 2.4 1.8 1.4
(33)
B 361 S-21 WP Alclad 0, H112 e (13)14)(23)(32) -452 13 4.5 3.0 3.0 3.0 2.8 2.2 1.6 1.3
3003 (33)(66)
B 361 S-25 WP5083 0, H112 s (13)(23)32)(33) -452 39 16 107 10.7
B 361 S22 WP5154 0, H112 e (23)32)(33) -452 30 11 7.3 7.3
B 361 S-23 WP6061 T4 . (13)(23)32)(33)  -452 26 16 8.7 8.7 8.7 8.5 8.0 7.7 5.6
(63)
B 361 S-23 WP6061 T6 ... (13)23)32)(33)  -452%\38 35 127 127 127 121 106 7.9 5.6
63)
B 361 S-23 WP6061 T4, T6 wld. e (22)(23)(32)(63) -452 24 e 8.0 8.0 8.0 7.9 7.4 6.1 4.3
B 361 S-23 WP6063 T4 e (13)(23)32)83) -452 18 9 6.0 6.0 6.0 6.0 6.0 3.4 2.0
B 361 S-23 WP6063 T6 e (13)(23)(32)(33) -452 30 25 10.0 10.0 9.8 9.0 6.6 3.4 2.0
B 361 S-23 WP6063 T4, T6 wld. e (23)32) -452 17 e 5.7 5.7 5.7 5.6 5.2 3.0 2.0
Castings (2)
B 26 . 443.0 F .. 9)(43) -452 17 7 4.7 4.7 4.7 4.7 4.7 4.7 3.5
B 26 . 356.0 T6 . 9)(43) -452 30 20 10.0  10.0 10.0 8.4 ... C. .
B 26 . 356.0 71 .. 9)43) -452 25 18 8.3 8.3 8.3 8.1 7.3 5.5 2.4
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Table A-1A Basic Casting Quality Factors, E,

These quality factors are determined in accordance with para. 302.3.3(b). See also
para. 302.3.3(c) and Table 302.3.3C for increased quality factors applicable in special

cases. Specifications are ASTM.

Appendix A

Spec. No. Description E. [Note (2)] Notes
Iron
A ’-II7 :‘V‘lld‘l‘lcdbllc ;IUII Ldbt;lls) 1.0\} (’7‘)
A 48 Gray iron castings 1.00 )
A 126 Gray iron castings 1.00 9)
A 197 Cupola malleable iron castings 1.00 )
A 278 Gray iron castings 1.00 )
A 395 Ductile and ferritic ductile iron castings 0.80 9), (460)
A 571 Austenitic ductile iron castings 0.80 9), (40)
Carbon Steel
A 216 Carbon steel castings 0.80 ), (40)
A 352 Ferritic steel castings 0.80 9), (40)
Low and Intermediate Alloy Steel
A 217 Martensitic stainless and alloy castings 0.80 ), (40)
A 352 Ferritic steel castings 0.80 9), (40)
A 426 Centrifugally cast pipe 1.00 (10)
Stainless Steel
A 351 Austenitic steel castings 0.80 ), (40)
A 451 Centrifugally cast pipe 0.90 (10), (40
A 487 Steel castings 0.80 9), (40)
Copper and Copper Alloy
B 61 Steam bronze castings 0.80 9), (40)
B 62 Composition hronze castings 0.80 ), (40)
B 148 Al-bronze ‘and Si—-Al-bronze castings 0.80 9), (40)
B 584 Copper alloy castings 0.80 9), (40)
Nickel and Nickel Alloy
A 494 Nickel and nickel alloy castings 0.80 9), (40)
Aluminum Alloy
B 26, Temperk Aluminum alloy castings 1.00 9, (10)
B 26, Tempet<76, T71 Aluminum alloy castings 0.80 9), (40)
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Table A-1B  Basic Quality Factors for Longitudinal Weld Joints in Pipes, Tubes, and Fittings, E;

These quality factors are determined in accordance with para. 302.3.4(a). See also para. 302.3.4(b) and Table
302.3.4 for increased quality factors applicable in special cases. Specifications, except API, are ASTM.

Spec. No. Class (or Type) Description E (2) Appendix A Notes
Carbon Steel
API 5L Seamless pipe 1.00
Electric resistance welded pipe 0.85
Elactric fuciaon waldad pipn, daoubla I'\||H" ch«aighf 095,
or spiral seam
Furnace butt welded 0.60
A 53 Type S Seamless pipe 1.00
Type E Electric resistance welded pipe 0.85
Type F Furnace butt welded pipe 0.60
A 105 Forgings and fittings 1200 )
A 1d6 Seamless pipe 1.00
A 134 Electric fusion welded pipe, single butt, straight 0.80
or spiral seam
A 135 Electric resistance welded pipe 0.85
A 139 Electric fusion welded pipe, straight or spiral 0.80
seam
A 179 Seamless tube 1.00 e
A 141 Forgings and fittings 1.00 )
A 234 Seamless and welded fittings 1.00 (16)
A 333 Seamless pipe 1.00
Electric resistance welded pipe 0.85
A 334 Seamless tube 1.00 ...
A 350 Forgings and fittings 1.00 )
A 349 Seamless pipe 1.00 -
A 341 Electric fusiop~welded pipe, 100% radiographed 1.00 (18)
Electric fusion"welded pipe, spot radiographed 0.90 (19)
Electric/fusion welded pipe, as manufactured 0.85
A 420 Welded fittings, 100% radiographed 1.00 (16)
A 524 Seamless pipe 1.00
A 587 Electric resistance welded pipe 0.85
A 671 12, 22, 32, 42, 52 Electric fusion welded pipe, 100% radiographed 1.00
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85
A 672 12, 22, 32, 4252 Electric fusion welded pipe, 100% radiographed 1.00
13, 23, 33,43:53 Electric fusion welded pipe, double butt seam 0.85
A 691 12, 22, 32,%2, 52 Electric fusion welded pipe, 100% radiographed 1.00
13, 23333, 43, 53 Electric fusion welded pipe, double butt seam 0.85
Low apd Intermedjate*Alloy Steel
A 182 Forgings and fittings 1.00 9
A 234 Seamless and welded fittings 1.00 (16)
(08) A 333 Seamless pipe 1.00 .
Electric resistance welded pipe 0.85 (78)
A 334 Seamless tube 1.00 S
A 335 Seamless pipe 1.00
A 350 Forgings and fittings 1.00
A 369 Seamless pipe 1.00
A 420 Welded fittings, 100% radiographed 1.00 (16)
(08) A 671 12, 22, 32, 42, 52 Electric fusion welded pipe, 100% radiographed 1.00 ...
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85 (78)
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Table A-1B Basic Quality Factors for Longitudinal Weld Joints in Pipes, Tubes, and Fittings, E; (Cont’d)

These quality factors are determined in accordance with para. 302.3.4(a). See also para. 302.3.4(b) and Table
302.3.4 for increased quality factors applicable in special cases. Specifications, except API, are ASTM.

Spec. No. Class (or Type) Description E (2 Appendix A Notes
Low and Intermediate Alloy Steel (Cont’d)
(08) A 672 12, 22, 32, 42, 52 Electric fusion welded pipe, 100% radiographed 1.00 .
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85 (78)
(08) A 691 1 '7, ')')’ ‘.z')’ /.'>’ o) Elactric fucion waldad pipn’ 100% mAingmphnA 100 —_
13, 23, 33, 43, 53 Electric fusion welded pipe, double butt seam 0.85 (78)
Stainless Steel
A 182 Forgings and fittings 1.00
A 268 Seamless tube 1.00
Electric fusion welded tube, double butt seam 0.85
Electric fusion welded tube, single butt seam 0.80
A 269 Seamless tube 1.00
Electric fusion welded tube, double butt seam 0:85
Electric fusion welded tube, single butt seam 0.80
A 312 Seamless tube 1.00
Electric fusion welded tube, double butt sean 0.85
- Electric fusion welded tube, single butt sedm 0.80
A 358 1,3, 4 Electric fusion welded pipe, 100% radiographed 1.00
5 Electric fusion welded pipe, spot radiographed 0.90
2 Electric fusion welded pipe, double‘butt seam 0.85
A 376 Seamless pipe 1.00
A 403 Seamless fittings 1.00 .
Welded fitting, 100% radiegraphed 1.00 (16)
Welded fitting, double butt seam 0.85 -
Welded fitting, single butt seam 0.80
A 409 Electric fusion wélded pipe, double butt seam 0.85
Electric fusion\welded pipe, single butt seam 0.80 -
A 487 Steel castirigs 0.80 9)(40)
A 789 Seamless tube 1.00
Electric fusion welded, 100% radiographed 1.00
Electric fusion welded, double butt 0.85
Electric fusion welded, single butt 0.80
A 790 Seamless pipe 1.00
Electric fusion welded, 100% radiographed 1.00
Electric fusion welded, double butt 0.85
Electric fusion welded, single butt 0.80
A 815 Seamless fittings 1.00 -
Welded fittings, 100% radiographed 1.00 (16)
Welded fittings, double butt seam 0.85
Welded fittings, single butt seam 0.80
Copper and Copper Alloy
B 42 Seamless pipe T.00
B 43 Seamless pipe 1.00
B 68 Seamless tube 1.00
B 75 Seamless tube 1.00
B 88 Seamless water tube 1.00
B 280 Seamless tube 1.00
B 466 Seamless pipe and tube 1.00
B 467 Electric resistance welded pipe 0.85
Electric fusion welded pipe, double butt seam 0.85
Electric fusion welded pipe, single butt seam 0.80
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Table A-1B Basic Quality Factors for Longitudinal Weld Joints in Pipes, Tubes, and Fittings, E; (Cont’d)

These quality factors are determined in accordance with para. 302.3.4(a). See also para. 302.3.4(b) and Table
302.3.4 for increased quality factors applicable in special cases. Specifications, except API, are ASTM.

Spec. No. Class (or Type) Description E (2) Appendix A Notes
Nickel and Nickel Alloy
B 160 Forgings and fittings 1.00 )
B 161 Seamless pipe and tube 1.00 e
B 164 Envgingc and Fiffingc 100 (o)
B 145 Seamless pipe and tube 1.00
B 147 Seamless pipe and tube 1.00
B 346 Seamless and welded fittings 1.00 (16)
B 4Q7 Seamless pipe and tube 1.00
B 444 Seamless pipe and tube 1.00
B 444 Welded pipe 0.80
B 514 Welded pipe 0.80
B 517 Welded pipe 0.80 ...
B 544 Nickel alloy forgings 1.00 ©)
B 619 Electric resistance welded pipe 0.85
Electric fusion welded pipe, double butt seam 0.85
Electric fusion welded pipe, single butt"seam 0.80
B 622 Seamless pipe and tube 1.00
(08) B 626 Electric resistance welded pipe 0.85
Electric fusion welded pipe, double butt seam 0.85
- Electric fusion welded pipejsingle butt seam 0.80
B 675 All Welded pipe 0.80
B 690 Seamless pipe 1.00
B 75 Welded pipe 0.80
B 725 Electric fusiop~welded pipe, double butt seam 0.85
Electric fusion“welded pipe, single butt seam 0.80
B 729 Seamless pipe and tube 1.00
B 84 1,3,5 Weélded pipe, 100% radiographed 1.00
2, 4 Welded pipe, double fusion welded 0.85
6 Welded pipe, single fusion welded 0.80
Titanigm and Titanium Alloy
B 337 Seamless pipe 1.00
Electric fusion welded pipe, double butt seam 0.85
Zirconfum and Zirconium Alloy
B 523 Seamless tube 1.00
Electric fusion welded tube 0.80
B 658 Seamless pipe 1.00
Electric fusion welded pipe 0.80
Aluminum Alloy:
B 210 Seamless tube 1.00
B 2'—’}1 SCGIII{CD) pI}JC ClIIL: tUIUC 1.UU ...
B 247 Forgings and fittings 1.00 ©)
B 345 Seamless pipe and tube 1.00
B 361 Seamless fittings 1.00 ...
Welded fittings, 100% radiograph 1.00 (18)(23)
Welded fittings, double butt 0.85 23)
Welded fittings, single butt 0.80 (23)
B 547 Welded pipe and tube, 100% radiograph 1.00
Welded pipe, double butt seam 0.85
Welded pipe, single butt seam 0.80
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Table A-2 Design Stress Values for Bolting Materials’
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Specified Min.

Min. S h. ksi Min.
Spec. Size Range, Temp., M Temp.
Material No. Grade Diam., in. Notes °F (6) Tensile Yield to 100 200 300 400 500 600
Carbon Steel
A6/5 45 ce 81(8g) =20 45 22.5 11.2 11.2 11.2 11.2 11.21 11.2
A 675 50 Ce (8 (8g) -20 50 25 12.5 12.5 12.5 125 125 12.5
A 675 55 e 8 (8g) -20 55 27.5 13.7 13.7 13.7 13.7 13.7] 13.7
A307 B Ce (8 (8g) -20 60 . 13.7 13.7 13.7 13.7 13.7
A 675 60 Ce (8 (8g) -20 60 30 15.0 15.0 15.0 "\15.0 15.0( 15.0
A 675 65 e (8g) -20 65 32.5 16.2 16.2 16,2.)16.2 16.2] 16.2
A 675 70 . (8g) =20 70 35 17.5 175, 145 17.5 17.5] 17.5
A325 ... Ce (8g) -20 105 81 19.3 193 19.3 19.3 19.3] 19.3
A 675 80 Ce (8g) -20 80 40 20.0 ,20:0 20.0 20.0 20.0( 20.0
Nuts A194 1 e (42) =20
Nuts A194 2, 2H :L
A 194 2HM .. 42) -55
Nuts A563 A hvyhex ... (42b) I -20 ... AR
Alloy Steel
Cr-0.2Mo A 193 B7M <4 ... -55 l
Cr-0.20Mo A 320 L7M < 21/2 - -100 100 80 20.0 20.0 20.0 20.0 20.0] 20.0
5Cr A 193 B5 <4 (15) -20 100 80 20.0 20.0 20.0 20.0 20.0( 20.0
Cr—-Mo-V A 193 B16 > 21/2, <4 (15) -20 110 95 22.0 22.0 22.0 22.0 22.0] 22.0
.. A 354 BC RN (15) 0 115 99 23.0 23.0 23.0 23.0 23.0] 23.0
;'Cr—Nlo A 193 B7 > 21/2, <4 (15) -40 115 95 23.0 23.0 23.0 23.0 23.0] 23.0
‘Ni-Cr-Mo A320 L43 <4 :l_(
'Cr—Mo A320 L7 < 21/2 15) -150 125 105 25.0 25.0 25.0 25.0 25.0] 25.0
:Cr-Mo A 320 L7A, L7B, < 21/2 (15) -150 125 105 25.0 25.0 25.0 25.0 25.0] 25.0
L7¢C
Cr-Mo A193 B7 <2Y% o -55 125 105 250 250 250 250  25.0[ 25.0
‘Cr—-Mo-V A 193 B16 < 21/2 (15) -20 125 105 25.0 25.0 25.0 25.0 25.0( 25.0
A 354 BD < 21/2 (15) -20 150 130 30.0 30.0 30.0 30.0 30.0] 30.0
5Cr nuts A194 3 (42) -20
C-Mo nuts A194 4 (42) -150
Cr—Mo nut{ A194 7 . 42) -150
Cr-Mo nutg A194 7M - (42) -150
Stainless Steel
316 A 1931
316 A320_-B8M Cl.2 > 11/4, < 11/2 (15)(60) -325 90 50 18.8 16.2 16.2 16.2 16.2] 16.2
304 AA193
304 A320 FRR(Cl 2 1Y%, < 1% (15)(60) —325 100 50 188 172 160 150 1401 13.4
347 A 1931
347 A 320_-B8CCl. 2 > 11/4, < 11/2 (15)(60) -325 100 50 18.8 17.8 16.5 16.3 16.3 16.3
321 A 1931
321 A 320_-B8TCl. 2 > 11/4, < 11/2 (15)(60) -325 100 50 18.8 16.7 16.3 16.3 16.3 16.3
303 sol. trt. A320 BS8FCL1 - 8N (1539 -325 75 30 18.8 13.0 12.0 10.9 10.0 9.3
198
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Table A-2 Design Stress Values for Bolting Materials®

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.
Carbon Steel
11.2 [11.0 10.2 9.0 7./ 6.5 45 A 675
125 121 111 9.6 8.0 6.5 50 A 675
13.7 [13.2 12.0 10.2 8.3 6.5 55 A 675
B A 307
15.0 143 129 108 8.6 65 ... e 60 A 675
16.2 |15.5 13.8 115 8.9 6.5 4.5 2.5 65 A 675
17.5 [16.6 147 12.0 9.2 6.5 4.5 2.5 70 A 675
19.3 . A 325
20.0 80 A 675
.. 1 A 194
{2, H A 194
... 2HM A 194
A, hvy hex A 563
Alloy Steel
‘|:B7M A 193
20.0 [20.0 20.0 185 16.2 125 8.5 4.5 e e e N . L7M A 320
20.0 [20.0 20.0 185 145 10.4 7.6 5.6 4.2 3.1 2.0 1.3 B5 A 193
220 220 220 220 210 185 153 11.0 6.3 2.8 B16 A 193
200 |... BC A 354
23.0 [23.0 222 200 163 125 8.5 4.5 ce. B7 A 193
{ma A320
25.0 |25.0 .. L7 A 320
25.0 L7A, L7B, A 320

L7C
25.0 |[25.0 23.6 21.0 170 125 8.5 45 e ce. B7 A 193
25.0 |[25.0 25.0 250 235 205 16.0 \11.0 6.3 2.8 B16 A 193
30.0 BD A 354
3 A 194
4 A 194
7 A 194
™M A 194
Stajnless Steel
[A 193
125 [125,~125 125 109 108 10.7 10.6 B8M Cl} 2 _A 320
A 193
125 1128 125 1285 125 125 125 125§ B8 (I A 320
lA 193
131 129 128 127 126 126 125 125 B8C Cl. 2 _A 320
‘LA 193
133 129 127 125 125 125 125 125 B8T Cl. 2 A 320
8.9 8.6 8.3 8.0 B8F Cl. 1 A320
199
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Table A-2 Design Stress Values for Bolting Materials’ (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Min. Specified Mir}. Min.
Spec. Size Range, Temp., S“Lth’ks' Temp.
Material No. Grade Diam., in. Notes °F (6) Tensile Yield to 100 200 300 400 500 600

Stainless Steel (Cont’d)
19Cr-9Ni AZL53  651B >3 T5)35) =70 5 50|
19Cr-9Ni A 453 651B <3 (15)(35) -20 95 60 J»19.o 19.0 19.0 19.0 A90| 19.0
19Cr-9Ni A 453 651A >3 (15)(35) -20 100 60 :L
19Cr-9Ni A 453 651A <3 (15)(35) -20 100 70 20.0 20.0 20.0 20.0°},720.0| 20.0
316 A 1931

A320_B8MCl.2 >1,<1Y, (15)(60) -325 105 65 18.8 16.2 1620162  16.2| 16.2
347 A 1931

A320_-B8CClL2 >1,<1Y, (15)(60) -325 105 65 18.8 17¢2{16.0 150  14.0| 13.4
304 A 1931

A320_-B8 Cl. 2 >1,<1Y, (15)(60) -325 105 65 18.8._16.7 163 163  16.3| 16.3
321 A 1931

A320_-B8TCL2 >1,<1Y, (15)(60) -325 105 65 188 17.8 16,5 163  16.3| 16.3
321 A 193 B8TCL1 (8)(15)(28) -325 75 30 18.8 17.8 16.5 153  14.3| 13.5
304 A320 B8CL1 (8H(15)(28)  -425 75 30 18.8 167 150 13.8  12.9] 12.1
347 A193 B8CClL1 (8)(15)(28)  -425 75 30 18.8 17.9 16.4 155  15.0( 14.3
316 A193 B8MClL 1 (8H(15)(28) -325 75 30 18.8 17.7 15.6 143  13.3| 12.6
316 str. hd A 1931

A320_ FB8MCL2 >7%,<1 (15)(60) -325.\ 100 80 20.0 20.0 20.0 20.0 20.0| 20.0
347 str. hd A 1931

A320_FB8CCL2 >%,<1 (15)(60) =825 115 80 200 17.2 16.0 15.0  14.0| 13.4
304 str. hd A 1931

A 320_FB8Cl 2 >¥,,<1 (15)(60) -325 115 80 20.0 20.0 20.0 20.0 20.0| 20.0
321 str. hd A 1931

A320 FB8TCL2 >7%,<1 (15)(60) -325 115 80 20.0 20.0 20.0 20.0 20.0| 20.0
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

ASME B31.3-2008

Table A-2 Design Stress Values for Bolting Materials® (Cont’d)

Design Stress, ksi (1), at Metal Temperature, °F (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.

Stainless Steel (Cont’d)

19.0 [19.0] 19.0 19.0 19.0 190 189 18.2 6518 A 453

200 [20.0] 200 20.0 20.0 200 19.8 19.2 651A A 453

{A193

162 [162 162 162 109 108 107 106 BsM Cll 2 -LA320

lA193

138 129 128 127 126 126 125 125 B8CClj2 -LA320

lA193

163 163 163 163 163 163 163 163 B8 Cl. LA 320

lA193

163 163 163 163 163 163 163 163 B8T CL|2 A 320

133 129 127 125 124 123 121 121 96 69 50 36 25.< 17 11 07 05 03 B8TClf1 A 193

120 [11.8 115 112 110 108 106 104 101 98 7.7 60 4~ 37 29 23 18 14 B8CL A 320

141 [13.8 137 136 135 135 134 134 121 91 61 44 83 22 15 1.2 09 08 B8CCls A 193

123 [121 119 117 116 115 114 113 112 110 98 74%N\55 41 31 23 1.7 13 B8MC|1  A193

[A193

200 {200 200 200 109 108 107 10.6 BsM Cll 2 -LA320

lA193

131 129 128 127 126 126 125 125 BSCClJ2 -LA320

lA193

200 [20.0 200 20.0 200 20.0 20.0 20.0 B8 Cl. LA 320

lAm

200 [20.0 200 20.0 200 20.0 20.0 20.0 B8T CL|2 A 320
201
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Table A-2 Design Stress Values for Bolting Materials’ (Cont’d)

ASME B31.3-2008

Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Specified Min.

Min. S h. ksi Min.
Spec. Size Range, Temp., M Temp.
Material No. Grade Diam., in. Notes °F (6) Tensile Yield to 100 200 300 400 500 600

Stainless Steel (Cont’d)
12Cr A 437 B4C (35) -20 115 85 21.2 21.2 21.2 21.2 21.21 21.2
13Cr A 193 Bé6 <4 (15)(35) -20 110 85 21.2 21.2 21.2 21.2 21.2| 21.2
14Cr-24Ni A 453  660A/B (15)(35) -20 130 85 21.3 20.7 20.5 20.4 20.3| 20.2
316 str. hd| A 1931

A320_-B8M Cl. 2 < 3/4 (15)(60) -325 110 95 22.0 22.0 22.0 "™22.0 22.0( 22.0
347 A 1931

A 320_-B8CCl. 2 < 3/4 (15)(60) -325 125 100 25.0 25.0, 25.0 25.0 25.0( 25.0
304 A 1931

A 320_-B8 Cl. 2 < 3/4 (15)(60) -325 125 100 25.0 A7 16.0 15.0 14.0( 13.4
321 A 1931

A 320_-B8T Cl. 2 < 3/4 (15)(60) -325 125 100 25.0¢¥ 25.0 25.0 25.0 25.0] 25.0
12Cr A 437 B4B 35) -20 145 105 26.2 26.2 26.2 26.2 26.2| 26.2
12Cr nuts A194 6 (35)(42) =20
303 nuts A 194 8FA 42) -20
316 nuts A 194 8MA :L
321 nuts A 194 8TA 42) -325
304 nuts A194 8
304 nuts A 194 8A . (42) =425
347 nuts A 194 8CA
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ASME B31.3-2008

Table A-2 Design Stress Values for Bolting Materials® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F (7)

Spec.

