PO et BN L8 &

. ASME BPVC.XI1-2025

i Ih

SECTION XII £ 2\
:*:“ ‘ Ak *

ASME Boiler and

Pressure Vessel (Code

An International Code
whed ool Y ©

s Rules for Construction
and Continued Service
of Trans_port Tanks

\‘: X - o e T /:‘i

9=



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

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

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



https://www.asme.org/certification-accreditation
https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

AN INTERNATIONAL CODE

2025 ASME Boiler &

Pressure Vessel Code

2025 Edition July 1, 2025

Xil

RULES FOR CONSTRUCTION
AND CONTINUED SERVICE OF
TRANSPORT TANKS

ASME Boiler and Pressure Vessel Committee
on Transport Tanks

(A

%j The American Society of
® Mechanical Engineers Two Park Avenue * New York, NY + 10016 USA


https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

Date of Issuance: July 1, 2025

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

» o« » o«

ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity. ASME
does nottake any position with respect to the validity of any patent rights asserted in connection with any items mentioned
in this document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any
applicable letters patent, nor does ASME assume 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
responsibility

Participation by federal agency representatives or persons affiliated with industry is not to be intefpreted as government
or industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accardance with the established
ASME procedures and policies, which precludes the issuance of interpretations by-individuals.
The endnotes and preamble in this document (if any) are part of this AmericanyNational Standard.

E @ ASME Collective Membership Mark

®

ASME Single Certification Mark

Allrights reserved. “ASME” and the above ASME symbols are registered trademarks of The American Society of Mechanical
Engineers. No part of this documentmay be copied, modified, distributed, published, displayed, or otherwise reproduced
in any form or by any means, elelétronic, digital, or mechanical, now known or hereafter invented, without the express
written permission of ASME."No“works derived from this document or any content therein may be created without the
express written permission of ASME. Using this document or any content therein to train, create, or improve any artificial
intelligence and/or mathine learning platform, system, application, model, or algorithm is strictly prohibited.

Library of Congress Catalog Card Number: 56-3934
Adopted by the Council of The American Society of Mechanical Engineers, 1914; latest edition 2025.

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

Copyright © 2025 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in IS A



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

TABLE OF CONTENTS

List Of SECHONS & v v v vttt it i i i i e e e e e e e e e xviii
Foreword . .ot e e e e e e e e e e Xix
Statement of Policy on the Use of the ASME Single Certification Mark and Code Authorization in Advertising XXi
Statement of Policy on the Use of ASME Marking to Identify Manufactured Items . .......... . AN4 ... xxi
=) 10) 4o T s T A xxii
Correspondence With the Committee ... ...... ..ol xlv
Summary of Changes . . ... oo vi ittt ittt eiiniannenneneneeneeem™ .. xlvii
Cross-Referencing in the ASME BPVC .. .. .o ittt it ee N e et i e xlix
Part TG General Requirements . .. .......( . ¢ .. i, 1
Article TG-1 Scope and Jurisdiction . ...... S\ ... Lo L oo e, 1
TG-100 Introduction . . ........ ... &0 i e 1
TG-110 Scope oo i e e e e 1
TG-120 Vessel Classifications .. &N o oo oot it i i e 2
TG-130 Documents Referenced by This Section . ..................... 2
TG-140 Units of Measurement . . . . .. v vttt ittt ittt it seeeenennn 3
TG-150 Equations . . . )t v it e e e e 4
TG-160 Tolerances. . ™ . v v v i it it e e e 4
Article TG-2 Organization of Section XII . . .. ........... ... .. .. ... ... 5
TG-200 Parts (. oot e e e et e e 5
TG-210 Appendices . . .. i i e e e e e e e e 5
TG-220 Articles and Paragraphs . ........ ... .. i i i e 5
TG-230 References . ....ovii it i i i i e 5
TG-240 Terms and Definitions . . ........ ... i e 6
Article TG-3 Responsibilitiesand Duties . . . ... ........... .. ... ... ... 7
TG-300 General . .. cv ittt e e e e e e e 7
TG-310 Owner's Responsibility .. ....... ..o it i 7
TG-320 Manufacturer's Responsibility .. ........... ... . i ... 7
TG-330 Inspector's Duties . . .. oo v it ittt e e e 8
Article TG4 General Rules for Inspection . .. ......................... 9
TG-+400 General Requirements for Inspection and Examination ........... 9
TG*410 The Inspector . . ..o vt ittt et ettt e 9
TG-420 Access for the Inspector . .. ... o ittt i e e 9
TG-430 The Manufacturer . ...... ...ttt 10
TG-440 Continued Service . . ....cv ittt ittt i i i e 10
Part TM Material Requirements . . ................. it 11
Article TM-1 Material Requirements . . ............... . .0t 11
TM-100 General . ... v it e e s e 11

iii



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

TM-110 General Requirements for All Products . . .................... 11
TM-120 Material Identified With or Produced to a Specification Not Permitted by

This Section, and Material Not Fully Identified . .............. 15
TM-130 Material Specifications . .. ... i i e e 16
TM-140 Inspection and Marking of Materials . ....................... 16
TM-150 Additional Requirements for Carbon and Low Alloy Steels . .. ... .. 34
TM-160 Additional Requirements for High Alloy Steels . ................ 35
TM-170 Additional Requirements for Nonferrous Materials . ............. 35
TM-180 Additional Requirements for Ferritic Steels Enhanced by Heat Treatment 35
TM-190 Additional Requirements for Castings . ................... 7, 36
Article TM-2 Notch Toughness Requirements . ................... >w.. 37
TM-200 General Toughness Requirements for All Steel Products . . .. . .. 37
TM-210 General . ..... ..o e a N 37
TM-220 Acceptance Criteria for Impact Tests of Ferrous Materials'Other Than

Bolting . .....ooiii i T 38
TM-230 Impact Test Requirements for Welded Joints . .o\ .5 oo oo o i vt s 41
TM-240 Impact Test Requirements for Carbon and Low Alloy Steels . . ... .. 42
TM-250 Impact Test Requirements for High Alloy Steels . ............... 52
TM-260 Impact Test Requirements for Ferritie,Steels With Tensile Properties

Enhanced by Heat Treatment .z. M .. ... ovii i, 56
TM-270 Use of Nonferrous Materials AteLow Temperatures . ............ 57
Part TD Design Requirements . . .c./. . . oo ittt i i i 58
Article TD-1 General Design Rules . .5 .. . . ... ... . i 58
TD-100 General . ... o €l e e 58
TD-110 Methods of Fabrieation in Combination . ..................... 58
TD-120 Materials in Combination .. ......... ..., 58
TD-130 000 ) 913 1) s B 59
TD-140 Design FEMIPerature . . . ..o oo v ittt ittt ittt ittt eennas 59
TD-150 DesSigRiPressures ... .coov ittt e e e e e e 59
TD-160 MAW P . e e e e e e e 59
Article TD-2 Loadings and Stress Allowables . .. ....................... 60
TD-200 Loadings .« v v vttt e e e e e e e 60
TD-210 Maximum Allowable Stress Values . . ............. ... ... .... 61
Article TD-3 Design for Internal Pressure . .................. .. ....... 63
TD-300 Thickness of Shells Under Internal Pressure . ................. 63
TD-310 Formed Heads and Sections, Pressure on Concave Side . . . ....... 63
TD-320 Other Types of CloSUIreS . . v v v vt i ittt et e it i e i e e e enan 65
Article TD:=4 Design for External Pressure . .................... ... 69
TD-400 Thickness of Shells Under External Pressure . ................. 69
TD-410 Stiffening Rings for Cylindrical Shells Under External Pressure . . . .. 71
TD-420 Attachment of Stiffening Rings for External Pressure . ........... 72
TD-430 Formed Heads, Pressure on Convex Side . ... ...... ... 74
TD-440 Alternative Allowable Compressive Stresses in Cylindrical Shells and

Formed Heads .. .........uiiiiiiiinniiiinininnnnnns 76
Article TD-5 Unstayed Flat Headsand Covers .. ................c...... 80
TD-500 Design of Unstayed Flat Heads and Covers . .................. 80



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

Article TD-6 Openings and Reinforcements . .......................... 84
TD-600 Openings in Transport Tanks . . . ... v it i ittt i eeeenn 84
TD-610 Reinforcement Required for Openings in Shells and Formed Heads . . 85
TD-620 Flued Openings in Shells and Formed Heads . . . ............... 90
TD-630 Reinforcement Required for Openings in Flat Heads and Covers . . . . 90
TD-640 Limits of Reinforcement . ... ...... ... .00, 91
TD-650 Strength of Reinforcement . . ............ ... .. i 95
TD-660 Reinforcement of Multiple Openings . ... ....... ...y 98
TD-670 Methods of Attachment of Pipe and Nozzle Necks to Vessel Walls¢: & 98
TD-680 Nozzle Neck Thickness . ............ .. oo (st 99
TD-690 Inspection Openings . .. ....covii ittt ... 99
Part TW Requirements for Tanks Fabricated by Welding . . . )., . ... .. 101
Article TW-1 General Requirements for Tanks Fabricated by Welding . ... ... 101
TW-100 General . ........ it AN 101
TW-120 Materials . . ..o oo ii i A 101
TW-130 Design of Welded Joints . .. ...... .. LLSt oo 102
TW-140 Welded Connections . .. ...covv it e e e e e inennenennns 115
Part TF Fabrication Requirements . ...~ .. ... o oL 124
Article TF-1 General Requirements for Fabrication ..................... 124
TF-100 General . ... . oi i A e e 124
TF-110 Materials . ..o o vv i R e e 124
TF-120 Forming and Fabricatiol . . ........ .. ... ... . L., 125
Article TF-2 Requirements for Welding Fabrication . . .................. 128
TF-200 General Requirements for Al Welds . .. .......... ... ... ... ... 128
TF-210 Welding Qualifications, Records, and Identifying Stamps . ......... 128
TF-220 Requirements for Production Welding . .. .................... 130
Article TF-3 Requirements for Vessels Constructed of Carbon and Low Alloy

Steels . . ... .o e 133
TF-300 L) 0 T=) - | 133
TF-310 Fabrication . ... ...ttt i i i i e e 133
TF-320 Welded Joints . ..o v vttt e it i it e it et e e 134
Article TF-4 Requirements for Vessels Constructed of High Alloy Steel . .. ... 135
TF-400 General . ..ottt e e e e 135
TF-410 Fabrication . ... ..ottt ittt it i et e 135
Article TF-5 Requirements for Vessels Constructed of Nonferrous Materials . 137
TF-500 General . ..o vt e e e e 137
TF-510 Fabrication . . ... ..o i e 137
Article TF-6 Requirements for Vessels Constructed of Ferritic Steels That Are

Heat Treated to Enhance Tensile Properties . ............. 138
TF-600 General . ..o v ittt i e e e e e e e 138
TF-610 Fabrication . ... ...ttt i i e e 138
Article TF-7 Postweld Heat Treatment of Weldments . . ................. 142
TF-700 Procedures for Postweld Heat Treatment . .................... 142
740 Requirements—for-CarberrandtowAloySteels————————————— +43
TF-720 Requirements for High Alloy Steels . ........................ 150
TF-730 Requirements for Nonferrous Materials . ..................... 150



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

TF-740 Requirements for Ferritic Steels With Tensile Properties Enhanced by

Heat Treatment . . ... .o i ittt it ittt aeennnnnn 150
Article TF-8 Requirements for Vessels Lined for Corrosion/Erosion Control . . 154
TF-800 General . ... v it e e e e e 154
TF-810 Fabrication . . ....cv ittt e e 154
Part TE Examination Requirements . ............................ 155
Article TE-1 Requirements for Examination Procedures and Personnel

Qualification . .. ........ ... .. . i e 155
TE-100 General . ... v ittt i e e e et e e e 155
TE-110 Nondestructive Examination Procedures . ................. . «. 155
TE-120 Qualification and Certification of Nondestructive Examination Personnel 156
Article TE-2 Examination of Welds and Acceptance Criteria . . .....~X.... 157
TE-200 Time of Examination of Welded Joints . .............{/ . ... ... 157
TE-210 Examination of Weld Edge Preparation Surfaces ... S .. ... .. 157
TE-220 Types of Welded Joints and Their Examination . . .G, .. ... ... 157
TE-230 Radiographic and Ultrasonic Examination . .. ,«N.5v. ... .o 157
TE-240 Magnetic Particle and Liquid-Penetrant Examination . . .......... 159
TE-250 Acceptance Criteria . .. ..o v v v v e vl e 160
Part TT Testing Requirements . .. ...... ¢ ... ... ... ... .. 162
Article TT-1 General Requirements for Testing .". . .. ................... 162
TT-100 General ......cv i N s e 162
Article TT-2 Requirements for Pressure-Testing . ...................... 163
TT-200 5] 0 T=) ) 163
TT-210 Test Requirements .o¢ . . oo o v it ittt i i i e e 163
TT-220 Test Media ... Q.Y oot e 164
TT-230 APPUITENANCES N « v v v vttt ittt e e e e e e 164
TT-240 TSt GAZES e v vttt et ittt et i e e e 164
Article TT-3 Requirements for Proof Testing to Establish Maximum Allowable

Working Pressure (MAWP) . ......... ... ... .. ... 166
TT-300 (07 =) -1 166
TT-310 Previous Tests . ... .o ittt i et i 166
TT-320 Duplicate and Similar Parts . . ........ ... . i, 166
TT-330 Evaluation . .. ..o ittt e e e 167
TT-340 Procedures ... .....oii it i e e 167
Article TT-4 Requirements for Elastomeric Lining Test . .. ............... 169
TT-400 General . ... v ittt e e e e e e e e 169
Part TR Pressure ReliefDevices . .. ............ ... ... .. 170
Part TOP Overpressure Protection . . .............. ... .. v, 171
Article.TOP-1 General Requirements . .............. ... . it 171
TOR:100 General . ...t e e e 171
TOP-110 Definitions . .. ..o i ittt i i e e e e 171
TOP-120 Responsibilities . . . ..o oottt e e e 171
TOP-130 Determination of Pressure-Relieving Requirements . . ........... 172
TOP-140 Qverpressure Limits 172
TOP-150 Permitted Pressure Relief Devices . .......... ... ... 172
TOP-160 Pressure Setting and Performance Requirements . .............. 173

vi



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

TOP-170 Installation . .. ..o vttt ittt e e e e e e e 173
Part TS Stamping, Marking, Certification, Reports, and Records ........ 175
Article TS-1 Contents and Method of Stamping Transport Tanks . . ........ 175
TS-100 Required MarKings . ... ..o vi v it in ittt ineieenneennnn 175
TS-110 Marking of Parts . . ..o v vttt it e e i e 177
TS-120 Application of Certification Mark . .......................... 177
TS-130 Nameplates . . oot vttt ittt e e e e e e 177
Article TS-2 Obtaining and Applying Certification Marks to Transport Tanks . 178
TS-200 Certification Marks . . ... .o o iii it i i O 178
Article TS-3 Report Forms and Record Maintenance . .............(.s... 180
TS-300 Manufacturer's Data Reports .. ......... .o i ... 180
TS-310 Partial Data Reports . .......... .o SOl 180
Article TS-4 Special Requirements . .................... 087 ... ....... 181
TS-400 General ......... it AN 181
Part TP Requirements for Repair, Alteration, Testingand Inspection for
Continued Service . . ............ (NN oo, 182
Article TP-1 General Requirements and Responsjbilities . . .. ............. 182
TP-100 General . .. .cv ittt e N e et et e e 182
Article TP-2 Requirements for Repairs andAlterations .................. 183
TP-200 General Requirements . . ... &7 o oo i i it e e 183
Article TP-3 Requirements for Tests-and Inspections . .................. 184
TP-300 General Requirements o2~ . ... ..o ittt i e 184
Article TP-4 Testsand Inspections . . ............. ... .. . ... 185
TP-400 General . ... o o e e e e e 185
TP-410 Types of Tests and Inspections .. .........ciiiiiiiiinn. 185
Article TP-5 Criteria for Tests and Inspections . .. ..................... 187
TP-500 General,. . ... oo e e e 187
Article TP-6 Reportsand Records . .............. ... i iiiiinnnn.. 188
TP-600 Reportsand Records . .. ... ottt ittt ieeenn 188
Modal Appendix 1 Cargo TanKks . .. ... ..ottt ittt i ettt e 189
Article 1 General .. ....... ... . .. e 189
1-1.1 SCOPE « i e e e e e 189
1-1.2 Definitions . .. oo vv it i e e 189
1-1.3 Materials . . v vttt e e e e et 191
1-1.4 Design Requirements Common to More Than One Category . ... ... 192
1-1.5 Special Requirements . .. .....cotiti it it ininnenneeennnnn 200
1-1.6 Protection Against Defined Incident Loads . ................... 200
1-1,7 Fabrication and Examination . .......... ... ... . .. 201
;1.8 Pressure Relief Devices . . ..o vt v ittt it i i it i it i e e 201
1-1.9 Operations, Maintenance, and Inspection . ... ................. 203
1-1.10 ASME Nameplate Requirements . . ... ........ ..., 204
1-1.11 Jurisdictional Markings . . ... ....cv ittt e e 204
1-1.12 Design Certification . . ...... .ottt 205
Article 2 Category 406, 407, and 412 Cargo Tanks ...................- 206
1-21 Category 406 Special Design Requirements . .................. 206

vii



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

1-2.2 Category 407 Special Design Requirements . .................. 206

1-2.3 Category 412 Special Design Requirements . ... ............... 206
Article 3 Category 331 CargoTanks . ............ .. ... 207
1-3.1 o]0 - 207
1-3.2 Definitions . ... oo vt ii i i e e 207
1-3.3 General Requirements . . ... ..o v ittt ittt ittt 207
1-3.4 Material . ..ot e e e e e 207
1-3.5 Design Requirements . . ..... .ottt ittt 208
1-3.6 Fabrication and Examination . .. ......... ..oy 211
1-3.7 Safety Relief Devices . .. ....cvvviiniiiiinenenen iy 212
1-3.8 ASME Nameplate Requirements . . ............ ... .../ .. 212
1-3.9 Jurisdictional Markings and Certification . .............%)..... 212
1-3.10 Operation, Maintenance, and Inspections . .......... 0%/ ... ... 212
1-3.11 Additional Requirements . ...................Ca ... ... .. 213
Article 4 Category 338, Vacuum Insulated Cargo Tanks for{ Transporting

Refrigerated Fluids . . .. .............\s. o oo oot 216
1-4.1 Scope v v e e 216
1-4.2 General Requirements . .. ........ ol vttt 217
1-4.3 Materials . . ..o vt i e N e e e e 217
1-4.4 Design Requirements . . ...... 87 . oo i ittt 217
1-4.5 Fabrication and Examination=.N% . ... .. ..o oL 220
1-4.6 Pressure Relief Devices ., \ov . . oo i ittt 220
1-4.7 ASME Nameplate Requirélmients . . .........ccviii i 221
1-4.8 Jurisdictional Markings . ......... ... i 221
1-4.9 Operation, Maintenance, and Inspection . . .................... 222
Modal Appendix 2 Rail Tank Cars™. . . ... ... it it it ittt 223
Modal Appendix 3 Portable Tanks . ... ....... ... . i, 224
Article 1 Portable Tanks for Transporting Refrigerated Fluids . . . . . . . .. 224
3-1.1 Y035 224
3-1.2 Pefinitions . ..o oottt e e e e e e e 224
3-1.3 General Requirements . . ... ..o vvv it i e ininerennenenennns 224
3-1.4 Materials . . v v ittt e e 225
3-1.5 Design Requirements . .. ......c ittt 226
3-1.6 Fabrication and Examination .. ........... ... ... 228
3-1.7 Pressure Relief Devices . . .. oo v i ittt it ittt it i ee e 228
3-1.8 ASME Nameplate Requirements . . ... ... .o vvnienennennnnn 229
3-1.9 Jurisdictional Markings . ... ... ..ottt i e 229
3-1.10 Operation, Maintenance, and Inspection . ..................... 230
Modal ‘Appendix 4 Category 106A500-X, 106A800-X, 110A500-W, 110A600-W,