650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Grade No.
Stainless Steel (Cont’d)

21.2 212 B4C A 437
21.2 [21.2 |21.2 196 156 120 ... B6 A 193
20.2 [20.1 |20.0 199 199 199 198 19.8 660A/H _A453
lAws

220 220 220 220 109 108 10.7 10.6 B8M Clf 2 _A320
lAws

25.0 |25.0 25.0 25.0 25.0 25.0 25.0 25.0 B8C Cl|2 _A320
‘LA193

13.1 [11.0 108 105 103 10.1 9.9 9.7 B8 Cl. _A320
‘LA193

25.0 |25.0 25.0 25.0 25.0 25.0 25.0 25.0 B8T CL.|2 A 320
26.2 [26.2 B4B A 437
6 A 194

8FA A 194

‘|:8MA A 194

8TA A 194

8 A 194

. 8A A 194

8CA A 194
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Table A-2 Design Stress Values for Bolting Materials’ (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

i . Min.
Min. Specme: l\:l(m Temp.
Size Range, Temp., M to
Material Spec. No. UNS No. or Grade Temper Diam., in. Notes °F(6) Tensile Yield 100 200 300 400
Copper and_Capper Allny
Naval brass B 21 C46400, C48200, C48500 060 ce (8f) -325 50 20 5.0 4.8 4.2
Cu B 187 (10200, C11000, C12000, 060 el (8f) -325 30 10 6.7 5(5 5.1
C12200
Cu-Si B 98 C65100 060 e (8(52) -325 40 12 8.0 8.0 7.9
Cu-Si B 98 65500, C66100 060 e (8f(52) -325 52 15
Cu-Si B 98 65500, C66100 HO1 e (8f) -325 55 24
Cu-Si B 98 65500, C66100 HO2 <2 e -325 70 38 10.0 10.0 10.0
Cu-Si B 98 C65100 HO6 >1,< 11/2 e -325 75 40
Cu-Si B 98 C65100 HO6 NS e -325 75 45 11.3 11.3 113
Cu-Si B 98 C65100 HO6 <Y e -325 85 55 13.7 13.7 13.7
Al-Si-bronze B 150 C64200 HR50 >1,<2 ... -325 80 42 )
Al-Si-bronze B 150 C64200 HR50 > 1/2, <1 e =325 85 42 167 14.0 13.§ 11.0
Al-Si-bronze| B 150 (64200 HR50 <% . -325 90 42 |
Al-bronze B150  C61400 HR50 >1,<2 . -325 70 32
Al-bronze B 150 C61400 HR50 >Y, <1 L -325 75 35 175 175 17.4 17.5
Al-bronze B150 (61400 HR50 <% \) -325 80 40
Al-bronze B 150 C63000 HR50 >2,<3 l _
Al-bronze B 150 C63000 M20 >3,<4 ce -325 85 42.5
Al-bronze B 150 C63000 HR50 > 1422 -325 90 45 +=20.0 200 209 20.0
Al-bronze B 150 C63000 HR50 >Ur< ... -325 100 50 |
Nickel and Nickel Alloy
Low C-Ni B 160 N02201 Ann. hat fin. el (8f) -325 50 10 6.7 6.4 6.3 6.2
Ni B 160 N02200 Hot fin. e (89 -325 60 15 _ 10.0 10.0 10.0 10.0
Ni B 160 N02200 Annealed e (8f) -325 55 15 J‘
Ni B 160 N02200 Cold drawn e e -325 65 40 10.0 10.0 10.0 10.0
Ni-Cu B 164 N04400 C.D./str. rel. (54) -325 84 50 l
Ni-Cu B 164 N04405 Cold drawn (54) -325 85 50 12.5 125 12,4 125
Ni-Cu B 164 N04400 Cold drawn (54) -325 85 55 13.7 13.7 13.4 137
Ni-Cu B 164 N0440Q/NO4405 Annealed (8f) -325 70 25 16.6  14.6 13.4 13.2
Ni-Cu B 164 NO4405 Hot fin. Rod <3 e -325 75 35 18.7 18.7 18.71 18.7
Ni-Cu B 164 NO4400 Hot fin. 21/8 <hex. <4 (8f) -325 75 30 18.7 18.7 18.41 187
Ni-Cu B 164 N04400 Hot fin. All except e -325 80 40 20.0 20.0 20. 20.0
hex. > 2%

Symbols in Temper Column

060 = soft anneal

HO1 = quarter-hard

HO02 = half-hard

H06 = extra hard

HR50 = drawn, stress-relieved
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Table A-2 Design Stress Values for Bolting Materials® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F (7)

UNS No.

or Spec.

500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 Grade No.
Copper and Copper Alloy

C46400,)4tc. B 21
(10200, gtc. B 187

C65100 B 98

65500, gtc. B 98

C65500, gtc. B 98

65500, gtc. B 98

C65100 B 98

C65100 B 98

C65100 B 98
5.2 1.7 C64200 B 150
16.8 C61400 B 150
19.4 12.0 8.5 6.0 C63000 B 150
Nickel and Nickel Alloy
6.2 6.2 6.2 6.2 6.0 5.9 5.8 4.8 3.7 3.0 2.4 2.0 1.5 1.2 N02201 B 160
9.5 8.3 N02200 B 160
10.0 10.0 N02200 B 160
{ NO4400 B 164
12.5 N04405 B 164
13.7 . v N04400 B 164
13.1 13.1 13.1 13,1 13.0 12.7 11.0 8.0 N04400, ¢tc. B 164
18.7 18.7 18,7 18.0 17.2 14.5 8.5 4.0 N04405 B 164
17.8 17.4 172 17.0 16.8 14.5 8.5 4.0 N04400 B 164
20.0 20.0 20.0 19.2 18.5 14.5 8.5 4.0 N04400 B 164
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Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

ASME B31.3-2008

Table A-2 Design Stress Values for Bolting Materials’ (Cont’d)

» . Min.
Min. Specme: ﬂ:\(m Temp.
Size Range, Temp., M to
Material Spec. No. UNS No. or Grade Temper Diam., in. Notes °F(6) Tensile Yield 100 200 300 400
Nickel and Nickel Alloy (Cont’d)
Ni-Cr-Fe B166  N06600 Cold drawn Rod <3 (@1)(54) -325 105 80 10.0 9.5 ~ 99 9.1
Ni-Cr-Fe B166  N06600 Hot fin. Rod <3 -325 90 40 10.0 95N~9.2 9.1
Ni-Cr-Fe B166  N06600 Annealed . -325 80 35 20.0  20.07 2000 20.0
Ni-Cr-Fe B166  N06600 Hot fin. Rod >3 -325 85 35 21200912 211 212
Ni-Mo B335  N10001 Annealed -325 100 46 250 250 25.0 24.7
Ni-Mo-Cr B574  N10276 Sol. ann. -325 100 4t 250 250 25.0 21.2
Aluminum Alloy
B211 6061 T6, T651 wld.  >'%,<8 @043)(63)  -452 24 ... 4.8 48 48 35
B211 6061 T6, T651 >Y%, <8 43)(63) -452 42 35 8.4 8.4 84 44
B211 2024 T4 >6Y%,<8 “3)(63) ~452 58 38 9.5 9.5 9.5 4.2
B211 2024 T4 > 4Y, < 6% (43)(63) 2452 62 40 100 100 100 4.5
B211 2024 T4 >, <4Y% 43)(63) ~452 62 42 105 105 104 4.5
B 211 2024 T4 >V <Y (43)(63) -452 62 45 113 11.3 104 45
B211 2014 6, T651 >, <8 “3)(63) -452 65 55 13.0  13.0 114 3.9
206
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Table A-2 Design Stress Values for Bolting Materials® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM

Design Stress, ksi (1), at Metal Temperature, °F (7)

UNS No.

or Spec.

500 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 Grade No.
Nickel and Nickel Alloy (Cont’d)
91| ... N06600 B 166
9.1 9.1 9.0 8.9 8.9 8.8 8.7 8.6 8.5 8.3 7.8 7.3 6.4 5.5 N06600 B 166
20.0 20.0 19.8 19.6 19.4 19.1 18.7 16.0 10.6 7.0 4.5 3.0 2.2 2.2 N06600 B 166
21.2 21.2 21.1 21.1 21.0 20.4 20.2 19.5 19.3 14.5 10.3 7.3 5.8 5.5 N06600 B 166
24.3 23.7 23.4 23.0 22.8 22.5 N10001 B 335
20.0 18.8 18.3 17.8 17.4 17.1 16.8 16.6 16.5 16.5 N10276 B 574
Alurpinum Alloy
6061 B 211
6061 B 211
2024 B 211
2024 B 211
2024 B 211
2024 B 211
2014 B 211
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APPENDIX B
STRESS TABLES AND ALLOWABLE PRESSURE TABLES FOR
NONMETALS

The data and Notes in Appendix B are requirements of this Code.
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Specification Index for Appendix B (08)
Spec. No. Title [Note (1)]
ASTM
C 361 Reinforced Concrete Low-Head Pressure Pipe
C 582 Contact-Molded Reinforced Thermosetting Plastic (RTP) Laminates for Corrosion Resistant
Equipment
C 599 Process Glass Pipe and Fittings
D 1785 PVC Plastic Pipe, Schedules 40, 80, and 120
D 2104 PE Plastic Pipe, Schedule 40
D 2239 PE Plastic Pipe (SIDR-PR) Based on Controlled Inside Diameter
D 2241 PVC Plastic Pressure-Rated Pipe (SDR Series)
D 2447 PE Plastic Pipe, Schedules 40 and 80, Based on Outside Diameter
D 2513 Thermoplastic Gas Pressure Pipe, Tubing and Fittings
D 2517 Reinforced Epoxy Resin Gas Pressure Pipe and Fittings
D 2662 PB Plastic Pipe (SDR-PR)
D 2666 PB Plastic Tubing
D 2672 Joints for IPS PVC Pipe Using Solvent Cement
D 2737 PE Plastic Tubing
D 2846 CPVC Plastic Hot- and Cold-Water Distribution Systems
D 2996 Filament-Wound Fiberglass RTR Pipe [Note (2)]
D 2997 Centrifugally Cast RTR Pipe [Note (2)]
D 3000 PB Plastic Pipe (SDR-PR) Based on Outside Diameter
D 3035 PE Plastic Pipe (DR-PR) Based on Controlled Outside Diameter
D 3309 PB Plastic Hot- and Cold-Water Distribution Systems
D 3517 Fiberglass RTR Pressure Pipe [Note (2)]
D 3754 Fiberglass RTR Sewer and Industrial Pressure Pipe [Note (2)]
F 441 CPVC Plastic Pipe, Schedules 40 and 80
F 442 CPVC Plastic Pipe (SDR*PR)
AWWA
C300 Reinforced Concrete Pressure Pipe, Steel Cylinder Type, for Water and Other Liquids
C301 Prestressed Concrete Pressure, Pipe Steel Cylinder Type, for Water and Other Liquids
302 Reirforced Concrete Pressure Pipe, Noncylinder Type
€950 Fiberglass Pressure Pipe
GENERAL™NOTE: It is not practical to refer to a specific edition of each standard throughout the Code
texti.Instead, the approved edition references, along with the names and addresses of the sponsoring
organizations, are shown in Appendix E.
NOTES:
(1) For names of plastics identified only by abbreviation, see para. A326.4.
(2) The term fiberglass RTR takes the place of the ASTM designation “fiberglass” (glass-fiber-reinforced

rierrmosettirng resirj.
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(08 NOTES FOR APPENDIX B TABLES

NOTES:

(1) These recommended limits are for low pressure applications with water and other fluids that do not significantly affect the properties
of the thermoplastic. The upper temperature limits are reduced at higher pressures, depending on the combination of fluid and
expectdd service life. Lower temperature limits are affected more by the environment, safeguarding, and installation conditions, tijan by
strength.

(2) These fecommended limits apply only to materials listed. Manufacturers should be consulted for temperature limits on specific types
and kirlds of materials not listed.

(3) Use thdse hydrostatic design stress (HDS) values at all lower temperatures.

(4) The intent of listing in this Table is to include all the types, grades, classes, and hydrostatic design bases in thelisted specificat|ons.
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Table B-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits for
Thermoplastic Pipe

Recommended
Temperature
Limits [Notes (1), (2)]

Hydrostatic Design Stress at

ASTM - . 23°C 73°F o o o o
Spec. Material Cell Minimum  Maximum [Note (3)] [Note (3)] 38°C 100°F 82°C 180°F
No. Pipe Designation Designation Class °C °F °C °F MPa ksi MPa ksi MPa ksi
PR ABS 43232 -40 -40 80 176

D 284 SDR11 CPVC4120 23447 ... A 82 180 13.8 2.0 3.45 0.5
F 441 Sch. 40 CPVC4120 23447 23 73 93.3 200 13.8 2.0 3.45 0.5
F 441 Sch. 80 CPVC4120 23447 23 73 93.3 200 13.8 2.0 A L 3.45 0.5
F 442 SDR-PR CPVC4120 23447 23 73 93.3 200 13.8 2.0 113 1.64 345 0.5
D 330p SDR11 PB2110 23 73 93.3 200 6.9 1.0 3.45 0.5
D 210 Sch. 40 PE1404 23 73 2.76 0.40

D 210 Sch. 40 PE2305 23 73 3.45 050

D 210 Sch. 40 PE2306 23 73 4.34 0J63

D 210 Sch. 40 PE2406 23 73 4.34 0.63

D 210 Sch. 40 PE3306 23 73 4.34 0.63

D 210 Sch. 40 PE3406 23 73 434 0.63

D 223p SIDR-PR PE1404 23 73 2.76 0.40

D 223p SIDR-PR PE2305 23 73 3.45 0.50

D 223p SIDR-PR PE2306 23 73 4.34 0.63

D 223p SIDR-PR PE2406 23 73 4.34 0.63

D 223p SIDR-PR PE3306 23 73 4.34 0.63

D 2239 SIDR-PR PE3406 23 73 4.34 0.63

D 223p SIDR-PR PE3408 23 73 5.51 0.80

D 244y Sch. 40 and 80 PE1404 23 73 2.76 0.40

D 2447 Sch. 40 and 80 PE2305 23 73 3.45 0.50

D 244y Sch. 40 and 80 PE2306 23 73 4.34 0.63

D 2447 Sch. 40 and 80 PE2406 23 73 4.34 0.63

D 244y Sch. 40 and 80 PE3306 23 73 4.34 0.63

D 2447 Sch. 40 and 80 PE3406 23 73 4.34 0.63

D 273 SDR7.3, SDR9, SDR11 PE2305 23 73 3.45 0.50

D 273 SDR7.3, SDR9, SDR11 PE2306 23 73 4.34 0.63

D 273y SDR7.3, SDR9, SDR11 PE2406 23 73 4.34 0.63

D 273 SDR7.3, SDR9, SDR11 PE3306 23 73 4.34 0.63

D 273y SDR7.3, SDR9, SDR11 PE3406 23 73 4.34 0.63

D 273 SDR7.3, SDR9, SDR11 PE3408 23 73 5.51 0.80

D 3035 DR-PR PE1404 23 73 2.76 0.40

D 3035 DR-PR PE2406 23 73 4.34 0.63

D 3035 DR-PR PE3408 23 73 5.51 0.80

F714 SDR-PR PE 23 73

D 1785 Schx40, 80, 120 PVC1120 12454 23 73 13.8 2.00

D 178p «Sch. 40, 80, 120 PVC1220 12454 23 73 13.8 2.00

D 1786_SSch_40_80 120 PV(C2120 14333 23 Z3 138 2.00

D 1785 Sch. 40, 80, 120 PVC2116 14333 23 73 11.0 1.60

D 1785 Sch. 40, 80, 120 PVC2112 14333 23 73 8.6 1.25

D 1785 Sch. 40, 80, 120 PVC2110 14333 23 73 6.9 1.00

D 2241 PR (SDR series) PVC1120 12454 23 73 13.8 2.00

D 2241 PR (SDR series) PVC1220 12454 23 73 13.8 2.00

D 2241 PR (SDR series) PVC2120 14333 23 73 13.8 2.00

D 2241 PR (SDR series) PVC2116 14333 23 73 11.0 1.60

D 2241 PR (SDR series) PVC2112 14333 23 73 8.6 1.25

D 2241 PR (SDR series) PVC2110 14333 23 73 6.9 1.00
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Table B-2 Listed Specifications for Laminated
Reinforced Thermosetting Resin Pipe*

Spec. No.

ASTM C 582

Table B-3 Listed Specifications for Filament Wound and Centrifugally Cast
Reinforced Thermosetting Resin and Reinforced Plastic Mortar Pipe*

Spec. Nos. (ASTM Except as Noted)
D 2517 D 2997 D 3754
D 2996 D 3517 AWWA (950
Table B-4 Allowable Pressures and Recommended
Temperature Limits for Concrete Pipe
Recommended
Allowable Gage Temperature Limits [Note (2)]
Pressure Minimum Maximym
Spec. No. Material Class kPa psi °C °F °C °F
25 69 10
50 138 20
ASTM C 361 Reinforced concrete 75 205 30
100 275 40
125 345 50
AWWA C30p Reinforced concrete 17295 260
AWWA C301 Reinforced concrete Lined 1725 250
cylinder
AWWA C30{ Reinforced concrete Embedded 2 415 350
cylinder
AWWA C30p Reinforced concrete 310 45
Table B-5 Allowable Pressures and Recommended
Temperature Limits for Borosilicate Glass Pipe
Recommended
ASTM Allowable Temperature Limits [Note (2)]
Spec Size Range Gage Pressure Minimum Maximym
No. Material DN NPS kPa psi °C °F °C °F
[ 8-15 Y= 690 100 |
20 %, 515 75
C 599 Borosilicate glass 25-80 1-3 345 50 232 450
100 4 240 35
150 6 138 20
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APPENDIX C
PHYSICAL PROPERTIES OF PIPING MATERIALS

NOTE FOR APPENDIX C TABLES

GENERAL NOTE: Tables C-2, C-4, and C-7 containing data in Sl units are not included at this time. To convert datd inyU.S. Custpmary units
to Sl metric units

(a) |determine the Fahrenheit equivalent of the given Celsius temperature

(b) [interpolate in the desired table to calculate the expansion or modulus value in U.S. units

(©)(1) for Table C-1, multiply the value (in./100 ft) by 0.833 to obtain the total linear thermal expansion”(mm/m) between 21°C and the
given femperature
(2) for Table C-3, multiply the value (win./in.-°F) by 1.80 to obtain the mean coefficient of linear-thermal expansion (um/m-4C) between
21°C @nd the given temperature
(3) for Table C-6, multiply the value in Msi by 6.895 to obtain the modulus of elasticity in)MPa at the given temperature
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Table C-1 Total Thermal Expansion, U.S. Units, for Metals
Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft

Material
Carbon Steel Austenitic UNS
Carbon-Moly- 5Cr-Mo Stainless 12Cr, NO04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
°F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3Y/,Ni Copper Alloys
-450 -3.93
-425 3-03
-400 —=3.p1
=375 +3.B7
-350 -3.79
-325 -2.37 -2.22 -3.85 -2.04 -2.62 -2.25 -3.b7
-300 -2.24 -2.10 -3.63 -1.92 -2.50 217 -3.p3
-275 -2.11 -1.98 -3.41 -1.80 -2.38 #2.07 -3.p6
-250 -1.98 -1.86 -3.19 -1.68 -2.26 -1.96 -3..7
=225 -1.85 -1.74 -2.96 -1.57 -2.14 -1.86 -2.p7
-200 -1.71 -1.62 -2.73 -1.46 -2.02 -1.76 -2.yV6
=175 -1.58 -1.50 -2.50 -1.35 =1.90 -1.62 -2.p3
-150 -1.45 -1.37 -2.27 -1.24 =1.79 -1.48 -2.B0
-125 -1.30 -1.23 -2.01 -1.11 -1.59 -1.33 -2.p6
-100 -1.15 -1.08 -1.75 -0.98 -1.38 -1.17 -1.p1
-75 -1.00 -0.94 -1.50 -0.85 -1.18 -1.01 -1.p6
=50 -0.84 -0.79 -1.24 -0.72 -0.98 -0.84 -1.p0
=25 -0.68 -0.63 -0.98 -0.57 -0.77 -0.67 -1.p4
0 -0.49 -0.46 -0.72 -0.42 -0.57 -0.50 -0.f7
25 -0.32 -0.30 -0.46 -0.27 -0.37 -0.32 -0.p0
50 -0.14 -0.13 -0.21 -0.12 -0.20 -0.15 -0.p2
70 0 0 0 0 0 0 0 0
100 0.23 0.22 0,3%, 0.20 0.32 0.28 0.23 0.B4
125 0.42 0.40 0.62 0.36 0.58 0.52 0.42 0.p3
150 0.61 0.58 0.90 0.53 0.84 0.75 0.61 0.p1
175 0.80 0.76 1.18 0.69 1.10 0.99 0.81 1.p0
200 0.99 0.94 1.46 0.86 1.37 1.22 1.01 1.49
225 1.21 1.13 1.75 1.03 1.64 1.46 1.21 1.Y9
250 1.40 1.33 2.03 1.21 1.91 1.71 1.42 2.p9
275 1.61 1.52 2.32 1.38 2.18 1.96 1.63 2.B8
300 1.82 1.71 2.61 1.56 2.45 2.21 1.84 2.p8
325 2.04, 1.90 2.90 1.74 2.72 2.44 2.05 2.p9
350 2,26 2.10 3.20 1.93 2.99 2.68 2.26 3.p9
375 2.48 2.30 3.50 2.11 3.26 2.91 2.47 3.p9
400 2.70 2.50 3.80 2.30 3.53 3.25 2.69 3.p0
425 2.93 2.72 4.10 2.50 3.80 3.52 2.91 4.p1
450 3.16 2.93 4.41 2.69 4.07 3.79 3.13 4.51
475 3.39 3.14 4.71 2.89 4.34 4.06 3.35 4.82
500 3.62 3.35 5.01 3.08 4.61 4.33 3.58 5.14
525 3.86 3.58 5.31 3.28 4.88 4.61 3.81 5.45
550 4.11 3.80 5.62 3.49 5.15 4.90 4.04 5.76
214
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Table C-1 Total Thermal Expansion, U.S. Units, for Metals

ASME B31.3-2008

Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft

Material
UNS UNS
NO8XXX NO6XXX
Gray Series Series Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe—Cr Ni-Cr-Fe Iron °F
-450
—425
-400
=375
-350
-468 -3.98 -3.88 -3.15 -325
-4.J46 -3.74 -3.64 -2.87 -300
-4.p1 -3.50 -3.40 -2.70 =275
-3.p7 -3.26 -3.16 -2.53 -250
-3)1 -3.02 -2.93 -2.36 A =225
-3.44 -2.78 -2.70 -2.19 -1.51 -200
-3.16 -2.54 -2.47 -2.12 -1.41 =175
-2.88 -2.31 -2.24 -1.95 -1.29 -150
-2.p7 -2.06 -2.00 -1.74 -1.16 -125
-2.p7 -1.81 -1.76 -1.53 -1.04 -100
-1.p7 -1.56 -1.52 -1.33 -0.91 -75
-1.7 -1.32 -1.29 -1.13 -0.77 -50
-1.p2 -1.25 -1.02 -0.89 -0.62 =25
-0.p7 -0.77 -0.75 =0,66 -0.46 0
-0.p3 -0.49 -0.48 =0.42 -0.23 25
-0.p8 -0.22 -0.21 -0.19 -0.14 50
0 0 0 0 0 0 0 0 70
0.6 0.21 0.36 0.35 0.31 0.28 0.26 0.21 100
0.B5 0.38 0.66 0.64 0.56 0.52 0.48 0.39 125
1.p3 0.55 0.96 0.94 0.82 0.76 0.70 0.57 150
1.p2 0.73 1.26 1.23 1.07 0.99 0.92 0.76 175
2.p0 0.90 1.56 1.52 1.33 1.23 1.15 0.94 200
2.41 1.08 1.86 1.83 1.59 1.49 1.38 1.13 225
2.B3 1.27 2.17 2.14 1.86 1.76 1.61 1.33 250
3.R4 1.45 2.48 2.45 2.13 2.03 1.85 1.53 275
3.p7 1.64 2.79 2.76 2.40 2.30 2.09 1.72 300
4.p9 1.88 3.11 3.08 2.68 2.59 2.32 1.93 325
4.p2 2.03 3.42 3.41 2.96 2.88 2.56 2.13 350
4.p5 2.22 3.74 3.73 3.24 3.18 2.80 2.36 375
5.B9. 2.42 4.05 4.05 3.52 3.48 3.05 2.56 400
5.B3 2.62 4.37 4.38 3.76 3.29 2.79 425
6.28 2.83 4.69 4.72 4.04 3.53 3.04 450
6.72 3.03 5.01 5.06 4.31 3.78 3.28 475
7.17 3.24 5.33 5.40 4.59 4.02 3.54 500
7.63 3.46 5.65 5.75 4.87 4.27 3.76 525
8.10 3.67 5.98 6.10 5.16 4.52 3.99 550
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Table C-1 Total Thermal Expansion, U.S. Units, for Metals (Cont’d)
Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft

Material
Carbon Steel Austenitic UNS
Carbon-Moly- 5Cr-Mo Stainless 12Cr, NO04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
°F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3Y/,Ni Copper Alloys
575 4.35 4.02 5.93 3.69 5.42 5.18 4.27 6.07
600 /..4{\ /‘_’)/‘ A_"i/‘ Q_Oh E'LO E'/.A /‘_Eﬂ 439
625 4.86 4.47 6.55 4.10 5.96 5.75 4.74
650 5.11 4.69 6.87 4.31 6.23 6.05 4.98
675 5.37 4.92 7.18 4.52 6.50 6.34 5.22
700 5.63 5.14 7.50 4.73 6.77 6.64 5.46
725 5.90 5.38 7.82 4.94 7.04 6.94 5.70
750 6.16 5.62 8.15 5.16 7.31 7.25 5194
775 6.43 5.86 8.47 5.38 7.58 7.55 6.18
800 6.70 6.10 8.80 5.60 7.85 7.85 6.43
825 6.97 6.34 9.13 5.82 8.15 8.16 6.68
850 7.25 6.59 9.46 6.05 8.45 8.48 6.93
875 7.53 6.83 9.79 6.27 8.75 8.80 7.18
900 7.81 7.07 10.12 6.49 9.05 9.12 7.43
925 8.08 7.31 10.46 6.71 9.35 9.44 7.68
950 8.35 7.56 10.80 6.94 9.65 9.77 7.93
975 8.62 7.81 11.14 7.17 9.95 10.09 8.17
1000 8.89 8.06 11.48 7.40 10.25 10.42 8.41
1025 9.17 8.30 11.82 7.62 10.55 10.75
1050 9.46 8.55 12.16 7,95 10.85 11.09
1075 9.75 8.80 12.50 8.18 11.15 11.43
1100 10.04 9.05 12.84 8.31 11.45 11.77
1125 10.31 9.28 13,18 8.53 11.78 12.11
1150 10.57 9.52 1352 8.76 12.11 12.47
1175 10.83 9.76 13.86 8.98 12.44 12.81
1200 11.10 10.00 14.20 9.20 12.77 13.15
1225 11.38 10.26 14.54 9.42 13.10 13.50
1250 11.66 10.53 14.88 9.65 13.43 13.86
1275 11.94 10.79 15.22 9.88 13.76 14.22
1300 12.22 11.06 15.56 10.11 14.09 14.58
1325 12.50 11.30 15.90 10.33 14.39 14.94
1350 12.78 11.55 16.24 10.56 14.69 15.30
1375 1306 11.80 16.58 10.78 14.99 15.66
1400 138.34 12.05 16.92 11.01 15.29 16.02
1425 17.30
1450 . C.. 17.69
1475 e . 18.08
1500 18.47

GENERAL NOTE: For Code references to this Appendix, see para. 319.3.1. These data are for use in the absence of more applicable data. It
is the designer’s responsibility to verify that materials are suitable for the intended service at the temperatures shown.
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Table C-1 Total Thermal Expansion, U.S. Units, for Metals (Cont’d)
Total Linear Thermal Expansion Between 70°F and Indicated Temperature, in./100 ft

ASME B31.3-2008

Material
UNS UNS
NO8XXX NO6XXX
Gray Series Series Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe—Cr Ni-Cr-Fe Iron °F

8.56 3.89 6.31 6.45 5.44 4.77 4.22 575
9.'\1 /..‘11 A.A/. L'Q(\ I:'7’7 E_f\') /‘_/./‘ 600
4.34 6.96 7.16 6.01 5.27 4.66 625
4.57 7.29 7.53 6.30 5.53 4.90 650
4.80 7.62 7.89 6.58 5.79 5.14 675
5.03 7.95 8.26 6.88 6.05 5.39 700
5.26 8.28 8.64 7.17 6.31 5.60 725
5.50 8.62 9.02 7.47 6.57 5.85 750
5.74 8.96 9.40 7.76 684 6.10 775
5.98 9.30 9.78 8.06 7.10 6.35 800
6.22 9.64 10.17 8.35 6.59 825
6.47 9.99 10.57 8.66 6.85 850
6.72 10.33 10.96 8:95 7.09 875
6.97 10.68 11.35 926 7.35 900
7.23 11.02 11.75 9.56 7.64 925
7.50 11.37 12.16 9.87 7.86 950
7.76 11.71 12.57 10.18 8.11 975
8.02 12.05 12.98 10.49 8.35 1000
12.40 13.39 10.80 1025
12.76 13.81 11.11 1050
13.11 14.23 11.42 1075
13.47 14.65 11.74 1100
12.05 1125
12.38 1150
12.69 1175
13.02 1200
13.36 1225
13.71 1250
14.04 1275
14.39 1300
14.74 1325
15.10 1350
15.44 1375
15.80 1400
16.16 1425
16.53 1450
16.88 1475
17.25 1500
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Table C-3 Thermal Coefficients, U.S. Units, for Metals
Mean Coefficient of Linear Thermal Expansion Between 70°F and Indicated Temperature, pin./in.-°F

Material
Carbon Steel Austenitic UNS
Carbon-Moly- 5Cr-Mo Stainless 12Cr, NO04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
°F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3Y/,Ni Copper Alloys
-450 6.30
-425 661
-400 6.p3
=375 7.R4
-350 7.p1
-325 5.00 4.70 8.15 4.30 Ce 5.55 4.76 7.74
-300 5.07 4.77 8.21 4.36 A 5.72 4(90, 7.p4
=275 5.14 4.84 8.28 4.41 Ce 5.89 5.01 8.1
-250 5.21 4.91 8.34 4.47 A 6.06 5.15 8.p6
=225 5.28 4.98 8.41 4.53 Ce 6.23 5.30 8.40
-200 5.35 5.05 8.47 4.59 e 6.40 5.45 8.p1
=175 5.42 5.12 8.54 4.64 A 6,57 5.52 8.p2
-150 5.50 5.20 8.60 4.70 Ce 6.75 5.59 8.72
-125 5.57 5.26 8.66 4.78 Ce 6.85 5.67 8.B1
-100 5.65 5.32 8.75 4.85 C 6.95 5.78 8.B9
-75 5.72 5.38 8.83 4.93 A 7.05 5.83 8.p7
=50 5.80 5.45 8.90 5.00 A 7.15 5.88 9.p4
=25 5.85 5.51 8.94 5.05 - 7.22 5.94 9.1
0 5.90 5.56 8.98 5.10 . 7.28 6.00 9.L7
25 5.96 5.62 9.03 5.14 - 7.35 6.08 9.p3
50 6.01 5.67 9.07 5.19 . 7.41 6.16 9.p8
70 6.07 5.73 9.11 5.24 e 7.48 6.25 9.B2
100 6.13 5.79 9,16 5.29 - 7.55 6.33 9.B9
125 6.19 5.85 920 5.34 e 7.62 6.36 9.h3
150 6.25 5.92 9.25 5.40 Ce 7.70 6.39 9.118
175 6.31 5.98 9.29 5.45 - 7.77 6.42 9.p2
200 6.38 6.04 9.34 5.50 8.79 7.84 6.45 9.p6
225 6.43 6/08 9.37 5.54 8.81 7.89 6.50 9.p0
250 6.49 6.12 9.41 5.58 8.83 7.93 6.55 9.p4
275 6.54 6.15 9.44 5.62 8.85 7.98 6.60 9.p8
300 6.60 6.19 9.47 5.66 8.87 8.02 6.65 9.r1
325 6.65 6.23 9.50 5.70 8.89 8.07 6.69 9.¥4
350 6.7% 6.27 9.53 5.74 8.90 8.11 6.73 9.V8
375 6.76 6.30 9.56 5.77 8.91 8.16 6.77 9.1
400 6.82 6.34 9.59 5.81 8.92 8.20 6.80 9.B4
425 6.87 6.38 9.62 5.85 8.92 8.25 6.83 9.B6
450 6.92 6.42 9.65 5.89 8.92 8.30 6.86 9.89
475 6.97 6.46 9.67 5.92 8.92 8.35 6.89 9.92
500 7.02 6.50 9.70 5.96 8.93 8.40 6.93 9.94
525 7.07 6.54 9.73 6.00 8.93 8.45 6.97 9.97
550 7.12 6.58 9.76 6.05 8.93 8.49 7.01 9.99
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Table C-3 Thermal Coefficients, U.S. Units, for Metals
Mean Coefficient of Linear Thermal Expansion Between 70°F and Indicated Temperature, pin./in.-°F

Material
UNS UNS
NO8XXX NO6XXX
Gray Series Series Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe—Cr Ni-Cr-Fe Iron °F
-450
—425
-400
=375
-350
9.p0 A 8.40 8.20 6.65 Ce ce Ce -325
10.p4 A 8.45 8.24 6.76 . . A -300
10.18 ce 8.50 8.29 6.86 . e Ce =275
10.B3 A 8.55 8.33 6.97 A &/ A -250
10.47 . 8.60 8.37 7.08 L AN A =225
10.p1 . 8.65 8.41 7.19 e - 4.65 -200
10.f6 A 8.70 8.46 7.29 e . 4.76 =175
10.p0 . 8.75 8.50 7.40 ol R 4.87 -150
11.p8 e 8.85 8.61 7.50 Y. R 4.98 -125
11.p5 . 8.95 8.73 7.60 A . 5.10 -100
11.43 A 9.05 8.84 7.70 e e 5.20 -75
11.p0 - 9.15 8.95 7.80 - R 5.30 -50
11.73 e 9.23 9.03 7.87 - R 5.40 =25
11.B6 . 9.32 9.11 7-94 . N 5.50 0
11.p9 - 9.40 9.18 8.02 - R 5.58 25
12.12 e 9.49 9.26 8.09 . c 5.66 50
12.p5 A 9.57 9.34 8.16 Ce 7.13 5.74 70
12.B9 . 9.66 942 8.24 Ce 7.20 5.82 100
12.p3 A 9.75 9!51 8.31 A 7.25 5.87 125
12.p7 e 9.85 9.59 8.39 - 7.30 5.92 150
12.B1 e 9.93 9.68 8.46 . 7.35 5.97 175
12.p5 5.75 1003 9.76 8.54 7.90 7.40 6.02 200
13.p3 5.80 10.05 9.82 8.58 8.01 7.44 6.08 225
13.12 5.84 10.08 9.88 8.63 8.12 7.48 6.14 250
13.p0 5.89 10.10 9.94 8.67 8.24 7.52 6.20 275
13.p8 5.93 10.12 10.00 8.71 8.35 7.56 6.25 300
13.B6 5.97 10.15 10.06 8.76 8.46 7.60 6.31 325
13.44 6.02 10.18 10.11 8.81 8.57 7.63 6.37 350
13.p2 6.06 10.20 10.17 8.85 8.69 7.67 6.43 375
13.p0 6.10 10.23 10.23 8.90 8.80 7.70 6.48 400
13.p8 6.15 10.25 10.29 C 8.82 7.72 6.57 425
13.75 6.19 10.28 10.35 R 8.85 7.75 6.66 450
13.83 6.24 10.30 10.41 R 8.87 7.77 6.75 475
13.90 6.28 10.32 10.47 e 8.90 7.80 6.85 500
13.98 6.33 10.35 10.53 ce 8.92 7.82 6.88 525
14.05 6.38 10.38 10.58 C 8.95 7.85 6.92 550
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Table C-3 Thermal Coefficients, U.S. Units, for Metals (Cont’d)
Mean Coefficient of Linear Thermal Expansion Between 70°F and Indicated Temperature, pin./in.-°F

Material
Carbon Steel Austenitic UNS
Carbon-Moly- 5Cr-Mo Stainless 12Cr, NO04400 Copper
Temp., Low-Chrome Through Steels 17Cr, Monel and
°F (Through 3Cr-Mo) 9Cr-Mo 18Cr-8Ni 27Cr 25Cr-20Ni 67Ni-30Cu 3Y/,Ni Copper Alloys
575 7.17 6.62 9.79 6.09 8.93 8.54 7.04 10.1
600 7"7? A.AA O_Q') A.‘IQ Q.O/. Q'EQ 7.(\Q 1n_ 4
625 7.28 6.70 9.85 6.17 8.94 8.63 7.12
650 7.33 6.73 9.87 6.20 8.95 8.68 7.16
675 7.38 6.77 9.90 6.23 8.95 8.73 7.19
700 7.44 6.80 9.92 6.26 8.96 8.78 7.22
725 7.49 6.84 9.95 6.29 8.96 8.83 7(25
750 7.54 6.88 9.99 6.33 8.96 8.87 729
775 7.59 6.92 10.02 6.36 8.96 8.92 7.31
800 7.65 6.96 10.05 6.39 8.97 8.96 7.34
825 7.70 7.00 10.08 6.42 8.97 9.01 7.37
850 7.75 7.03 10.11 6.46 8.98 9.06 7.40
875 7.79 7.07 10.13 6.49 8.99 9.11 7.43
900 7.84 7.10 10.16 6.52 9.00 9.16 7.45
925 7.87 7.13 10.19 6.55 9.05 9.21 7.47
950 7.91 7.16 10.23 6.58 92.10 9.25 7.49
975 7.94 7.19 10.26 6.60 9.15 9.30 7.52
1000 7.97 7.22 10.29 6.63 9.18 9.34 7.55
1025 8.01 7.25 10.32 6.65 9.20 9.39
1050 8.05 7.27 10.34 6.68 9.22 9.43
1075 8.08 7.30 10.37 6.70 9.24 9.48
1100 8.12 7.32 10.39 6.72 9.25 9.52
1125 8.14 7.34 10,41 6.74 9.29 9.57
1150 8.16 7.37 1044 6.75 9.33 9.61
1175 8.17 7.39 10.46 6.77 9.36 9.66
1200 8.19 7.41 10.48 6.78 9.39 9.70
1225 8.21 7.43 10.50 6.80 9.43 9.75
1250 8.24 7145 10.51 6.82 9.47 9.79
1275 8.26 7.47 10.53 6.83 9.50 9.84
1300 8.28 7.49 10.54 6.85 9.53 9.88
1325 8.30 7.51 10.56 6.86 9.53 9.92
1350 8.32 7.52 10.57 6.88 9.54 9.96
1375 8.3% 7.54 10.59 6.89 9.55 10.00
1400 8.36 7.55 10.60 6.90 9.56 10.04
1425 10.64
1450 10.68
1475 10.72
1500 10.77

GENERAL NOTE: For Code references to this Appendix, see para. 319.3.1. These data are for use in the absence of more applicable data. It
is the designer’s responsibility to verify that materials are suitable for the intended service at the temperatures shown.
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Table C-3 Thermal Coefficients, U.S. Units, for Metals (Cont’d)
Mean Coefficient of Linear Thermal Expansion Between 70°F and Indicated Temperature, pin./in.-°F

Material
UNS UNS

NO8XXX NO6XXX

Gray Series Series Ductile Temp.,
Aluminum Cast Iron Bronze Brass 70Cu-30Ni Ni-Fe-Cr Ni-Cr-Fe Iron °F

14.13 6.42 10.41 10.64 ce 8.97 7.88 6.95 575
14.’”\ 4'/‘7 1(\'/‘A 1{\_40 —— o.nn 7'0(\ A.OQ 600
6.52 10.46 10.75 R 9.02 7.92 7.02 625
6.56 10.48 10.81 R 9.05 7.95 7.04, 650
6.61 10.50 10.86 R 9.07 7.98 708 675
6.65 10.52 10.92 R 9.10 8.00 7.11 700
6.70 10.55 10.98 R 9.12 8.02 7.14 725
6.74 10.57 11.04 . 9.15 8.05 7.18 750
6.79 10.60 11.10 Ce 9.17 8.08 7.22 775
6.83 10.62 11.16 e 9.20 8.10 7.25 800
6.87 10.65 11.22 - 9.22 R 7.27 825
6.92 10.67 11.28 Ce 9.25 Ce 7.31 850
6.96 10.70 11.34 e 927 e 7.34 875
7.00 10.72 11.40 . 9:30 R 7.37 900
7.05 10.74 11.46 ce 9.32 ce 7.41 925
7.10 10.76 11.52 R 9.35 R 7.44 950
7.14 10.78 11.57 R 9.37 R 7.47 975
7.19 10.80 11.63 C o 9.40 ce 7.50 1000
10.83 11.69 N 9.42 R e 1025
10.85 11.74 . 9.45 ce . 1050
10.88 11.80 R 9.47 R . 1075
10.90 11.85 R 9.50 R - 1100
10.93 1191 9.52 1125
10.95 11.97 9.55 1150
10.98 12.03 R 9.57 R - 1175
11.00 12.09 R 9.60 R A 1200
9.64 R - 1225
9.68 R R 1250
9.71 R - 1275
9.75 Ce - 1300
9.79 R R 1325
9.83 Ce - 1350
9.86 R . 1375
9.90 R e 1400
9.94 Ce - 1425
9.98 L. C 1450
10.01 e - 1475
10.05 1500
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Table C-5 Thermal Expansion Coefficients, Nonmetals

Mean Coefficients (Divide Table Values by 10°)

Material Description in./in., °F Range, °F mm/mm, °C Range, °C
Thermoplastics
Acetal AP2012 2 3.6
Acrylonitrile-butadiene-styrene
ABS 1208 60 108 -
ABS 121¢ 55 75=55 99 7-13
ABS 1316 40 72
ABS 211p 40 72
Cellulose agetate butyrate
CAB MH(8 80 144
CAB S00# 95 171
Chlorinated| poly(vinyl chloride)
CPVC 4120 35 63
Polybutylenfe PB 2110 72 130
Polyether, ghlorinated 45 81
Polyethylenje
PE 1404 100 46-100 180 8-38
PE 2305 90 46-100 162 8-38
PE 2306 80 46-100 144 8-38
PE 3306 70 46-100, 126 8-38
PE 3406 60 46=100 108 8-38
Polyphenyl¢ne POP 2125 30 54
Polypropylgne
PP1110 48 33-67 86 1-19
PP1208 43 77
PP2105 40 72
Poly(vinyl chloride)
PVC 112 30 23-37 54 —-5[to +3
PVC 122 35 34-40 63 1-4
PVC 211 50 90
PVC 211 45 81
PVC 211 40 37-45 72 3-7
PVC 212 30 54
Poly(vinylidene fluoride) 79 142
Poly(vinylidene chloride) 100 180
Polytetrafluproethylene 55 73-140 99 P3-60
Poly(fluorinpted ethylenepropylene) 46-58 73-140 83-104 P3-60
Poly(perflugroalkoxy\alkane) 67 70-212 121 21-100
Poly(perflugroalkoxy. alkane) 94 212-300 169 100-149
Poly(perflugroatkoxy alkane) 111 300-408 200 149-209
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Table C-5 Thermal Expansion Coefficients, Nonmetals (Cont’d)

Mean Coefficients (Divide Table Values by 10°)

Material Description in./in., °F Range, °F mm/mm, °C Range, °C

Reinforced Thermosetting Resins
and Reinforced Plastic Mortars

Glass-epoxy, centrifugally cast 9-13 o 16-23.5
Glass-polyester, centrifugally cast 9-15 C.. 16-27
Glass-polyester, filament-wound 9-11 .. 16-20
Glass-polyester, hand lay-up 12-15 c.. 21.5-27
Glass-ppoxy, filament-wound 9-13 S 16-23.5

Other|Nonmetallic Materials

Borosilicate glass 1.8 S 3,25

GENERAL NOTES:
(@) For Code references to this Appendix, see para. A319.3.1. These data are for use in the absen¢€.of more applicable data. It|is the
dgsigner’s responsibility to verify that materials are suitable for the intended service at the tempeératures shown.
(b) Infividual compounds may vary from the values shown. Consult manufacturer for specific values for products.
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Table C-6 Modulus of Elasticity, U.S. Units, for Metals

ASME B31.

3-2008

E = Modulus of Elasticity, Msi (Millions of psi), at Temperature, °F

Material -425 -400 -350 -325 -200 -100 70 200 300 400
Ferrous Metals
Gray cast iron .. C.. . . 13.4 13.2 12.9 12.6
Carbon steels, C < 0.3% 31.9 31.4 30.8 30.2 29.5 28.8 28.3 27.7
Carbon steels, C > 0.3% 31.7 31.2 30.6 30.0 29.3 28.6 28.1 27.5
Carbon-mojly Steets 3T.7 3T.T 305 299 292 785 780 27.4
Nickel steels, Ni 2%-9% 30.1 29.6 29.1 28.5 27.8 27.1 26:7 26.1
Cr—Mo stee]ls, Cr l/2%—2% 32.1 31.6 31.0 30.4 29.7 29.0 28.5 27.9
Cr-Mo stees, Cr 2%,%-3% 33.1 32.6 32.0 31.4 30.6 29.8 29.4 28.8
Cr—Mo steells, Cr 5%—9% 33.4 32.9 32.3 31.7 30.9 30.1 29.7 29.0
Chromium steels, Cr 12%, 17%, 27% 31.8 31.2 30.7 30.1 29.2 28.5 27.9 27.3
Austenitic dteels (TP304, 310, 316, 321, 347) 30.8 30.3 29.7 29.0 283 27.6 27.0 26.5
Copper and Copper Alloys (UNS Nos.)
Comp. and |leaded Sn-bronze (C83600, C92200) 14.8 14.6 14.4 14.0 13.7 13.4 13.2
Naval brasq, Si— & Al-bronze (C46400, C65500, 15.9 15:6 15.4 15.0 14.6 14.4 14.1

95200, |C95400)
Copper (C1[L000) 16.9 16.6 16.5 16.0 15.6 15.4 15.0
Copper, red brass, Al-bronze (C10200, C12000, 18.0 17.7 17.5 17.0 16.6 16.3 16.0
(12200, |C12500, C14200, C23000, C61400)
90Cu-10Ni|(C70600) 19.0 18.7 18.5 18.0 17.6 17.3 16.9
Leaded Ni—pronze 20.1 19.8 19.6 19.0 18.5 18.2 17.9
80Cu-20Ni|(C71000) 21.2 20.8 20.6 20.0 19.5 19.2 18.8
70Cu-30Ni[(C71500) 23.3 22.9 22.7 22.0 21.5 21.1 20.7
Nickel and Nickel Alloys (UNS Nos.)
Monel 400|N04400 283 27.8 27.3 26.8 26.0 25.4 25.0 24.7
Alloys N06(07, N08320 30.3 29.5 29.2 28.6 27.8 27.1 26.7 26.4
Alloys NO8300, N08810, N06002 31.1 30.5 29.9 29.4 28.5 27.8 27.4 27.1
Alloys NO6455, N10276 32.5 31.6 31.3 30.6 29.8 29.1 28.6 28.3
Alloys N02200, N02201, N06625 32.7 32.1 31.5 30.9 30.0 29.3 28.8 28.5
Alloy NO6600 33.8 33.2 32.6 31.9 31.0 30.2 29.9 29.5
Alloy N10001 33.9 33.3 32.7 32.0 31.1 30.3 29.9 29.5
Alloy N10665 34.2 33.3 33.0 32.3 31.4 30.6 30.1 29.8
Unalloyed Titanium
Grades 1, 3, 3, and.Y 15.5 15.0 14.6 14.0
224
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Table C-6 Modulus of Elasticity, U.S. Units, for Metals

E = Modulus of Elasticity, Msi (Millions of psi), at Temperature, °F

500 600 700 800 900 1000 1100 1200 1300 1400 1500 Material

Ferrous Metals

12.2 117 11.0 10.2 e . R Gray cast iron
27.3  26.7 25.5 242 22.4 20.4 18.0 . Carbon steels, C < 0.3%
27.1 26,5 253 24.0 22.2 20.2 17.9 15.4 Carbon steels, C > 0.3%
27.0| 26.4 253 239 222 20.1 17.8 15.3 Carbon-moly steels
25.7| 25.2 24.6 23.0 e . . . . . Nickel steels{ Ni 2%-9%
2751 269 26.3 255 2438 23.9 23.0 21.8 20.5 18.9 Cr—Ma,steels, [Cr ¥4%-2%
283 27.7 271 263 25.6 24.6 23.7 22.5 21.1 19.4 Cr—Mbo steels, (r 21/4%—3%
28.6 | 28.0 27.3 26.1 247 22.7 20.4 18.2 15.5 12.7 Cr—Mo steels| Cr 5%—9%
26.7| 26.1 25.6 247 222 215 19.1 16.6 S e R Chromium steels, Cr 12%,) 17%, 27%
25.8 25.3 24.8 24.1 23.5 22.8 22.1 21.2 20.2 19.2 18.1 Austenitiésteéls (TP304, 310, 316} 321, 347)
Copper and Copper Alloys| (UNS Nos.)

12.9( 12,5 12.0 Comp. and leaded Sn-bronze (C836Q0, C92200)
13.8| 13.4 12.8 Naval brass, Si- & Al-bronze (C4640p, C65500,
€95200, C95400)

14.7| 142 13.7 Coppé¢r (C11000)
15.6 | 15.1 14.5 Copper, red brass, Al-bronze (C10209, C12000,
12200, C12500, C14200, C23000, C61400)

16.6 | 16.0 15.4 90Cu—10Ni (C70600)
17.5| 16.9 16.2 Leaded Ni-bronze
18.4] 17.8 171 80Cu—20Ni (C71000)
20.2 19.6 18.8 70Cu-30Ni (C71500)
Nickel and Nickel Alloys (UNS Nos.)

243 24.1 237 23.1 226 22.1 21.7 21.2 Monel 400 N04400
26.0| 25.7 25.3 24.7 24.2 23.6 23.2 22.7 Alloys N060@7, N0O8320
26.6 | 26.4 259 254 2438 24.2 23.8 23.2 Alloys N08800, N08810, N06002
279 276 27.1 265 259 253 24.9 24.3 Alloys N064%5, N10276
28.1| 27.8 27.3 26.7 26x 25.5 25.1 24.5 Alloys N02200, N02201, N06625
29.0 28.7 28.2 27.6 270 26.4 25.9 25.3 Alloy NO6600
29.1 | 28.8 28.3 27.70M27.1 26.4 26.0 25.3 Alloy N10001
29.4 29.0 28.6 27.9 27.3 26.7 26.2 25.6 Alloy N10665
Unalloypd Titanium

13.3| 126119 11.2 Grades 1,2, 3, and 7
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Table C-6 Modulus of Elasticity, U.S. Units, for Metals (Cont’d)

Material

E = Modulus of Elasticity, Msi (Millions of psi), at Temperature, °F

-425 -400 -350 -325 -200 -100 70 200 300 400
Aluminum and Aluminum Alloys (UNS Nos.)
Grades 443, 1060, 1100, 3003, 3004, 6061, 11.4 111 10.8 10.5 10.0 9.6 9.2 8.7
6063 (A24430, A91060, A91100, A93003,
A93004, A96061, A96063)
Grades 5092, 5154, 5454, 5652 (A95057, TT.6 TT.3 TT.0 T0.7 T0.Z2 9.7 K 8.9
A95154,|A95454, A95652)
Grades 356, 5083, 5086, 5456 (A03560, 11.7 11.4 111 10.8 10.3 9.8 5 9.0

A95083, [A95086, A95456)

GENERAL NPTE:

is the designer’s responsibility to verify that materials are suitable for the intended service at the temperatures shown.