110A800-W, 110A1000-W, and 110A2000-W Ton Containers . 232
ATticle 1 e e e e e i e e 232
4-1.1 o]0 - 232
4-1.2 Definitions . .. oo vv it i e e 232
413 Physteal-Seepe—rr 232
4-1.4 General Requirements . . . ... v vttt ittt ittt 232
4-1.5 Materials . .. v vttt e e e e e e e 233



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

4-1.6 Design Requirements . .. .....o ittt ittt 233
4-1.7 Fabrication . . v v i i v i i it i e e et e et e e e e o s oo s oo s e as e s e 234
4-1.8 Pressure Relief Devices . .. ..o v ittt ittt i e i ee e 234
4-19 23 0 = 235
4-1.10 ASME Nameplate Requirements . .. ..., 235
4-1.11 Markings Required by the Competent Authority . ............... 285
4-1.12 Operation, Maintenance, and Inspection .. .................... 235
Mandatory Appendix I Quality Control System . . ........... ..oty 236
I-1 General . . ..o it e G 236
I-2 Outline of Features to Be Included in the Written Description, ¢f the

Quality Control System . .. ....... .0t 236
I-3 Authority and Responsibility . .......... ... oo oy 236
I-4 Organization . ......... . ool 236
I-5 Drawings, Design Calculations, and Specification €ontrol . . ....... 236
I-6 Material Control . ....... oo N e 237
I-7 Examination and Inspection Program ... ¢Nn. . . oo oo 237
I-8 Correction of Nonconformities . .. .. .0 .. 0., 237
I-9 Welding . . oo v e et e e 237
I-10 Nondestructive Examination . . ¢J< . . oo i ittt 237
I-11 Heat Treatment . . ... ... . 8¢ . ittt it iae . 237
[-12 Calibration of Measurementiand Test Equipment . . ............. 237
I-13 Records Retention . ... 0 . .. o it e 237
[-14 Certification . . ... (). .ottt i i e e e 237
I-15 Sample FOrms 455 . o o vttt e e e e 237
I-16 Inspection ofWessels and Vessel Parts . ...................... 237
Mandatory Appendix II Special Commodities . . .............. .. ... ... 238
Mandatory Appendix III Definitions for Transport Tanks . ........................ 239
-1 Introduction . . ..ottt e e e 239
I11-2 Definitions . .. ... ottt e e e e 239
Mandatory Appendix IV Rounded Indication Charts, Acceptance Standards for

Radiographically Determined Rounded Indications in Welds . 241
V-1 Applicability of These Standards .. .......... ... .. 241
V-2 Terminology . . . .o v vttt e e e e e e 241
IV-3 Acceptance Criteria . . . o v v v v it it i i e e e 241
Mandatory Appendix V Methods for Magnetic Particle Examination (MT) ............ 249
V-1 SCOpE . e e e e 249
V-2 Certification of Competency for Nondestructive Examination Personnel 249
V-3 Evaluation of Indications . ... ......... i, 249
V4 Acceptance Standards . .. .. i i e e e 249
V-5 Repair Requirements . ... ..... ... i, 249
Mandatory Appendix VI Methods for Liquid-Penetrant Examination (PT) ............. 251
VI-1 o0 - 251
VI-2 Certification of Competency of Nondestructive Examination Personnel 251
-3 Evaluationrefndieations———————— 25+
VI-4 Acceptance Standards . . ... ... . i e e 251
VI-5 Repair Requirements . . ... ...ttt 251



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

Mandatory Appendix VIII Low Pressure TankDesign . ................... ... ... .... 252

VIII-1 Nolo] o 252
VIII-2 Design Requirements . . ......... ... 252
VIII-3 Fabrication and Welding . .. ....... ..ot 254
Mandatory Appendix IX Ultrasonic Examination of Welds (UT) ..................... 259
IX-1 o]0 1< 259
IX-2 Certification of Competence of Nondestructive Examiner . . ....... 259
IX-3 Acceptance/Rejection Standards . . ....... ... o i, 259
IX-4 Report of Examination . . ... ... .ot titntnntnnnnnnennn.y 259
Mandatory Appendix X Examination of Steel Castings . . ...................... (. 260
X-1 Y00 o O I 260
X-2 Examination Techniques . ............... eSO L 260
X-3 Examination Requirements . ................. ... 8%/ . ..... 260
X-4 Repairs . . ....... ..o it Lo 261
X-5 Identification and Marking . ...............\.¥. ... .. ..... 262
Mandatory Appendix XI Adhesive Attachment of Nameplates . . ... L0 . o o oo 263
XI-1 Scope .t e 263
XI-2 Nameplate Application Procedure Qualification . ............... 263
Mandatory Appendix XII Standard Units for Use in Equations).”. . . .................. 264
Mandatory Appendix XIII Reference Material and Equivalent Thickness . .............. 265
XIII-1 Introduction . . ..... . o ANt i e e 265
XIII-2 Method A . ..ottt e e e e i e 265
XIII-3 Method B, Equivalent, Thickness . . ... ... ..., 266
Mandatory Appendix XIV Hot Pressure Welded Joint for Head-To-Shell Welds of Ton

Containers . 8¢ . ..ottt i e e e e 267
XIV-1 General . . e N e e e e e 267
XIV-2 DT ¥ o 267
XIV-3 MaterialS . . . oo v e 267
XIV-4 Fabgieation . .. ... . ot e e 267
XIV-5 Essential Variables for Procedure Qualification ................. 267
XIV-6 Procedure Qualification Testing . ... .....cvviviiiininennen.. 267
X1v-7 Welding Operator Qualification . ............ ... ... . 268
Mandatory Appendix XV Rules for Mass Production of Pressure Vessels . . ............ 269
XV-1 Introduction . . ....co ittt e e 269
XV-2 Scope . e e e 269
XV-3 General . ..o vt e e e e e e 269
XV-4 Quality Control Procedures . .........ccoiiiiiiinnnnenen.. 269
XV-5 Data Reports . v v v i vttt et i e e e e 270
XV-6 Pneumatic Testing .......... .. . i, 270
XV-7 Hydrostatic Testing . . . ... oo i i ittt i it ee e 271
Mandatory Appendix XVI Local Thin Areas in Cylindrical Shells and in Spherical Segments of

Shells . . ... . i e 272
XVI-1 o]0 - 272
X2 GereralReqtirements—————— 272
XVI-3 Nomenclature . . ... ..ottt ittt 272
XVI-4 Single Local Thin Areas in Cylindrical Shells . . ................ 272



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

XVI-5 Multiple Local Thin Areas in Cylindrical Shells . . ............... 272
XVI-6 Single Local Thin Areas in Spherical Segments of Shells . . ........ 273
XVI-7 Multiple Local Thin Areas in Spherical Segments of Shells . . ... ... 273
XVI-8 Data REPOItS & v v v v it ittt i i e e e e e 273
Mandatory Appendix XVII Cold-Stretching of Austenitic Stainless Steel Pressure Vessels . . . 276
XVII-1 S0P i e e e e e e 276
XVII-2 General Requirements . . ... ..o v ittt ittt i i e 276
XVII-3 Nomenclature . . ... .ottt i i i i ey 276
XVII-4 Materials and Allowable Design Stress . .................. 0% 276
XVII-5 Design . ..o vi ittt (i 276
XVII-6 Fabrication Process . . ...... ... i i YT, 277
XVII-7 Stamping and Certification . ................... .8 ....... 278
Mandatory Appendix XVIII Establishing Governing Code Editions, Addenda, and’Cases for

Transport Tanks . . .......... ... ... . /N .. 279
XVIII-1 General . ..o v it AN e 279
XVIII-2 Construction . . ....ov v iv i e NN e i i e 279
XVIII-3 Materials . .. oo v v i i e 279
Mandatory Appendix XX Rules for Bolted Flange Connections With Ring Type Gaskets 280
XX-1 Scope .o R e e 280
XX-2 Materials . ... oo v i S e e 280
XX-3 Notation . ..o vt i i e e i i e e e 281
XX-4 Circular Flange Types \o . oo v i i it it it it e i 282
XX-5 Bolt Loads . . oo 0o ) et ittt i i e e e e e 283
XX-6 Flange Momentss . . o .o oot ittt i i e e e 287
XX-7 Calculation of/Flange Stresses . ..o oo v v it i e i it i ieeeennnnn 291
XX-8 Allowable ‘Flange Design Stresses . . ... ... veviiivnnnennnns 298
XX-9 Split Loose Flanges ... ... ..ttt i i 298
XX-10 Noncircular Shaped Flanges With Circular Bore .. .............. 299
XX-11 Flanges Subject to External Pressures . ...................... 299
XX-12 Flanges With Nut-Stops . . . . .. oot ittt i i i i e e 299
XX-13 Reverse Flanges . . . . oo v i ittt ittt ettt et i e 299
XX-14 Flange Rigidity . . .. ..o v ittt i i it i e 301
XX-15 Qualification of Assembly Procedures and Assemblers . .......... 302
Nonmandatory Appendix A Suggested Good Practice Regarding Piping Reactions and Design of

Supports and Attachments . ........................... 303
2 S 303
2 303
2 303
ASENT e e e e e e e 303
N 303
4 304
AT e e e e e e 304
S 304
A9 Refererees———r 364
Nonmandatory Appendix B Suggested Good Practice Regarding Internal Structures . . . .. .. 305
Nonmandatory Appendix C Guide for Preparing Manufacturer's Data Reports . . .......... 306

Xi



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

C-1 531 o Yo 10 Tox 0 (o ) o 306

Nonmandatory Appendix D Guide to Information Appearing on Certificate of Authorization . 319
Nonmandatory Appendix E Recommended Practices for Vacuum Insulated Cargo Tanks and

Portable Tanks for Refrigerated Fluids . .. ............... 321
E-1 Introduction . .. ... vttt i e e e e 321
E-2 DT ¥ o L 321
E-3 Insulating Jackets .. ... .o i it e e 322
E-4 Insulation and Holding Times . .. ....... ... .. i, 323
E-5 Filling and Discharge Openings ... .......c v, 326
E-6 Piping, Valves, and Fittings . ... ........co . v, 326
E-7 Outage (ULIage) - v v v v v it et et et et ettt e et e e e e e b s 327
E-8 Supports, Framework, Lifting, and Tie-Down Attachments forxPortable

Tanks ..o v it el 327
E-9 Support, Anchoring, and Collision Protection for Cargo.Tanks ... ... 328
E-10 Pressure Testing . .. ... 8o, 328
E-11 Cleanliness . . oo vt ittt it i i e e AN e T e e 329
E-12 Hydrogen Environment Embrittlement of Cold-Worked Stainless Steels

at Low Temperatures . .. .........4%/ oot iii i i, 329
Nonmandatory Appendix F Recommended Practices for Noncryogenic Portable Tanks . . . .. 330
Nonmandatory Appendix G Guidance for the Use of U.S. Customary and SI Units in the ASME

Boiler and Pressure VesselCode . ...................... 331
G-1 Use of Units in Equations . . &L . . ... oo i ittt i 331
G-2 Guidelines Used to Develép SI Equivalents . ................... 331
G-3 Soft Conversion Factots = . .. oo vt ittt it i e 333
Nonmandatory Appendix H Activities and Responsibilities of Section XLI Users, ASME, and the

Competent Authorities for Cargo Tanks . . ................ 334
H-1 Scope and Introduction . . ... .o vttt i e e e 334
H-2 Definitions s . . o v vt vt e e e e 334
H-3 Recomniended Cargo Tank Motor Vehicle Design Procedures . . . . .. 334
H-4 Support Structure and Defined Incident Protection .............. 336
H-5 Marking of Cargo Tanks and Cargo Tank Motor Vehicles . . ....... 337
Nonmandatory Appendix ] Flowcharts Illustrating Toughness Testing Requirements and

Exemptions From Toughness Testing by the Rules of TM-250 . 339
J-1 TM-250 Toughness Test Requirements for High Alloy Vessels . ... .. 339
Nonmandatory Appendix K Preheating .. ......... ... ittt 345
Nonmandatory Appendix L Quality Control System Guidelines . ....................... 347
L-1 General . .. v ittt e e e e e e 347
L-2 Y0 - 347
L-3 Acronyms/Glossary of Abbreviations . .............. ... ... 347
L-4 Statement of Authority .. ... i i e e 347
L6 Organization Chart . ... ... ...ttt ittt 347
L-6 Manual Control . . ... ... ottt ittt it i 347
L-7 Drawing and Design Control . ............coiiiiiiinnn.. 347
L-8 Manufacture . . .o oo v vttt ittt ettt ettt et e s enonnsnns 348
L-9 P S0 3) 2 3486
L-10 Modification . . ... .o vttt e e e 348

xii



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

L-11 Material Control . ...... . oi ittt i e 349
L-12 Inspection and Testing — Examination . .. .........uoueeeunn.. 349
L-13 Test and Inspection Marking . .......... ... 349
L-14 Nonconformities — Corrective Action .. .......... ... .. oo ... 349
L-15 Welding Control . . ..o vt it ittt ittt i e i e 349
L-16 Calibration . ... ov vttt i e e e e 349
L-17 Mobile Units . . . v vttt i i i i i e e e 349
L-18 Records Retention .. ......... ity 349
L-19 Exhibits . .o oot e G 349
L-20 Quality Audits . .. ... oo viniii it (s 349
L-21 Registration — Facilities and Personnel . ............ a4 ... .. 350
L-22 Nondestructive Examination . .................. 8D ....... 350
L-23 Heat Treatment . ..........cccvvnn e 887 ot 350
L-24 Certification . .. ... ..o vvviii i N 350
L-25 Inspection of Vesselsand Parts . ......... N .. .. ... ...... 350
L-26 Inspection of Pressure Relief Valves . .. .0 o> oo oot 350
Nonmandatory Appendix N Guide for the Design and Operation of Quick-Actuating and Quick-

Opening Closures .. ....... .. 50 oottt 351
N-1 Introduction . ........co o dDah it 351
N-2 Responsibilities . . . ..ot WS e e e 351
N-3 D ZCTS ¥4 o 351
N-4 Installation . . .. .. 3 et e e 352
N-5 Maintenance . .., .0 . vttt e e e e et e 352
N-6 Inspection .. i oot e e e 352
N-7 Training . . S, o e e e e 352
N-8 Administrative Controls . ... .... oo v it i e 353
Figures
TM-210.2 Simple Beam Impact Test Specimens (Charpy-Type Test) . ........ 38
TM-220.1 Charpy V-Notch Impact Test Requirements for Full-Size Specimens for

Carbon and Low Alloy Steels, Having Specified Minimum Tensile

Strength Less Than 655 MPa (95 ksi), Listed in Table TM-130.2-1 39
TM-220.2 [llustration of Lateral Expansion in a Broken Charpy V-Notch Specimen 40
TM-240.1-1 Impact Test Exemption CUrves .. ... ...t ennenns 43
TM-240.1-2 Some Typical Tank Details Showing the Governing Thicknesses as

Defined in TM-240.1 . . . ..o o i ittt it it e et a e ns 47
TM-240.3<1 Reduction in Minimum Design Metal Temperature Without Impact

Testing .« oo v v it e e e e 50
TM#240.3-2 Diagram of TM-240.1 Rules for Determining Lowest Minimum Design

Metal Temperature (MDMT) Without Impact Testing . . ........ 51
TM-250.1 Weld Metal Delta Ferrite Content . .. ......cocvviviin . 54
TD-310.1 Principal Dimensions of Typical Heads . . .................... 67
TD-400.1 Diagrammatic Representation of Variables for Design of Cylindrical

Vessels Subjected to External Pressure .. .................. 70
FD-41+0-2-+ YariotsArrangements-of-Stiffening Ringsfor-Eylindrical-Vessels

Subjected to External Pressure . ...........ciiiii... 73

xiii



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

TD-410.2-2 Minimum Arc of Shell Left Unsupported Because of Gap in Stiffening Ring

of Cylindrical Shell Under External Pressure .. .............. 74
TD-420 Some Acceptable Methods of Attaching Stiffening Rings . . ........ 75
TD-440.4 Bending Stress Distribution in a Typical Transport Tank . . ....... 78
TD-500 Some Acceptable Types of Unstayed Flat Heads and Covers . ... ... 81
TD-610.3-1 Chart for Determining Value of F, as Required in TD-610.3 ........ 86
TD-610.3-2 Nomenclature and Equations for Reinforced Openings . .......... 87
TD-610.7 Openings for Radial Nozzles in Cylindrical Shells . . ............. 89
TD-620 Minimum Depth for Flange of Flued in Openings . .............. 90
TD-630 Openings in Flat Heads and Covers .. .............cvvuv.. o7, 92
TD-640 Some Representative Configurations Describing the Reinforcement

Dimension, t,, and the Opening Dimension,d ..........%.... 93
TD-660 Examples of Multiple Openings .. .......... .. ... . l/enn.. 97
TW-100.1 Fabricated Lap Joint Stub Ends for Fluids With United-Nations Hazard

Classifications Defined in TW-100.1(2) ... ... fuit e v v v e 102
TW-130.2 Butt Welding of Plates of Unequal Thickness . .s. > ............ 103
TW-130.3 [llustration of Welded Joint Locations Typical of Categories A, B, C, and D 103
TW-130.5-1 Heads Attached to Shells (See Table TW-1304 for Limitations) ... .. 108
TW-130.5-2 Attachment of Pressure Parts to Flat Plates to Form a Corner Joint . . 111
TW-130.5-3 Nozzle Necks Attached to Piping of Lesser Wall Thickness . . ... ... 112
TW-130.7-1 Acceptable Welded Nozzle Attachiméent Readily Radiographed to Code

Standards . ... ..o i i e e 113
TW-130.7-2 Acceptable Full Penetration Welded Nozzle Attachments Radiographable

With Difficulty and Generally Requiring Special Techniques Including

Multiple Exposures‘to Take Care of Thickness Variations . ... ... 114
TW-140.2-1 Some Acceptable‘Types of Welded Nozzles and Other Connections to

Shells, HeadS, EtC. . . v v v v v it ittt ittt ettt ettt e e 118
TW-140.2-2 Some Acceptable Types of Small Fittings [See TW-140.2(f)(3) for

LImitadfions] . . v oo vttt it i e e e 123
TF-120.2-1 Example of Differences Between Maximum and Minimum Inside

Diameters in Cylindrical, Conical, and Spherical Shells . . .. ..... 125
TF-120.2-2 Maximum Permissible Deviation From a Circular Form, e, for Vessels

Under External Pressure .. ......... ... 126
TS-100 Form of Stamping . . ... ... oottt e e 175
1-1.4(a)-1 Maximum Range for Tensile Strength Properties, for Categories 406,407,

and 412 Class 3 Tanks Where Allowable Tensile Strength Is the

Determining Criterion for Allowable Tensile, and Compressive,

Stresses, When Buckling (Article TD-4) Is Not Controlling . . . . .. 194
1-1.4(a)-2 Maximum Range for Tensile Strength Properties, for Categories 406,407,

and 412 Class 3 Tanks Where Yield Strength Is the Determining

Criterion for Allowable Tensile or Compressive Stresses per TD-440 195
1-14 Loading Conditions . .. ... .. ci vttt ittt 196
W-3-1 Aligned Rounded Indications .. ........... .. . . i, 243
IV-3-2 Groups of Aligned Rounded Indications . ..................... 244
IV-3-3 Charts for t Equal to 3.2 mm to 6.4 mm (% in. to ¥ in.), Inclusive . . 245
IV-3-4 Charts for t Over 6.4 mm to 9.5 mm (% in. to % in.), Inclusive . . . . 245
IV-3-5 Charts for t Over 9.5 mm to 19 mm (% in. to % in.), Inclusive . . . . . 246
IV-3-6 Charts for t Over 19 mm to 50 mm (%, in. to 2 in. ), Inclusive . . . . . 246

Xiv



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

IvV-3-7 Charts for t Over 50 mm to 100 mm (2 in. to 4 in.), Inclusive ... ... 247
1V-3-8 Charts for t Over 100 mm (4 0N.) . . o vt ittt i e e e e e ee e eeen 248
VIII-2-1 Types of Tanks: Design Moments and Bending Stresses . ......... 255
VIII-2-2 Bending Moments in Noncircular Shells .. .................... 256
VIII-2-3 Noncircular Cargo Tank Structural Properties . ................ 257
VIII-2-4 Noncircular Tank . .. .. .o ittt i i i i e 258
XVI-3-1 Nomenclature . . ... ittt it i i i 274
XVI-6-1 Limits for Torispherical Head . ......... ... ... . i, 274
XVI-6-2 Limits for Ellipsoidal Head . .......................... 04 274
XVI-6-3 Limits for Hemispherical Head . ..................... (.s... 275
XX-4 Typesof Flanges . . ... ... ii ittt e e T 284
XX-7.1 Values of T, U, Y, and Z (Terms Involving K) . ... ....%). . ...... 292
XX-7.2 Values of F (Integral Flange Factors) .......... . 087 ... ..., 293
XX-7.3 Values of V (Integral Flange Factors) ........LAa% . oot 294
XX-7.4 Values of F; (Loose Hub Flange Factors) ... \.¥............... 295
XX-7.5 Values of V, (Loose Hub Flange Factors) ... .. ...t 295
XX-7.6 Values of f (Hub Stress Correction Factor)-. . .................. 296
XX-13.1 Reverse Flange . ....... ... .y i, 300
XX-13.2 Loose Ring Type Reverse Flange\e ™. . . .o oo v v in i i i i i i it 301
D-1 Sample Certificate of Authorization ......................... 320
J-1.2-1 Austenitic Stainless Steel(Base Metal and HAZ Toughness Testing

Requirements . ... 0% oottt i i e e 340
J-1.2-2 Welding Procedure Qualification With Toughness Testing Requirements

for AusteniticStainless Steel . . ........ ... ... . o oL, 341
J-1.2-3 Welding ConSumable Pre-Use Testing Requirements for Austenitic

StainlessiSteel . .. ..o i i e e 342
J-1.2-4 Production’ Toughness Testing Requirements for Austenitic Stainless

R 1 343
J-1.2-5 Austenitic-Ferritic Duplex, Ferritic Chromium, and Martensitic Stainless

Steel Toughness Testing Requirements . .. ................. 344
Tables
TG-130 Product Standards Referenced by This Section . ................ 3
TM-130.2-1 Carbon and Low Alloy Steels . .. ...... ... ., 17
TM-130.2-2 High Alloy Steels . . . .o ot i i i e e i i e e 20
TM-130.2-3 Aluminum and Aluminum Alloy Products . .. ................. 27
TM-130.2-4 Copper and Copper Alloys . . . . oo v ittt i i i e e 28
TM-130.2-5 Nickel and Nickel Alloys .. ... . oviii it 29
TMs130.2-6 Ferritic Steels With Tensile Properties Enhanced by Heat Treatment . 31
TM=130.2-7 Titanium and Titanium Alloys . .. ... .ottt 32
TM-210.1 Impact Test Temperature Differential . ...................... 37
TM-220.2 Minimum Lateral Expansion Requirements . .................. 40
TM-220.3 Charpy Impact Test Temperature Reduction Below Minimum Design

Metal Temperature (MDMT) . ... ... cv ittt i, 40
I'M-240.1 I'abular values tor Figure TM-Z40.1-1 .. ... ... ... ... . o . 46
TD-310.2-1 Values for M .. .o vttt e e e 68

XV



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

TD-310.2-2 Values for K ..o v o ittt i e i et i e i e 68
TD-310.2-3 Maximum Metal Temperature . . . . ..o vuuu e nneeeeenens 68
TD-310.3-1 Values of Spherical Radius Factor, K;, and Knuckle Radius, r. . . . .. 68
TD-430 Values of Spherical Radius Factor K, for Ellipsoidal Head With Pressure

onConvex Side . ..ot ittt i e e 76
TD-610.1 Values of Spherical Radius Factor, Ky .. .......... oo, 86
TD-650 Nozzle Attachment Welds ... ....... ..., 96
TD-670 Minimum Number of Pipe Threads for Connections . ............ 98
TD-680 Nozzle Neck Thickness . . ..., 99
TW-130.4 Maximum Allowable Joint Efficiencies for Arc- and Gas-Welded Joints 105
TF-220.3 Maximum Offset Values . ... ... .. co ittt .. 130
TF-220.4 Thickness of Weld Reinforcement . .................. Oy . ... 131
TF-710-1(a) Postweld Heat Treatment Requirements for Carbon and LoywAlloy Steels

— P-NOo. L oo AT e 145
TF-710-1(b) Postweld Heat Treatment Requirements for Carbon afid-Low Alloy Steels

— P-NO. 3 o N N e e 146
TF-710-1(c) Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels

—P-No.9A ... oD 147
TF-710-1(d) Postweld Heat Treatment Requirementsfor Carbon and Low Alloy Steels

—P-No.9B ..o N 147
TF-710-1(e) Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels

— P-NO. 10A .o e e e e 148
TF-710-1(f) Postweld Heat Treatment Requiirements for Carbon and Low Alloy Steels

— P-NO. 10B ot e e e e e e 148
TF-710-1(g) Postweld Heat Treatmént Requirements for Carbon and Low Alloy Steels

— P-N0o. 10C /e et e 149
TF-710-1(h) Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels

— P-No. T0F . .o e 149
TF-710-2 Alternative’Postweld Heat Treatment Requirements for Carbon and Low

Allgy Steels . . oo vttt e e e e 150
TF-720-1 Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 6 151
TF-720-2 Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 7 151
TF-720-3 Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 8 151
TF-720-4 Postweld Heat Treatment Requirements for High Alloy Steels — P-No.

0] 5 152
TF-720-5 Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 101 152
TF-720-6 Postweld Heat Treatment Requirements for High Alloy Steels — P-No.

] 152
TF-740 Postweld Heat Treatment Requirements for Ferritic Steels Enhanced by

Heat Treatment . .. ..o oo v i ittt ittt ittt i e enenn 153
TE-230.2 Thickness Above Which Full Radiographic Examination of Butt-Welded

Joints Is Mandatory ... .......cuiiiiinin i, 158
118 Minimum Emergency Vent Capacity (Interpolation Allowed) ....... 202
1-1.8M Minimum Emergency Vent Capacity (Interpolation Allowed) ....... 203
1-1.9 Periodic Inspection and Test Frequencies . . . ................. 204
1-4.1 Refrigerated NontoXiC GaSes . . v v v v v v v e e e e e enseesnenns 216
1-4.4-1 Design Load Factors for Normal Operations in Specified Transportation

MOdes « ot vt e e e e e e e 218

XVi



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

1-4.4-2 Factors for Fatigue Analysis . . ..... ..., 219
3-1.1 Refrigerated NONTOXIC GASES v v v v v v v v v v v vt e et e e e e v e eeeeeenn 225
3-1.5-1 Design Load Factors for Normal Operations in Specified Transportation

Modes . v v v i e e e e e e e 226
3-1.5-2 Factors for Fatigue Analysis in Specified Transportation Modes . . . . 227
4-1.6.1-1 Minimum Thicknesses, Test Pressures, Start-to-Discharge or Burst

Pressures, and Minimum Vapor-Tightness Pressures of Relief Devices 233
V-3 Acceptable Rounded Indications . . ............ ... o, 242
XII-1 Standard Units for Use in Equations . ..................... & 264
XVII-4-1 Allowable Materials and Design Stress . . .......cvvvivit v 276
XX-4 Recommended Minimum Gasket Contact Widths for Sheet and Coniposite

Gaskets . oottt e el N e 287
XX-5.1 Gasket Materials and Contact Facings Gasket Factors i, for Operating

Conditions and Minimum Design Seating Stress y WY .......... 288
XX-5.2 Effective Gasket Width . . .......... ... ... "D ... ..o .. 290
XX-6 Moment Arms for Flange Loads Under Operating Conditions . . . . . . 291
XX-7.1 Flange Factors in Formula Form .. ... .« ... .. o oo, 297
XX-14 Flange Rigidity Factors .. ........ L0 . o oo, 302
C-1 Instructions for the Preparation of’ Manufacturer’s Data Reports . . . . 307
E-3-1 Acceptance Levels for Surface Imperfections . . ................ 324
K-1 Preheating Temperatures . .S . ..o oottt 346
Forms
T-1A Manufacturer's Data*Report for Class 1 Transport Tanks . . ....... 310
T-1B Manufacturer'$\Data Report for Class 2 Transport Tanks . . ....... 311
T-1C Manufacturer's Data Report for Class 3 Transport Tanks . . ....... 312
T-2A Manufacturer's Partial Data Report for Class 1 Transport Tanks . . . . 313
T-2B Manufacturer's Partial Data Report for Class 2 Transport Tanks . . . . 314
T-2C Manufacturer's Partial Data Report for Class 3 Transport Tanks . . . . 315
T-3A Class 1 Transport Tank Manufacturer's Data Report Supplementary

Sheet . vt e e e e e 316
T-3B Class 2 Transport Tank Manufacturer's Data Report Supplementary

Sheet .. v vt e e e e 317
T-3C Class 3 Transport Tank Manufacturer's Data Report Supplementary

Sheet . oot e e e e 318
EndnoteS.) e e e e e e e 354

Xvii



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

(25)

LIST OF SECTIONS

SECTIONS

[
I1

II

v

VI

VII
VIII

IX

XI

XII
XIII

Rules for Construction of Power Boilers

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

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

Rules for Construction of Heating Boilers

Nondestructive Examination

Recommended Rules for the Cafe and Operation of Heating Boilers
Recommended Guidelines for the Care of Power Boilers

Rules for Construction-ef Pressure Vessels

e Division 1

e Division 2 — ‘Alternative Rules

« Division_3\<— Alternative Rules for Construction of High Pressure Vessels
WeldingyBrazing, and Fusing Qualifications
Fiber-Reinforced Plastic Pressure Vessels

Rules for Inservice Inspection of Nuclear Reactor Facility Components
 Division 1 — Rules for Inservice Inspection of Nuclear Power Plant Components
 Division 2 — Requirements for Reliability and Integrity Management (RIM) Programs for Nuclear Reactor
Facilities

Rules for Construction and Continued Service of Transport Tanks

Rules for Overpressure Protection

xviii



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

FOREWORD"

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

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

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

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

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

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

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

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

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

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

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

" The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance with

ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or a consensus process. In
addition, it does not contain requirements necessary for conformance to the Code.

- Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.
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responsible for all technical assumptions inherent in the programs they use and the application of these programs to their
design.

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

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

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

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

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

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

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

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

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

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

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

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

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

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

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

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

General

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

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

Revisions and Errata

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

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

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

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gaincexperience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use.-0f’a’new material or process
(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommiending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to(the Code.
(c) The¢ committee will consider proposed cases concerning the following topics only:
(1) équipment to be marked with the ASME Single Certification Mark, or
(2) equipment to be constructed as a repair/replacement activity under the requirements of Section XI
{d) Aproposed case shall be written as a question and reply in the same format as existing cases. The proposal shall also
include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.g.,, the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number to which the proposed case applies
(4) the editions of the Code to which the proposed case applies

(pj) A case is effective for use when the pn]'\]ir‘ review process. hasbeen r‘nmp]nfnd anditis npprnvpr‘l hy the cognizant
=]

supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases books,
“Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supplements.
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Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the next edition
of the Code. Annulments of Code Cases become effective six months after the first announcement of the annulment in a

Code Case Supplement or Edition of the appropriate Code Case book. The status of any case 1s available at
http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and
Nuclear Code Cases is available at http://go.asme.org/BPVCC.

Interpretations

(a) Interpretations clarify existing Code requirements and are written as a question and reply. Interpretations do tiot
introduce new requirements. If a revision to resolve conflicting or incorrect wording is required to support thé-inter-
pretation, the committee will issue an intent interpretation in parallel with a revision to the Code.

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

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

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

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

»u

certify,” “rate,” or “endorse” any item, construction, proprietary

Committee Meetings

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

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

Page Location Change

xviii List of Sections Title of Section XI, Division 1 revised

Xix Foreword Third, fourth, seventh, tenth, and eleventh paragraphs editorially tevised
xxii Personnel Updated

3 TG-140 First and third paragraphs revised

7 TG-310 First sentence revised

8 TG-330 Revised

9 TG-420 Last sentence revised

16 TM-130.2 Subparagraph (b) revised

16 TM-140.1 Subparagraphs (a)(3)(-b), (e), and (f) revised
17 Table TM-130.2-1 Under “Bolting,” SA-194 deleted

20 Table TM-130.2-2 Revised

29 Table TM-130.2-5 Revised

32 Table TM-130.2-7 Revised

34 TM-140.2 First sentence revised

39 Figure TM-220.1 Revised

59 TD-130 Subparagraph+(a) revised

63 TD-300.2 In subpara. (b), equation revised

64 TD-310.2 Revisedxin its entirety

68 Table TD-310.2-3 Added

65 TD-310.3 Reyised in its entirety

68 Table TD-310.3-1 Added

70 TD-400.4 Revised

104 TW-130.4 First paragraph revised

105 Table TW-130.4 Type No. “(12)” corrected by errata to “(1)”
124 TF-110.2 In subpara. (a), last paragraph revised

128 TF-200 Subparagraph (f) revised

128 TF-210 Subparagraph (e) revised

128 TF-210.1 Subparagraphs (b) and (i)(2) revised

131 TF-220.7 Subparagraph (a) revised

143 TF-710 Subparagraph (f)(1) revised

155 TE-110.2 Subparagraph (a)(2) revised

157 TE=2380.1 Subparagraph (b)(3)(-c) revised

166 TT-300 Subparagraph (e) revised

171 TOP-120 Subparagraph (a) revised

175 TS-100 Subparagraphs (c) and (g) revised

175 Figure TS-100 Revised

176 TS-100.1 Added and subsequent paragraphs redesignated
177 TS-110 Revised in its entirety

177 TS-130 Revised in its entirety

178 TS-200.7 Revised

180 TS-310 Subparagraph (c) revised

189 1-1.2 Definition of dump body added

192 1-1.4 Redesignated as 1-1.4.1 and 1-1.4.2 added
200 1-1.5 Subparagraph (c) added

217 1-4.4 First sentence added and subpara. (d) revised
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Page Location Change

221 1-4.7 Revised in its entirety

226 3-1.5 First sentence revised

229 3-1.8 Revised in its entirety

236 I-1 Second paragraph revised

237 [-11 Second sentence revised

237 I-16 Subparagraph (d) revised

239 [11-2 Definition of Material Test Report revised
249 V-2 Revised

251 VI-2 Revised

260 X-2 Subparagraphs (c)(1) and (c)(2) revised
269 XV-4 Subparagraph (c)(10) revised

283 XX-5 Subparagraph (d) revised

287 XX-6 Paragraph following eq. (6) revised

307 Table C-1 Instruction/description for (54) revised
310 Form T-1A “Certificate of Shop Inspection” revised
311 Form T-1B “Certificate of Shop Inspection” revised
312 Form T-1C “Certificate of Shop Inspection” revised
313 Form T-2A “Certificate of Shop Inspection” revised
314 Form T-2B “Certificate of Shop Inspection” revised
315 Form T-2C “Certificate of Shop Inspectien’ revised
321 E-2 Subparagraph (b) revised

323 E-4 Subparagraph (a) revis€dsand subpara. (a)(3) added
326 E-6 Subparagraph (o)revised

328 E-9 Subparagraph (€)~deleted

329 E-12 Added

337 H-5.3 Subpardgraph (c) revised
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CROSS-REFERENCING IN THE ASME BPVC

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

(a) Hierarchy of Subparagraph Breakdowns

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

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

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

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

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

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

GENERAL REQUIREMENTS

ARTICLE TG-1
SCOPE AND JURISDICTION

TG-100 INTRODUCTION
TG-100.1 INTENT

The rules of this Section constitute requirements for
construction and continued service of pressure vessels
for the transportation of dangerous goods via highway,
rail, air, or water. Construction is an all-inclusive term
comprising materials, design, fabrication, examination,
inspection, testing, certification, and over-pressure
protection. Continued service is an all-inclusive term refer-
ring to inspection, testing, repair, alteration, and recerti-
fication of a transport tank that has been in service. The
term pressure vessel refers to the pressure boundary
defined by the geometric scope of this Sectionsand
includes, but is not limited to, the shell, heads, and @pén-
ings. The term tank refers to the pressure vessél,appur-
tenances, and additional components that are’covered by
the Modal Appendices (see TG-210.1).

The general requirements given in Part.TG shall be met
for all vessels within the scope of this:Section. In addition,
all the applicable requirements_of "Modal Appendices,
which address unique serviceceonditions of the vessel,
shall be met.

TG-100.2 APPLICABILITY

(a) The rules ofithis Section apply specifically to pres-
sure vessels intenided for transporting dangerous goods
(see Mandatory Appendix III) with design pressures
appropriate for the transportation mode and volumes
greater{ than 450 L (120 gal).

(b). Pressures normally incident to transportation,
including loading and unloading operations, are to be
considered.

(c) This Section does not contain rules to cover all
details of design and construction, and those aspects
that are not addressed shall not be considered prohibited.
Where complete details are not given, the Manufacturer,

Class 3 vessels, the Design«Cértifying Engineer shall
perform this function. (Fer definition of Inspector, see
TG-410.)

TG-100.3 LAWS_OR'REGULATIONS

The laws or\régulations issued by the competent
authority covering the construction and continued
service @fpressure vessels intended for transporting
dangefous goods shall be reviewed to determine if the
requirements are more restrictive than the rules of
this Section. Applicable laws and regulations may
¢ontain additional requirements for pressure vessels
used in the transportation of dangerous goods, which
are not addressed in this Section, such as Code of
Federal Regulation, Title 49, Parts 100 through 185,
Transportation.

TG-110 SCOPE

TG-110.1 GEOMETRIC SCOPE OF THE PRESSURE
VESSEL

(a) The geometric scope of this Section shall, as a
minimum, include the pressure-containing parts of pres-
sure vessels up to and including the following:

(1) the firstthreaded joint for threaded connections.

(2) the face ofthe first flange for flanged connections.

(3) the first sealing surface for proprietary connec-
tions or fittings for which rules are not provided in this
Section.

(4) the welding end connection for the first circum-
ferential joint for welded connections to attached piping,
valves, and instruments, etc.

(5) the welding pad for attachment of any external
nonpressure attachments such as shipping frames and
handling points. Parts welded to these pads need not
comply with (b).

(6) pressure-retaining permanent covers and

caalebaolbting o d-othar oo L ieal

cnh}'pr‘f to the acceptance of the Tncppr‘fnrl shall prnvidp

details of design and construction that will be as safe as
those provided by the rules of this Section. In the case of
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(b) Where nonpressure parts are directly welded to the
pressure-retaining surface of a pressure vessel, this scope

as meeting one of three Classes. Vessel Class is defined in
the applicable Modal Appendix. It is determined by the

shall include the material, design, fabrication, and testing
requirements established for nonpressure attachments by
the applicable paragraphs of this Section.