For Code references to this Appendix, see para. 319.3.2. These data are for use in the absence of more.applicable data. It
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Table C-8 Modulus of Elasticity, Nonmetals

Material Description E, ksi (73.4°F) E, MPa (23°C)

Thermoplastics [Note (1)]

Acetal 410 2830
ABS, Type 1210 250 1725
ABS, Type 1316 340 2 345
CAB 120 825
PVC, TYPE 1120 420 2 895
PVC, Type 1220 410 2825
PVC, Type 2110 340 2 345
PVC, Type 2116 380 2 620
Chloripated PVC 420 2 895
Chloripated polyether 160 1105
PE, Type 2306 90 620
PE, Type 3306 130Q 895
PE, Type 3406 150 1035
Polypropylene 120 825
Poly(v|nylidene chloride) 100 690
Poly(v|nylidene fluoride) 194 1340
Poly(tétrafluorethylene) 57 395
Poly(fluorinated ethylenepropylene) 67 460
Poly(plrfluoroalkoxy alkane) 100 690
Thermlosetting Resins, Axially Reinforced

Epoxyiglass, centrifugally cast 1,200-1,900 8 p75-13 100
Epoxyiglass, filament-wound 1,100-2,000 7 $85-13 790
Polyedter-glass, centrifugally cast 1,200-1,900 8 p75-13 100
Polyedter-glass, hand lay-up 800-1,000 5§ 515-6 895
Other

Borosilicate glass 9,800 67 570
GENERAL NOTE: / Far Code references to this Appendix, see para. A319.3.2. These data are for use in the absence of more appljcable data.
It is tHe desigrnier’s’responsibility to verify that materials are suitable for the intended service at the temperatures shown.

NOTE:

(1) THe modulus of elasticity data shown for thermoplastics are based on short-term tests. The manufacturer should be consultpd to

obtaimvatuesfor useumdertomg-termTtoading:
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APPENDIX D

FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table D300?!

Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification
Factor [Notes (2), (3)]

Flexibility Flexibility
Factor, Out-of-Plane, In-Plane, Characteristic,
Description k Iy I h Sketch
T—
4
— T ¢
Welding eldow or pipe bend 1.65 0.75 0.9 TRy ‘ ro
[Notes (3), (4)-(7)] h p23 p23 P }
2 Rq =bend
radius
Closely spa¢ed miter bend 1.52 0.9 0.9 cot 6 5_7'
s<ry (1+ tan 6) EQ p23 p23 2 2
[Notes (3), (4), (5), (7)]
Single mitef bend or widely 1.52 0.9 0.9 1+ cot # z
spaced mijter bend 506 p2l p2/3 2 "
s2r, (I +tan 6)
[Notes (2), (4), (7)1
_ T
Welding ted per ASME B16.9 1 0.9 Vsl + Y4 511 T 114
[Notes (4), (4), (6), (8), (9)] 23 A @ ) ry
N T
Ix
_ir
. . 3 . 1 —_ — 2
Reinforced fabricated/tee 1 0.9 Ya o+ /4 (T + Y% T,)%5 -— - —
with pad for saddlé 23 s, 4 | f:ir
[Notes (), (47,09}, (10), (11)] 2 7= , L
Tr L F T
Pad Saddle "
228
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Table D300

Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Factor [Notes (2), (3)]

Flexibility Flexibility
Factor, Out-of-Plane, In-Plane, Characteristic,
Description k Iy i h Sketch
4
Unreinforced fabricated tee 1 0.9 3alo + Y4 T I r2
[Notes(2) (4) (o) (11)] 2L = N— I 14
I iyl
M +
4T
Extruded welding tee with 1 0.9 AR/ 1L T T T
r20.05 D, PR ") TR
7.415T .
[Notes (2), (4), (9)] Ix
Weldefl-in contour insert 1 0.9 AR/ 8 :
[Notes (2), (4), (8), (9)] p23 T h
Branch welded-on fitting 1 0.9 0.9 T
) X — —_— 3.3 —
(intggrally reinforced) p23 p2/3 ry
[Notes (2), (4), (11), (12)]
Stress
Flexibility Intensification
Description Factor, k Factor, / [Note (1)1
Butt weldedyjoint, reducer, or weld neck flange 1 1.0
Doublexwelded slip-on flange 1 1.2
Filtet welded joint, or socket weld flange or 1 Note (13)
fitting
Lap joint flange (with ASME B16.9 lap joint 1 1.6
stub)
Threaded pipe joint or threaded flange 1 2.3
Corrugated straight pipe, or corrugated or 5 2.5
creased bend [Note (14)]
229
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Table D300 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

100
80 Flexibility factor for
elbows k = 1.65/h
60 \
// Flexibility factor for
40 - miters k= 152/8%
\ / _ Stress intensification
- 20 N > factor / = 0.9//12/3
2 -
&5 15
c o Stress intensification
o8 . 2,
2% factor i = 0.75/h"3
S‘;':)' ;; 10R \/
z 8
22 s " = AN
£3 /
é’ & 6 \
& N
4 \N\\
3 \\\\ N\
15 \\\\
0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 15
Characteristic h
Chart A
1.00 >
—/ /
0.75
< / ‘ //
§ = /
& 050
: //’\ \\
Q,.-0.375 / AN 1 End flanged ¢q = h'6
/ 2 Ends flanged cq= h'3
0.25
Chart B
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Table D300 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d) (08)
NOTES:

(1) Stress intensification and flexibility factor data in Table D300 are for use in the absence of more directly applicable data (see para.
319.3.6). Their validity has been demonstrated for D/ T < 100.

(2) The flexibility factor, k, in the Table applies to bending in any plane. The flexibility factors, k, and stress intensification factors, i,
shall not be less than unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy
centerlines in the sketches) for curved and miter bends, and to the intersection point for tees.

(3) A single intensification factor equal to 0.9/h*> may be used for both j; and i, if desired.

(4) The values of k and i can be read directly from Chart A by entering with the characteristic h computed from the formulas given

L N} 1ot + £o11
D, = outside diameter of branch
R; = bend radius of welding elbow or pipe bend
ry = see definition in para. 304.3.4(c)
r, = mean radius of matching pipe
s = miter spacing at centerline
T = for elbows and miter bends, the nominal wall thickness of the fitting
= for tees, the nominal wall thickness of the matching pipe
T. = crotch thickness of branch connections measured at the center of the crotch where showf ih,the sketches
T, = pad or saddle thickness
0 = one-half angle between adjacent miter axes

(5) Where flanges are attached to one or both ends, the values of k and i in the Table shall be\corrected by the factors C;, witich can be
ead directly from Chart B, entering with the computed h.

(6) The designer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with which they are
sed. Large errors may be introduced unless the effect of these greater thicknessesyis considered.

(7) In large diameter thin-wall elbows and bends, pressure can significantly affect.the’magnitudes of k and /. To correct value$ from the
[able, divide k by

i\ [ 7/3 Rl 1/3
1+6 (2| =M=
EI\T r
Hivide / by
P/‘ r 5/2 R1 2/3
1¥3.25|=||= —
EIT r
For consistency, use kPa and mm for SI metri¢;“and psi and in. for U.S. customary notation.

® [Fre='% Dyand T. > 1.5T, a flexibility_charatteristic of 4.4 T/r, may be used.

(9) btress intensification factors for brapch’connections are based on tests with at least two diameters of straight run pipe on each side
f the branch centerline. More clgSely-loaded branches may require special consideration.

(10) When T, is > 1Y% T, use h =4 TIf.

(11) The out-of-plane stress intensification factor (SIF) for a reducing branch connection with branch-to-run diameter ratio of
D.5 < d /D < 1.0 may be'nonconservative. A smooth concave weld contour has been shown to reduce the SIF. Selection of the
hppropriate SIF is the designer’s responsibility.

(12) The designer mustbe'satisfied that this fabrication has a pressure rating equivalent to straight pipe.

(13) .1 max. or 2.1(T G but not less than 1.3. G is the fillet weld leg length (see Fig. 328.5.2C). For unequal leg lengths, usk the

(14)

Copyright ASME International

Provided by IHS under license with ASME

maller leg for C,:
Factors shown“apply to bending. Flexibility factor for torsion equals 0.9.
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APPENDIX E
REFERENCE STANDARDS

Standafds incorporated in this Code by reference, and the names and addresses of the sponsoring organizations,
are showh in this Appendix. It is not practical to refer to a specific edition of each standard throughout(the'[Code
text; inst¢ad, the specific edition reference dates are shown here. Specific edition reference dates are not)proyided
for ASME codes and standards. For ASME codes and standards, the latest published edition in effect/at the| time
this Codg is specified is the specific edition referenced by this Code unless otherwise specified in the engindering
design. Slibsequent issues and revisions of these referenced standards and any new standards‘incorporated in the
Code by feference in Code Addenda will be listed (after review and acceptance by the Code Committee) in revisions
of this Appendix E.

A component ordinarily is not marked to indicate the edition date of the standard to-which it is manufactured.
It is thergfore possible that an item taken from inventory was produced in accordance-with a superseded e%‘ijtion,
or an edifion not yet approved by the Code (because it is of later date than that listed and is in use). If compliance
with a specific edition is a requirement of the intended service, it usually will\be necessary to state the specific
requiremgnt in the purchase specification and to maintain identification of th&component until it is put in sefvice.
ASTM Specffications ASTM Specifications (Cont’d) ASTM Specifications (Cont’d)

A 20-96a A 276-97 A 487-93 (R1998)
A 36-05 A 278-93 A 494-98
A 47-90 (R1996) A 283-97
A 48-94a A 285-90 (R1996) A 508/A 508M-05b
A 299-97 A 515-92 (R1997)
A 53-97 A 516-90 (R1996)
A 302-97 A 524-98
A 105-98 A 307-97 A 530-98
A 106-97a A 312-95a A 537-95
A 126-95 A 320-97
A 134-96 A 325-97 A 553-95
A 135-97 A.333-98 A 563-94
A 139-96 A)334-96 A 570-96
A 335-95a A 571-84 (R1992)
A 167-96 A 350-97 A 587-96
A 179-90a [R1996)
A 181-95b A 351-94a A 645-97
A 182:97¢ A 35293 (R1998)
A 193-97a A 353-93 A 671-96
A 194-97 A 354-97 A 672-96
A 197-98 A 358-95a A 675-90a (R1995)
A 369-92 A 691-98
A 20297 A 370-97a
A 203-97 A 376-96 A 723/A 723M-02
A 5‘1)3'/9/132 X5 A 38196 A 789-95
A 387-9Z (RT997) A 79095
A 216:93 (R1998) A 395-98 A 815-94
A 217-95
A 234-97 A 403-98 B 21/B 21M-01
A 240-97a A 409-95a B 26-98
A 420-96a B 42-98
A 263-94a A 426-92 (R1997) B 43-98
A 264-94a A 437-98 B 61-93
A 265-94a B 62-93
A 268:96 A 45193 (R1997) B 68-99
A 269-96 A 453-96 B 75-99
A 479-97a B 88-99
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REFERENCE STANDARDS (CONT'D)

ASTM Specifications (Cont’d) ASTM Specifications (Cont’d) ASTM Specifications (Cont’d)

B 96/B 96M-01 B 514-95 D 2609-02
B 98/B 98M-98 B 517-98 D 2657-03
B 523-97 D 2662-96a
B 127-98 B 547-95 D 2666-96a
B 148-97 B 550-97 D 2672-96a (R2003)
B 150-95a D 2683-04
B 551-97 D 2737-03
B 152)B 152M-00 B 564-06a
B 160}93 B 574-98 D 2837-04
B 161}{93 B 575-98 D 2846/D 2846M-99¢
B 162}93a B 581-97 D 2855-96 (R2002)
B 164}95 B 582-97 D 2992-01
B 165{98 B 584-00 D 2996-01
B 166{97a
B 167198 B 619-06 D 2997-01
B 16898 B 620-98a D 3000-95a
B 169)B 169M-01 B 621-95a
B 171fB 171M-99 B 622-06 D,3035-03a
B 187}00 B 625-95 D 3139-98 (R2005)
B 626-04 D 3261-03
B 20996 B 649-95 D 3309-96a (R2002)
B 210}95
B 211}95a B 658-97 D 3517-04
B 221{96 B 675-96 D 3754-04
B 241}96 B 688-96 D 3839-02¢
B 247}95a B 690-96 D 3840-01
B 265(95a B 705-94 D 4024-05
B 28099 B 725-93 D 4161-01
B 283}99 B 729-95
B 804-96 D 5421-00
B 33303 B 861-06a D 5685-02
B 335}03 D 6041-97
B 336}04b C 14-95
B 337}95 € 301-98 E 94-00
B 338{06a € 361-96 E 112-96
B 345(96 E 114-01
C 582-95 E 125-63 (R1997)
B 361}95 € 599-91 (R1995) E 155-00
B 363}06a E 165-95
B 366}98a D 1527-99¢ E 186-98
B 381}97 D 1600-99 E 213-04
D 1694-95 (R2000) E 272-99
B 407196 D 1785-04a E 280-98
B 409{96a E 310-99
B 423{99 D 2104-03 E 446-98
B 424{98a D 2235-04 E 709-95
B 425{99 D 2239-03
B 435{98a D 2241-04b F 336-02
B 44399 D 278799 FZ37-99
B 444-94 D 2310-01 F 438-04
B 446-98 D 2321-04 F 439-02¢
D 2447-03 F 441/F 441M-02
B 462-06 D 2464-99¢ F 442/F 442M-99
B 463-98a D 2466-02 F 493-04
B 464-93 D 2467-04¢ F 714-01
B 466/B 466M-98 D 2468-96a
B 467-88 (R1997) F 1055-98¢
B 491-95 D 2513-04a F 1290-98a (R2004)
B 493-83 (R1993) D 2517-05 F1412-01¢
D 2564-04
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REFERENCE STANDARDS (CONT'D)

ASME Standards (Cont’d)

AWWA Standards

F 1498-00¢! B36.10M €110-98
F 1545-97 (R2003) B36.19M C111-00
F1673-04 C115-99
F 1970-01 B46.1 C150-96
C151-02
L €200-97
AISC Publication APl Specifications €207-01
. C208-01
MO016 (Marfual of Steel.COnstructlgr}, 5B, 1996 €300-97
Allowablg Stress Design, 9th Edition, 5L, 41st Ed., 1995 €301.92
1989) 15LE, 3rd Ed., 1995 30295
15LR, 6th Ed., 1990 C500-93 (A1995)

ASCE Standard
C504-02
ASCE 7-02 API Standards C€900-89
C950-95

ASME Codés (Use Latest Edition)

ASME Boilgr and Pressure Vessel Code
Section ||, Part D
Section
Section VI, Div. 1
Section \lII, Div. 2
Section \lII, Div. 3
Section |
ASME Stanflards (Use Latest Edition)

A13.1

526, 1995
594, 1997
599, 2002
600, 2001

602, 6th Ed., 1998
603, 5th Ed., 2001

608, 2002
609, 4th Ed., 1997

API Recommended Practice

RP 941, 5th Ed., 1997

CDA Publication

Copper Tube Handbook, 1995

CGA Publication

G-4.1-1996, 4th Ed.

CSA Publication

B1.1 7245.1-1998

B1.20.1

B1.20.3 ASNT Standard L.

B1.20.7 EJMA Publication, 8th Ed., 2003
SNT TC-1A-2001

B16.1 EJMA Standards

B16.3

B16.4 ASQ Standards

B16.5 ICC Publication

B16.9 Q 9000-1: 1994

B16.10 Q 9000-2: 1997 Uniform Building Code, 1997 Edition

B16.11 Q 9000-3: 1997

B16.14 Q 9001: 2000

B16.15 Q 9002: 1994 MSS Standard Practices

B16.18 Q 9003: 1994

B16.20 SP-6-2001

SP-9-2001

B16.21 AWS Standards SP-25-1998

B16.22

B16.24 o aoaa P00

E AD.UZUU L "R Z1TT7

B16.25 A5.1-1991 SP-43-1991 (R2001)

B816.26 A5.4-1992 SP-44-1996

B16.34 A5.5-1996 SP-45-2003

B16.36 A5.9-1993 SP-51-2003

B16.39 A5.11-1997 SP-53-1999 (R2002)

B16.42 A5.14-1997 SP-55-2001

B16.47 A5.22-1995 SP-58-2002

B16.48 SP-65-1999

SP-70-1998
B18.2.1
B18.2.2
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REFERENCE STANDARDS (CONT'D)

MSS Standard Practices (Cont’d) NACE Publications PPI Technical Report
SP-71-1997 Corrosion Data Survey, 1985 TR-21-1974
SP-72-1999 MR0103-05

SP-73-2003 MRO0175-97

SP-75-1998 RP0170-93 (R1997) SAE Specifications
SP-79-1999 (A1999) RP0472-95

SP-80-1997 J 513-1999
SP-81-2001 ) 514-2001
SP-83{2001 NFPA Specification ) 518-1993
SP-85{2002

SP-88{1993 (R2001) 1963-1998

SP-9512000

SP-97{2001

SP-10p-1996 (R2001) PFI Standard

SP-11p-2003

SP-12p-1997 ES-7-2004

GENERAL NOTE: The issue date shown immediately following the hyphen after the number of the,standard (e.g., B16.9-1978, |C207-1978,

and A|47-77) is the effective date of the issue (edition) of the standard. Any additional number shown following the issue date 4
by the| letter “R” is the latest date of reaffirmation [e.g., C101-1967 (R1977)]. Any edition number prefixed by the letter “A” is the
latest faddenda accepted [e.g., B16.36-1975 (A1979)].
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Specifications and standards of the following organizations appear in Appendix E:

AISC

API

ASCE

ASME

ASME

ASNT

ASQ

ASTM

AWWA

AWS

Copyright ASME International

American Institute of Steel Construction CDA Copper Development Association, Inc.
One East Wacker Drive, Suite 700 260 Madison Avenue, 16th Floor
Chicago, Illinois 60601-1802 New York, New York 10016
(312) 670-2400 (212) 251-7200 or (800) 232-3282
www.aisc.org WWW.COpper.org
American Petroleum Institute CGA Compressed Gas Association, Inc.
Publications and Distribution Section 4221 Walney Road

220--Streat—NW ChartHisireiria204512923
Washington, DC 20005-4070 (703) 788-2700
(p02) 682-8375 www.cganet.com

ww.api.org

CSA CSA International

The American Society of Civil Engineers 178 Rexdale Boulevard
1801 Alexander Bell Drive Etobicoke (Toronto), Ontario
Reston, Virginia 20191-4400 M9OW 1R3, Canada
(F03) 295-6300 or (800) 548-2723 (416) 747-2620 or (800) 463-6727

WW.asce.org www.csa-international.org
ASME International EJMA Expansion Joint Mahdfacturers Association
Tlhree Park Avenue 25 North Broadway
New York, New York 10016-5990 Tarrytown, New York 10591
(R12) 591-8500 or (800) 843-2763 (914) 33270040

wWw.asme.org www.ejmaorg
(Qrder Department ICC International Code Council
22 Law Drive 5203 Leesburg Pike
Box 2300 Falls Church, Virginia 22041
Fairfield, New Jersey 07007-2300 (703) 379-1546 or (888) ICC-SAFE
(p73) 882-1170 or (800) 843-2763 www.iccsafe.org
American Society for Nondestructive Testing, Inc. MSS Manufacturers Standardization Society of the Valvd
RO. Box 28518 and Fittings Industry, Inc.
1711 Arlingate Lane 127 Park Street, NE
(olumbus, Ohio 43228-0518 Vienna, Virginia 22180-4602
(p14) 274-6003 or (800) 222-2768 (703) 281-6613

ww.asnt.org www.mss-hg.com
American Society for Quality NACE NACE International
411 East Wisconsin Ave. 1440 South Creek Drive
Milwaukee, WI 53202 Houston, Texas 77084-4906
(B0O0) 248-1946 (281) 228-6200

WW.asq.org www.nace.org
American Society forFesting and Materials NFPA National Fire Protection Association
100 Barr HarbarDrive 1 Batterymarch Park
West Conshehiocken, Pennsylvania Quincy, Massachusetts 02169-7471
19428-2959, (617) 770-3000 or (800) 344-3555
(p10),83229500 www.nfpa.org

ww.dastm.org

PFI Pipe Fabrication Institute

American Water Works Association 655-32nd Avenue, Suite 201
6666 W. Quincy Avenue Lachine, Quebec H8T 3G6
Denver, Colorado 80235 Canada
(303) 794-7711 or (800) 926-7337 (514) 634-3434
WWW.awwa.org www.pfi-institute.org
American Welding Society PPI Plastics Pipe Institute

550 NW LeJeune Road

Miami, Florida 33126

(305) 443-9353 or (800) 443-9353
WWW.aws.org
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105 Decker Court
Irving, Texas 75062
(469) 499-1044
www.plasticpipe.org
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SAE Society of Automotive Engineers
400 Commonwealth Drive
Warrendale, Pennsylvania 15096-0001
(724) 776-4970 or (800) 832-6723
Www.sae.org

GENERAL NOTE TO LIST OF ORGANIZATIONS:  Some of the organizations listed above publish standards that have been approved as American
National Standards. Copies of these standards may also be obtained from:

ANSI American National Standards Institute, Inc.
25 \West 43rd Stroot
New York, New York 10036
(212) 642-4900
WWW.ansi.org
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APPENDIX F
PRECAUTIONARY CONSIDERATIONS

F300 GENERAL

F301.11 Condensation Effects

This Appendix provides guidance in the form of pre-
cautionafy considerations relating to particular fluid
services and piping applications. These are not Code
requiremgnts but should be taken into account as appli-
cable in the engineering design. Further information on
these subjjects can be found in the literature.

F301 DESIGN CONDITIONS

Selectign of pressures, temperatures, forces, and other
conditions that may apply to the design of piping can
be influepced by unusual requirements which should
be considered when applicable. These include but are
not limit¢d to the following.

F301.4 Ambient Effects

Where|fluids can be trapped (e.g., in double seated
valves) aind subjected to heating and consequent expan-
sion, megns of pressure relief should be considered to
avoid exdessive pressure buildup.

F301.5 Dynamic Effects

geysering] an effect that can occur in piping (andling
fluids at ¢r near their boiling temperatures under condi-
tions when rapid evolution of vapor within the piping
causes rapid expulsion of liquid. In suich cases, a pres-
sure surge can be generated that may_be destructive to
the piping. (Geysering usually isassociated with vertical
pipelines|but may occur in inelined lines under certain
conditior}s.)

F301.7 Thermal Expansion and Contraction Effects

bowing dyring cooldowhn: an effect that can occur, usually
in horizoftal pipitig; on introduction of a fluid at or near
its boiling temperature and at a flow rate that allows
stratified |tWoe-phase flow, causing large circumferential

Where there is a possibility of condensation ocefrring
inside gaseous fluid piping, means should be-censiglered
to provide drainage from low areas to avbid damage
from water hammer or corrosion.

F304 PRESSURE DESIGN
F304.7 Pressure Design of Other‘Metallic
Components

F304.7.4 Expansion Joints. The following arg spe-
cific considerations to be evaluated by the desjgner
when specifying expansion joint requirements, in pddi-
tion to the guidelifies given in EJMA Standards:

(a) susceptibility to stress corrosion cracking gf the
materials oflconstruction, considering specific alloy con-
tent, method of manufacture, and final heat tr¢ated
condition.

(b) consideration of not only the properties df the
flowing medium but also the environment exterpal to
the expansion joint and the possibility of condengation
or ice formation due to the operation of the bellops at
a reduced temperature.

(c) consideration of specifying a minimum bellows
or ply thickness. The designer is cautioned that requiring
excessive bellows thickness may reduce the fatigye life
of the expansion joint and increase end reactions,

(d) accessibility of the expansion joint for mginte-
nance and inspection.

(e) need for leak tightness criteria for mechanical seals
on slip type joints.

(f) specification of installation procedures and |ship-
ping or preset bars so that the expansion joint will not
be extended, compressed, or offset to compensate for
improper alignment of piping, other than the intenfional
offset specified by the piping designer.

(¢) need torequest data from the expansion jointman-
ufacturer, including

temperature gradients and possibly umacceptabie
stresses at anchors, supports, guides, and within pipe
walls. (Two-phase flow can also generate excessive pres-
sure oscillations and surges that may damage the

piping.)

F301.10 Thermal Fatigue at Mixing Points
Consideration should be given to the potential for

thermal fatigue on surfaces exposed to the fluid when

mixing fluids of different temperatures (e.g., cold drop-
lets impinging on the pipe wall of a hot gas stream).

(1) —effective thrustarea

(2) lateral, axial, and rotational stiffness (spring
constant)

(3) calculated design cycle life under specified
design conditions

(4) friction force in hinges, tie rods, etc.