(c) Ttems in addition to the pressure vessel transform
the vessel into a tank. These items are addressed in
the applicable Modal Appendix.

TG-110.2 PHYSICAL SCOPE OF THE PRESSURE
VESSEL

(a) Internal pressure shall be in the range from full
vacuum to 138 bar (2,000 psig).

(b) The temperature range shall be from -269°C to
343°C (-452°F to 650°F).

(c) Thickness of shells and heads shall not exceed 38
mm (1% in.).

TG-120 VESSEL CLASSIFICATIONS

TG-120.1 CLASSIFICATIONS OUTSIDE THE SCOPE
OF THIS SECTION

The following classes of pressure-containing equip-
ment are not within the scope of this Section:

(a) those items that are within the scope of other
Sections of the Code

(b) pressure-containing equipment that is an integral
part or component of a rotating or reciprocating mechan-
ical device mounted in a common setting with the vessel,
where the primary design considerations and/or desigh
stresses are derived from the functional requirements of
the device

(c) piping, valves, and other componentsxbeyond the
geometric scope described in TG-110.1 for the loading,
transport, and unloading of the vessel:cohtents

(d) cylinders and multiple element gas containers and
the attachment of same to trailers,’commonly referred to
as “tube trailers”

TG-120.2 STAMPING OF-VESSELS WITHIN THE
SCOPE OF THIS SECTION

(a) Anyvesselthatmeetsall applicable requirements of
this Section may, be stamped with the Certification Mark
with T Desighator.

(b) Vessels manufactured and stamped under this
Sectigh-are not precluded from using parts stamped to
Seetion VIII, Division 1, as long as all requirements of
Seetion XII are met, except for marking and reporting.
(See TM-110.10.)

TG-120.3 VESSEL CLASS

hazard class of the dangerous goods, pressure and
mode of transport, as required by the competent authority
(see, e.g., Code of Federal Regulations, Title 49, Part 173,
Subpart F). Additional requirements are provided in
TG-430.

TG-130 DOCUMENTS REFERENCED BY THIS
SECTION

TG-130.1 NORMATIVE REFERENCES

The latest edition of the following doCuments shall be
used, unless a specific edition is listed/below. Items in
compliance with one of the Produet, Standards listed in
Table TG-130 are acceptable~for*use in construction,
unless specifically prohibitedselsewhere in this Section.

ANSI/NB-23. National Boeard Inspection Code. National
Board of Boiler and Pressure Vessel Inspectors.

ASME Boiler and Pressure Vessel Code, Section VIII. Rules
for Construction of Pressure Vessels — Division 1. The
American Sqgiety of Mechanical Engineers.

ASME Boilef ,and Pressure Vessel Code, Section VIII. Rules
for Construction of Pressure Vessels — Division 2, Alter-
native Rules (for fatigue analysis only). The American
Society of Mechanical Engineers.

ASME CA-1. Conformity Assessment Requirements. The
American Society of Mechanical Engineers.

ASME QAI-1. Qualifications for Authorized Inspection. The
American Society of Mechanical Engineers.

ASNT ACCP 1997, Rev. 3. ASNT Central Certification
Program (for Nondestructive Testing Personnel).
American Society for Nondestructive Testing.

ASNT CP-189-2006. ASNT Standard for Qualification and
Certification of Nondestructive Testing Personnel.
American Society for Nondestructive Testing.

ASNT Recommended Practice No. SNT-TC-1A-2006.
Guidelines for Personnel Qualification and Certification
in Nondestructive Testing. American Society for
Nondestructive Testing.

Code of Federal Regulations, Title 49, Parts 100 through
185, Transportation. U.S. Government Publishing Office.

[SO 1496-3:1995. Series 1 freight containers — Specifica-
tion and testing — Part 3: Tank containers for liquids,
gases and pressurized dry bulk. International Organi-
zation for Standardization.

[SO 21010:2017. Cryogenic vessels — Gas/materials
compatibility. International Organization for Standardi-
zation.

ISO 21013-3:2016. Cryogenic vessels — Pressure relief
accessories for cryogenic service — Part 3: Sizing
and capacity determination. International Organization

hml 1 £ .1 et pal L CA 3 .
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tion, Inspections, and Stamping, vessels that meet all ap-
plicable requirements of this Section shall be designated

for Standardization.
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Table TG-130
Product Standards Referenced by This Section

Title Number Year
Unified Inch Screw Threads (UN and UNR Thread Form) ASME B1.1 2018
Pipe Threads, General Purpose (Inch) ASME B1.20.1 2018
Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250 ASME B16.1 2015
Pipe Flanges and Flanged Fittings: NPS %, Through NPS 24 Metric/Inch Standard ASME B16.5 2017
Factory-Made Wrought Buttwelding Fittings ASME B16.9 2018
Forged Fittings, Socket-Welding and Threaded ASME B16.11 2016
Cast Copper Alloy Threaded Fittings: Classes 125 and 250 ASME B16.15 2018
Metallic Gaskets for Pipe Flanges: Ring-Joint, Spiral Wound, and Jacketed ASME B16.20 2017
Cast Copper Alloy Pipe Flanges and Flanged Fittings and Valves: Classes 150, 300, 600,900, 1500,and ASME B16.24 2016

2500

Ductile Iron Pipe Flanges and Flanged Fittings: Classes 150 and 300 ASME B16.42 2016
Large Diameter Steel Flanges: NPS 26 Through NPS 60 Metric/Inch Standard ASME'\B16.47 2017
Nuts for General Applications: Machine Screw Nuts, Hex, Square, Hex Flange, and Coupling Nuts =~ ASME'B18.2.2 2015
Welded and Seamless Wrought Steel Pipe ASME B36.10M 2018

ISO 21014:2019. Cryogenic vessels — Cryogenic insula-
tion performance. International Organization for Stan-
dardization.

TG-130.2 INFORMATIVE REFERENCES

ADR 2003. European Agreement Concerning the Interna-
tional Carriage of Dangerous Goods by Road. United
Nations Economic Commission for Europe.

APIRP-579.Fitness for Service. American Petroleunnsti-
tute.

ASME B31.3-2018. Process Piping. The American Society
of Mechanical Engineers.

ASME B31.12-2019. Hydrogen Piping«and Pipelines. The
American Society of Mechanical.Engineers.

ASME PCC-2-2018. Repair of Pressure Equipment and
Piping. The American Society-oef Mechanical Engineers.

ASTM E399. Standard Test-Method for Plane-Strain Frac-
ture Toughness of Meétallic Materials. ASTM Interna-
tional.

ASTM E1820. Standard Test Method for Measurement of
Fracture Toughness. ASTM International.

CGA G-4.1. Cleaning Equipment for Oxygen Service.
Compreéssed Gas Association.

CGA S-1.2) Pressure Relief Device Standards, Part 2: Cargo
and Portable Tanks for Compressed Gases. Compressed
Gas Association.

IMDG Code 2018. International Maritime Dangerous
Goods Code (including Amendment 31-02). Interna-
tional Maritime Organization.

RID 2003. Carriage of Dangerous Goods. Intergovern-
mental Organisation for International Carriage by Rail.

Unitad Naotionc R atiogne an tha Tran oo 4 r\f

UL-969. Marking and Labeling Systems. Underwriters
Laboratories, Inc.

TG-140 UNITS OF MEASUREMENT

Either U.S. Customary, SI, or any local customary units
may be used to demonstrate compliance with all require-
ments of this Section (e.g., materials, design, fabrication,
examination, inspection, testing, certification, and over-
pressure protection).

In general, it is expected that a single system of units
shall be used for all aspects of design except where unfea-
sible or impractical. When components are manufactured
at different locations where local customary units are
different than those used for the general design, the
local units may be used for the design and documentation
of that component. Similarly, for proprietary components
or those uniquely associated with a system of units
different than that used for the general design, the alter-
nate units may be used for the design and documentation
of that component.

For any single equation, all variables shall be expressed
in a single system of units. Calculations using any material
data published in Section XII or Section II, Part D shall be
carried out in one system of standard units listed in
Mandatory Appendix XII. When separate equations are
provided for U.S. Customary and SI units, those equations
must be executed using variables in the units associated
with the specific equation. Data expressed in other units
shall be converted to U.S. Customary or SI units for use in
these equations. The result obtained from execution of
these equations may be converted to other units.

(25)
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Dangerous Goods — Model Regulations. United
Nations Publications.

Productionrmeasurenentandtest equipnrent; tdraw-
ings, welding procedure specifications, welding proce-
dure and performance qualifications, and other
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fabrication documents may be in U.S. Customary, SI, or
local customary units in accordance with the fabricator’s

acceptable to show alternate units parenthetically.
Users of this Code are cautioned that the competent

practice. When values shown 1n calculations and analysis,
fabrication documents or measurement and test equip-
ment are in different units, any conversions necessary
for verification of Code compliance, and to ensure that
dimensional consistency is maintained, shall be in accor-
dance with the following:

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

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

Conversion of units, using the precision specified above
shall be performed to ensure that dimensional consistency
is maintained. Conversion factors between U.S. Customary
and SI units may be found in the Nonmandatory Appendix
G. Whenever local customary units are used, the Manu-
facturer shall provide the source of the conversion
factors that shall be subject to verification and acceptance
by the Authorized Inspector or Certified Individual.

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

All entries on a Manufacturer’s Data Report and data for
Code-required nameplate marking shall be in units consis-
tent with the fabrication drawings for the component
using U.S. Customary, SI, or local customary units. dt is

authority at the receiving location should be contacted
to ensure the units are acceptable.

It has been customary for transport tanks to express
pressure in bars (1 bar = 14.5 psi). The bar is not a stan-
dard SI unit, but its use is encouraged where appropriate.

The User may specify a duplicate nameplate (per
Article TS-1) and duplicate certified documents translatéd
into the language and units of measurement approptiate
for the modal service application.

TG-150 EQUATIONS

The equations in this Section may\be used with any
consistent set of units. When constants in the equations
depend on units, the equations-forboth sets of units are
provided. Either SI units or U.S~Customary units may be
used for compliance with this.Section, but one system shall
be used consistently throughout for all phases of construc-
tion.

TG-160 TOLERANCES

The Codé€ does not fully address tolerances. When
dimensions, sizes, or other parameters are not specified
withtolerances, the values of these parameters are consid-
ered nominal, and allowable tolerances or local variances
may be considered acceptable when based on engineering
judgment and standard practices as determined by the
designer.
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ARTICLE TG-2
ORGANIZATION OF SECTION XII

TG-200 PARTS

This Section is divided into ten parts.

(a) Part TG contains general requirements.

(b) Part TM contains the material requirements.

(c) Part TD contains the design requirements.

(d) Part TW contains the requirements for welded
construction.

(e) Part TF contains the fabrication requirements.

(f) Part TE contains requirements for nondestructive
examination.

(g) Part TT contains the testing requirements.

(h) Part TOP contains rules for overpressure protec-
tion.

(i) Part TS contains the stamping and certification re-
quirements. It also provides requirements for Manufac-
turer’s Data Reports and other records.

(j) Part TP contains the requirements for continued
service, repair, and alterations.

TG-210 APPENDICES
TG-210.1 MODAL APPENDICES

The Modal Appendices contain rules for'vessels used in
specific transport modes and servicevapplications. The
Modal Appendices take precedence ovér the requirements
of other parts of this Section.

TG-210.2 MANDATORY-APPENDICES

The Mandatory Appendices contain specific rules that
are not covered elsewhere in this Section. Their require-
ments are mandatery when applicable.

TG-210.3. NONMANDATORY APPENDICES

The Nonmandatory Appendices provide information
and.suggested good practices. The information provided
jis not mandatory; however, ifa nonmandatory appendix is
lised, it shall be used in its entirety, to the extent appli-
cable.

TG-220 ARTICLES AND PARAGRAPHS
TG-220.1 ARTICLES

The main divisions of the Parts @f'this Section are desig-
nated as Articles. These are givén numbers and titles such
as Article TG-1, Scope and Jurisdiction.

TG-220.2 PARAGRAPHS AND SUBPARAGRAPHS

The Articles are-divided into paragraphs and subpar-
agraphs, whichrare’given three-digit numbers, the first
of which corresponds to the Article number. Each such
paragraph“dr subparagraph number is prefixed with
letters,that, with the first digit (hundreds), indicate the
Part'and Article of this Section in which it is found,
suchvas TD-140, which is a subparagraph of TD-100 in
Article TD-1 of Part TD.

(a) Major subdivisions of paragraphs, or subpara-
graphs, are indicated by the basic paragraph number,
followed by a decimal point and one or two digits.
Each of these subdivisions is titled.

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

(c) Where further subdivisions are needed, they are
designated by numbers in parentheses [e.g., TG-230.2

(b)(V)].
TG-220.3 TABLES, CHARTS, AND FIGURES

Tables, charts, and figures providing relevant illustra-
tions or supporting information for text passages have
been designated with numbers corresponding to the para-
graph they illustrate or support. Multiple tables, charts,
and figures referenced by the same paragraph shall be
designated with the paragraph number with a hyphen,
and sufficient additional numbers reflecting the order
of reference.

TG-230 REFERENCES

When a Part, Article, or paragraph is referenced in this
Section, the reference shall be taken to include all subdivi-
sions under that Part, Article, or paragraph (including all
subparagraphs) and any tables, charts, or figures refer-

enced byv that naraaranh
a4 P O ] Sl
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TG-240 TERMS AND DEFINITIONS

TCI 1115 aud dCfillitiUllb UDCC‘I ill t}lib SCLtiUll dal'cT C‘lcﬁucd
where they first appear or are of primary interest. Some of
these terms and definitions are also included in
Mandatory Appendix III.
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ARTICLE TG-3
RESPONSIBILITIES AND DUTIES

TG-300 GENERAL

The Owner, Manufacturer, and Inspector involved in the
construction of vessels and vessel parts to the rules of this
Section and the Party responsible for continued service
have definite responsibilities and duties in meeting the
requirements of this Section. The responsibilities and
duties set forth in the following paragraphs relate only
to compliance with the rules of this Section, and are
not to be construed as involving contractual relations
or legal liabilities. Whenever Owner appears in this docu-
ment, it may be considered to apply also to an Agent or
User acting in the Owner’s behalf. When the Owner is not
identified before the vessel is manufactured, the respon-
sibilities assigned to the Owner in TG-310 apply to the
Manufacturer.

TG-310 OWNER’S RESPONSIBILITY

It is the responsibility of the Owner or the Owner’s
designated agent to provide the Manufacturer withthe
necessary information regarding modal application and
service conditions, including the hazardous ‘taterial to
be transported, design pressure and_temperatures,
design loads, corrosion allowance, and other pertinent in-
formation needed to determine the design and construc-
tion requirements of the vessel.

TG-310.1 USER’S RESPONSIBILITIES

In addition to the responsibilities agreed upon between
the Owner and the Usér, the User is responsible for
meeting the requirements for continued service; see
Part TP.

TG-320(MANUFACTURER’S RESPONSIBILITY

The~Manufacturer has the responsibility of ensuring
that'thHe quality control, the detailed examinations and
tests required by this Section are performed. The Manu-
facturer shall perform duties as specified by the rules of
this Section.

Some, but not all, of these duties that are defined else-
where within the applicable rules of this Section are
summarized as follows:

(a) Prepare a Quality Control System and<btain the
Certificate of Authorization in accordance with CA-1
authorizing the construction and stamping of a specific
class of vessel.

(b) Prepare or obtain the drawings and design calcula-
tions for the vessel or part.

(c) Provide for identification for all materials used in
the fabrication of the vessel or part.

(d) Obtain any Partial-Data Reports (see TS-310) and
attach to the vessel.data report.

(e) Provide access for the Inspector.

(f) Examine\all materials before fabrication to make
certain they meet the required thickness, to detect
defects, tovmake certain the materials are permitted by
this Section, and to ensure that the traceability to the mate-
rial-identification has been maintained.

(g) Documentany impacttests and any tests in addition
to those in the material specification.

(h) Obtain concurrence of the Inspector, prior to any
repair.

(i) Examine the shell and head sections to confirm they
have been properly formed to the specified shapes within
the permissible tolerances.

(j) Qualify the welding procedures before they are used
in fabrication.

(k) Qualify welders and welding operators.

(I) Examine all parts, prior to joining, to make sure they
have been properly fitted for welding and that the surfaces
to be joined have been cleaned and the alignment toler-
ances are maintained.

(m) Examine parts as fabrication progresses, for mate-
rial marking, for detection of flaws, and to ensure that
dimensional tolerances are maintained.

(n) Provide controls to ensure that all required heat
treatments are performed.

(o) Record all nondestructive examinations performed
on the vessel or vessel parts. This shall include retaining
the radiographic film.

(p) Perform the required hydrostatic or pneumatic test
and maintain a record of such test.

(q) Apply the required stamping and or nameplate to
the vessel and make certain that it is applied to the proper
vessel.
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(r) Prepare the required Manufacturer’s Data Report
and have it certified by the Inspector.

The Inspector shall make other inspections as in the
Inspector’s judgment are necessary to verify that all

(25)

(s) Provide for retention of Manufacturer’'s Data
Reports.

TG-320.1 STRUCTURAL AND PRESSURE-
RETAINING INTEGRITY

The Manufacturer is responsible for the structural and
pressure-retaining integrity of the vessel or vessel part
and for compliance with the requirements specified by
the Owner and the rules of this Section.

TG-320.2 CODE COMPLIANCE

(a) The Manufacturer has the responsibility to comply
with all the applicable requirements of this Section and,
through proper certification, to ensure that any work
performed by others also complies with all the require-
ments of this Section.

(b) The Manufacturer shall certify compliance with
these requirements by the completion of the appropriate
Manufacturer’s Data Report, as prescribed in Article TS-3.

TG-330 INSPECTOR’S DUTIES

It is the duty of the Inspector to verify that the inspec-
tions and tests specified by the rules of this Section are
performed, ensuring that materials are in accordance with
the requirements of the material specifications, that the
construction is in accordance with the Manufacturer’s
design calculations and drawings, and that the requite-
ments of this Section are met. This includes monitoring
the Manufacturer’s Quality Control System to ensure
that the proper controls for materials, design~drawings,
and fabrication are properly implemented. The Inspector
shall certify the above to be true to the best'of the Inspec-
tor’s knowledge by signing the Manufacturer’s Data
Report. The Inspector does not hage the duty of deter-
mining the completeness or correctness of the design
calculations; however, theInspector does have the
duty of establishing that the Manufacturer of the
completed vessel has prepared design calculations that
address the requirements of this Section.

vessels to be stamped with the Certification Mark have
been designed and constructed in accordance with the
requirements of this Section. Some, but not all, of the
required inspections and verifications that are defined
elsewhere within the applicable rules of this Section
are summarized as follows:

(a) verifying that the Manufacturer has a valid Certifi:
cate of Authorization and is working to a Quality Cantrol
System

(b) verifying that the applicable design calculations are
available

(c) verifying that the materials used intthe construction
of the vessel comply with the requirements of this Section

(d) verifying that all welding procedures have been
qualified

(e) verifying that all welders; welding operators have
been qualified

(f) verifying that the-heat treatments, including PWHT,
have been performéd

(g) verifying that material imperfections repaired by
welding were-répaired properly

(h) verifying that weld defects were acceptably
repaired

(i) @erifying that required nondestructive examina-
tions/impact tests, and other tests have been performed
and that results are acceptable

(j) making a visual inspection of the vessel to confirm
that there are no surface defects or deviations from Code-
required dimensions

(k) performing internal and external inspections and
witnessing the hydrostatic or pneumatic tests

(1) verifying that the required marking is provided and
that proper nameplate has been attached to the vessel

(m) signing the Certificate of Inspection on the Manu-
facturer’s Data Report and Certificate of Conformance
Form that serves as the acceptance document for the
vessel when, to the best of the Inspector’s knowledge
and belief, the vessel is in compliance with all provisions
of this Section
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ARTICLE TG-4
GENERAL RULES FOR INSPECTION

TG-400 GENERAL REQUIREMENTS FOR
INSPECTION AND EXAMINATION

The inspection and examination of vessels to be
stamped with the Certification Mark shall conform to
the general requirements for inspection and examination
in this Article, and to the specific requirements for inspec-
tion and examination given in the applicable Parts and
Modal Appendices of this Section.