(5) installed length and weight

(6) requirements for additional support or restraint
in the piping

(7) expansion joint elements that are designed to
be uninsulated during operation
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(8) certification of pressure containing and/or
restraining materials of construction

(9) maximum test pressure

(10) design calculations

F307 VALVES

(a) Extended bonnet valves are recommended where
necessary to establish a temperature differential between
the valve stem packing and the fluid in the piping, to

gasket, and the bolting. Factors that affect performance
include:
(a) Selection and Design

(1) consideration of service conditions (including
external loads, bending moments, and application of
thermal insulation)

(2) flange rating, type, material, facing, and facing
finish (see para. F308.2)

(3) gasket type, material, thickness, and design (see

BAES

avoid packing leakage and external icing or other heat
flux problems. The valve should be positioned to pro-
vide this temperature differential. Consideration should
be giyven to possible packing shrinkage in low tempera-
ture fluid service.

(b)] The effect of external loads on valve operability
and Jeak tightness should be considered.

F308§ FLANGES AND GASKETS
F308{2 Specific Flanges

Slip-On Flanges. The need for venting the space
betwlen the welds in double-welded slip-on flanges
should be considered for fluid services (including vac-
uum) that require leak testing of the inner fillet weld,
or when fluid handled can diffuse into the enclosed
spacg, resulting in possible failure.

F308{4 Gaskets
(a)

be cq
servi
cantl

(b)

shou

Gasket materials not subject to cold flow should
nsidered for use with raised face flanges for fluid
bes at elevated pressures with temperatures sighifi-
y above or below ambient.
Use of full face gaskets with flat faced’ flanges
d be considered when using gasket materials sub-
ject tp cold flow for low pressure andwvacuum services
at m@derate temperatures. When suchgasket materials
are used in other fluid services, the-tise of tongue-and-
grooye or other gasket-confiningflange facings should
be cdnsidered.

(c)| The effect of flange(facing finish should be consid-
ered fin gasket material.selection.

F309 BOLTING

-F309{1 Genefal

The use®of ‘controlled bolting procedures should be
- considered’in high, low, and cycling temperature ser-

viced—and-under conditions-invelving vibration or
5 £

—H308-4)
(4) bolt material, strength (cold and ‘at
ture), and specifications for tightening of belts
F309.1)

(5) design for access to the joing

(b) Installation

(1) condition of flange mating surfaces

(2) joint alignment afid, gasket placems
boltup
(3) implementatiofvof specified bolting p

F321 PIPING SUPPORT
F321.4 Wear{of Piping at Support Points

The use-of pads or other means of pipe attathment at
supporbpoints should be considered for piping systems
subject\to wear and pipe wall metal loss from relative
moyement between the pipe and its supports (e.g., from
Wave action on offshore production applicatipns).

F322 DESIGN CONSIDERATIONS FOR SPECIFIC
SYSTEMS

F322.6 Pressure Relief Piping

Stop Valves in Pressure Relief Piping. If stop Valves are
located in pressure relief piping in accordance yvith para.
322.6.1(a), and if any of these stop valves are to|be closed
while the equipment is in operation, an authotized per-
son should be present. The authorized pers¢n should
remain in attendance at a location where the pperating
pressure can be observed and should have |access to
means for relieving the system pressure in the event of
overpressure. Before leaving the station the ajthorized
person should lock or seal the stop valves in| the open
position.

F323 MATERIALS

(a) Selection of materials to resist deteriorat
vice is not within the scope of this Code. [However,
suitable materials should be specified or selected for use

patea
tempera-

(see para.

nt before

rocedures

on in ser-

fatigue, to reduce

(a) the potential for joint leakage due to differential
thermal expansion

(b) the possibility of stress relaxation and loss of bolt
tension

F312 FLANGED JOINTS
F312.1 General

Three distinct elements of a flanged joint must act
together to provide a leak-free joint: the flanges, the
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in piping and associated facilities not covered by this
Code but which affect the safety of the piping. Consider-
ation should be given to allowances made for tempera-
ture and pressure effects of process reactions, for
properties of reaction or decomposition products, and
for hazards from instability of contained fluids. Consid-
eration should be given to the use of cladding, lining,
or other protective materials to reduce the effects of
corrosion, erosion, and abrasion.

(b) Information on material performance in corrosive
environments can be found in publications, such as “The

Licensee=Technip/5931917102, User=de martis, riccardo
Not for Resale, 05/11/2009 06:01:05 MDT


https://asmenormdoc.com/api2/?name=ASME B31.3 2008.pdf

ASME B31.3-2008

Corrosion Data Survey” published by the National
Association of Corrosion Engineers.

F323.1 General Considerations

The following are some general considerations that
should be evaluated when selecting and applying mate-
rials in piping (see also para. FA323.4):

(a) the possibility of exposure of the piping to fire
and the melting point, degradation temperature, loss of
strength at elevated temperature, and combustibility of

(875°F) of carbon-molybdenum steel, manganese-
molybdenum-vanadium steel, and chromium-
vanadium steel

(4) the advantages of silicon-killed carbon steel
(0.1% silicon minimum) for temperatures above 482°C
(900°F)

(5) the possibility of damage due to hydrogen expo-
sure at elevated temperature (see API RP 941); hydrogen
damage (blistering) may occur at lower temperatures

the piping material under such exposure

(b) the|susceptibility to brittle failure or failure from
thermal ghock of the piping material when exposed to
fire or to| fire-fighting measures, and possible hazards
from fragmentation of the material in the event of failure

(c) thelability of thermal insulation to protect piping
against fgilure under fire exposure (e.g., its stability, fire
resistancg, and ability to remain in place during a fire)

(d) the[susceptibility of the piping material to crevice
corrosion| under backing rings, in threaded joints, in
socket welded joints, and in other stagnant, confined
areas

(e) the[possibility of adverse electrolytic effects if the
metal is gubject to contact with a dissimilar metal

(f) thecompatibility of lubricants or sealants used on
threads with the fluid service

(g) the| compatibility of packing, seals, and O-rings
with the fluid service

(h) the| compatibility of materials, such as cements,
solvents, [solders, and brazing materials, with the fluid
service

(i) the [chilling effect of sudden loss of pressure, on
highly vdlatile fluids as a factor in determining the low-
est expected service temperature

(j) the [possibility of pipe support failure resulting
from exppsure to low temperatures (whieh\may embrit-
tle the sfipports) or high temperatures (which may
weaken them)

(k) the|compatibility of materials) including sealants,
gaskets, Jubricants, and insulation, used in strong oxi-
dizer fluid service (e.g., oxygen or fluorine)

F323.4 Ypecific Material.Considerations — Metals

The following are\some specific considerations that
should bg evaluated when applying certain metals in

TMder eXposure to aqueots actd sotutions:

(6) the possibility of stress corrosion cracking/ivhen
exposed to cyanides, acids, acid salts, or wét hydrogen
sulfide; a maximum hardness limit is usually spefified
(see NACE MR0175 or MR0103 and RP0472)!

(7) the possibility of sulfidation-in the presence of
hydrogen sulfide at elevated temperatures

(c) High Alloy (Stainless) Steels

(1) the possibility ofsstress corrosion crackihg of
austenitic stainless steelsiexposed to media such as|chlo-
rides and other halidés either internally or exterhally;
the latter can result from improper selection or applica-
tion of thermaldnsulation, or from use of marking|inks,
paints, label$,/tapes, adhesives, and other accepsory
materials containing chlorides or other halides

(2) the’susceptibility to intergranular corrosipn of
austenitic stainless steels sensitized by exposure tq tem-
peratures between 427°C and 871°C (800°F and 1600°F);
assan example, stress corrosion cracking of sensitized
metal at room temperature by polythionic acid (redction
of oxidizable sulfur compound, water, and air); ptabi-
lized or low carbon grades may provide improved gesist-
ance (see NACE RP0170)*

(3) the susceptibility to intercrystalline attgqck of
austenitic stainless steels on contact with liquid npetals
(including aluminum, antimony, bismuth, cadnjium,
gallium, lead, magnesium, tin, and zinc) or their|com-
pounds

(4) the brittleness of ferritic stainless steels at
temperature after service at temperature above |
(700°F)

(d) Nickel and Nickel Base Alloys

(1) the susceptibility to grain boundary attack of

nickel and nickel base alloys not containing chrofnium

room
71°C

piping;: when exposed to small quantities of sulfur at temjpera-
(a) Iros —£€nst, Malleable, and High Silicon (14.5%). tures above 316°C (600°F)
Their lack of-ductility and their sensitivity to thermal ~ ————

and mechanical shock.
(b) Carbon Steel, and Low and Intermediate Alloy Steels

(1) the possibility of embrittlement when handling
alkaline or strong caustic fluids

(2) the possible conversion of carbides to graphite
during long time exposure to temperatures above 427°C
(800°F) of carbon steels, plain nickel steel, carbon-
manganese steel, manganese-vanadium steel, and
carbon-silicon steel

(3) the possible conversion of carbides to graphite
during long time exposure to temperatures above 468°C

240

Tl £ £ J_ 1 e
API RP 941, Steels for Hydrogen Service at Elevated Tempera-
tures and Pressures in Petroleum Refineries and Petrochemical
Plants

NACE MR0103, Materials Resistant to Sulfide Stress Cracking
in Corrosive Petroleum Refining Environments

NACE MR0175, Sulfide Stress-Cracking Resistant Metallic Mate-
rials for Oil Field Equipment

NACE RP0472, Methods and Controls to Prevent In-Service
Cracking of Carbon Steel (P-1) Welds in Corrosive Petroleum Refin-
ing Environments

NACERP0170, Protection of Austenitic Stainless Steel in Refiner-
ies Against Stress Corrosion Cracking by Use of Neutralizing Solu-
tions During Shutdown

(08)
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(2) the susceptibility to grain boundary attack of
nickel base alloys containing chromium at temperatures
above 593°C (1100°F) under reducing conditions and
above 760°C (1400°F) under oxidizing conditions

(3) the possibility of stress corrosion cracking of
nickel-copper Alloy 400 in hydrofluoric acid vapor in the
presence of air, if the alloy is highly stressed (including
residual stresses from forming or welding)

(e) Aluminum and Aluminum Alloys

the ASTM specifications for the base material. For
higher-strength normalized and tempered materials,
there is consequently a possibility of reducing tensile
properties of the base material, particularly if long hold-
ing times at the higher temperatures are used.

F335 ASSEMBLY AND ERECTION
F335.9 Cleaning of Piping
The following are some general considerations that

1) the compatibility with aluminum of thread com-
pourlds used in aluminum threaded joints to prevent
seizifg and galling

2) the possibility of corrosion from concrete, mor-
tar, ljme, plaster, or other alkaline materials used in
buildings or structures

3) the susceptibility of Alloy Nos. 5083, 5086, 5154,
and $456 to exfoliation or intergranular attack; and the
uppgr temperature limit of 66°C (150°F) shown in
App¢ndix A to avoid such deterioration

(f)| Copper and Copper Alloys
1) the possibility of dezincification of brass alloys
2) the susceptibility to stress-corrosion cracking of
copppr-based alloys exposed to fluids such as ammonia
or ammonium compounds
3) the possibility of unstable acetylide formation
when exposed to acetylene

(¢)| Titanium and Titanium Alloys. The possibility of
detegioration of titanium and its alloys above 316°C
(600°F).

(h)| Zirconium and Zirconium Alloys. The possibility of
deterfioration of zirconium and zirconium alloys-above
316°C (600°F).

(i) | Tantalum. Above 299°C (570°F), the ‘possibility of
reactjvity of tantalum with all gases\except the inert
gaseq. Below 299°C, the possibility of-embrittlement of
tantalum by nascent (monatoniic) hydrogen (but not
molefular hydrogen). Nascent hydrogen is produced by
galvdnic action, or as a préduct of corrosion by certain
chenicals.

(j)| Metals With Exharced Properties. The possible
loss pf strength, inya material whose properties have
been|enhanced by heat treatment, during long-contin-
ued pxposufe’to temperatures above its tempering
temperatute.

(k)| The-desirability of specifying some degree of pro-

ducti n impar-{- {-och'ng, m-additionto-the weld prnﬁo

may be evaluated in determining the need fof cleaning
of piping:

(a) requirements of the service, including possible
contaminants and corrosion productsduting febrication,
assembly, storage, erection, and testing.

(b) for low temperature service, removal of [moisture,
oil, grease, and other contaminants to prevert sticking
of valves or blockage of piping and small cayities.

(c) for strong oxidiZzer fluid service (e.g., ¢xygen or
fluorine), special cleaping and inspection. Refefence may
be made to the Compressed Gas Association’s [Pamphlet
G-4.1 Cleaning Equipment for Oxygen Servide.

F335.10 JAdentification of Piping

Consideration should be given to identifyinp the con-
tents<0f' piping, with special consideration given to pip-
ingZconveying flammable, hazardous, or fire-quenching
fluids. Reference may be made to ASME A13.], Scheme
for the Identification of Piping Systems.

F345.4.1 Test Fluid. Consideration should be given
to susceptibility to microbiologically influended corro-
sion (MIC). This condition is especially prevalent in no-
flow, high moisture environments. Internal MIC may
also depend on the characteristics of the tyeated or
untreated test fluid.

Internal MIC may be lessened or possibly e]liminated
by properly draining and drying systems apd/or by
proper selection of test fluid.

FA323.4 Material Considerations — Nonmetals

The following are some considerations to be pvaluated
when applying nonmetals in piping. See also ppras. F323
and F323.1:

(a) Static Charges. Because of the possibility of pro-
ducing hazardous electrostatic charges in ngnmetallic
piping and metallic piping lined with nonmgtals, con-
sideration should be given to grounding th¢ metallic

dure qualification tests, when using materials with
limited low temperature service experience below the
minimum temperature stated in Table A-1.

F331 HEAT TREATMENT
F331.1 Heat Treatment Considerations

Heat treatment temperatures listed in Table 331.1.1
for some P-No. 4 and P-No. 5 materials may be higher
than the minimum tempering temperatures specified in
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COMPONEIIs Ol STCH SYSUCIIS (_onveying monconductive
fluids.

(b) Thermoplastics. If thermoplastic piping is used
above ground for compressed air or other compressed
gases, special precautions should be observed. In
determining the needed safeguarding for such services,
the energetics and the specific failure mechanism need
to be evaluated. Encasement of the plastic piping in
shatter-resistant material may be considered.

(c) Borosilicate Glass. Take into account its lack of duc-
tility and its sensitivity to thermal and mechanical shock.
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APPENDIX G
SAFEGUARDING

G300 SCOPE

(a) plant layout features, such as open-air process

(a) Safeguarding is the provision of protective mea-
sures to minimize the risk of accidental damage to the
piping 01£0 minimize the harmful consequences of pos-
sible piping failure.

(b) In1hostinstances, the safeguarding inherent in the
facility (the piping, the plant layout, and its operating
practices) is sufficient without need for additional safe-
guarding} In some instances, however, engineered safe-
guards must be provided.

(c) Appendix G outlines some considerations per-
taining tq the selection and utilization of safeguarding.
Where safeguarding is required by the Code, it is neces-
sary to cqnsider only the safeguarding that will be suit-
able and gffective for the purposes and functions stated
in the Cqde or evident from the designer’s analysis of
the appligation.

G300.1 General Considerations

In evalfiating a piping installation design to determine
what safgguarding may exist or is necessary, the follow-
ing should be reviewed:

(a) thelhazardous properties of the fluid, considered
under thg most severe combination of temperature/pres-
sure, and composition in the range of expected operating
conditions.

(b) the| quantity of fluid that could be\released by
piping fajlure, considered in relation to the environment,
recognizing the possible hazards ranging from large
releases df otherwise innocuous fluids to small leakages
of toxic fluids.

(c) expected conditions inthe environment, evaluated
for their possible effect onthe hazards caused by a possi-
ble piping failure. This-ificludes consideration of ambi-
ent or sjurface temperature extremes, degree of
ventilatign, proxifwnity of fired equipment, etc.

(d) the probable extent of operating, maintenance,
and other pefsonnel exposure, as well as reasonably

equipment structures; spacing and isolation of hazard-
ous areas; slope and drainage; buffer areas between|plant
operations and populated communities; or-contro] over
plant access

(b) protective installations, such as fire protection sys-
tems; barricades or shields; ventilation to remove qorro-
sive or flammable vapors; instfuments for remote
monitoring and control; contdifiment and/or recpvery
facilities; or facilities (e.g.~ncinerators) for emergency
disposal of hazardous materials

(c) operating practices, such as restricted accgss to
processing areas; work permit system for hazagdous
work; or special~training for operating, mainterjance,
and emergency crews

(d) meansfor safe discharge of fluids released during
pressure‘relief device operation, blowdown, cleanout,
etc.

(e} procedures for startup, shutdown, and mapage-
ment of operating conditions, such as gradual prgssur-
ization or depressurization, and gradual warmpip or
cooldown, to minimize the possibility of piping failure,
e.g., brittle fracture

G300.3 Engineered Safeguards

Engineered safeguards that may be evaluated and
selectively applied to provide added safeguarding
include

(a) means to protect piping against possible faijures,
such as

(1) thermal insulation, shields, or process cohtrols
to protect from excessively high or low temperature and
thermal shock

(2) armor, guards, barricades, or other protgction
from mechanical abuse

(3) damping or stabilization of process or fluid flow
dynamics to eliminate or to minimize or protect against
destructive loads (e.g., severe vibration pulsafions,

probable [sotirces of damage to the piping from direct
or indirect causes.

(e) the probable need for grounding of static charges
to prevent ignition of flammable vapors.

(f) the safety inherent in the piping by virtue of mate-
rials of construction, methods of joining, and history of
service reliability.

G300.2 Safeguarding by Plant Layout and Operation

Representative features of plant layout and operation
which may be evaluated and selectively utilized as safe-
guarding include

cyclic operating conditions)

(b) means to protect people and property against
harmful consequences of possible piping failure, such
as confining and safely disposing of escaped fluid by
shields for flanged joints, valve bonnets, gages, or sight
glasses; or for the entire piping system if of frangible
material; limiting the quantity or rate of fluid escaping
by automatic shutoff or excess flow valves, additional
block valves, flow-limiting orifices, or automatic shut-
down of pressure source; limiting the quantity of fluid
in process at any time, where feasible

242
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APPENDIX H
SAMPLE CALCULATIONS FOR BRANCH

REINFO

RCEMENT

H30(L INTRODUCTION

Th following examples are intended to illustrate the
application of the rules and definitions in para. 304.3.3
for welded branch connections. (No metric equivalents
are gjiven.)

H301

Arn NPS 8 run (header) in an oil piping system has
an NPS 4 branch at right angles (see Fig. H301). Both
pipeq are Schedule 40 API 5L Grade A seamless. The
design conditions are 300 psig at 400°F. The fillet welds
at the¢ crotch are minimum size in accordance with para.
328.5/4. A corrosion allowance of 0.10 in. is specified. Is
addifional reinforcement necessary?

EXAMPLE 1

Solution

m Appendix A, S = 16.0 ksi for API 5L Grade A
e A-1); E = 1.00 for API 5L seamless (Table A-1B).

Fr
(Tabl

T, = 0.322 (0.875) = 0.282 in.

Ty, = 0.237 (0.875) = 0.20Z\in.

Ly = 2.5(0.282 - 0.1) = 0.455 in.
or 2.5 (0.207 —0l1))+ 0 = 0.268 in.,

whichever is.less

Minimum leg dimension of fillet weld
0.166/0.707 = 0.235An.

Thus, the required area
Ay = 0.080 (4.286) (2 .6irt 90 deg) = 0.343 s
The reinforcement dred’in run wall
Ay = 4286 (0.282 - 0.08 - 0.10) = 0.437 sq[ i

in branchiwall

A3 = 2(0.268) [(0.207 — 0.042) - 0.10] = 0.03p sq in.

in branch welds

Ay = 2(%) (0.235)% = 0.055 sq in.
The total reinforcement area = 0.527 sq i
more than 0.343 sq in. so that no additional
ment is required to sustain the internal press

h. This is
reinforce-
Lire.

H302 EXAMPLE 2

n NPS 12
of alumi-

There is an NPS 8 branch at right angles to 4
header (Fig. H301). Both run and branch are

' num alloy Schedule 80 ASTM B 241 6061-T6| seamless
= 0.268 in, pipe. The connection is reinforced by a ring 1¢ in. O.D.
. . (measured along the run) cut from a piece qf NPS 12
h = [45-2(0307 - 0.1)]/5in 90 deg = 4.286 in Schedule 80 ASgFM B 241 6063-T6 sefmless pipe and
= (0207 = 0.1) + (0.282 — 0.1) opened slightly to fit over the run pip.e. Allowable
| 4286/2 = 2432 in. stresses for welded construction apply in agcordance
with Appendix A, Note (33). The fillet weldq have the
Use dy6r do_whichever is greater minimum dimensions permitted in para. 328.9.4. A zero
- corrosion allowance is specified. What is the maximum
dy = 4.286 in. permissible design pressure if the design temperature
is —=320°F?
a 300 (8.625) 0,080 i
I = 2{16,000) (1.00) + 2(0.4) (3o0) ~ oBY -
Solution
300 (4.500) )
B = 2(16,000) (1.00) + 2(0.4) (300) 0.042 in. From Table A-1, S = 8.0 ksi for Grade 6061-T6
(welded) pipe and S = 5.7 ksi for Grade 6063-T6
t. = 0.7 (0.237) = 0.166 in., or 0.25, whichever is less (welded) pad, both at —320°F. From Table A-1B, E =

= (.166 in.

1.00 for ASTM B 241.

243
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Fig. H301 Illustrations for Examples in Appendix H
i S~
\ 0.237 in. nom.
H301 Example 1 0.235 1 \)/ ) % Reinforcement
.235 in. /{0_166 =010 m.-—% Jone
0.322 in. nom. ) 4 o — )
0.282 in_min N L4 =0.268 in.
= ad
7 4286 inf P 7
D
C=0.10in. 4.286 in. 4.286 in. 8.625.in.0. D.
A
C=000i :s 0.500 in. nom.
=0.00 in N : ;
8.625 in. t\‘ 0.438 in. min.
H302 Example 2 L A
=~ \\ N
0.687 in. nom. N !§ Reinforcement
0.601 in. min. ?) 0.250 in N le 0'354 in. zone
0.687 in. nom. ¢ |' —- 7 - % ,mn . _
0.601 in. min. N - ' L4 =1.603 in.

C=0.00in.

H303 Example 3

0.500 in. nom.
0.438 in. min.

T I

7.749 in.

..

re——— 7.749in.

C=0.10in.

0.280 in. nom.
0.245 in. min.

0.500 in. nom.

, <\ \
&\\\ .\\‘ _\

¥

AN
“=2O\\\\\

12.75in. 0. D.
0.344 in.

Reinforcement
zone

L4=0.845in.

c=0.10in. 7 7.315in. 16 in. 0.D.
—=l 0.0488 in.
—A o VY Ir'_
. 0.237 in. nom.
"—C=0.150]n. 0.207 in. min.
4.500 in.
H304 Example 4 ' 6% in.
0.322 in. nom. Reinforcement
0.282 in. min. )/ 5 in.
03322 in. nom. ?2 - fin 0.166 in zone
0.09354n- 0.282 in. min. | 4.387 in._| '_‘ _E L4 =0.234 in.
Ti o 0,
i 4387in.— J\Y¥ %
€=0.189in. e 4.387in. -387in. 5 161 i:x.ezs in. 0. D.
244
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Leg dimensions of welds

98.80q = 8.638 — 124.73¢

[This

Usin:

we C

The 1

The 1

te 0.250
= 229 ; 223.53q = 8.638
0707 ~ 0707 — 0304 in. i
0.5 (0.687) ) q = 0.0386
W = 0.486 in.
: But also
T, = 0.687 (0.875) = 0.601 in. p
. 1~ 16,000 + 08P
Ty, = 0.500 (0.875) = 0.438 in.
Thus
T, = 0.687 (0.875) = 0.601 in.

Ly = 2.5(0.601 — 0.00) = 1.503 in.
is smaller than 2.5 (0.438 — 0.00) = 0.601 = 1.695 in.]

dy = d; = 8.625 — 2(0.438 — 0.00) = 7.749 in.

- 12.75P

"~ 2(8000) (1.00) + 2(0.4) (P)
8.625P

ty =

2(8000) (1.00) + 2(0.4) (P)
b the symbol

P
7= 16,000 + 0.8P

hn briefly write
t, = 12.75q and t, = 8.625¢
equired area
A, = 7.749, = 98.804
einforcement area in run wall

Ay = 7.749 (0.60+-12.75g — 0.00)

P = 0.0386 (16,000 + 0.8P) =461873 + 0.0309P

0.961P = 618.3

P = 643.1 psig

which is the maximtmr“permissible design piessure.

H303 EXAMPLE 3

An NPS6 Schedule 40 branch has its axis af a 60 deg
angle to'the axis of an NPS 16 Schedule 40 run (header)
in an oil piping system (Fig. H301). Both pipgs are API
5[\Grade A seamless. The connection is reinfdrced with
a'ring 12 in. O.D. (measured along the run) made from
% in. ASTM A 285 Grade C plate. All fillet jvelds are
equivalent to 45 deg fillet welds with % in. legs. Corro-
sion allowance = 0.10 in. The design pressiire is 500
psig at 700°F. Is the design adequate for the internal
pressure?

Solution

From Appendix A, S = 14.4 ksi for API 5] Grade A
and ASTM A 285 Grade C (Table A-1); E = 1.00 for API
5L seamless (Table A-1B).

= 4QQ"98.80q T, = 0500 (0.875) = 0.438 in.
in branch wall
Ty = 0.280 (0.875) = 0.245 in.
A54.2(1.503) (0.438 - 8.625q — 0.00)
T, = 0.500 in.
= 1.317 - 25.93¢
Ly = 25 (0.245 — 0.10) + 0.500 = 0.8625
in ring

Ay = 0.601 (14 — 8.625) (5700/8000) = 2.302

in fillet welds

As = 2(%) (0.354)% + 2(%) (0.486)* = 0.362

The total reinforcement area = 8.638 — 124.73q.

At
sure,

the maximum permissible normal operating pres-
the required area and the reinforcement area are

equal; thus
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This is greater than 2.5 (0.438 — 0.10) = 0.845 in.

500 (16
t = (16) = 0.274 in.
2(14,400) (1.00) + 2(0.4) (500)
500 (6.625) )
t, = = 0.113 in.

2(14,400) (1.00) + 2(0.4) (500)

4 g o 6625 -2(0245-010) _ 6335
o sin 60 deg ~ 0.866

= 7.315 in.
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The required area
Ay = (0.274) (7.315) (2 - 0.866) = 2.27 sq in.
The reinforcement area in run wall
A, = 7315 (0.438 — 0.274 — 0.10) = 0.468 sq in.

in branch wall

Due to limitation in the height at the reinforcement
zone, no practical fillet weld size will supply enough
reinforcement area; therefore, the connection must be
further reinforced. Try a 6% in. O.D. reinforcing ring
(measured along the run). Assume the ring to be cut
from a piece of NPS 8 Schedule 40 API 5L Grade A
seamless pipe and welded to the connection with mini-
mum size fillet welds.

Minimum ring thickness

[0.845)\
As J2[——— (0245 = 0.113 = 0.10) = 0.062 sq in.
’ k0-866)( ) 4 T, = 0.322(0.875) = 0.282 in.
in ring New Ly = 2.5(0.0488) + 0.282 = 0{40% in.
Ay = 0.500 (12 - %) = 2.175 sq in. or 2.5(0.0935) = 0.234'in.

in fillet welds

Ay = 4(%)(%)* = 0281 sq in.

The totfal reinforcement area = 2.986 sq in. This total
is greater|than 2.27 sq in., so that no additional reinforce-
ment is rgquired.

H304 EXAMPLE 4

An NPS 8 run (header) in an oil piping system has
an NPS 4|branch at right angles (Fig. H301). Both pipes
are Schedule 40 API 5L Grade A seamless. The design
condition}s are 350 psig at 400°F. It is assumed that the
piping system is to remain in service until all metal
thicknes$, in both branch and run, in excess of that
required py eq. (3a) of para. 304.1.2 has corroded @way
so that aea A, as defined in para. 304.3.3(c)(1) is zero.
What reinforcement is required for this connection?

Solution

From Appendix A, S = 16.0 ksi for API 5L Grade A
(Table A-ll); E = 1.00 for APL5L seamless (Table A-1B).
350(8:625)

f, = — 0.0935 in.
= 2(16,000) (.00) + 2(0.4) (350) n

(
350 (4.500)
~ 2(16)000) (1.00) + 2(

= 0.0488 in.

0.4) (350)

d; = 4.500 — 2(0.0488) = 4.402 in.

Use 0.234 in.
Reinforcement area in the ring (considering only the
thickness within L)

X; = 0.2346.25 — 4.5) = 0.410 sq in.

0.5(0.322)

0707 = 0.228 in.

Leg dimension of weld =

Reinforcement area in fillet welds
X, = 2(%) (0.228)* = 0.052 sq in.
Total reinforcement area
Ay = X5 + X; = 0462 sq in.

This total reinforcement area is greater thah the
required area; therefore, a reinforcing ring 6% in.[0.D.,
cut from a piece of NPS 8 Schedule 40 API 5L Girade
A seamless pipe and welded to the connection|with
minimum size fillet welds would provide adequatq rein-
forcement for this connection.

H305 EXAMPLE 5 (Not Illustrated)

An NPS 1% 3000 Ib forged steel socket welding cou-
pling has been welded at right angles to an NPS 8 Sthed-
ule 40 run (header) in oil service, using a weld
conforming to sketch (1) of Fig. 328.5.4D. The run is
ASTM A 53 Grade B seamless pipe. The design pressure

450°E Tl

Required reinforcement area
Ay = 0.0935 (4.402) = 0.412 sq in.
Try fillet welds only

Ly = 2.5(0.0935) = 0.234 in.

or 2.5(0.0488) = 0.122 in.

Use 0.122 in.

Copyright ASME International
Provided by IHS under license with ASME
No reproduction or networking permitted without license from IHS

400 1 diba Jd 3 £ 4 3
15-400-psiand-the-designtemperatureis-4502FThedorro-
sion allowance is 0.10 in. Is additional reinforcement
required?

Solution

No. According to para. 304.3.2(b) the design is ade-
quate to sustain the internal pressure and no calculations
are necessary. It is presumed, of course, that calculations
have shown the run pipe to be satisfactory for the service
conditions according to eqs. (2) and (3).
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APPENDIX }
NOMENCLATURE

(08)

Units [Note (1)] Reference
Symb Definition SI u.s. Paragraph  Table/Fig./App. quation
A Factor for determining minimum value of R, 304.2.3 (5)
A Cross-sectional area of pipe mm? in.2 P319.4.4 (P17a) (P17b)
A Conveyed fluid cross-sectional area mm? in.? S302.6 (S1)
considering nominal pipe thickness less
allowances
Asp Pipe cross-sectional area considering nominal mm? in.2 S5302.6 (S1)
pipe thickness less allowances
Ay Area required for branch reinforcement mm? in.? 304.3.3 304.3.3 ®) (9
304.3.4 304.3.4
H300
A, Area available for branch reinforcement in run mm? in.? 304.3.3 304.3.3 @ (10
pipe 304.3.4 304.3.4
H300
As Area available for branch reinforcement in mm? in.? 304.3.3 304.3.3 ®) (11)
branch pipe 304.3.4 304.3.4
H300
A, Area available for branch reinforcement jin mm? in.? 304.3.3 304.3.3 12)
pad or connection 304.3.4 304.3.4
H300
C Cold spring factor 319.5.1 22) (23)
C Material constant used in computing V303.1.3 vV2)
Larson-Miller parameter V303.1.4 (V3)
Cx Size of fillet weld,\socket welds other than mm in. 328.5.2C
flanges
C, Estimated-self-spring or relaxation factor 319.5.1 23)
c Suim*of mechanical allowances (thread or mm in. 302.3.5 304.3.3 @) (4a) (4b)
groove depth) plus corrosion and erosion 302.4 304.3.4 o) ) (8
allowances 304.1.1 328.5.5 3) (14)
304.2.3 H301 (15) (25)
304.4.1 (33) (36)
304.5.2 (37)
304.5.3
A304.1.1
H300
K302.3.5
K304.1.1
K304.1.2
K304.5.2
K304.8.4
S300
247
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Symbol

Definition

Units [Note (1)]

Reference

Sl u.s.

Paragraph

Table/Fig./App.

Equat

ion

Ci

Co

Dy

Dy,

E

Copyright ASME International

Sum of internal allowances

Sum of external allowances

K304.1.1
K304.1.2

K304.1.1
K304.1.2

(34b) (34d)
(35a) (35b)
(350) (35d)

(34a) (34

0

(35a) (35h)

Dutside diameter of pipe as listed in tables of
standards and specifications or as
measured

Dutside diameter of branch pipe

Dutside diameter of header pipe

nside diameter of pipe (note differences in
definition between paras. 304.1.1 and
K304.1.1)

nside diameter of branch pipe

nside or pitch diameter of gasket

nside diameter of header pipe

Design inside diameter of extruded-outlet

Fffective length removed.from' pipe at branch

Half-width of reinfofceEment zone

Duality factor

mm in.

304.1.1
304.1.2
304.1.3
319.4.1
A304.1.1
A328.2.5
K304.1.1
K304.1.2
K304.1.3
K304.8.4
S300

304.3.4

304.3.3
304.3.4

304.1.1
K304.1.1
K304.1.2
304.3.4
304.5.3
304.3.4

304.3.4

304.3.3
H300

304.3.3
304.3.4
H300

302.3.1
304.1.1
304.1.2

304.1.1
304.2.3

304.3.3
304.3.4
D300

304.3.3
304.3.4

304.3.4

304.5.3

304.3.4

304.3.4

304.3.3

304.3.3
304.3.4

H300

B35¢0) (
(3a),(3b)
(5) (16
@7 G

(349 (
(350) (

(34b) (34
(35h)

(15)

9 (10)
© @

@

(3a) 3b)
(4a) (4

B5d)

(B9
(26)
)]
B5a)
B7)

d)
B5d)

(39
b)

(4c) (1b

Modulus of elasticity (at specified condition)
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304.2.3
304.3.3
304.4.1
304.5.1
304.5.2
304.5.3
305.2.3
306.1.3
S300

A319.3.2

App. C
D300
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
E, Reference modulus of elasticity at 21°C MPa ksi 319.3.2 22) (23)
(70°F) 319.4.4
319.5
319.5.1
P319.4.4
P319.5
E, Casting quality factor 302.3.1 302.3.3C
302.3.3 Table A-1A
305.2.3
306.1.3
K302.3.3
K306.1.2
E; Joint quality factor 302.3.1 302.3.4
302.3.4 Table A-1B
305.2¢3
306:1.3
32111.3
341.4.1
341.5.1
K302.3.4
K305.1
K306.1.2
K328.5.4
E; Modulus of elasticity for the condition being MPa ksi D300
considered; the as-installed and operating
conditions are subscripted as j = 1, 2, 3,
En Modulus of elasticity at maximum or MPa ksi 319.3.2 22) (23)
minimum temperature 319.5.1
En Modulus of elasticity at the temperature of MPa ksi P319.5
the condition
E; Modulus of elasticity at test temperature MPa ksi X302.2.3 (X2)
F Service (design) factor A302.3.2 2649
A304.1.1
A304.1.2
Fa Axial foree N Ibf x 1000 P319.4.4 (P14a) (P17b)
(kips)
Fsa Sustained axial force including the effects of N b S$302.6 (S1)
weight, other sustained loads, and internal
pressure
f Stress range factor 302.3.5 (1a) (1b) (10)
P302.3.5 (P1¢)
S301.1
f Stress range reduction factor P302.3.5 (P1a) (P1b)
fm Maximum value of stress range factor 302.3.5 (10
g Root gap for welding mm in. K328.4.3 328.4.4
K328.5.4
249
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
h Flexibility characteristic S S S D300
hy Height of extruded outlet mm in. 304.3.4 304.3.4
i Stress intensification factor S .. 319.3.6 D300
iy Axial force stress intensification factor .. - P319.4.4 .. (P17a) (P17b)
i; n-plane stress intensification factor . . 319.4.4 D300 (18)y(19)[(20)
S300
iy Dut-plane stress intensification factor - - 319.4.4 D300 (18) (19)[(20)
P319.4.4
fsi n-plane sustained stress index ... ... S302.6 ., (52
is,o Dut-plane sustained stress index ... ... S302.6 N (52
K Factor determined by ratio of branch diameter ... ... 304.3.4 304.3.4 ©)
to run diameter
K Factor for statistical variation in test results e - X%302.1.3 . (X2)
(see para. X3.1.3)
Kq Constant in empirical flexibility equation ... ... 319.4.1 ... (16)
k Flexibility factor R X 319.3.6 D300
L Developed length of piping between anchors m ft 304.2.4 ... (16)
319.4.1
K304.2.4
Ly Height of reinforcement zone outside run mm in. 304.3.3 304.3.3 ®)
pipe H300 H301
Ls Height of reinforcement zone for extruded mm in. 304.3.4 304.3.4 (11)
outlet
LMP | arson-Miller parameter, used to estimate .. .. V303.1.3 .. (V2) (V3)
design life V303.1.4
M L ength of full thicknesS\pipe adjacent to miter mm in. 304.2.3 304.2.3
bend
M; n-plane bending-moment N-mm in.-lbf 319.4.4 319.4.4A (18) (19)|(20)
319.4.4B
Mo Dut-plane bending moment N-mm in.-lbf 319.4.4 319.4.4A (18) (19)|(20)
319.4.4B
Ms; In-plane bending moment for the sustained N-mm in.-lbf $302.6 S (52)
condition being evaluated
Ms,o Out-plane bending moment for the sustained N-mm in.-lbf $302.6 . (52)
condition being evaluated
Mg Sustained torsional moment N-mm in.-lbf S302.6 - (S3)
M, Torsional moment N-mm in.-lbf 319.4.4 319.4.4A
319.4.4B
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Units [Note (1)] Reference
Symbol Definition S us. Paragraph  Table/Fig./App. Equation
m Misfit of branch pipe mm in. 328.4.3 328.4.4
K328.4.3 K328.5.4
N Equivalent number of full displacement cycles 300.2 302.3.5 (10) (1d)
302.3.5
319.4.5
N Equivalent number of full operating cycles P300.2 (R1d) (P1d)
P302.3.5
P319.4.4
Ng Number of cycles of maximum computed 302.3.5 (1d)
displacement stress range
Ng Number of cycles of maximum computed P302.3.5 (P19)
operating stress range
N; Number of cycles associated with displace- 302.3(5 (1d)
ment stress range, S; (i = 1,2, ...)
N; Number of cycles associated with operating P302.3.5 (P14d)
stress range, S; (i = 1, 2,...)
N; Number of fatigue tests performed to develop X302.1.3 (X2)
the material factor, X,
P Design gage pressure kPa psi 304.1.1 D300 (3a)|(3b) (Bc)
304.1.2 (15) (24)
304.4.1 26) (34a)
304.5.1 34b) (35a)
304.5.2 35b) (35¢)
304.5.3 35d) 37)
345.4.2
A304.1.1
A304.1.2
A304.5.1
H300
K304.1.1
K304.1.2
K304.7.2
K304.8.4
K345.4.2
S300
P> See BPV-Code, Section VIII, Division 1, 304.1.3
UG-28
P; Gage pressure during service condition J kPa psi V303.1.1 (V1)
P; Piping internal gage pressure for the condi- kPa psi $300.1 D300 D300, Note (7)
tion being considered; the as-installed and S301 S301.1
operating conditions are subscripted as j= 5302 $301.3.1
1,2,3,... S303 S302.1
S302.6.2.1
P Maximum allowable internal pressure for kPa psi 304.2.3 (4a) (4b) (40)
miter bends
Prax Maximum allowable gage pressure for continu-  kPa psi V303.1.1 V1)
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
Ps Limiting design pressure based on column kPa psi X302.2.3 X3)
instability, for convoluted U-shaped bellows
Pr Minimum test gage pressure kPa psi 345.4.2 (24) (27) X2)
A382.2.5
X302.2.3
R Range of reaction forces or moments in flexi- N or N-mm Ibf or in.-lbf  319.5 (22)
bility analysis 319.5.1
R, Fstimated instantaneous reaction force or N or N-mm  lbf orin.-lbf ~ 319.5.1
moment at installation temperature
Ra Roughness average wm win. K302.3.3 302.3.3€
3415372
K341.3.2
R Fstimated instantaneous maximum reaction N or N-mm  Ibf orin.-lbf 319.5.1 22)
force or moment at maximum or minimum
metal temperature
Rmin Minimum ratio of stress ranges (see para. X302.1.3 (X1) (X2)
X3.1.3 for further details)
R, Ratio of pressure rating or allowable stress at 345.4.2 (24)
test temperature to same at design tem- K345.4.2
perature
Rr Ratio of the average temperature dependent 302.3.2(d)(8)
trend curve value of tensile strength to the
room temperature tensile strength
Ry Ratio of the average temperature dependent 302.3.2(d)(8) (31)
trend curve value of yield strength to the K302.3.2
room temperature yield strength
R Fffective radius of miter bend mm in. 304.2.3 304.2.3 (4b) (5)
Ry Bend radius of welding elbewor pipe bend mm in. 304.2.1 D300 (3f) (3g)
ri Ratio of lesser computedidisplacement stress 302.3.5 (1d)
range, S;, to maximum computed stress
range, Sg (i =14,°2, ...)
ri Ratio of lessercomputed operating stress P302.3.5 (P1d)
range, 'Sj,"to maximum computed stress
range S (i =1,2,...)
Iy Fxteratcomtour Tadius of extruded-outtet TTTTIT T 30437 30437 t12)
D300
r Mean radius of pipe using nominal wall mm in. 304.2.3 304.2.3 (4a) (4b) (40)
thickness, T 319.4.4 D300 21)
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Definition

Units [Note (1)]

Reference

Sl

us.

Paragraph

Table/Fig./App. Equation

S

Sa

Sp

Sp

Sd

Copyright ASME International
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Basic allowable stress for metals

MPa

ksi

300.2

302.3.1
304.1.1
304.1.2
304.1.3
304.2.3
304.3.3

A1 (3a) (3b) (30)
(4a) (4b) (40)
(15) (24)

Bolt design stress

Design stress for nonmetals

Allowable stress for metals

Stress intensity

Allowable stress range for displacement
stress

Bolt design stress“at atmospheric temperature

Stress, die to axial force

Bolt design stress at design temperature

MPa

MPa

MPa

MPa

MPa

MPa

MPa

ksi

ksi

ksi

ksi

ksi

ksi

304.4.1
304.5.1
304.5.2
304.5.3
319.3.4
345.4.2
H300

S300

300.2
302.3(%

A304.1.1
A304.1.2
A304.5.1
A304.5.2

K304.1.1
K304.1.2
K345.4.2

K304.8.4

300.2
302.3.5
319.2.3
319.3.4
319.4.4
319.4.5
K302.3.5
P319.4.5
S300

304.5.1
A304.5.1

P319.4.4

304.5.1
A304.5.1

A-2

B-1 (26)

K-1 (349) (34b)

J4c) (34d)
35a) (35b)
35¢) (35d)

(1a)| (1b) (32)

(P17a) (P17b)

Resultant bending stress

Basic allowable stress at minimum metal tem-
perature expected during the displacement
cycle under analysis

Allowable stress from Table A-1 for the mate-
rial at design temperature
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MPa

MPa

MPa

ksi

ksi

ksi
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
Se Computed displacement stress range MPa ksi 300.2 .. (17) (23)
302.3.5
319.2.3
319.4.4
319.4.5
319.5.1
S300
Se Maximum operating stress range MPa ksi P300.2 e (P17b)
P319.4.4
Sy Allowable stress for flange material or pipe MPa ksi 304.5.1
304.5.2
Sy Mean long-term hydrostatic strength (LTHS) kPa psi A328.2.5 R\ 27
Sh Basic allowable stress at maximum metal MPa ksi 302.3.5 .. (1a) 1b)|(23)
temperature expected during the 319.5.1 (32) (Ppa)
displacement cycle under analysis K302.3i5
P302.3.5
S300
Si \ computed displacement stress range MPa ksi 302.3.5 R (1d)
smaller than S (i = 1, 2,...)
S; \ computed operating stress range smaller MPa ksi P302.3.5
than Sc (i =1,2,...)
Si Fquivalent stress during service condition, i MPa ksi V303.1.1
(the higher of Sy and S;) V303.1.2
ESL Sum of longitudinal stresses MPa ksi 302.3.5 ... (1b)
) 302.3.6
K302.3.5
K302.3.6
S300
VSD Dperating stress MPa ksi P319.4.4 . (P17a)
Son Allowable operating stress\limit MPa ksi P300.2 .. (P1a)
P302.3.5
P319.4.4
P319.4.5
Som Greatest Of¢dmaximum operating stress and MPa ksi P302.3.5
maximum operating stress range P319.4.4
Spi Equivalent stress for pressure during service MPa ksi V303.1.1 R (V1)
condition, i
Ss Mean short-term burst stress kPa psi A328.2.5 ... 27
Ssa Stress due to the sustained axial force kPa psi S302.6 ... (S1)
summation
Ssp Stress due to the indexed sustained bending kPa psi S302.6 - (S1) (52)
moments’ vector summation
Sst Stress due to the sustained torsional moment kPa psi S302.6 .. (S1) (S3)
254
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Units [Note (1)] Reference
Symbol Definition Sl Paragraph  Table/Fig./App. Equation
St Specified minimum tensile strength at room MPa ksi 302.3.2
temperature
Sr Allowable stress at test temperature MPa ksi 345.4.2 (24) (38)
K345.4.2
S; Torsional stress MPa ksi 319.4.4 - @7)
P319.4.4 (Pv1a) (P17b)
St Total stress range for design fatigue curves psi X302.1.3 X302.1.3
applying to austenitic stainless steel expan-
sion joints
Sy Specified minimum yield strength at room MPa ksi 302.3.2 Y 31)
temperature K302.3.2
K328.2.2
S, Yield strength (BPV Code) MPa ksi 3022.4
K304.7.2
Syt Yield strength at temperature MPa ksi K302.3.2 - (31)
K302.3.6
K304.7.2
K345.2.1
s Miter spacing at pipe centerline mm in. D300
T Pipe wall thickness (measured or minimum mm in. 304.1.1 323.3.1 (4a)| (4b) (4¢)
per purchase specification) 304.2.3 328.5.2B (27) (35a)
306.4.2 K323.3.1 35b) (35¢)
A304.1.1 35d)
A328.2.5
K304.1.1
K304.1.2
S300
Ty Branch pipe wall thickness (measured or mini-  mm in. 304.3.3 304.3.3 8) (11) 12)
mum per purchase spécification) 304.3.4 304.3.4
H300
T. Crotch thickness.of\branch connections mm in. D300
T Critical teraperature °C °F 302.3.5
Te EffectiVe temperature for service condition, i °C °F V303.1.2 - vV2)
(temperature corresponding to S;, Table V303.1.3
A-1)
Th Header pipe wall thickness (measured or mini-  mm in. 304.3.3 304.3.3 @) (10
mum per purchase specification) 304.3.4 304.3.4
H300
Ti Temperature of the component for the coinci- °C °F V303.1.4 R (vV3)
dent operating pressure—temperature condi-
tion, i, under consideration
T Pipe metal temperature for the condition °C °F $300.1 D300 D300, Note (7)
being considered; the as-installed and S301 S301.1
operating conditions are subscripted as S302 S$301.3.1
j=1273,... S303 S302.1
255
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
T, Minimum thickness of reinforcing ring or sad- mm in. 304.3.3 304.3.3
dle made from pipe (nominal thickness if H300
made from plate)
Ts Effective branch wall thickness mm in. 319.4.4 e (21)
T, Corroded finished thickness of extruded mm in. 304.3.4 304.3.4 (12)
outlet
T, Minimum thickness of fabricated lap mm in. ce 328.5.5
T Nominal wall thickness of pipe mm in. 302.3.5 328.5.28
S300 328.5.5
K802.3.3D
D300
T Nominal branch pipe wall thickness mm in. 319.4.4 304.3.3
328,5.4 328.5.4D
3314.3
T Nominal header pipe wall thickness mm in. 319.4.4 304.3.3
328.5.4 328.5.4D
331.1.3
T, Nominal thickness of reinforcing ring or mm in? 328.5.4 328.5.4D
saddle 331.1.3 D300
T Nominal wall thickness, thinner of mm in. 344.6.2 341.3.2
components joined by butt weld K341.3.2
t Pressure design thickness mm in. 304.1.1 304.1.1 (2) 3a) (Bb)
304.1.2 328.5.2C (3o (3f)
304.1.3 (13) ap)
304.3.3 (25) (2p)
304.4.1 (33) Bpa)
304.5.2 (34b) B4c)
A304.1.1 (34d) B6)
A304.1.2
A304.1.3
K304.1.1
K304.1.2
K304.1.3
K304.5.2
S300
ty Pressdre design thickness of branch mm in. 304.3.3 304.3.3 ® (1
304.3.4 304.3.4
H300
[ Throat thickness of cover fillet weld mm in. 328.5.4 328.5.4
331.1.3
H300
ty Pressure design thickness of header mm in. 304.3.3 304.3.3 ® @ 9 (0
304.3.4 304.3.4
H300
t; Total duration of service condition, i, at pres- h hr V303.2 - (V4)
sure, P;, and temperature, T;
256
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Units [Note (1)] Reference
Symbol Definition SI u.s. Paragraph  Table/Fig./App. Equation
tm Minimum required thickness, including mm in. 304.1.1 328.3.2 ) (13) (14)
mechanical, corrosion, and erosion allow- 304.2.1 328.4.3 (15) (25)
ances 304.4.1 K328.4.2 (33) 36)
304.5.2 K341.3.2
304.5.3
328.4.2
A304.1.1
A304.2.1
K304.1.1
K304.2.1
K304.5.2
K328.4.2
S300
temin For branch, the smaller of Tb or T, mm in. 328.5.4 328.5.4
t,i Rupture life of a component subjected to h hr V303d.4 (V3)| (V4)
repeated service conditions, i, and stress, V303.2
Si
U Straight line distance between anchors m ft 319.4.1 (16)
u Creep-rupture usage factor, summed up from V303.2 (V4)
individual usage factors, t;/t,; V303.3
w Weld joint strength reduction factor 302.2.2 302.3.5 (3a)|(3b) (Bc)
302.3.5 (4a) (4b)
304.1.1 (40) (15)
304.1.2
304.2.1
304.2.3
304.3.3
304.4.1
304.5.1
304.5.2
304.5.3
X Factor for modifying the allowable stress X302.1.3 (X1)| (X2)
range, S;, for bellows expansion joint (see
para. X302.1.3 for further details)
X1 Ring reinforcement\area mm? in.? H304
X, Fillet weld(reinforcement area mm? in.2 H304
Xmin Size of fillet weld to slip-on or socket welding mm in 328.5.2B
flange
Y Coefficient for effective stressed diameter 304.1.1 304.1.1 (3a)
’104.1 _’7
S300
Y+ Single acting support — a pipe support that S302
provides support to the piping system in
only the vertically upward direction
Resultant of total displacement mm in. 319.4.1 16)
z Section modulus of pipe mm?> in.? 319.4.4 (18) (19)
Z, Effective section modulus for branch mm?> in 319.4.4 (20) (21)
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Units [Note (1)] Reference
Symbol Definition Sl u.s. Paragraph  Table/Fig./App. Equation
@ Angle of change in direction at miter joint deg deg 304.2.3 304.2.3
306.3.2
306.3.3
M306.3
B Smaller angle between axes of branch and deg deg 304.3.3 304.3.3 6) (®
run
AT, Range of temperature change for full cycle °C °F 302.3.5
AT, Range of temperature change for lesser cycle °C °F 302.3.5
nh=12"..)
) \ngle of miter cut deg deg 304.2.3 304.23 (4a) (40)|(5)
) D300
GENERAL NPTE: For Code reference to this Appendix, see para. 300.3.
NOTE:
(1) Note thiat the use of these units is not required by the Code. They represent sets of consistent tnits (except where otherwise stafed)
that mdy be used in computations, if stress values in ksi and MPa are multiplied by 1,000,forwse in equations that also involve|pres-
sure in|psi and kPa values.
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APPENDIX K
ALLOWABLE STRESSES FOR HIGH PRESSURE PIPING

Specification Index for Appendix K

Spec.