TG-410 THE INSPECTOR

All references to Inspectors throughout this Section
mean the Inspector or Certified Individual, as defined
in this paragraph, responsible for verification of the
inspection and testing of pressure vessels or parts
thereof. All Inspections required by this Section shall
be performed by the type of Inspector identified in
TG-430 for the specific Class of vessel to be constructed
or repaired.

ASME Qualified Inspection Organization (QI0): an ofgani-
zation that is qualified by ASME to criteria specified in the
appropriate code or standard to provide designated over-
sight through the use of Qualified Inspectors’(QI); not an
Authorized Inspection Agency and not\an entity author-
ized by ASME to use its marks.

Authorized Inspector (Al): an Inspector regularly
employed by an ASME-accredited Authorized Inspection
Agency (AIA), who has been qualified to ASME developed
criteria, to perform inspections under the rules of any
jurisdiction that has-adopted the ASME Code.

The Authorized Inspector shall not be in the employ of
the Manufacturer.' The AIA and supervisor’s duties and
qualifications and Al qualifications are as required in
the latest\edition and addenda of ASME QAI-1, Qualifica-
tions for Authorized Inspection.

Certified Individual (CI): an individual employee of the
Certificate Holder who is authorized by ASME under a
Certificate of Authorization to apply the ASME Certifica-
tion Mark on items that are in compliance with the
governing standard, and who may serve as the Certificate
Holder's authorized representative responsible for
signing data reports or certificates of conformance.

ASME Designees. The CI is neither an Al nor'@’Qualified
Inspector providing inspections as an employee of a Qual-
ified Inspection Organization. The quality management
system shall establish measures‘to designate, train,
qualify, and certify an individual(s) to perform the
duties of a CI.

Qualifications shall includeras a minimum:

(a) knowledge of the requirements of this Section of the
Code for application.of-the Certification Mark with the
appropriate Designator

(b) knowledge,of the Manufacturer’s Quality System
Program

(c) training commensurate with the scope, complexity,
or special nature of the activities to which oversight is to
be previded

{d) arecord, maintained, and certified by the Manufac-
turer, containing objective evidence of the qualifications of
the CI and training provided

The CI's qualifications and duties are as required in the
latest edition and addenda of ASME QAI-1, Qualifications
for Authorized Inspection. The CI shall be qualified in
accordance with ASME CA-1.

Qualified Inspector (QI): an inspector regularly employed
by an ASME Qualified Inspection Organization (QIO) who
has been qualified to ASME-developed criteria by a
written examination, to perform inspections under the
rules of any jurisdiction that has adopted the ASME
Code. The QI shall not be in the employ of the Manufac-
turer.

The QIO’s and supervisor’s duties and qualifications and
the QI's qualifications are as required in the latest edition
and addenda of ASME QAI-1, Qualifications for Authorized
Inspection.

TG-420 ACCESS FOR THE INSPECTOR

The Manufacturer of the pressure vessel or part thereof
shall arrange for the Inspector to have free access to such
parts of all plants as are concerned with the supply or
manufacture of materials for the vessel or part, when
so requested. The Inspector shall be permitted free
access at all times while work on the vessel is being
performed to all parts of the Manufacturer’s shop that

(25)

The CI shall be qualified and certified by the Certificate
Holder to criteria specified in the governing standard. The
qualification and certification are subject to evaluation by

concern-the construction of the vessel r‘nving the

period of its assembly and testing. The Manufacturer
shall keep the Inspector informed of the progress of
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the work and shall notify the Inspector reasonably in
advance when the vessel or materials will be ready for

provide inspection services for Manufacturers of Class
3 vessels.

any required tests or inspections.

TG-430 THE MANUFACTURER

(a) Manufacturers of Class 1 vessels constructed in
accordance with the rules of this Section shall have in
force, atall times, a valid inspection contract or agreement
with an accredited Authorized Inspection Agency,
employing Authorized Inspectors as defined in this Article.

(b) Manufacturers of Class 2 vessels constructed in
accordance with the rules of this Section shall have in
force, atall times, a valid inspection contract or agreement
with an accredited QIO, employing Qualified Inspectors as
defined in this Article.

(c) Manufacturers of Class 3 vessels constructed in
accordance with the rules of this Section shall employ
a Certified Individual as defined in this Article.

(d) Vessel Classes are designated in the applicable
Modal Appendix.

(e) Authorized Inspection Agencies may provide
inspection services for Manufacturers of Class 2 and
Class 3 vessels. Qualified Inspection Organizations may

TG-440 CONTINUED SERVICE

(a) Personnel performing inspections during the
course of repair, alteration, or continued service of
these pressure vessels shall meet the requirements of
TG-430.

(b) Users may perform continued service inspections
and tests if no rerating, repairs, or alterations requiring
welding are performed, except see TG-100.3-

(c) Users may perform continued service ‘inspections,
including repairs and alterations, if the User possesses a
valid Owner/User Certificate of Authofization issued by
The National Board of Boiler and Rréssure Vessel Inspec-
tors or the equivalent recognized by the competent
authority, and the Inspectors,possess a National Board
Owner/User commission, orx.the equivalent recognized
by the competent authority and are in the employ of
the Owner/User.

10
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PART TM

MATERIAL REQUIREMENTS

ARTICLE TM-1
MATERIAL REQUIREMENTS

TM-100 GENERAL

The requirements of Part TM are applicable to all pres-
sure partsin pressure vessels and attachments to pressure
parts, except as permitted by the applicable Modal Appen-
dix, and shall be used in conjunction with the specific re-
quirements given elsewhere in this Section that pertain to
the method of fabrication, the material used, and the
commodities being transported. See the applicable
Modal Appendix for materials for other parts of transport
tanks.

TM-110 GENERAL REQUIREMENTS FOR ALL
PRODUCTS

(a) Material subject to stress due to pressufre, and
attachments that are essential to structural integrity of
the pressure vessel when welded to pressure-retaining
components, shall conform to one of the-specifications
given in Tables TM-130.2-1 through,TM-130.2-7 and
listed in Section II, Parts A and B, exeept as otherwise
permitted in TM-110.5, TM-110.10, TM-120, and
TM-130.1. Material may be idéntified as meeting more
than one material specification or grade, provided the
material meets all requirements of the identified material
specification(s) or grade(s).

(b) Except as dimited by TM-180.2, material for
nonpressure parts;such as baffles, extended heat transfer
surfaces, insulation supports, and minor attachments’
(such as elips, locating lugs, nameplates) need not
confornte’the specifications for the material to which
they<are-attached or to a material specification permitted
incthis Section; but if attached to the vessel by welding, it
shall be of weldable quality. The allowable stress values
for material not identified in accordance with Tables
TM-130.2-1 through TM-130.2-7 shall not exceed 80%
of the maximum allowable stress value permitted for
similar material in Tables TM-130.2-1 through
TM-130.2-7.

(c) Materials other than these/allowed by this Section
may not be used, unless data thereon are submitted to and
approved by the Boiler and:Pressure Vessel Committee in
accordance with Section\l, Part D, Mandatory Appendix 5.

(d) Materials outside the limits of size and/or thickness
listed in the titleor scope clause of the specifications listed
in Tables TM=180.2-1 through TM-130.2-7, and permitted
elsewhere;in this Section, may be used if the material is in
compljance' with the other requirements of the specifica-
tion and no size or thickness limitation is given in the
sttess tables. In those specifications in which chemical
composition or mechanical properties vary with size or
thickness, materials outside the range shall be required
to conform to the composition and mechanical properties
shown for the nearest specified range.

(e) All material used for construction of vessels and
appurtenances must be suitable for the modal application
and conditions specified by the User (see TG-310) and
shall comply with the additional requirements in the ap-
plicable Modal Appendices.

TM-110.1 PLATES

Plates used in the construction of vessels shall conform
to one of the specifications in Tables TM-130.2-1 through
TM-130.2-7 for which allowable stress values are given in
Section II, Part D, except as otherwise provided in
TM-110(a) through TM-110(e), TM-110.10, TM-120,
and TM-130.1.

TM-110.2 FORGINGS

Forged material may be used in vessel construction,
provided the material has been worked sufficiently to
remove the coarse ingot structure. Specifications for ac-
ceptable forging materials are given in Tables TM-130.2-1
through TM-130.2-7 and maximum allowable stress
values in Section II, Part D.

11
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TM-110.3 CASTINGS

Cactmatarial v bacadin tha concteotion ofvuaccalce

(3) a suitable transition shall be provided between
the root diameter and the unthreaded portion

.......................................................
and vessel parts. Specifications for acceptable casting
materials are listed in Tables TM-130.2-1 through
TM-130.2-7 and the maximum allowable stress values
in Section II, Part D. Castings shall comply with the addi-
tional requirements in TM-190. The allowable stress
values shall be multiplied by the applicable casting
quality factor given in TM-190.

TM-110.4 PIPE AND TUBES

Pipe and tubes of seamless or welded construction
conforming to one of the specifications given in
Tables TM-130.2-1 through TM-130.2-7 may be used
for shells and other parts of transport tanks. Allowable
stress values for the materials used in pipe and tubes
are given in Section II, Part D.

TM-110.5 WELDING MATERIALS

Welding materials shall comply with the requirements
of this Section, Section IX, and the applicable qualified
welding procedure specification. When the welding mate-
rials comply with one of the specifications in Section II,
Part C, the marking or tagging of the material, containers,
or packages as required by the applicable Section II spec-
ification may be accepted for identification in lieu of a
Material Test Report or a Certificate of Compliance.
When the welding materials do not comply with one of
the specifications of Section II, the marking or tagging
shall be identifiable with the welding materialsiset
forth in the welding procedure specification and.may
beaccepted inlieu of a Material Test Reportor a Certificate
of Compliance.

TM-110.6 BOLTS AND STUDS

(a) Bolts and studs may be used for the attachment of
removable parts. Permissible specifications are listed in
Tables TM-130.2-1 through~TM<130.2-7. Nuts and bolts
shall conform to the requirements of TM-110.6 and the
additional rules in TM:-150.1, TM-150.5, or TM-160.1,
as applicable. The allewable stresses for bolting materials
are given in Section-l, Part D, Subpart 1, Table 3.

(b) Studs shall'be threaded full length or shall be
machined down to the root diameter of the thread in
the unthreaded portion, provided that the threaded
portions‘are at least 14 diameters in length. Studs
greater than eight diameters in length may have an
unthreaded portion that has the nominal diameter of
the thread, provided the following requirements are met:

(1) the threaded portions shall be at least 1%/,
diameters in length
(2) the stud shall be machined down to the root

(4) particular consideration shall be given to any
dynamic loadings

TM-110.7 NUTS AND WASHERS

(a) Nuts shall conform to the requirements in the ap-
plicable paragraph elsewhere in this Code (see TM-150,1§
TM-150.2, and TM-160.2). They shall engage the threads
for the full depth of the nut.

(b) The use of washers is optional. When used, they
shall be of wrought materials.

TM-110.8 RODS AND BARS

Rod and bar stock may be usedqin the vessel construc-
tion for pressure parts such as‘flange rings, stiffening
rings, frames for reinforced-openings, stays and stay-
bolts, and similar parts. Red and bar materials shall
conform to the requirements for bars or bolting in the
applicable section elsewhere in this Code (see TM-150.4).

TM-110.9 FERRITIC STEELS WITH TENSILE
PROPERTIES ENHANCED BY HEAT
TREATMENT

Excépt when specifically prohibited by Part TM (see
TM-180.2 and TW-130.7), steels listed in Table
TM-130.2-6 may be used for the entire vessel or for in-
dividual components that are joined to other Grades listed
in that Table or to other steels conforming to the speci-
fications in Table TM-130.2-1 or Table TM-130.2-2. The
maximum allowable stress values for the materials listed
in Table TM-130.2-6 are given in Section II, Part D.

TM-110.10 PREFABRICATED OR PREFORMED
PRESSURE PARTS FURNISHED
WITHOUT A CERTIFICATION MARK
(a) Prefabricated or preformed pressure parts for pres-
sure vessels that are subject to stresses due to pressure
and that are furnished by others instead of the Manufac-
turer of the completed vessel shall conform to all appli-
cable requirements of this Section except as permitted in
(b) through (e). When the prefabricated or preformed
parts are furnished with a nameplate that contains
product-identifying marks and the nameplate interferes
with further fabrication or service, and where stamping on
the material is prohibited, the Manufacturer of the
completed vessel with the concurrence of the Authorized
Inspector may remove the nameplate. The removal of the
nameplate shall be noted in the “Remarks” section of the
tank Manufacturer’s Data Report. The nameplate shall be
destroyed. The rules of (b) through (e) shall not be applied
to welded shells or heads or to quick-actuating closures.

diameter of the thread for a minimum distance of 0.5
diameters adjacent to the threaded portion

12

Parts furnished under the provisions of (b), (c), and (d)
need not be manufactured by a Certificate of Authorization
Holder. However, the Manufacturer of the completed
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vessel or Certification Mark-stamped part shall ensure
that parts furnished under the provisions of (b), (c),

(6) If postweld heat treatment is required by the
rules of this Section, it may be performed either in the

(d), and (e) meet all of the applicable Code requirements
such as TF-310.1(c), TF-410.4, TF-510.1, and TF-610.1.
Prefabricated or preformed pressure parts may be
supplied as follows:

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

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

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

(b) Cast, Forged, Rolled, or Die-Formed Nonstandard
Pressure Parts. Pressure parts such as shells, heads, remo-
vable doors, and pipe coils that are wholly formed by
casting, forging, rolling, or die forming may be supplied
basically as materials. All such parts shall be made of mate-
rials permitted under this Section, and the Manufacturer
of the part shall furnish identification in accordance with
TM-140.2. Such parts shall be marked with the name or
trademark of the parts manufacturer and with such other
markings to identify the particular parts with accompa-
nying material identification. The Manufacturer of the
completed tank shall be satisfied that the part is suitable
for the design conditions specified for the completed tank
in accordance with the rules of this Section.

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

(1) These are pressure parts that complyywith an
ASME product standard accepted by reference in
TG-130. The ASME product standard.,€stablishes the
basis for the pressure-temperature rating and marking
unless modified in TM-110.5.

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

(3) Materials for standard pressure parts shall be as
follows:

(-a) as permitted by this Section
(-b) asspecificallylisted in the ASME product stan-
dard (see TG-130)

(4) When welding is performed, it shall meet the
following}

(-a) the requirements of Article TF-2
(-b) the welding requirements of SA-234

(5) Pressure parts, such as welded standard pipe
fittings, welding caps, and flanges that are fabricated
by one of the welding processes recognized by this
Section do not require inspection, identification in accor-
dance with TM-140.1(a) or TM-140.1(b), or Partial Data

location of the parts manufacturer or 1n the location of
the Manufacturer of the tank to be marked with the Certi-
fication Mark.

(7) If radiography or other volumetric examination
isrequired by the rules of this Section, it may be performed
at one of the following locations:

(-a) Manufacturer of the completed tank
(-b) pressure parts manufacturer
(-c) examination provider

(8) Parts made to an ASME productstandard shall be
marked as required by the ASME produict standard.

(9) The Manufacturer of the.cempleted tank shall
have the following responsibilities\when using standard
pressure parts that comply with/an ASME product stan-
dard:

(-a) Ensure thatrall standard pressure parts
comply with the applicable rules of this Section.

(-b) Ensureithat all standard pressure parts are
suitable for the(design conditions of the completed tank.

(10) The-Manufacturer shall fulfill these responsibil-
ities by obtaining, when necessary, documentation as
follows, provide for retention of this documentation,
and have such documentation available for examination
b§i-the Inspector when requested. The documentation
shall contain at a minimum:

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

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

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

(2) Parts of small size falling within this category for
which it is impossible to obtain identified material or
which may be stocked and for which identification in
accordance with TM-140.2 cannot be obtained and are
not customarily furnished, may be used for parts as
described in (b).

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

(4) When welding is performed, it shall meet the re-
quirements of Article TF-2.

(5) Pressure parts, such as welded standard pipe
fittings, welding caps, and flanges that are fabricated
by one of the welding processes recognized by this

Ranorts nrovided the requiremaents in () ara mot
Heports—Pprovaeathefequrementsih reaFethRet-

13

Section-donotrequire inspectionidentificationinaccor
dance with TM-140.1 or Partial Data Reports, provided the
requirements of TM-140.1(a) or TM-140.1(b) are met.
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(6) If postweld heat treatment is required by the
rules of this Section, it may be performed at the location

of the requirement in (d)(4), the Certificate of Authoriza-
tion Holder may subcontract to an individual or organiza-

of the parts manufacturer, the Manufacturer of the
completed tank, or a heat-treatment facility.

(7) If radiography or other volumetric examination
isrequired by the rules of this Section, it may be performed
at one of the following locations:

(-a) Manufacturer of the completed tank

(-b) parts Manufacturer

(-c) pressure parts manufacturer

(-d) the examination provider

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

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

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

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

(-a) Ensure that all standard pressure parts
comply with applicable rules of this Section

(-b) Ensure that all standard pressure parts are
suitable for the design conditions of the completed tank.

(-c) When volumetric examination is required by
the rules of this Section, obtain the completed radies
graphs, properly identified, with a radiographicinspegtion
report, and any other applicable volumetric examination
report.

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

(-a) Obtain when necessary,documentation as
provided below, provide for retention of this documenta-
tion, and have such documentatien available for examina-
tion by the Inspector when-requested.

(-b) Perform an analysis of the pressure part in
accordance with the ‘rules of this Division. See also
TG-100.2(c). This analysis shall be included in the docu-
mentation and shall be made available for examination by
the Inspector(when requested.

(11) The)Jdocumentation shall contain ata minimum:

(=a) J)material used

{¢b) pressure-temperature rating of the part

(-c) basis for establishing the pressure-tempera-
ture rating

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

{e}—The-Coderecognizesthata-Certificate-of-Autheoriza

tion not holding an ASME Certificate of Authorization
standard pressure parts that are fabricated to a standard
other than an ASME product standard provided all the
following conditions are met:

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

(2) The Certificate Holder’s Quality Control SyStem
provides for the following activities associated’with
subcontracting of welding operations, and thesé provi-
sions shall be acceptable to the Manufacturer!sAuthorized
Inspection Agency.

(-a) welding processes permitted by this Section
that are permitted to be subcontractéd

(-b) welding operationg

(-c) Authorized Inspéction activities

(-d) placement of the-Certificate of Authorization
Holder’s marking in ae¢erdance with (d)(8)

(3) The Certificate Holder’s Quality Control System
provides for the requirements of TG-420 to be met at the
subcontractoy’s facility.

(4) The Cértificate Holder shall be responsible for
reviewing and accepting the Quality Control Systems of
the subgontractor.

(5) The Certificate Holder shall ensure that the
subcontractor uses written procedures and welding
operations that have been qualified as required by this
Section.