No. Title Page
ASTM
A 53 Pipe, Steel, Black and Hot-Dipped, Zinc Coated, Welded and Seamless ............ccvviiiiiinnennenn. 262
A 105 Forgings, Carbon Steel, for Piping COmMponents . .. ... ...ttt ittt te e eieennn 262
A 106 Seamless Carbon Steel Pipe for High-Temperature Service ..........couiiiiininiininnneenennensdn 262
A 182 Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature

S]] o O 264, 264, 268

A 210 Seamless Medium-Carbon Steel Boiler and Superheater Tubes ........ ...l ... 262
A 234 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and Elevated Temperatlres®......... 262
A 312 Seamless and Welded Austenitic Stainless Steel Pipe ...ttt N e ee e e 264, 264
A 333 Seamless and Welded Steel Pipe for Low-Temperature Service ............c... . @0 Tt 262, 264
A 334 Seamless and Welded Carbon and Alloy-Steel Tubes for Low-Temperature Service™™\»............o.o... 262, 264
A 335 Seamless Ferritic Alloy Steel Pipe for High-Temperature Service ........... ). Yo o oo oot 262
A 350 Forgings, Carbon and Low-Alloy Steel Requiring Notch Toughness Testing foiPiping Components ......... 262, 264
A 358 Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy Steel Pipe for HighsTemperature Service ......... 264, 266
A 403 Wrought Austenitic Stainless Steel Piping Fittings . ........ . NN i e 266, 268
A 420 Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature Service ................... 262, 264
A 508 Quenched and Tempered Vacuum-Treated Carbon and Alloy, Steel Forgings for Pressure Vessels .......... 264
A 723 Alloy Steel Forgings for High-Strength Pressure Component Application ............c.iviiiiininnan.. 264
B 164 Nickel-Copper Alloy Rod, Bar and Wire . ... o Nttt it i e it it it et eaennn 270
B 165 Nickel-Copper Alloy (UNS N04400) Seamless\Pipe and TUbe ... ......coeieiiininnniiiiiniiiiinenn 270
B 166 Nickel-Chromium-Iron Alloy (UNS N0660Q) Rod, Bar and Wire ...........uuiiineiiineennnennnnennnnn 270
B 167 Nickel-Chromium-Iron Alloy (UNS N06600-N06690) Seamless Pipe and Tube ..............cvvvvunnn... 270
B 338 Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat Exchangers .......... 272
B 363 Seamless and Welded Unalloyed Titanium and Titanium Alloy Welding Fittings .............. ... ... .... 272
B 366 Factory-Made Wrought Nickel)and Nickel-Alloy Welding Fittings . .......... ..ot iinnennn.. 270
B 381 Titanium and Titanium ALY FOrgingsS . ...ttt ittt it it it it et et ettt et eaennn 272
B 564 NiCKEl ALLOY FOTgiMgS = . . o ottt ettt it it it et et et e ettt it e e te e ettt 270
B 574 Low-Carbon Njckel-Molybdenum-Chromium Alloy Rod . ... ...t i 270
B 622 Seamless Nickel and Nickel-Cobalt Alloy Pipeand Tube ...... ... ... i 270
B 861 Titanidm~and Titanium Alloy Seamless Pipe . ..ottt i i it it ettt ettt et eiaenns 272
API
5L [T T = PP 262

GENERAL NOTE: It is not practical to refer to a specific edition of each standard throughout the Code text. Instead, the approved edition
references, along with the names and addresses of the sponsoring organizations, are shown in Appendix E.
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NOTES FOR APPENDIX K TABLES

GENERAL NOTES:

®

This type or grade is permitted only in the seamle

SS con-

@

(b)

©

NOTES:

@

@

©)
)

5)

(©)
@

[he allowable stress values and P-Number or S-Number
hssignments in Table K-1, together with the referenced Notes
hnd double bars [see Note (7) of Notes for Appendix A
[ables], are requirements of Chapter IX.

Notes (1) through (7) and Notes (17) and (18) are referenced
n Table headings and in headings for material type and prod-
ict form; Notes (8) through (16) and (19) through (21) are
eferenced in the Notes column for specific materials.

A\t this time, metric equivalents have not been provided in
[able K-1. To convert stress values in Table K-1 to MPa at a
Eiven temperature in °C, determine the equivalent tempera-
ure in °F and interpolate to calculate the stress value in ksi
ht the given temperature. Multiply by 6.895 to determine
hllowable stress in MPa at the given temperature.

[he stress values in Table K-1 are allowable stresses in ten-
ion in accordance with para. K302.3.1(a). Stress values in
hear and bearing are stated in para. K302.3.1(b), those in
ompression in para. K302.3.1(c).

bamples representative of all piping components, as well as
heir fabrication welds, shall be impact tested in accordance
vith para. K323.3.

Material minimum service temperature shall be in accor-
Hance with para. K323.2.2.

[he temperature limit for materials shall be in accordance
vith para. K323.2.1. A double bar (|)) after a tabled/stress
ndicates that use of the material is prohibitéd above that
emperature.

btress values printed in italics exceed ¢wothirds of the
pxpected yield strength at temperatdre) Stress values in bold-
ace are equal to 90% of yield stfength at temperature. See
bara. K302.3.2.

\ product analysis of the niatetial shall be performed. See
para. K323.1.5.

bee para. 328.2.1(f) fora“description of P-Number and
b-Number groupings«P-Numbers are indicated by number or
by a number followed by a letter (e.g., 8, or 5B, or 11A).
b-Numbers ,are-preceded by an S (e.g., S-1).

©

(10)

(11)
(12)
(13)

(14)

(15)

(16)
17)
(18)
(19)
(20)

(1)

dition.

If this grade is cold expanded, the most severely
portion of a representative sample shall bé impad
accordance with para. K323.3.

This material may require special consideration fo
qualification. See the BPV Code,-Seetion IX, QW/(
use in this Code, a qualified WPS.is required for 4
strength level of material.

No welding is permitted on\this material.

Welds in components=shall be of a design that p¢g
interpretable radiographic examination; joint qual
Ej, shall be 1.00xin accordance with para. K302.3,
Pipe furnished'to this specification shall be suppl
solution hedt treated condition.

This unstabilized grade of stainless steel increasir
to precipitate intergranular carbides as the carbon
increases above 0.03%. See also para. F323.4(c)
Stress values shown are for the lowest strength b
rial permitted by the specification to be used in t
ture of this grade of fitting. If a higher strength bg
is used, the higher stress values for that material
used in design.

Galvanized pipe furnished to this specification is
ted for pressure containing service. See para. K32
Pipe and tubing shall be examined for longituding
accordance with Table K305.1.2.

Material defects may be repaired by welding only
dance with para. K323.1.6.

For material thickness > 127 mm (5 in.), the spec
mum tensile strength is 448 MPa (65 ksi).

For material thickness > 127 mm (5 in.), the spec
mum tensile strength is 483 MPa (70 ksi).

At temperatures above 100°F, the allowable stress
Table A-1 for this material may be used for Chapt
cations. Alternatively, allowable stresses may be g

accordance with the requirements of para. K323.2.

Heformed
t tested in

I welding
B-422. For
ach

rmits fully
ity factor,
.

ed in the

gly tends
content
D).

pse mate-
e manufac-
se material
may be

hot permit-
3.4.2(b).

| defects in
in accor-
fied mini-
fied mini-
es listed in
r IX appli-

erived in
1.
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!~% 18
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Spedied
Spec. or S-No. Type _ otrensth, 81
Material No. @) or Grade Notes Tensile Yield
Carbon Steel
Pipes and Tubes (17)
A53 1 B (8)(16)
A 106 1 B ..
A 333 1 6 ®) 60 35
A 334 1 6 ®)
API 5L S-1 B ®©
A 210 1 A1 . 60 37
A 106 l
A 210 1 C . 70 40
API 5L 51 X42 8)©).(21) 60 42
API 5L 51 X46 ®©9)(21) 63 46
API 5L 51 X52 ®)(9)(1) 66 52
API 5L 51 X56 8)(9)(10)(21) 71 56
API 5L 51 X60 8)(9)(10)(21) 75 60
API 5L 51 X65 8)(9)(10)(21) 77 65
API 5L S1 X70 8)(9)(10)(21) 82 70
API 5L 51 X80 8)(9)(10)(21) 90 80
Forgings [and Fittings
A 234 1 WPB l
A 420 1 WPL6 ®) 60 35
A 350 1 LF2 l
A 105 1 .. .. 70 36
A 234 1 WPC ) 70 40
Low and Infermediate Alloy Steel
Pipes @and Tubes (17)
c-Y%Mo A 335 3 P1 ... 55 30
1Cr-%,Mo A 335 4 P12 . 60 32
1Y,cr-YMp A335 4 P11 ... 60 30
5Cr-Y4Mo A/335 5A P5 . 60 30
2Y,Cr-1Mo| A 335 5A P22 ... 60 30

262
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~¢ 18
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Type or Grade Spec. No.
Carbon Steel
Pipes and Tubes (17)
B A 53
B A 106
23.3 21.3 20.7 20.0 18.9 17.3 16.9 16.8 6 A 333
6 A 334
B API 5L
24.7 22.5 21.9 21.1 20.0 18.3 17.9 17.8 A-1 | A 210
{ A 106
26.7 24.3 22.9 23.7 21.6 19.7 19.4 19.2 C A 210
28.0 X42 API 5L
30.7 X46 API 5L
34.7 X52 API 5L
. 37.3 X56 API 5L
. 40.0 X60 API 5L
433 X65 API 5L
© 467 X70 APl 5L
+ 53.3 X80 API 5L
Forgings an(d Fittings
WPB A 234
23.3 21.3 20.7 20.0 18.9 173 16.9 16.8 WPL6 A 420
LF2 A 350
24.0 21.9 21.3 20.6 19.5 17.7 17.5 17.3 A A 105
26.7 24.3 23.7 22.9 216 19.7 19.4 19.2 WPC A 234
Low and Intermediate Alloy Steel
Pipes and Thibes (17)
20.0 18.5 17.5 169 16.3 15.7 15.4 15.1 P1 A 335
21.3 19.3 18.1 17.3 16.7 16.3 16.1 15.8 P12 A 335
20.0 18.7 179 17.5 17.2 16.7 16.2 15.7 P11 A 335
20.0 18.1 174 17.2 171 16.8 16.6 16.3 P5 A 335
20.0 18.5 18.1 17.9 17.9 17.9 17.9 17.9 P22 A 335
263
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Spedied
Spec. or S-No. Type g,
Material No. @) or Grade Notes Tensile Yield
Low and Intermediate Alloy Steel (Cont’d)
Pipes and Tubes (17) (Cont’d)
3Y4Ni A333 9B 3 J‘
3Y4Ni A 334 9B 3 (8) 65 35
9Ni A 333
9Ni A 334 11A 8 ®) 100 75
Forgings [and Fittings
3Y,Ni A 420 9B WPL3 8) 65 35
3Y5Ni A 350 9B LF3 70 37.5
1Cr-Y,Mo A 182 4 F12, Cl. 2 70 40
1Y,cr=YMp A 182 4 F11, Cl. 2 70 40
Cc-Y;Mo A 182 3 F1 70 40
5Cr-Y,Mo A 182 5B F5 70 40
2Y,Cr-1Mo| A 182 5A F22, CL 3 75 45
9Ni A 420 11A WPL8 ) 100 75
3Y,Ni-1%,qr-%;Mo A 508 11A 4N, Cl. 2 115 100
Ni—Cr-Mo A 723 1,2,3C1 (11) 115 100
Ni—Cr-Mo A 723 1,2;3'Cl. 2 (11) 135 120
Ni—Cr-Mo A 723 9,303 (11) 155 140
Stainless Steel (5)
Pipes anfl Tubes (17)
16Cr-12Ni{2Mo A 312 8 TP316L (12) l
316L, A 24D A 358 8 316L, Cl. 1 & 3 (12)(13) 70 25
16Cr—12Ni4+2Mo-N A 312 8 TP316LN 12) l
316LN, A 240 A 358 8 316LN, Cl. 1 & 3 (12)(13) 75 30
18Cr-8Ni A312 8 TP304L (12) l
304L, A 24D A 358 8 304L, Cl.1 &3 (12)(13) 70 25
18Cr—8Ni-NI A 312 8 TP304LN 12) l
304LN, A 2k0 A 358 8 304LN, Cl. 1 & 3 (12)(13) 75 30
264
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!-6 18 (Cont’d)

Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Type or Grade Spec. No.
Low and Intermediate Alloy Steel (Cont’d)
Pipes and Tubes (17) (Cont’d)
i‘ A 333
23.3 21.3 20.7 20.0 18.9 17.3 17.0 15.7] 3 | A334
i A 333
50.0 48.0 47.0]| 8 | A334
Forgings and Fittings
23.3 21.3 19.6 WPL3 A 420
25.0 22.8 22.1 LF3 A 350
26.7 24.1 22.7 21.7 20.9 20.3 20.1 19.7 F12, a2 A 182
26.7 24.6 23.4 22.5 21.7 20.9 20.5 20.1 F11)6k2 A 182
26.7 24.6 23.4 22.5 21.7 20.9 20.5 20.1 F1 A 182
26.7 241 23.2 22.9 22.7 22.4 221 21.7 F5 A 182
30.0 27.5 26.1 25.5 24.8 24.3 24.0 23,7 F22, Cl. 3 A 182
50.0 48.0 47.0]| WPL8 A 420
66.7 62.8 60.8 59.5 58.5 57.4 56,7 4N, Cl. 2 A 508
66.7 64.0 62.3 61.3 60.3 59.3 58.5 57.3 1,2,3C.1 A723
80.0 76.8 74.8 73.6 72.4 71.2 70.1 68.8 1,2,3Cl2 A723
93.3 89.6 87.3 85.9 84.5 834 81.9 80.3 1,2,3CL3 A723
Stainlgss Steel (5)
Pipes and Thibes (17)
J: TP316L A312
16.7 16.7 16.7 15.8 14.8 14.0 13.8 13.5 316L, Cl.1& 3 A 358
{ TP316LN A312
20.0 20.0 20.0 1879 17.5 16.5 16.0 15.6 316LN, Cl. 1 & 3 A 358
{ TP304L A312
16.7 16.7 167 15.8 14.7 14.0 13.7 13.4 304L, Cl.1&3 A 358
{ TP304LN A312
20.0 20.0 20.0 18.6 17.5 16.4 16.1 15.9 304LN, Cl. 1 & 3 A 358
265
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

S etength, ks
Spec. or S-No. Type gth,
Materta No. @) or Grade Notes Tensile Yield

Stainless Steel (5) (Cont’d)
Pipes and Tubes (17) (Cont’d)

18Cr—10NifTi A 312 8 TP321 . 70 25
smls. > 3 in. thick
18Cr—10NiTi A 312 8 TP321 (12)
smls. < 33 in. thick or wid.
321, A 240 A 358 8 321,ClL.1&3 (12)(13) N\ 75 30
18Cr-8Ni A 312 8 TP304 (12)(14)
304, A 240 A 358 8 304, Cl.1&3 (1213 + 75 30
16Cr-12Ni+2Mo A 312 8 TP316 (12)(1%) 7]
316, A 240 A 358 8 316,Cl. 1 &3 @2)(13)14) - 75 30
18Cr-13Ni+3Mo A 312 8 TP317 (12)(14) i
18Cr-10Ni+Cb A 312 8 TP347 (12) l
347, A 240 A 358 8 347,Cl.1&3 (12)(13) 75 30
18Cr—8Ni-N\ A 312 8 TP304N (12)(14) l
304N, A 240 A 358 8 304N, Cl. 1 &3 (12)(13)(14) 80 35
16Cr-12Ni+2Mo-N A 312 8 TP316N (12)(14) l
316N, A 240 A 358 8 316N, Cl. 1 & 3 (12(13)(14) 80 35
Forgings [and Fittings
16Cr-12Ni+2Mo A 182 8 F316L (19) l
16Cr—12Ni12Mo A 403 8 WP316L, Cl. S & WX (12) 70 25
16Cr—12Ni+2Mo-N A 182 8 F316LN (20) l
16Cr—12Ni+2Mo-N A 403 8 WP316LN, Cl. S & WX (12) 75 30
18Cr-8Ni A 182 8 F304L (19) l
18Cr—8Ni A(403 8 WP304L, Cl. S & WX (12) 70 25
18Cr—8Ni—m A 182 8 F304LN (20) l
18Cr-8Ni- A 403 8 WP304LN, Cl. S & WX (12) 75 30
266
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX!-6 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Type or Grade Spec. No.
Stainless Steel (5) (Cont’d)
Pipes and Tubes (17) (Cont’d)
16.7 16.7 e 16.7 16.7 16.1 15.2 14.9 14.6 1P321 A 312
smls. > % in. thick
TP321 A312
smls. < %4 in. thick & Wwid.
20.0 20.0 . 20.0 20.0 19.4 18.3 17.9 17.5 321,Cl.1&3 A 358
{ TP304 A312
20.0 20.0 - 20.0 18.6 17.5 16.4 16.1 15.9 304, Cl. 1&3 A 358
TP316 A312
20.0 20.0 . 20.0 19.3 18.0 17.0 16.7 16.3 3165Cl.1&3 A 358
TP317 A312
{ TP347 A312
20.0 20.0 - 20.0 20.0 20.0 19.4 19.0 18.6 347,Cl.1&3 A 358
J: TP304N A312
23.3 23.3 . 22.5 20.3 18.8 17.8 17.6 17.2 304N, Cl.1 &3 A 358
{ TP316N A312
23.3 23.3 - 23.3 23.3 22.2 214 20.5 20.1 316N, Cl.1 &3 A 358
Forgings anld Fittings
{ F316L A182
16.7 16.7 - 16.7 15.8 148 14.0 13.8 13.5 WP316L, Cl. S & WX A 403
{ F316LN A182
20.0 20.0 . 20.0 18.9 17.5 16.5 16.0 15.6 WP316LN, Cl. S & WX A 403
{ F304L A182
16.7 16.7 - 16.7 15.8 14.7 14.0 13.7 13.4 WP304L, Cl. S & WX A 403
{ F304LN A182
20.0 20.0 . 20.0 18.6 17.5 16.4 16.1 15.9 WP304LN, Cl. S & WX A 403
267
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

P-No. .
Spec. or S-No. Type Strength, ksi
Material No. @) or Grade Notes Tensile Yield
Stainless Steel (5) (Cont’d)
Forgings and Fittings (Cont’d)

18Cr—10Ni4Ti A 182 8 F321 20) J‘
18Cr—10Ni+Ti A 403 8 WP321, Cl. S & WX 12) 75 30
18Cr-8Ni A 182 8 F304 (14)(20) 1
18Cr—8Ni A 403 8 WP304, Cl. S & WX (12)(14) 75 30
16Cr-12Ni42Mo A 182 8 F316 (14)(20)
16Cr-12Ni42Mo A 403 8 WP316, Cl. S & WX (12)(14) 75 30
18Cr-13Ni43Mo A 403 8 WP317, Cl. S & WX (12)(14)
18Cr-10Ni{Ch A 182 8 F347 (20) 1
18Cr-10Ni1Ch A 403 8 WP347, Cl. S & WX (12) 75 30
18Cr—8Ni—m A 182 8 F304N (14) 1
18Cr-8Ni- A 403 8 WP304N, Cl. S & WX (12)(14) 80 35
16Cr-12Ni4+2Mo-N A 182 8 F316N (14) 1
16Cr—-12Ni4+2Mo-N A 403 8 WP316N, Cl. 5.& WX (12)(14) 80 35
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX1-6: 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Type or Grade Spec. No.
Stainless Steel (5) (Cont’d)
Forgings and Fittings (Cont’d)
{ F321 A 182
20.0 20.0 ce 20.0 20.0 19.4 18.3 17.9 17.5 WP321, Cl. S & WX A 403
{ F304 A 182
20.0 20.0 - 20.0 18.6 17.5 16.4 16.1 15.9 WP304, Cl. S & WX A 403
F316 A 182
20.0 20.0 - 20.0 19.3 18.0 17.0 16.7 16.3 WP316, Cl,S &WX A 403
WP317, €S& WX A 403
{ F347 A 182
20.0 20.0 R 20.0 20.0 20.0 19.4 19.0 18.6 WP347, Cl. S & WX A 403
{ F304N A182
23.3 23.3 ce 22,5 20.3 18.8 17.8 17.6 17.2 WP304N, Cl. S & WX A 403
{ F316N A182
23.3 23.3 R 23.3 23.3 22.2 21.0 20.5 20.1 WP316N, Cl. S & WX A 403
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

S
Spec. or S-No. UNS Range, sth,
Material No. @) Number Condition in. Notes Tensile Yield

Nickel and Nickel Alloy (5)
Pipes and Tubes (17)

Ni—Cu B 165 42 N04400 Annealed > 5 0.D. S 70 D5
Ni—Cr—Fe B 167 43 N06600 H.W. :L

Ni—Cr—Fe B 167 43 N06600 H.W. ann. > 5 0.D. e 75 P5
Ni—Cu B 165 42 N04400 Annealed <5 0.D. . 70 P8
Ni—Cr—Fe B 167 43 N06600 H.W. <5 0.D. -

Ni—Cr-Fe B 167 43 N06600 HW. ann. <5 0.D. - 80 BO
Ni—Cr—Fe B 167 43 N06600 CW. ann. > 5 0.D.

Ni—Cr—Fe B 167 43 N06600 CW. ann. <5 0.D. e 80 B5
Ni-Mo-Cr B 622 44 N10276 - All - 100 11
Ni—Cu B 165 42 N04400 Str. rel. All R 85 b5

Forgings [and Fittings

Ni-Cu B 366 S-42 NO4400 ... All (12)(15) :L
Ni—Cu B 564 42 N04400 Annealed All e 70 P5
Ni—Cr-Fe B 366 S-43 N06600 e All (12)(15) 75 D5
Ni—Cr—Fe B 564 43 N06600 Annealed All . 80 B5
Ni-Mo-Cr B 366 44 N10276 e All (12) ]~ 100 11
Ni—Mo-Cr B 564 44 N10276 Annealed All e
Rod and [Bar
Ni—Cu B 164 42 N04400 Annealed All - 70 D5
Ni—Cr—Fe B 166 43 N06600 CW.canp"& H.W. ann. All e 80 B5
Ni—Cr—Fe B 166 43 N06600 H.W., " AW. Sq., rec. & hex. :L
Ni—Cr-Fe B 166 43 N06600 HW., AWw. > 3 rd. 85 B5
Ni—-Cu B 164 42 N04400 H.W. Rod, sq. & rec. <12, R 80 o
: hex. < 2%
Ni=Cr-Fe B 166 43 NO6600 HW., AW. Y to 3 rd. - 90 10
Ni=Mo-Cr B 574 44 N10276 . All ce 100 11
Ni=Cr-Fe B 166 S-43 N06600 HW., AW. Y, to Y, rd. . 95 V5

Abbreviations in Condition and Size Range Columns:

ann. annealed rd. rounds
AW. as worked rec. rectangle
CWw. cold worked rel. relieved
“.‘\IA\I‘. :IUt \l\l\.ll:\CuI 4. SYUITS
hex. hexagons str. stress
0.D. outside diameter
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX1-6: 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not
Exceeding UNS

100 200 250 300 400 500 600 650 700 Number Spec. No.

Nickel and Nickel Alloy (5)
Pipes and Tubes (17)

16.7 14.7 . 13.7 13.2 13.2 13.2 13.2 13.2 NOZZ00 B 165
16.7 16.7 . 16.7 16.7 16.7 16.7 16.7 16.7 N06600 B 167
18.7 16.5 .. 15.4 14.8 14.8 14.8 14.8 14.8 NO4400 B 165
20.0 20.0 20.0 20.0 20.0 20.0 20.0 20:0 N06600 B 167
23.3 23.3 . 23.3 23.3 23.3 23.3 23.3 23.3 N06600 B 167
27.3 27.3 . 27.3 27.3 26.9 25.2 24.6 24.0 N10276 B 622
36.7 32.3 ... 30.2 29.1 29.1]| ... ‘.. . N04400 B 165
Forgings and Fittings

{ NO4400 B 366

16.7 14.7 . 13.7 13.2 13.2 13.2 13.2 13.2 N04400 B 564
16.7 16.7 . 16.7 16.7 16.7 16.7 16.7 16.7 N06600 B 366
23.3 23.3 . 23.3 23.3 23.3 23.3 23.3 23.3 N06600 B 564
27.3 27.3 . 27.3 27.3 26.9 25.2 24.6 24.0 { N10276 B 366
N10276 B 564

Rod and Bar
16.7 14.7 . 13.7 13.2 13.2 13.2 13.2 13.2 N04400 B 164
23.3 23.3 . 23.3 233 23.3 23.3 23.3 23.3 N06600 B 166
26.7 23.5 .. 2179 21.2 21.2 21.2 21.2 21.2 N04400 B 164
26.7 24.5 . 23.1 22.0 21.2 20.7 20.6 20.4 N06600 B 166
27.3 27.3 o8 27.3 27.3 26.9 25.2 24.6 24.0 N10276 B 574
30.0 21.2 N 21.2 21.2 21.2 21.2 21.2 21.1 N06600 B 166
QP
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Table K-1 Allowable Stresses in Tension for Metals for Chapter 1X!~% 8 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

et
Spec. or S-No. gh,
Material No. @) Grade Notes Tensile Yield
Titanium and Titanium Alloy
Pipes and Tubes (17))
Ti B 861 51 2 ce
Ti B 338 51 2 8)
Ti-0.2 Pd B 861 51 7 . 50 40
Ti-0.2 Pd B 338 51 7 ®
Ti B 861 52 3 ... :L
Ti B 338 52 3 ®) 65 55
Forgings [and Fittings
Ti B 363 51 WPT2 ®
Ti B 381 51 F2 50 40
Ti-0.2 Pd B 381 51 F7
Ti B 363 52 WPT3 (®) :L
Ti B 381 52 F3 65 55
272
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Table K-1 Allowable Stresses in Tension for Metals for Chapter IX1-6 18 (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix K Tables; Specifications Are ASTM Unless Otherwise Indicated

Allowable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not

Exceeding
100 200 250 300 400 500 600 650 700 Grade Spec. No.
Titanium and Titanium Alloy
Pipes and Tubes (17)
=2 B 861
2 B 338
26.7 21.0 . 17.1 13.1 9.9 7.6 . e | 7 B 861
L 7 B 338
N3 B 861
36.7 29.3 e 23.8 19.1 15.0 11.4 e s L B 338
Forgings anld Fittings
[ wpm2 B 363
. F2 B 381
26.7 21.0 17.1 13.1 9.9 7.6 Y . —_ F7 B 381
{ WPT3 B 363
36.7 29.3 - 23.8 19.1 15.0 11.4 - - F3 B 381
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APPENDIX L
ALUMINUM ALLOY PIPE FLANGES

L300 GENERAL

expansion and expansion rates between components of

This Appendix covers pressure-temperature ratings,
materials} dimensions, and marking of forged aluminum
alloy flanjges, as an alternative to applying the rules in
paras. 304.5.1(b) and 304.5.2(b). DN 15 (NPS %) through
DN 600 (NPS 24) flanges may be welding neck, slip-on,
socket welding, lapped, or blind in ratings of Classes
150, 300, fand 600.

Requirgments and recommendations regarding bolt-
ing and gaskets are included.

L301 PRESSURE-TEMPERATURE RATINGS
£301.1 Ratings Basis

Rating$ are maximum allowable working gage pres-
sures at the temperatures shown in Tables L301.2M and
L301.2U for the applicable material and pressure Class.
For intermediate temperatures, linear interpolation is
permitted.

L301.2 Ratings of Flanged Joints

(a) In addition to the considerations in para. F312:1,
considergtion must be given to the low modulus'ef elas-
ticity of gluminum alloys. External moments should be
limited, @nd controlled bolt tightening .o other tech-
niques may be necessary to achieve and maintain a leak-
free joint

(b) Forfratings of slip-on and socket welding flanges
made of Alloy 6061-T6, see Tables 1.301.2M and L301.2U,
Note (3).

L301.3 Temperature Considerations

Application of the¥atings in this Appendix to flanged
joints at Both highdand low temperatures shall take into
considerption the risk of leakage due to forces and
moments| developed in the connected piping or equip-
ment. Théefottowir Tg PTOVISIOITS are rterntetHto I ze
these risks.

L301.3.1 Flange Attachment. Slip-on and socket
welding flanges are not recommended for service below
—50°F if flanges are subject to thermal cycling.

L301.3.2 Differential Thermal Expansion and Conduc-
tivity. Because aluminum alloys have thermal expan-
sion coefficients approximately twice those for steel, and
thermal conductivity approximately three times that of
steel, it may be necessary to provide for differential

the flanged joint. Consideration shall be given toth¢rmal
transients (e.g., startup, shutdown, and upset) ir pddi-
tion to the operating temperature of the joint.
L301.4 Hydrostatic Test

A flange shall be capable of withstanding a hydro-
static test at 1.5 times its 100°F préssure rating.

L302 MARKING

Marking shall bedn accordance with MSS SPP-25,
except as follows. Marking shall be stamped on theledge
of each flange:
L302.1 Name

The manufacturer’s name or trademark shdll be
applied.

1:302.2 Material

The marking ASTM B 247 shall be applied, follpwed
by the applicable alloy and temper designations.
L302.3 Rating

The marking shall be the applicable rating Clasg: 150,
300, or 600.

L302.4 Designation
The marking B31.3L shall be applied.

L302.5 Size

The marking of NPS shall be applied. A reducing size
shall be designated by its two nominal pipe sizes. See
examples in Note (4) of Table 6, ASME B16.5.

L303 MATERIALS
[303.1 Flange Material

Flanges shall be forgings conforming to ASTM B 247.
For specific alloys and tempers, see Tables L301.2M and
L301.2U. For precautions in use, see para. 323.5 and
Appendix F, para. F323.

L303.1.1 Repair Welding of Flanges. Repair welding
of flanges manufactured to this Appendix shall be
restricted to any damaged areas of the weld bevel of
welding neck flanges unless specifically approved by
the Purchaser after consideration of the extent, location,
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Table L301.2M

Pressure-Temperature Ratings

Pressures Are in kPa; Temperatures Are in °C

Class 150 Class 300 Class 600
Material ASTM B 247 Temperature [Note (1)] Temperature [Note (1)] Temperature [Note (1)]

Alloy, Temper 38 66 93 121 38 66 93 121 38 66 93 121
3003-H112 275 275 240 240 725 690 655 655 1415 1380 1345 1275
6061-T6 [Note (2)] 1895 1860 1825 1795 4 965 4 895 4 825 4 655 9930 9790 9 655 9 345
6061-T6 [Note (3)] 1265 1240 1215 1195 3310 3265 3215 3105 6 620 6 525 6 435 6 230

NOTES:
(1) THe minimum temperature is —269°C (—425°F). The maximum rating below 38°C (100°F) shall be the rating shown for 38°C.|
(2) Rdtings apply to welding neck, lapped, and blind flanges.
(3) Rdtings apply to slip-on and socket welding flanges.
Table L301.2U Pressure-Temperature Ratings
Class 150 Class 300 Class 600
Materlal ASTM B 247 Temperature [Note (1)] Temperature [Note (1)] Temperature [Note [1)]
Alloy and Temper 100 150 200 250 100 150 200 250 100 150 200 250
3003-H112 40 40 35 35 105 100 95 95 205 200 195 185
6061-T6 [Note (2)] 275 270 265 260 720 710 700 675 1440 1420 1 40( 1355
6061-T6 [Note (3)] 185 180 175 175 480 475 465 450 960 945 935 905
GENERAL NOTE: Pressures are in psig; temperatures are in °F.
NOTEY:
(1) THe minimum temperature is —269°C (-425°F). The maximum rating below 38°C (100°F) shall be the rating shown for 38°C,
(2) Rdtings apply to welding neck, lapped, and blind flanges.
(3) Rdtings apply to slip-on and socket welding flanges.
Table L303.2 Aluminum Bolting Materials L303.2.2 Intermediate Strength Bolting.| Bolting
ASTM [Specification Alloy Temper rrraterrals in Ta.ble L303.2, and bolting listed as 1nterme—
diate strength in ASME B16.5, Table 1B, may be used in
B 211 2014 T6, T261 any flanged joints. See para. L305.
B 211 2024 T4 . ) )
B 211 %061 T6, T261 L303.2.3 Low Strength Bolting. Bolting |[materials
listed as low strength in ASME B16.5, Table 1B, may be
GENERAL NOTE: Repair welding, of bolting material is prohibited. used in Classes 150 and 300 flanged joints. [See para.
L305.
L303.3 Gaskets (08)
and effect on temper and ductility. Repair welding of . .
p y- Rep & Gaskets listed in ASME B16.5, Annex C, [Table C1,
any drea other than the weld bevel on 6061-T6 welding . . .
. Group Ia may be used with any rating Class and bolting.
neckflanges shall restrict the pressure/temperature rat-
mgs to those spec1f1ed for slip-on and socket weldlng L303 341 Gaskets for Low Strength Boltln. If bolt-
‘ -3) is used,

ing shall be performed in accordance with para. 328.6.

L303.2 Bolting Materials

Bolting listed in Table L303.2 and in ASME B16.5,
Table 1B, may be used subject to the following limita-
tions.

L303.2.1 High Strength Bolting. Bolting materials
listed as high strength in ASME B16.5, Table 1B, may
be used in any flanged joints. See para. L305.

gaskets listed in ASME B16 5, Annex C Table C1, Group
Ia shall be used.

L303.3.2 Gaskets for Class 150 Flanged Joints. It is
recommended that only gaskets listed in ASME B16.5,
Annex C, Table C1, Group Ia be used.

L303.3.3 Gaskets for Class 300 and Higher Flanged
Joints. It is recommended that only gaskets listed in
ASME B16.5, Annex C, Table C1, Group I be used. For
gaskets in Group Ib, line flanges should be of the welding
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neck or lapped joint type; controlled-torque tightening
practices should be used.

L304 DIMENSIONS AND FACINGS

(a) Flanges shall meet the dimensional and tolerance
requirements of ASME B16.5.

L305 DESIGN CONSIDERATIONS

The following design considerations are applicable to
all flanged joints which incorporate a flange manufac-
tured to this Appendix:

(a) The differential expansion within a flanged joint
must be considered; also, see para. F312.

(b) Where a gasket other than those recommended in
para. L303.3 is specified, the designer shall verify by
calculations the ability of the selected bolting to seat the

(b) Flafge Tacing and facing finish shall be mn accor-
dance with ASME B16.5, except that small male and
female fakings (on ends of pipe) shall not be used.

selected gasket and maintain a sealed joint undgr the
expected operating conditions without oversfréssing
the components.
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APPENDIX M
GUIDE TO CLASSIFYING FLUID SERVICES'?

See Fig. M300.
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APPENDIX P
ALTERNATIVE RULES FOR EVALUATING STRESS RANGE

P300 GENERAL

When the computed stress range varies, whether from

(a)] This Appendix provides alternative rules for eval-
uating the stress range in piping systems. It considers
strespes at operating conditions, including both dis-
placgment and sustained loads, rather than displace-
menf stress range only. The method is more
comprehensive than that provided in Chapter II and is
mor¢ suitable for computer analysis of piping systems,
including nonlinear effects such as pipes lifting off of
suppprts.

(b)| The paragraph numbers of this Appendix, except
for ppra. P300, correspond to those of Chapters I and II
of the base Code. The prefix P is used.

(c)]In the application of these alternative rules, all of
the grovisions of Chapters I and II of the base Code
apply, except those that are specifically modified by this
Appéndix.

P30(.2 Definitions

Replace the definition of severe cyclic conditions with
the fpllowing:
severe cyclic conditions: conditions applying to specific

thermal expansion or other conditions, Sg is defined as
the greatest computed operating stress rafige: [[The value
of N in such cases can be calculated by‘eq. (I/1d)

N=Ng+X@’N)forij=1/2,...,n (P1d)

P319.4.4 Flexibility Stresses.” Paragraph|319.4.4 is
applicable, except that subparagraph (a) and e. (17) are
replaced with the following:

(a) The stress due.tobending, torsion, and alxial loads
shall be computed, using the reference moduliis of elas-
ticity at 21°C, (70%F), E,, except as provided in para.
319.2.2(b)(4)~ahd then combined in accordance with eq.
(P17a) to/determine the operating stress, S and eq.
(P17b) te_determine the operating stress range, Sg. Som
is the greater of the maximum operating stregs, S,, and
maximum operating stress range, Sg, which|shall not
exceed the allowable stress, Sy, in para. P302{3.5(d). Sg
is the maximum operating stress range, whigh is used
in calculating N in para. P302.3.5(d) and in defermining
if the pipe is under severe cyclic conditions.

pipirlg components or joints in which Sg, comptited in So = J(Si + Sp)* + 45/ (P17a)
accordance with para. P319.4.4, exceeds0.85,4 [as
defined in para. P302.3.5(d)] and the equivalent number Sg = J(S,| + Sp)* + 452 (P17b)

of cyfles [N in para. P302.3.5(d)] exceeds 7000; or other
condjtions which the designer determines will produce
an equivalent effect.

The definitions in para. 319.4.4 apply, with the following
additional definitions:

A, = cross-sectional area of the pipe
(08) P302.3.5 Limits of Calculated Stresses Due to Sus- o= ;)r(é:slufrzrce’ including that due tojinternal
tained Loads and Displacement Strains. - Replace para. i, = axial force stress intensification factpr. In the

302.35(d) with the‘following. See para. 302.3.5(d) for
nomg¢nclature and.footnotes.

(d)| Allowable Operating Stress Limit. The greater of the
maximum.Opé€rating stress and maximum operating
stresg rahge, S,,, in a piping system (see para. 319.4.4)
shall[not éxceed the allowable operating stress limit, S, 4

absence of more applicable data, i, = 1.0 for
elbows, pipe bends, and miter bends (single,
closely spaced, and widely spaced), [and i, =
i, (or i when listed) in Appendix D|for other

components; also see para. 319.3.6.

(see paras. 319.2.3 and 319.3.4) calculated by eq. (Pla).
The operating stress is the calculated stress at any
operating condition, including pressure, weight and
other sustained loads, and displacement. Occasional
loads (see para. 302.3.5) are not required to be included.
The operating stress range is the range of stress between
any two operating conditions, including the ranges
between operating conditions and a sustained case with
the piping at ambient temperature.

Son = 125 f(S. + S) (Pla)

4 | L b L T /A
Jg — OULOS UUT U dALdl TUILT ="1,1 a/llp

P319.4.5 Required Weld Quality Assurance.
graph 319.4.5 applies, except that S,4 replaces S,.

Para-

P319.5 Reactions

Replace para. 319.5 with the following:

Reaction forces and moments used to design restraints
and supports for a piping system, and to evaluate the
effects of piping displacement on connected equipment,
shall be based on the maximum load from operating
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conditions, including weight, pressure, and other sus-
tained loads; thermal displacement; and, where applica-
ble, occasional loads. The reactions shall be calculated
using the modulus of elasticity at the temperature of
the condition, E,, (E, may be used instead of E,, when
it provides a more conservative result). The temperature
of the condition may differ in different locations within
the piping system.

Where cold spring is used in the piping system, expe-

If it is necessary to determine the reactions at ambient
temperature, the designer shall consider loads at that
condition, including the design cold spring and self
springing of piping. Self springing may occur if the
operating stress in the piping system exceeds the yield
strength of the material or if the piping operates at tem-
peratures in the creep range of the material.

P319.5.1 Maximum Reactions for Simple Systems.
Paragraph 319.5.1 is not applicable.

rience ha
fore, the

b bllUWIl llldL il Callltot ‘UC fuﬂy dbbulﬁd. T‘IICIG'
reactions shall be computed both with the
assumptjon that only two-thirds of the design cold
spring is present, and with four-thirds of the design cold
spring present.

P319.5.2 Maximum Reactions for Complex
tems. Paragraph 319.5.2 is not applicable,

Sys-
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APPENDIX Q
QUALITY SYSTEM PROGRAM

[This Appendix is a Code requirement only when specified by the owner in accordance with para. 300(b)(1).]

Design, construction, inspection, examination, testing, manufacture, fabrication, and erection of pipittg in accor-
dance with this Code shall be performed under a Quality System Program following the principles(ofan afjpropriate
standard such as the ISO 9000 series.' The details describing the quality system shall be docufiiented anfl shall be
availgble upon request. A determination of the need for registration and/or certification 'of the qualify system
progtam shall be the responsibility of the owner.

! The series is also available from the American National Standards Institute (ANSI) and thé-American Society for Quality (ASQ) as
Amer}can National Standards that are identified by a prefix “Q” replacing the prefix “ISO.” Each standard of the series is ljsted under
Appendix E.
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APPENDIX S
PIPING SYSTEM STRESS ANALYSIS EXAMPLES

S$S300 INTRODUCTION

Fig. $301.1 Simple Code Compliant Model

The example in this Appendix is intended to illustrate
the applitation of the rules and definitions in Chapter
II, Part 5) Flexibility and Support; and the stress limits
of para. 302.3.5. The loadings and conditions necessary
to comply with the intent of the Code are presented.

S$300.1 Definitions and Nomenclature

global axds: These are Cartesian X, Y, and Z axes. In
this Appéndix, vertically upward is taken to be the +Y
direction|with gravity acting in the —Y direction.

Ay crossysectional area of the conveyed fluid, consider-
ing nomihal pipe thickness less allowances

Agp: crosssectional area of the pipe, considering nominal
pipe thickness less allowances

F,,: sustajned axial force including the effects of weight,
other sustained loads, and internal pressure

ig;; in-plgne sustained stress index = 1.00 (The stress
index equals 0.75i; for all components included in
Appendix D in the absence of more applicable data afid
in accordpnce with para. 319.3.6.)

is,: out-plane sustained stress index = 1.00 (The“stress
index equals 0.75i, for all components included in
Appendix D in the absence of more applicable data and
in accordance with para. 319.3.6.)

M ;: in-plane bending moment for-thé sustained condi-
tion being evaluated

M ,: out-plane bending moment for the sustained condi-
tion being evaluated

M;: torsipnal moment, for the sustained condition being
evaluated

P;: piping internal pressure; see para. 301.2; when more
than one [condition exists for the piping system, each is
subscripted{(e.g., Py, Py, ...)

@9 @) o

RELL

o) | (30 ) £
Y 79
x| @

X /
30

6.10 m
(20 ft)

Y+: a “single‘acting support” that provides suppprt in
only the vertically upward direction and is consiglered
to be(“active” when the pipe exerts a downward |force
on\the support. The pipe is free to move upward, i.e.,
the pipe “lifts off” the support; the support in the| “lift-
off” situation is considered to be “removed” from| pro-
viding support, i.e., inactive, during the load condlition
considered.

S$301 EXAMPLE 1: CODE COMPLIANT PIPING
SYSTEM

S$301.1 Example Description

This example is intended to illustrate the desipn of
an adequately supported and sufficiently flexible piping
system. The piping system in Fig. S301.1 is fabricated
from ASTM A 106 Grade B seamless pipe (i.e.,|E =
1.00); the pipe is DN 400 (NPS 16) with a nomina] wall
thickness of 9.53 mm (0.375 in.), 127 mm (5 in.) thickness
of calcium silicate insulation, and 1.59 mm (0.063 in.)
corrosion allowance; the fluid has a specific gravjty of
1.0. The equivalent number of cycles expected fqr the

S,,: stress due to the sustained axial force summation,
Fsu/Asp

Sqp: stress due to the indexed sustained bending
moments’ vector summation

S, stress due to sustained torsional moment

Tj: pipe maximum or minimum metal temperature; see
paras. 301.3 and 319.3.1(a); when more than one condi-
tion exists for the piping system, each is subscripted
(eg., Ty, Ty, ...)

piping systernt is fewer thamn 7 000 fie, f =100 imadccor-
dance with para. 302.3.5(d)].

The piping system is in normal fluid service. The
installation temperature is 21°C (70°F). The reference
modulus of elasticity used for the piping analysis is
203.4 GPa (29.5 Msi) from Appendix C, Table C-6 in
accordance with paras. 319.3.2 and 319.4.4, and Poisson’s
ratio is 0.3 in accordance with para. 319.3.3.

The piping internal pressure, maximum and mini-
mum metal temperatures expected during normal
operation, and the design conditions are listed in
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Table S301.1 Temperature/Pressure
Combinations

Conditions Pressure Temperature

Design conditions 3795 kPa (550 psi)  288°C (550°F)

Operating (P1,T1) 260°C (500°F)
maximum metal
temperature

3 450 kPa (500 psi)

Table S301.3.1 Generic Pipe Stress Model Input

Term Value

Operating conditions:
internal pressure, P,
maximum metal temp., T,
minimum metal temp., T,
installation temperature

3 450 kPa (500 psi)
260°C (500°F)

—-1°C (30°F)

21°C (70°F)

Line size DN 400 (NPS 16)
Operaing P o-Pa—o-psi) 1o€ (3900 Pipe Schedule 30/STD_9.53 mm
minjmum metal (0.375 in.)
temperature Mechanical allowance, ¢ 1.59 mm (0.063\in.)
Installption temperature 0 kPa (0 psi) 21°C (70°F) Mill tolerance 12.5%
Elbows Long radius
Fluid specific gravity 1.0
Insulation thickness 127 )mm (5 in.)

Tabls
in ex
addif
desig

S301.1. The design conditions are set sufficiently
cess of the operating conditions so as to provide
ional margin on the allowable stress for pressure
n as required by the owner.

Insulation density

176 kg/m> (11.0 lbm

ft%)

Pipe material ASTM A 106 Grade B

Pipe density 7 833.4 kg/m> (0.283[lbm/in.3)
Total weight 7 439 kg (16,400 lbm

Unit weight 248.3 kg/m (166.9 Ibm/ft)

S301.2 Design Conditions

The design conditions establish the pressure rating,
flange ratings, component ratings, and minimum
required pipe wall thickness in accordance with para.
301.21. For example, ASME B16.5 requires a minimum
of Class 300 for ASTM A 105 flanges. Also, the minimum
required pipe wall thickness, t,,, is determined from the
design conditions by inserting eq. (3a) into eq. (2); terms
are defined in para. 304.1.1 and Appendix J:

EEF10

P = design pressure
3795 kPa (550 psi)
allowable stress from Appendix A, Table A-1
= 125 MPa (18.1 ksi) at desigiitemperature 288°C

(5650°F)

Y = 0.4 from Table 304.1.1

S

Indert eq. (3a) into eq<(2):

th = t+ —L+
SPTCTgCETPY) TS

B (3795 kPa)(406.4 mm) L5
= 2[(125 MPa)(1.00) + (3795 kPa)(0.4)] * =~ ™™

T, from nominal pipe wall thickness, T, cons idering a
mill tolerance of 12.5%.
Select DN 400 (NPS 16) Schedule 30/STT} nominal
wall thickness from ASME B36.10M:
T = 9.53 mm (0.375 in.)
T = (9.53 mm)(1.00 — 0.125) = 8.34 mm (P.328 in.)

Since T > t,, (i.e., 8.34 mm > 7.69 mm), the sdlection of
the nominal pipe wall thickness, T, for Schedule 30/STD
pipe is acceptable. The long radius elbows specified for
this piping system are in accordance with ASME B16.9
and are specified to be for use with Schedule 30/STD
wall thickness pipe.

S301.3 Computer Model Input

Tables S301.3.1 and S301.3.2 list the “node rjumbers,”
lengths, etc., for each piping element displayed in
Fig. S301.1. A bend radius of 1.5 times thq nominal
pipe diameter [i.e., 609.6 mm (24 in.)] and norpinal wall
thickness of 9.53 mm (0.375 in.) are used for the elbows
in the computer model.

= 6.10 mm + 1.59 mm = 7.69 mm (0.303 1n.)

In accordance with para. 304.1.2(a), t must be less than
D/6 for eq. (3a) to be appropriate without considering
additional factors to compute the pressure design thick-
ness, t (i.e.,, t < D/6, or 7.69 mm < 406.4 mm/6). Since
7.69 mm (0.303 in.) < 67.7 mm (2.67 in.), eq. (3a) is
applicable without special consideration of factors listed
in para. 304.1.2(b).

Now select a pipe schedule of adequate thickness.
Determine the specified minimum pipe wall thickness,
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Generic computer program option “flags” are as
follows:

(a) include pressure stiffening on elbows

(b) exclude pressure thrust and Bourdon effects

(c) use nominal section properties for both the stiff-
ness matrix and the displacement stress analysis

(d) use “nominal less allowances” section properties
for sustained stress, Sy

(e) include axial load and internal pressure force in
the sustained stress, S;
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