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

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

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

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

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

&=
tion Holder may fabricate parts in accordance with (d),
and that are marked in accordance with (d)(8). In lieu

14
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TM-120 MATERIAL IDENTIFIED WITH OR
PRODUCEDTO ASPECIFICATION NOT

(including its general specification); only those elements
for which documentation is not available must be tested.

PERMITTED BY THIS SECTION, AND
MATERIAL NOT FULLY IDENTIFIED

(a) Identified Material With Complete Certification
From the Material Manufacturer. Material identified
with a specification not permitted by this Section and iden-
tified to a single production lot as required by a permitted
specification may be accepted as satisfying the require-
ments of a specification permitted by this Section,
provided the conditions set forth in (1) or (2) are satisfied.

(1) Recertification by an Organization Other Than the
Vessel or Part Manufacturer. Not permitted
(2) Recertification by the Vessel or Part Manufacturer

(-a) Documentation is provided to the Certificate
Holder demonstrating that all applicable requirements
(including, but not limited to, melting method, melting
practice, deoxidation, chemical analysis, mechanical prop-
erties, quality, and heat treatment) of the specification
permitted by this Section, to which the material is to
be recertified, have been met.

(-b) The material has marking, acceptable to the
Inspector, for identification to the documentation.

(-c) When the conformance of the material with
the permitted specification has been established, the
material shall be marked as required by the permitted
specification.

(b) Material Identified With a Specification /Not
Permitted by This Section and Identified to a Partictdar
Production Lot as Required by a Specification Permitted
by This Section but Which Cannot Be Qualified Under
(a). Any material for which the documentation required
in (a) is not available may be accepted ‘as satisfying the
requirements of the specification-permitted by this
Section, provided that the conditions set forth below
are satisfied.

(1) Recertification by an Organization Other Than the
Vessel or Part Manufacturen:Not permitted.
(2) Recertification by the Vessel or Part Manufacturer

(-a) When documentation demonstrating
complete conformance to the chemical requirements is
not available, chemical analyses are made on different
pieces from ‘the lot to establish a mean analysis that is
to be accepted as representative of the lot. The pieces
chosen™for analysis shall be selected at random from
the'lot! The number of pieces selected shall be at least
10% of the number of pieces in the lot, but not less
than three. For lots of three pieces or less, each piece
shall be analyzed. Each individual analysis for an
element shall conform to the limits for product analysis
in the permitted specification, and the mean for each
element shall conform to the heat analysis limits of

(-b) When documentation demonstrating
complete conformance to the mechanical property re-
quirements is not available, mechanical property tests
are made in accordance with the requirements of the
permitted specification, and the results of the tests
conform to the specified requirements; only those proper-
ties for which documentation is not available must be
tested.

(-c) When documentation demofstrating
complete conformance to the heat treatmént require-
ments is notavailable, the material is heat treated in accor-
dance with those requirements, either prior to or during
fabrication. (See also TM-140.2.)

(-d) All other applicable‘véquirements (including,
but not limited to, melting method, melting practice, deox-
idation, chemical analysis;-mechanical properties, grain
size, and quality) of the-specification permitted by this
Section, to which-the*material is to be recertified, have
been demonstrated to have been met.

(-e) /The material has marking, acceptable to the
Inspectoppfor identification to the documentation.

(-f)*When the conformance of the material with
the_permitted specification has been established, the
material has been marked as required by the permitted
specification.

(c) Material Not Fully Identified. Material that cannot be
qualified under the provisions of either (a) or (b), such as
material not fully identified as required by the permitted
specification or unidentified material, may be accepted as
satisfying the requirements of a specification permitted by
this Section, provided that the conditions set forth below
are satisfied.

(1) Qualification by an Organization Other Than the
Vessel or Part Manufacturer. Not permitted.
(2) Qualification by the Vessel or Part Manufacturer

(-a) Each piece is tested to show that it meets the
chemical composition for product analysis and the
mechanical property requirements of the permitted spec-
ification. Chemical analyses need only be made for those
elements required by the permitted specification
(including its general specification). When the direction
of final rolling or major work (as required by the material
specification) is not known, tension test specimens shall
be taken in each appropriate direction from each sampling
location designated in the permitted specification. The
results of both tests shall conform to the minimum re-
quirements of the specification, but the tensile strength
of only one of the two specimens need conform to the
maximum requirement.

(-b) The provisions of (b)(2)(-c), above shall be
met.

L) Al other-applicablereguirementsLincludina
tHerapp Feqtiirements— B

that specitication. Analyses need only be made for
those elements required by the permitted specification

15
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but not limited to, melting method, melting practice, deox-
idation, chemical analysis, mechanical properties, grain
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size, and quality) of the specification permitted by this
Section, to which the material is to be recertified, have

Table continued

Table TM-130.2-3 Aluminum and Aluminum Alloy Products

been demonstrated to have been met. If such verifiable
evidence cannot be provided, recertification is not
permitted.

(-d) When the identity of the material with the
permitted specification has been established in accor-
dance with (-a), (-b), and (-c) above, each piece (or
bundle, etc., if permitted in the specification) shall be
marked with a marking giving the permitted specification
number and grade, type, or class, as applicable and a serial
number identifying the particular lot of material. A
suitable report, clearly marked as being a “Report on
Tests of Nonidentified Material,” shall be completed
and certified by the tank or part Manufacturer. This
report, when accepted by the Inspector, shall constitute
authority to use the material in lieu of material procured to
the requirements of the permitted specification.

TM-130 MATERIAL SPECIFICATIONS
TM-130.1 PRODUCT SPECIFICATION

When there is no material specification listed in
Tables TM-130.2-1 through TM-130.2-7 covering a parti-
cular product of a grade, but there is an approved spec-
ification listed in Tables TM-130.2-1 through TM-130.2-7
covering some other product of that grade, the product for
which there is no specification may be used, provided:

(a) the chemical and mechanical properties, heat
treating requirements, and requirements for deoxidation,
or grain size requirements conform to the approved spec-
ification listed in Tables TM-130.2-1 through TM-130.2-7.
The stress values for that specification given in-thé tables
referenced in TM-130.2 shall be used.

(b) the manufacturing procedures, telerances, tests,
and marking are in accordance with+a specification
listed in Tables TM-130.2-1 through(TM-130.2-7 covering
the same product form of a similar’ material.

(c) forthe case of welded tubing made of plate, sheet, or
strip, without the addition ‘of filler metal, the appropriate
stress values are multiplied by a factor of 0.85.

(d) the product,isinot pipe or tubing fabricated by
fusion welding with-the addition of filler metal unless
it is fabricated in accordance with the rules of this
Section as apressure part.

(e) milltestreports reference the specifications used in
produeing ‘the material and make reference to this para-
graph.

(25y, TM-130.2 APPROVED MATERIAL SPECIFICATIONS

(a) Approved material specifications are listed in the
following Tables:

Table TM-130.2-4
Table TM-130.2-5
Table TM-130.2-6

Copper and Copper Alloys
Nickel and High Nickel Alloys
Ferritic Steels With Tensile Properties
Enhanced by Heat Treatment
Table TM-130.2-7 Titanium and Titanium Alloys
(b) The maximum allowable tensile stress values:for
the materials listed in Tables TM-130.2-1 through
TM-130.2-7 are the values given in Section If_Part D,
for Section XII construction, except where otherwise
specified or limited by Table TM-13032=1, Note (1);
Table TM-130.2-2, Notes (1)<@nd (2); Table
TM-130.2-5, Note (1); and Table TM-130.2-7.

TM-130.3 MATERIAL PROPERTIES

When the rules of this Section require the use of mate-
rial physical properties.these properties shall be taken
from the applicabletables in Section II, Part D, Subpart
2. If the applicable\tables in Section II, Part D, Subpart
2 do not containthese properties for a permitted material
or do notlist them within the required temperature range,
the Manufactlirer may use other authoritative sources for
the ne€ded information. The Manufacturer’s Data Report
shallnéte under “Remarks” the property values obtained
and their source.

NOTE: If material physical properties are not listed, the Manu-
facturer is encouraged to bring the information to the attention
ofthe ASME Committee on Materials (BPVC Section II) so that the
data can be added in Section II, Part D, Subpart 2.

TM-140 INSPECTION AND MARKING OF
MATERIALS

TM-140.1 INSPECTION OF MATERIALS

(a) Except as provided in TM-110(a) through
TM-110(e), TM-110.10, TM-120, and TM-130.1, require-
ments for acceptance of materials furnished by the mate-
rial Manufacturer or material supplier shall be in complete
compliance with a material specification of Section Il and
the following requirements:

(1) For plates, the tank Manufacturer shall obtain the
material test report or certificate of compliance as
provided for in the material specification and the
Inspector shall examine the Material Test Report or Certi-
ficate of Compliance and shall determine if it represents
the material and meets the requirements of the material
specification.

Table TM-130.2-1
Table TM-130.2-2

Carbon and Low Alloy Steel
High Alloy Steel

16
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Table TM-130.2-1

Carbon and Low Alloy Steels (25)
Specification Number Type/Grade ASME P-No. Group No.
Plates, Sheet, and Strip
SA-36 1 1
SA-203 A B 9A 1
D,EF 9B 1
SA-204 A 3 1
B, C 3 2
SA-225 C 10A 1
SA-283 C,D 1 1
SA-285 A B, C 1 1
SA-299 A 1 2
B 1 3
SA-302 A 3 2
B,C,D 3 3
SA-387 2,CL1 3 1
2,CL2 3 2
SA-414 A B CD,E 1 1
F, G 1 2
SA-455 1 2
SA-515 60, 65 1 1
70 1 2
SA-516 55, 60, 65 1 1
70 1 2
SA-537 CL1 1 2
Cl. 2 and 3 1 3
SA-572 42, 50 1 1
55, 60 1 2
65 1 3
SA-612 10C 1
SA-656 T3 50, T7 50 1 1
T3.607T7 60 1 2
T3-70, T7 70 1 3
T3 80, T7 80 1 4
SA-662 A B 1 1
C 1 2
SA-737 B 1 2
C 1 3
SA-738 A 1 2
B, C 1 3
SA-1008 CS-A and CS-B 1 1
SA-10T1 HSLAS 45 Cl. 1 and 2 1 1
HSLAS 50 Cl. 1 and 2 1 1
HSLAS 60 Cl. 1 and 2 1 2
SS 45, SS 50 1 1
SA/CSA-G40.21 38W 1 1
SA/EN 10028-2 P295GH 1 1
SA/EN 10028-3 P275NH 1 1
Forgings
SA-266 1 1
2,4 1 2

17
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Table TM-130.2-1

Carbon and Low Alloy Steels (Cont’d)

Specification Number Type/Grade ASME P-No. Group No.
Forgings (Cont’'d)
SA-336 F1 3 2
SA-372 A 1 1
B 1 2
C,D
E CL 65 and 70
F Cl. 70, G Cl. 70
H CL 70, J CL. 65
J CL 70 and 110, L
M CL A and B
SA-508 1, 1A 1 2
2CL1,3CL1,4NCL3 3 3
SA-541 1, 1A 1 2
2CL1,3CL1 3 3
SA-765 I 1 1
11 1 2
11 9B 1
SA-836 1 1
Flanges, Fittings, and Valves
SA-105 1 2
SA-181 ClL 60 1 1
ClL. 70 1 2
SA-182 F1, F2 3 2
FR 9A 1
SA-234 WPB 1 1
WPC 1 2
WP1 3 1
SA-350 LF1 1 1
LF2 1 2
LF5 Cl. 1%and 2, LF9 9A 1
LF3 9B 1
SA-420 WPL6 1 1
WPL9 9A 1
WPL3 9B 1
SA-727 1 1
Pipe
SA-53 S Gr. A and B, E Gr. A and B 1 1
SA-106 A B 1 1
C 1 2
SA-135 A B 1 1
SA-333 1,6 1 1
7,9 9A 1
3 9B 1
SA-335 P1, P2, P15 3 1
SA-369 FP1, FP2 3 1
SA-52% T 1T T T
SA-587 1 1

18
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Table TM-130.2-1
Carbon and Low Alloy Steels (Cont’d)

Specification Number Type/Grade ASME P-No. Group No.

Tubes

SA-178 A C 1 1

SA-179 1 1

SA-192 1 1

SA-209 T1, T1la, T1lb 3 1

SA-210 A-1 1 1
C 1 2

SA-213 T2 3 1
T17 10B 1

SA-214 1 1

SA-250 T1, Tla, T1lb 3 1

SA-334 1,6 1 1
7,9 9A 1
3 9B 1

SA-556 A2, B2 1 1
C2 1 2

SA-557 A2, B2 1 1
C2 1 2

Castings

SA-216 WCA 1 1
WCB, WCC 1 2

SA-217 WC1 3 1

SA-352 LCB 1 1
LC1 3 1
LC2 9A 1
LC3 9B 1

SA-487 1ClL AandB 10A 1
2 ClL AandBy4 CL A 3 3

Bar

SA-675 45,,50;55, 60, 65 1 1
70 1 2

Bolting

SA-193 B5, B7, B7M, B16

SA-307 B

SA-320 L7, L7A, L7M, L43

SA-325 1

SA-354 BC, BD

SA-437 B4B, B4C

SA-449.

SA-540 B21 Cl 1, 2, 3 and 4

SA-574 (screws)

B22 Cl. 3

B23 ClL 1,2, 3,4,and 5
B24 Cl. 1, 2,3,4,and 5
B24V

Nuts
SA-540

B23, B24

19



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

Table TM-130.2-2

(25) High Alloy Steels

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Plates, Sheet, and Strip

SA-240 S41000 410 6 1
S42900 429 6 2
S40500 405 7 1
S41008 410S 7 1
S43000 430 7 2
S44400 7 2
$30200 302 8 1
S30400 304 8 1
S30403 304L 8 1
S30451 304N 8 1
S30453 304LN [Note (1)] 8 1
S31600 316 8 1
S31603 316L 8 1
S31635 316Ti 3 1
S31640 316Cb 8 1
S31651 316N 8 1
S31653 316LN [Note (2)] 8 1
S31700 317 8 1
S31703 317L 8 1
$32100 321 8 1
S34700 347 8 1
S34800 348 8 1
$38100 XM-15 8 1
S30815 8 2
S30908 309S 8 2
S30940 309Ch 8 2
S31008 310S 8 2
S31040 310Cb 8 2
$31050 310MoLN 8 2
$20100 201-1, 201-2 8 3
S20153 201LN 8 3
S20400 204 8 3
S20910 XM-19 8 3
$24000 XM-29 8 3
S31254 8 4
S31725 8 4
S31200 10H 1
S31260 10H 1
$31803 10H 1
S32304
$32550 10H 1
$32900 329 10H 1
$32950 10H 1
S44626 XM-33 101 1
S44627 XM-27 101 1
XFF000 PR Sk 1UT 1
S44700 29-4 10] 1
S44660 26-3-3 10K 1

20
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Table TM-130.2-2
High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Plates, Sheet, and Strip (Cont’d)
S44800 29-4-2 10K 1
N08940 45

SA-666 $20100 201-1, 201-2 3
S21904 XM-11 3

Forgings

SA-965 S30400 F304 8 1
S30403 F304L 8 1
S30451 F304N 8 1
S30453 304LN [Note (1)] 8 1
S31600 F316 8 1
S31603 F316L 8 1
S31651 F316N 8 1
S31653 316LN [Note (2)] 8 1
S32100 F321 8 1
S34700 F347 8 1
S34800 F348 8 1
$31000 F310 8 2
$21904 FXM-11 8 3

Flanges, Fittings, and Valves

SA-182 S41000 Fé6a Cl 1 6 1
S41000 Fé6a Cl=2 6 3
S30400 F304 8 1
S30403 E304L 8 1
S30453 304LN9 8 1
S31600 F316 8 1
S31603 F316L 8 1
$31700, F317 8 1
S31703 F317L 8 1
$32100 F321 8 1
$34700 F347 8 1
S34800 F348 8 1
S30815 F45 8 2
S31000 F310 8 2
S20910 FXM-19 8 3
S21904 FXM-11 8 3
S31254 F44 8 4
$31803 F51 10H 1
S44627 FXM-27Cb 101 1
N08940 45

SA-403 S30400 WP304 8 1
S30403 WP304L 8 1
S30451 WP304N 8 1
S31600 WP316 8 1
20 10US WIO1I0L [e] 1
S31651 WP316N 8 1
S31700 WP317 8 1

21
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Table TM-130.2-2
High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.
Flanges, Fittings, and Valves (Cont’'d)
S31703 WP317L 8 1
$32100 WP321 8 1
S34700 WP347 8 1
$34800 WP348 8 1
S30900 WP309 8 2
S31000 WP310 8 2
S20910 WPXM-19 8 3
SA-815 $31803 10H 1
Pipe
SA-312 S30400 TP304 8 1
S30403 TP304L 8 1
S30451 TP304N 8 1
S$30453 304LN [Note (1)] 3 1
S31600 TP316 8 1
S31603 TP316L 8 1
S31651 TP316N 8 1
S31700 TP317 8 1
S31703 TP317L 8 1
$32100 TP321 8 1
S34700 TP347 8 1
S34800 TP348 8 1
$38100 TPXM-15 8 1
S30815 8 2
S30908 TP309S 8 2
$30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2
$31050 TP310MoLN 8 2
$20910 TPXM-19 8 3
S$21904 TPXM-11 8 3
S24000 TPXM-29 8 3
N08940 45
SA-358 S31254 8 4
S31725 8 4
SA-376 S30400 TP304 8 1
S30451 TP304N 8 1
S30453 304LN [Note (1)] 8 1
S31600 TP316 8 1
S31651 TP316N 8 1
S31653 316LN [Note (2)] 8 1
$32100 TP321 8 1
S34700 TP347 8 1
S34800 TP348 8 1
S31725 8 4
oA~FU7 DO17240 [¢) E3
SA-731 S44626 TPXM-33 101 1
S44627 TPXM-27 101 1
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Table TM-130.2-2
High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Pipe (Cont'd)

SA-790 S31260 10H 1
S31500 10H 1
$31803 10H 1
S32304 10H 1
S32550 10H 1
S32750 10H 1
$32900 10H 1
$32950 10H 1

SA-813 $30908 TP309S 8 2
S30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2

SA-814 S30908 TP309S 8 2
S30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2

Tubes

SA-213 S30400 TP304 8 1
S30403 TP304L 8 1
S30451 TP304N 8 1
S30453 304LN [Note [1)] 8 1
S31600 TP316 8 1
S31603 TP3 16k 8 1
S31651 TP316N 8 1
S32100 TP321 8 1
S34700 TP347 8 1
S34800 TP348 8 1
$38100. TPXM-15 8 1
S30815 8 2
$30908 TP309S 8 2
$30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2
$31050 TP310MoLN 8 2
S31725 8 4

SA-249 S30400 TP304 8 1
S30403 TP304L 8 1
S30451 TP304N 8 1
S31600 TP316 8 1
S31603 TP316L 8 1
S31651 TP316N 8 1
S31700 TP317 8 1
S31703 TP317L 8 1
$32100 TP321 8 1
207 /UU Iro%7/ [8] 1
S34800 TP348 8 1
$38100 TPXM-15 8 1
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Table TM-130.2-2
High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Tubes (Cont’d)

S30815 8 2
S30908 TP309S 8 2
S30940 TP309Cb 8 2
$31008 TP310S 8 2
S31040 TP310Cb 8 2
$31050 TP310MoLN 8 2
S20910 TPXM-19 8 3
$24000 TPXM-29 8 3
S31254 8 4
S31725 8 4
N08940 45
SA-268 S41000 TP410 6 1
S42900 TP429 6 2
S40500 TP405 7 1
S40800 7 1
S40900 TP409 7 1
S43000 TP430 7 2
S43035 TP439 7 2
S44400 7 2
S44600 TP446-1 101 1
S44626 TPXM-33 101 1
S44627 TPXM-27 101 1
S44635 101 1
S44700 29-4 10] 1
S44735 29-4C 10] 1
S44660 26-3*3 10K 1
S44800 29-4-2 10K 1
SA-688 S30400 TP304 8 1
$30403 TP304L 8 1
S30451 TP304N 8 1
S31600 TP316 8 1
S31603 TP316L 8 1
$24000 TPXM-29 8 3
SA-789 S$31260 10H 1
S31500 10H 1
$31803 10H 1
S32304 10H 1
S32550 10H 1
$32750 10H 1
$32900 10H 1
$32950 10H 1
SA-803 S43035 TP439 7 2
S44660 26-3-3 10K 1
Castings
on~417 J7110U LAlo (o) 9
SA-351 ]92500 CF3, CF3A 8 1
]92590 CF10 8 1
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Table TM-130.2-2
High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Castings (Cont'd)

]92600 CF8, CF8A 8 1
J92710 CF8C 8 1
]92800 CF3M 8 1
J92900 CF8M 8 1
]93000 CG8M 8 1
]93400 CH8 8 2
]93402 CH20 8 2
]94202 CK20 8 2
]93790 CG6MMN 8 3
]93254 CK3MCuN 8 4
N08151 CT15C 45

SA-995 J93345 CE8MN 10H 1

Bar and Shapes

SA-479 S41000 410 6 1
S40500 405 7 1
S43000 430 7 2
S43035 439 7 2
S30200 302 8 1
$30400 304 8 1
S30403 304L 8 1
S30453 304LN [Note [1)] 8 1
S31600 316 8 1
S31603 316L 8 1
S31653 316LN [Note (2)] 8 1
S$32100 321 8 1
S34700 347 8 1
S34800 348 8 1
S30815 8 2
S30908 309S 8 2
$30940 309Cb 8 2
$31008 310S 8 2
S31040 310Cb 8 2
S20910 XM-19 8 3
S24000 XM-29 8 3
S31725 8 4
S$32550 10H 1
S44627 XM-27 101 1
S44700 29-4 10] 1
544800 29-4-2 10K 1
N08904 904L 45

Bolting

SA-193 $21800 B8S, B8SA
S30400 B8 Cl. 1 and 2
DoUFO 1 DOINA Li. 1A
S30500 B8P CI. 1 and 2
S31600 B8M Cl. 1 and 2, B8BM2 Cl. 2
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Table TM-130.2-2
High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.
Bolting (Cont’'d)

S31651 B8MNA Cl. 1A
S32100 B8T Cl. 1 and 2
S34700 B8C Cl. 1 and 2
$41000 B6
SA-320 S30323 B8F ClL 1, B8FA CL 1A
S30400 B8 Cl. 1 and Cl. 2, B8A Cl. 1A
S31600 B8M Cl. 1 and 2, BBMA Cl. 1A
S32100 B8T Cl. 1 and 2, B8TA Cl. 1A
S34700 B8C Cl. 1 and 2, B8CA Cl. 1A
SA-453 563198 651 Cl. A and B
S66286 660 Cl. A and B
SA-479 S20910 XM-19
SA-564 S17400 630 H1100 and H1150 (not
welded)
SA-705 $17400 630 H1100

NOTES:

(1) The maximum allowable design stress values given in Section II, Part D, Subpart 1, Table{14, for solution annealed Type 304 stainless steel
(Alloy UNS S30400) are applicable for solution annealed Type 304LN stainless steel (Alloy UNS S30453) for maximum design metal tempera-
ture not exceeding 38°C (100°F).

(2) The maximum allowable design stress values given in Section II, Part D, Subpart.1) Table 14, for solution annealed Type 316 stainless steel
(Alloy UNS S31600) are applicable for solution annealed Type 316LN stainlesssteel (Alloy UNS S31653) for maximum design metal tempera-
ture not exceeding 38°C (100°F).
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Table TM-130.2-3
Aluminum and Aluminum Alloy Products

Specification Number Alloy Designation/UNS No. ASME P-No.

Plates, Sheet, and Strip

SB-209 Alclad 3003, A91060, A91100, A93003 21
Alclad 3004, A93004, A95052, A95154, A95254, A95454 22
Alclad 6061, A96061 23
A95083, A95086, A95456, A95652 25

SB-928 A95083, A95086, A95456

Forgings

SB-247 A93003 21
A96061 23
A95083 25
A92014

Pipe and Tubes

SB-210 Alclad 3003, A91060, A93003 21
A95052, A95154 22
A96061, A96063 23

SB-234 Alclad 3003, A91060, A93003 21
A95052, A95454 22
A96061 23

SB-241 Alclad 3003, A91060, A91100, A93003 21
A95052, A95454 22
A96061, A96063 23
A95083, A95086, A95456 25

Castings

SB-26 A02040, A03560, A24430,

SB-108 A02040, A03560

Rod, Bar, Wire, Shapes

SB-211 A92014, A92024, A96061 23

SB-221 A91060, A91100, A93003 21
A95154,"A95454 22
A96061, A96063 23
A95083, A95086, A95456 25
A92024

SB-308 (shapes) A96061 23

Bolting
SB-211

A92014, A92024, A96061
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Table TM-130.2-4
Copper and Copper Alloys

Specification Number Alloy Designation/UNS No. ASME P-No.
Plates, Sheet, Strip, and Rolled Bars
SB-96 C65500 33
SB-152 C10200, C10400, C10500, C10700, C11000, C12200, C12300 31
SB-169 C61400 35
SB-171 C36500, C44300, C44400, C44500, C46400, C46500 32
C70600, C70620, C71500, C71520 34
C61400, C63000 35
Forgings
SB-283 C37700
C64200
Pipe
SB-42 C€10200, C12000, C12200 31
SB-43 C23000 32
SB-315 C65500 33
SB-467 C70600, C70620 34
Tubes
SB-75 C€10200, C12000, C12200 31
SB-111 C€10200, C12000, C12200, C14200, C19200 31
23000, C28000, C44300, C44400, C44500,,€68700 32
C70400, C70600, C70620, C71000, C71500, C71520, C72200 34
C60800 35
SB-135 C23000 32
SB-315 C65500 33
SB-359 C70600, C70620 34
SB-395 C€10200, C12000, C12200, C14200, C19200 31
C23000, C44300, C44400, C44500, C68700 32
C70600, C70620,C71000, C71500, C71520 34
C€60800 35
SB-466 C70600,€70620, C71000, C71500, C71520 34
SB-543 C12200, C19400 31
€23000, C44300, C44400, C44500, C68700 32
C70400, C70600, C70620, C71500, C71520 34
Castings
SB-61 €92200
SB-62 83600
SB-148 C€95200, C95400 35
SB-271 C€95200 35
SB-584 €92200, €C93700, C97600

Rod, Bar,\and Shapes

SB-98 C€65100, C65500, C66100 33
SB*150 C€61400, C62300, C63000, C64200 35
SB-187 C10200, C11000 31
Bolting

SB-98 C€65100, C65500, C66100 33
SB-150 €61400, C62300, C63000, C64200 35
SB-187 C€10200, C11000 31
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Table TM-130.2-5
Nickel and Nickel Alloys

Specification Number UNS No. ASME P-No.
Plates, Sheet, and Strip
SB-127 N04400 42
SB-162 N02200, N02201 41
SB-168 N06600, N06690 43
SB-333 N10001, N10665, N10675 44
SB-424 N08825 45
SB-434 N10003 44
SB-435 N06002, N06230 43
R30556 45
SB-443 N06625 43
SB-463 N08020 45
SB-536 N08330 46
SB-575 N06022, N06059, N06455, N10276 44
SB-582 N06007, N06030, N06975, N06985 45
SB-599 N08700 45
SB-620 N08320 45
SB-625 N08925 45
SB-688 N08366, N08367 45
SB-709 N08028 45
Forgings
SB-564 N04400 42
N06022, N06059, N06230,-N06600, N06625, N10276 43
N10675 44
N08367 45
SB-637 N07718, NO7750

Flanges, Fittings, and Valves

SB-366 N02200,\N02201 41
N04400 42
N06002, N06022, N06230, N06059, N06455, N06600,
N06625, N10276 43
N10001, N10003, N10665, N10675 44
N06007, N06030, N06985, N08020, N08825 45
N08330 46
SB-462 N08020, N08367 45

Pipe and Tube

SB-161 N02200, N02201 41
SB-163 N02200, N02201 41

N04400 42

N06600 43

N08825 45
SB-165 N04400 42
SB-167 N06600, N06690 43
SB-423 N08825 45
SB-444 N06625 43
SB-464 N08020, N08024, N08026 45
SB-468 N08020, N08024, N08026 45
SB-516 N06600 43
SB-517 N06600 43
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Table TM-130.2-5
Nickel and Nickel Alloys (Cont’d)

Specification Number UNS No. ASME P-No.
Pipe and Tube (Cont’d)
SB-535 N08330 46
SB-619 N06002, N06022, N06059, N06230, N06455, N10276 43
N10001, N10665, N10675 44
N06007, N06030, N06975, N06985, N08320, R30556 45
SB-622 N06002, N06022, N06059, N06455, N10276 43
N10001, N10665, N10675 44
N06007, N06030, N06975, N06985, N08320, R30556 45
SB-626 N06002, N06022, N06059, N06455, N10276 43
N10001, N10665, N10675 44
N06007, N06030, N06975, N06985, N08320, R30556 45
SB-668 N08028 45
SB-673 N08925 45
SB-674 N08925 45
SB-675 N08367 45
SB-676 N08367 45
SB-677 N08925 45
SB-690 N08367 45
SB-704 N06625 43
N08825 45
SB-705 N06625 43
N08825 45
SB-710 N08330 46
SB-729 N08020 45
SB-804 N08367
Castings
SA-351 J94651 (Grade ’EN3MN) 45
SA-494 N26022 (Grade CX2MW), N30002 (Grade CW-12MW/C), 44
N30012, (Grade N-12MV/B)
Rod, Bar, Wire, and Shapes
SB-160 N02200, N02201 41
SB-164 N04400, N04405 42
SB-166 N06600, N06690 43
SB-335 N10001, N10665, N10675 44
SB-425 N08825 45
SB-446 N06625 43
SB-473 N08020 45
SB-511 NO08330 46
SB-572 N06002, N06230 43
R30556 45
SB-573 N10003 44
SB-574 N06022, N06059, N06455, N10276 44
SB-581 N06007, N06030, N06975, N06985 45
SB-621 NO08320 45
SB-649 N08925 45
SB-672 NOg706 45
SB-691 N08367 45
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Table TM-130.2-5
Nickel and Nickel Alloys (Cont’d)

Specification Number UNS No. ASME P-No.
Bolting [Note (1)]

SB-160 N02200, N02201

SB-164 N04400, N04405

SB-166 N06600

SB-335 N10001, N10665

SB-425 N08825

SB-446 N06625

SB-572 N06002, R30556

SB-573 N10003

SB-574 N06022, N06455, N10276
SB-581 N06007, N06030, N06975
SB-621 N08320

SB-637 N07718, N07750

NOTE: (1) Minimum design metal temperature for all bolting material listed in this table is -196°C\(-320°F).

Table TM-130.2-6
Ferritic Steels With Tensile Properties Enhanced by Heat Treatment

Specification Number Type/Grade ASME P-No. Group No.
Plates and Sheet
SA-353 11A 1
SA-517 A 11B 1
E 11B 2
F 11B 3
B 11B 4
] 11B 6
P 11B 8
SA-533 B ClL 3;DCL 3 11A 4
SA-553 I 1I 11A 1
SA-645 A 11A 2
SA-724 A B, C 1 4

Flanges, Fittings, and Valves

SA-420 WPL8 11A 1

SA-522 I 11A 1

SA-592 A 11B 1
E 11B 2
F 11B 3

Pipe

SA:=333 8 11A 1

Tubes

SA-334 8 11A 1

Castings

SA-487 4 Cl. Band E 11A 3
CA6NM Cl. A 6
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Table TM-130.2-7

(25) Titanium and Titanium Alloys

Specification Number UNS No. Grade ASME P-No.

Plates, Sheet, and Strip

SB-265 R50400 51
R52400 51
R52402 16 51
R50550 3 52
R53400 12 52
R56320 9 53

Forgings

SB-381 R50400 F-2 51
R52400 F-7 51
R52402 F-16 51
R50550 F-3 52
R53400 F-12 52
R56320 F-9 53

Fittings

SB-363 R50400 WPT2 51
R52400 WPT7 51
R50550 WPT3 52
R53400 WPT12 52

Pipe

SB-861 (seamless) R50400 51
R52400 51
R50550 52
R53400 12 52
R56320 53

SB-862 (welded) R50400 51
R52400 51
R50550 52
R53400 12 52
R56320 9 53

Tubing

SB-338 R50400 51
R52400 51
R52402 16 51
R50550 3 52
R53400 12 52
R56320 9 53

Bars and Billet

SB-348 R50400 51
R52400 51
R52402 16 51
ROUOOU o) DL
R53400 12 52
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Table TM-130.2-7
Titanium and Titanium Alloys (Cont’d)

Specification Number UNS No. Grade ASME P-No.

Castings

SB-367 R50400 C-2 51
R52400 C-7 51
R50550 C-3 52

(2) For all other product forms, the material shall be
accepted as complying with the material specification if
the material specification provides for the marking of each
piece with the specification designation, including the
grade, type, and class if applicable, and each piece is
so marked.

(3) If the material specification does not include for
the marking of each piece as indicated in (2), the material
shall be accepted as complying with the material specifi-
cation, provided the following requirements are met:

(-a) Each bundle lift, or shipping container is
marked with the specification designation, including
the grade, type, and class if applicable by the material
Manufacturer or supplier.

(-b) The handling and storage of the material by
the vessel Manufacturer shall be documented in the Manu-
facturer’s Quality Control System such that the Inspector
can determine that it is the material identified in (-a).
Traceability to specific lot, order, or heat is not requiréd.
Traceability is required only to material specificatienand
grade and type and class, if applicable.

(4) For pipe or tube where the length is not adequate
for the complete marking in accordance withsthe material
specification or not provided in accordanee with (3), the
material shall be acceptable as complying with the mate-
rial specification, provided the following are met:

(-a) A coded marking is_applied to each piece of
pipe or tube by the material“Manufacturer or material
supplier.

(-b) The coded-marking applied by the material
Manufacturer or material supplier is traceable to the spec-
ification designatioh, including the grade, type, and class, if
applicable.

(b) Exceptjas otherwise provided in TM-110(a)
throughl TM-110(e), TM-110.10, TM-120, and
TM-130.1, when some requirements of a material speci-
ficatien of Section II have been completed by other than
theumaterial Manufacturer (see TM-140.2 and TM-210.4),
then the tank Manufacturer shall obtain supplementary
material test reports or certificates of compliance, and
the Inspector shall examine these documents and shall
determine that they represent the material and meet
the requirements of the material specification.

L) ATl

TM-140.2, TM-150.6, and TM-210.1), then the-tank Manu-
facturer shall obtain supplementary matérial test reports
or certificates of compliance and the Inspector shall
examine these documents and, shall determine that
they represent the material and meéet the requirements
or provisions of Section XII,

(d) Unless otherwise specified below, all materials to
be used in constructing apressure vessel shall be visually
examined before fabrication for the purpose of detecting,
as far as possible;imperfections that would affect the
safety of the pressure vessel.

(1) Particular attention should be given to cut edges
and otherparts of rolled plate that would disclose the exis-
tence gflatinations, shearing cracks, and other imperfec-
tions.

(2) All materials that are to be impact-tested in
accordance with the requirements of TM-200 shall be
examined for surface cracks.

(3) When a pressure part is to be welded to a flat
plate thicker than 13 mm (%% in.) to form a corner
joint under the provisions of TW-130.5(e), the weld
joint preparation in the flat plate shall be examined
before welding as specified in (4) by either the magnetic
particle or liquid-penetrant methods. After welding, both
the peripheral edge of the flat plate and any remaining
exposed surface of the weld joint preparation shall be
reexamined by the magnetic particle or liquid-penetrant
methods as described in (4). When the plate is nonmag-
netic, only the liquid-penetrant method shall be used.

(4) For Figure TW-130.5-2, the weld joint prepara-
tion and the peripheral edges of the flat plate forming a
corner joint shall be examined as follows:

(-a) the weld edge preparation of typical weld
joint preparations in the flat plate as shown in sketches
(b), (c), (d), and (f)

(-b) the outside peripheral edge of the flat plate
after welding as shown in sketches (a) through (d)

(-c) the outside peripheral edge of the flat plate
after welding, as shown in sketches (e), (f), and (g) if
the distance from the edge of the completed weld to
the peripheral edge of the flat plate is less than the thick-
ness of the flat plate, such as defined in TD-500(b)

(-d) the inside peripheral surface of the flat plate

(l,j VVIITIT lCl.ibl;l ClllClltD Ul lJlUV;D;UllD Uf thib Scbtiuu
applicable to the materials exceed or supplement the re-

quirements of the material specification of Section II (see
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(e) The Inspector shall ensure that the thickness and
other dimensions of material comply with the require-

(b) High alloy steel and nonferrous bolts, studs, and
nuts may be used, provided they meet the requirements

(25)

ments of this Section.

(f) The Inspector shall verify that the inspection and
marking requirements of TM-190 have been complied
with for those castings assigned a casting quality
factor exceeding 80%.

TM-140.2 HEAT TREATMENT PERFORMED BY
OTHER THAN MATERIAL
MANUFACTURER

When plate specification heat treatments are not
performed by the material Manufacturer, they shall be
performed by, or be under the control of the Manufacturer
who shall place the letter T following the letter G in the Mill
plate marking (see SA-20) to indicate that the heat treat-
ments required by the material specification have been
performed. The Manufacturer shall also document in
accordance with TM-140.1(b) that the specified heat treat-
ment has been performed.

See TF-310.2, TF-610.3, and TF-610.4 for heat treat-
ment of test specimens.

TM-140.3 MARKING ON MATERIALS

The Inspector shall inspect materials used in the
construction to see that they bear the identification
required by the applicable material specification,
except as otherwise provided in TM-110(b),
TM-110.10, TM-120, or TM-140.1. Should the identifying
marks be obliterated or the material be divided into two or
more parts, the marks shall be properly transferred by the
manufacturer as provided in TF-110.2(a). (See TM-140.2.)

TM-140.4 EXAMINATION OF SURFACES

All materials used in the constructionshall be examined
for imperfections that have been uneovered during fabri-
cation as well as to determine that the work has been done
properly. (See TF-110.3.)

TM-150 ADDITIONAL REQUIREMENTS FOR
CARBON'AND LOW ALLOY STEELS

TM-150.1 USE IN WELDED CONSTRUCTION

Carbon.and'low alloy steel having a carbon content of
more than/0.35% by heat analysis shall not be used in
welded\construction or be shaped by oxygen cutting.

TM=150.2 CARBON AND LOW ALLOY STEEL BOLT
MATERIAL

(a) Approved specifications for bolt materials of
carbon steel and low alloy steel are given in

of TM-160.2(a) or TM-170.1, as applicable.

TM-150.3 NUTS AND WASHERS FOR CARBON
STEEL AND LOW ALLOY STEEL VESSELS

(a) Materials for nuts shall conform to SA-194, SA-563,
or to the requirements for nuts in the specifications for the
bolting material with which they are to be used. Nuts\of
special design, such as wing nuts, may be madef-any
suitable wrought material listed in Table TM<130.2-1
or Table TM-130.2-2 and shall be either:ihot- or cold-
forged; or machined from hot-forged;)hot-rolled, or
cold-drawn bars. Washers may be made’from any suitable
material listed in Tables TM-130.251 and TM-130.2-2.

(b) Nuts shall be semifinished, chamfered, and
trimmed. Nuts shall be threadedto Class 2B or finer toler-
ances according to ASME B1:20.1. For use with flanges
conforming to the standards listed in TD-100.5, nuts
shall conform at least to the dimensions given in ASME
B18.2.2 for Heavy ‘Series Nuts.

(c) Nuts of special design or dimensions other than
ANSI Heavy Series may be used, provided their strength
is equal te‘that of the bolting, giving due consideration to
bolt holewcléarance, bearing area, thread form and class of
fit, thread shear, and radial thrust from threads [see
TG-100.2(c)].

TM-150.4 CARBON AND LOW ALLOY STEEL BARS

(a) Carbon and low alloy steel bolt materials listed in
Table TM-130.2-1 may be used as bar material. Allowable
stresses at different temperatures are given in Section II,
Part D.

(b) Parts made from bars, on which welding is done,
shall be made of material for which a P-Number for proce-
dure qualification is given in Section IX, Table
QW/QB-422.

(c) UseofRodand Bar for Nozzle Neck. In addition to the
pressure parts listed in TM-110.8, rod and bar material
listed in Table TM-130.2-1 may be used for nozzle
necks of pressure vessels, provided the following addi-
tional requirements are met:

(1) When the nozzle neck is greater than DN 100
(NPS 4), or nozzle nominal wall thickness is less than
that for standard wall pipe, or the design hoop tension
stress is greater than 50% of the allowable stress
value, the material shall be formed into a ring. The
joints in the ring shall be welded using joints that are
Type No. 1 or 2 of Table TW-130.4.

TM-150.5 STRUCTURAL QUALITY STEEL

(a) Structural quality steel plate, sheets, and shapes

Table TM-130.2-1. (See TM-110.6.)
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conforming to specifications listed 1n Table TM-150.2-1
may be used for nonpressure boundary materials and
for attachments to pressure boundary materials not
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deemed to be essential to the structural integrity of the
pressure vessel.

numbers were assigned, the familiar AISI type
numbers for stainless steels were incorporated in the des-

(b) Structural quality plates, sheets, and shapes may
not be used for pressure parts in transport tanks
conforming to the requirements of this Section, except
as permitted by Mandatory Appendix VIII or the applica-
ble Modal Appendix.

TM-150.6 HEAT TREATMENT OF TEST SPECIMENS

(a) Heat treatment as used in this Section shall include
all thermal treatments of the material during fabrication
exceeding 480°C (900°F).

(b) When material is subject to heat treatment during
fabrication, the test specimens required by the applicable
specification shall be obtained from sample coupons that
have been heattreated in the same manner as the material,
including such heat treatments as were applied by the
material producer before shipment. The required tests
may be performed by the material producer or the fabri-
cator.

(c) The material used in the tank shall be represented
by test specimens that have been subjected to the same
manner of heat treatment, including postweld heat treat-
ment. The kind and number of tests and test results shall
be as required by the material specification. The tank
Manufacturer shall specify the temperature, time, and
cooling rates to which the material will be subjected
during fabrication, except as permitted in TF-310.2(g).
Material from which the specimens are prepared shall
be heated at the specified temperature within reasonable
tolerances such as are normal in actual fabricatien. The
total time at temperature shall be at least 80%0f'the total
time at temperature during actual heat treatment of the
product and may be performed in a single cycle. Simula-
tion of postweld heat treatment time may be applied to the
test specimen blanks.

(d) Heat treatment of material is not intended to
include such local heating as thermal cutting, preheating,
welding, or heating below'the lower transformation
temperature of tubing and pipe for bending or sizing.

(e) Exemptions From Requirement of Sample Test
Coupons. See TF<310.2 for exemptions from the require-
ment of heat-treating sample test coupons.

TM-160 -ADDITIONAL REQUIREMENTS FOR
HIGH ALLOY STEELS

TM-160.1 HIGH ALLOY STEEL MATERIALS

The specifications in Table TM-130.2-2 do not use a
uniform system for designating the Grade number of
materials that have approximately the same range of
chemical composition. To provide a uniform system of

1gnation. These type numbers are used in the rules of this
Section whenever reference is made to materials of
approximately the same chemical composition that are
furnished under more than one approved specification
or in more than one product form.

TM-160.2 HIGH ALLOY STEEL BOLT MATERIAL

(a) Approved specifications for bolt materials of high
alloy steel are given in Table TM-130.2-2. (Se®TM-110.6.)

(b) Nonferrous bolts, studs, and nuts)may be used,
provided they meet the requirements of TM-170.1 or
TM-170.2, as applicable.

TM-160.3 METALLURGICAL'‘PHENOMENA

See Section II, Part D, Nonmandatory Appendix A,
A-300.

TM-170 ADDITIONAL REQUIREMENTS FOR
NONFERROUS MATERIALS

TM-170.1"BOLT MATERIAL

{a)*Approved materials for nonferrous bolts are listed
in-Tables TM-130.2-3, TM-130.2-4, TM-130.2-5, and
TM-130.2-7. (See TM-110.6.)

(b) When bolts are machined from heat-treated, hot-
rolled, or cold-worked material and are not subsequently
hot-worked or annealed, the allowable stress values in
Section II, Part D, Subpart 1, Table 3, to be used in
design shall be based on the condition of the material
selected.

TM-170.2 NUTS AND WASHERS

(a) Approved materials for nonferrous nuts and
washers are listed in Tables TM-130.2-3, TM-130.2-4,
TM-130.2-5, and TM-130.2-7.

(b) Nuts may be of any dimension or shape, provided
their strength is equal to that of bolting, giving due consid-
eration to bolt hole clearance, bearing area, thread form
and class of fit, thread shear, and radial thrust from
threads.

TM-170.3 METALLURGICAL PHENOMENA

See Section I, Part D, Nonmandatory Appendix A,
A-400.

TM-180 ADDITIONAL REQUIREMENTS FOR
FERRITIC STEELS ENHANCED BY
HEAT TREATMENT

reference, these tablies inmciude a cotumm of UiNS
(Unified Numbering System) numbers assigned to identify
various alloy compositions. When these particular UNS

35

TM-180.1 HEAT TREATMENT OF TEST COUPONS

See TF-610.3 for heat treatment verification tests.
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TM-180.2 STRUCTURAL ATTACHMENTS AND
STIFFENING RINGS TO FERRITIC

(-d) All castings other than those that have been
radiographed are examined at all critical sections® by the

STEELS WITH PROPERTIES ENHANCED
BY HEAT TREATMENT

(a) Except as permitted in (b), all structural attach-
ments and stiffening rings that are welded directly to pres-
sure parts shall be made of materials of specified
minimum yield strength within +20% of that of the mate-
rial to which they are attached and which are listed in
Table TM-130.2-6.

(b) All permanent structural attachments welded
directly to shells or heads constructed of materials
conforming to SA-333 Grade 8, SA-334 Grade 8, SA-
353, SA-522, SA-553, and SA-645 Grade A shall be of
the material covered by these specifications or austenitic
stainless steel of the type that cannot be hardened by heat
treatment. If suitable austenitic stainless steel is used for
permanent attachments, consideration should be given to
the greater coefficient of expansion of the austenitic stain-
less steel.

TM-190 ADDITIONAL REQUIREMENTS FOR
CASTINGS

(a) Quality Factors. A casting quality factor as specified
below shall be applied to the allowable stress values for
carbon and low alloy steel castings. At a welded joint in a
casting, only the lesser of the casting quality factor or the
weld joint efficiency specified in TW-130.4 applies, but net
both. NDE methods and the acceptance standards.are
given in Mandatory Appendix X.

(1) A casting quality factor not to exceed 80% shall
be applied to static castings, which are examinéd-in accor-
dance with the minimum requirements of\the material
specification. In addition to the minimuim requirements
of the material specification, all surfaces of centrifugal
castings shall be machined after heat treatment to a
finish not coarser than 6.35 un1-(250 pin.) arithmetical
mean deviation, and a facter\not to exceed 85% shall be
applied.

(2) For nonferrous.materials, a factor not to exceed
90% shall be applied,if in addition to the minimum re-
quirements of (1).

(-a) Edch casting is subjected to a thorough exam-
ination of all surfaces, particularly such as are exposed to
machining or drilling, without revealing any defects.

{-b) Atleast three pilot castings® representing the
firstJot of five castings made from a new or altered design
are-sectioned or radiographed at all critical sections®
without revealing any defects.

(-c) One additional casting taken at random from
every subsequent lot of five is sectioned or radiographed

magnetic particle or liquid-penetrant methods 1n accor-
dance with the requirements of Mandatory Appendix X.

(3) For nonferrous materials, a factor not to exceed
90% may be used for a single casting that has been radio-
graphed at all critical sections and found free of defects.

(4) For nonferrous materials, a factor not to exceed
90% may be used for a casting that has been machined to
the extent that all critical sections? are exposed for exam-
ination for the full wall thickness. The examination
afforded may be taken in lieu of destructive, ot radio-
graphic testing required in (2)(-b).

(5) For carbon, low alloy, or high allgy steels, higher
quality factors may be applied if;, ih/addition to the
minimum requirements of (2)(-a),‘additional examina-
tions are made as follows:

(-a) For centrifugal castings, a factor not to exceed
90% may be applied if the castings are examined by the
magnetic particle or liguid-penetrant methods in accor-
dance with the reqdirements of Mandatory Appendix X.

(-b) For static and centrifugal castings, a factor not
to exceed 100%may be applied if the castings are exam-
ined with all thé requirements of Mandatory Appendix X.

(6)..The following additional requirements apply
wherngastings (including those permitted in
TM-110.10) are to be used in vessels containing hazardous
fluids [see TW-100.1(a)].

(-a) Casings of cast iron and cast ductile iron are
prohibited.

(-b) Each casting of nonferrous material permitted
by this Section shall be radiographed at all critical
sections® without revealing any defects. The quality
factor for nonferrous castings shall not exceed 90%.

(-c) Each casting of steel material permitted by
Section XII shall be examined per Mandatory Appendix
X for severe service applications [see Mandatory Appendix
X, X-3(b)]. The quality factor shall not exceed 100%.

(b) Defects. Imperfections found as unacceptable by
either the material specification or by Mandatory Appen-
dix X, X-3, whichever is more restrictive, are considered to
be defects and shall be the basis for rejection of the casting.
Where defects may have been repaired by welding, the
completed repair shall be subject to reexamination
and, when required by either the rules of this Section
or the requirements of the casting specification, the
repaired casting shall be examined as required by
(2)(2), (2)(3), (a)(4), (a)(5), or (a)(6). Repairs shall be
made using the procedures and Welders qualified in
accordance with Section IX.

(c) Identification and Marking. Each casting to which a
quality factor greater than 80% is applied shall be marked
with the name, trademark, or other traceable identifica-

at-all-critical-sections-withoutrevealingany-defects
g -
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tion—of the Manufacturer and the casting identification,
including the casting quality factor and the material des-
ignation.
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ARTICLE TM-2
NOTCH TOUGHNESS REQUIREMENTS

TM-200 GENERAL TOUGHNESS
REQUIREMENTS FOR ALL STEEL
PRODUCTS

TM-210 GENERAL

(a) Unless exempted by TM-240 or TM-250, or other-
wise specified in TM-250.1(c)(2) or TM-260.2(b), Charpy
V-notch impact tests in accordance with Article TM-2 shall
be made for steel materials used for shells, heads, nozzles,
manways, reinforcing pads, flanges, backing strips that
remain in place, and attachments that are essential to
structural integrity of the pressure vessel when welded
to pressure-retaining components.

(b) Toughness test requirements for materials listed in
Table TM-130.2-1 are given in TM-240 and the acceptance
criteria is in TM-220.1 and TM-220.2. Toughness require-
ments for materials listed in Table TM-130.2-2 are given jn
TM-250. Toughness requirements for materials listed\in
Table TM-130.2-6 are given in TM-260. For weld and heat-
affected zone toughness requirements, see \TM=230,
TM-240.2, TM-250.1, TM-250.2, and TM-260%35.as appli-
cable.

(c) Impact testing is not required for vessels
constructed of materials listed in Tables TM-130.2-3,
TM-130.2-4, TM-130.2-5, and TM-130.2-7 (see TM-270).

TM-210.1 Test Procedures

(a) Impact test procedures and apparatus shall
conform to the applicable*paragraphs of SA-370.

(b) Unless permitted by Table TM-210.1, the impact
test temperature shall not be warmer than the
minimum design)metal temperature [see TD-140(b)].

Table TM-210.1
Impact Test Temperature Differential

Temperature
Minimum Specified Yield Strength, Difference,
MPa (ksi) °C (°F) [Note (1)]
<275 (40) 6 (10)
<380 (55) 3(5)
>380 (55) 0(0)

TM-210.2 Test Specimens

(a) Each set of impact tests shall consistjof three speci-
mens.

(b) The impact test specimens shall be of the Charpy V-
notch type and shall conform”in all respects to
Figure TM-210.2. The standard full-size (10 mm x 10
mm) specimen, when obtainable, shall be used, except
that for materials that\normally have absorbed energy
in excess of 245 J ({180 ft-Ibf) when tested using full-
size specimens_at |the specified testing temperature,
subsize (10 mm.x 6.7 mm) specimens may be used in
lieu of fullsSize specimens. However, when this option
is used, the ‘acceptance value shall be 100 J (75 ft-lbf)
minimium for each specimen.

(6} \For material from which full-size specimens cannot
béeobtained, either due to the material shape or thickness,
the specimens shall be either the largest possible subsize
specimen obtainable or specimens of full material thick-
ness, which may be machined to remove surface irregu-
larities. [The test temperature criteria of TM-220.3(b)
shall apply for Table TM-130.2-1 materials having a speci-
fied minimum tensile strength less than 655 MPa (95 ksi)
when the width along the notch is less than 80% of the
material thickness.] Alternatively, such material may be
reduced in thickness to produce the largest possible
Charpy subsize specimen. Toughness tests are not
required where the maximum obtainable Charpy
specimen has a width along the notch less than 2.5
mm (0.099 in.), but carbon steels too thin to impact
test shall not be used for design temperatures colder
than -48 °C (-55°F).

TM-210.3 Standard Product Forms

When no procedural requirements are included in the
product specification for toughness testing, the following
apply:

(a) The manufacturer of small parts, either cast or
forged, may certify a lot of not more than 20 duplicate
parts by reporting the results of one set of impact speci-
mens taken from one such part selected at random,
provided the same specification and heat of material
and the same process of production, including heat treat-
ment, were used for all of the lot.

NOTE: (1) Impact test temperature may be warmer than the
minimum design temperature by the amount shown.

37

(b) When the part is too small to provide the three
specimens of at least minimum size indicated in
TM-210.2,no impact test need be made [see TM-210.2(c)].
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Figure TM-210.2
Simple Beam Impact Test Specimens (Charpy-Type Test)

not be less than two-thirds of the minimum average
energy required for three specimens.

8 mm (0.315in.)

[<«————55 mm (2.165 in.) ———>

¥

I

VAN

10 mm J
(0.394 in.) [Note (1)]

0.25 mm
(0.010in.) R

445 )

deg

NOTE: (1) See TM-210.2(c) and TM-220.3(b) for width of reduced-
type specimen.

TM-210.4 Certification of Compliance With Impact Test
Requirements

(a) Certified reports of impact tests by the materials
manufacturer will be acceptable evidence that the mate-
rial meets the requirements of this paragraph, provided

(1) the specimens taken are representative of the
material delivered and the material is not subjected to
heat treatment during or following fabrication that will
materially reduce its impact properties, or

(2) the materials from which the specimens_dre
removed are heat treated separately such that they are
representative of the material in the finished véssel
(see TF-310.2)

(b) The Manufacturer of the vessel may, have impact
tests made to prove the suitability of a-material that
the materials Manufacturer has not*impact-tested,
provided that the number of test§and the method of
taking the test specimens are as specified for the materials
Manufacturer (see TM-140.1).

TM-220 ACCEPTANCE CRITERIA FOR IMPACT
TESTS(OF FERROUS MATERIALS
OTHER THAN BOLTING

TM-220.1 Minimum Energy Requirements for
Table TM-130.2-1 Materials With Specified
Minimum Tensile Strength Less Than 655
MPa (95 ksi)

The applicable minimum energy requirement for all
Specimen sizes shall be that shown in Figure TM-220.1
multiplied by the ratio of the actual specimen width
along the notch to the width of a full-size specimen,

TM-220.2 Lateral Expansion Requirements for All
Other Steels

(a) Except for materials produced and impact-tested in
accordance with the specifications listed in
Figure TM-220.1, General Note (c), the applicable
minimum lateral expansion opposite the notch forall
specimen sizes for Table TM-130.2-1 materials having
a specified minimum tensile strength of 655(MPa (95
ksi) or greater and for Table TM-130.246 materials
shall be not less than the requirements,shown in Table
TM-220.2. The minimum values for intérmediate thick-
nesses may be obtained by straight liné interpolation.

(b) For Table TM-130.2-2 materials, the minimum
lateral expansion opposite the-notch shall be 0.38 mm
(0.015 in.) for minimum deSign metal temperatures
(MDMTs) of -196°C (-320°F) and warmer. For MDMTs
colder than -196°C (=320°F), the testing temperature
shall be -196°C (-3207F) and the lateral expansion oppo-
site the notch shall-be not less than 0.53 mm (0.021 in.).
(See also Figdre‘TM-220.2.)

TM-220.3:Impact Test Temperature Criteria

Fer.all Charpy impact tests, the following test tempera-
ture criteria shall be observed:

(a) For Materials of Thickness Equal to or Greater Than
10 mm (0.394 in.). Where the largest obtainable Charpy V-
notch specimen has a width along the notch of at least 8
mm (0.315 in.) (see Figure TM-210.2), the Charpy test of
such a specimen shall be conducted at a temperature not
warmer than the minimum design metal temperature.
Where the largest possible test specimen has a width
along the notch less than 8 mm (0.315 in.), the test
shall be conducted at a temperature colder than the
minimum design metal temperature by the amount
shown in Table TM-220.3 for the specimen width.
[This requirement does not apply when the option of
TM-210.2(b) is used.]

(b) For Materials With Thickness Less Than 10
mm (0.394 in.). Where the largest obtainable Charpy V-
notch specimen has a width along the notch of at least
80% of the material thickness, the Charpy test of such
a specimen shall be conducted at a temperature not
warmer than the minimum design metal temperature.*

Where the largest possible test specimen has a width
along the notch of less than 80% of the material thickness,
the test for Table TM-130.2-1 materials having a specified
minimum tensile strength of less than 655 MPa (95 ksi),
shall be conducted at a temperature colder than the
minimum design metal temperature by an amount
equal to the difference (referring to Table TM-220.3)

EXCEPT a5 ONErwise provided I TM-210-2(b)- The
minimum impact test energy for one specimen shall
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between the temperature reduction corresponding to
the actual material thickness and the temperature reduc-
tion corresponding to the Charpy specimen width actually
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Figure TM-220.1
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels, Having Specified

Minimum [ensile 5trengtn Less Than 655 MPa ‘95 RSI,, LCisted in Table TM-130.2-1 (25)
T
i
10 mm (0.394 in.)
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Maximum Nominal Thickness of Materials or Weld, mm (in.)

GENERAL NOTES;

(a) Interpolation’ between yield strengths is permitted.

(b) Themihimum impact energy value for one specimen shall not be less than two-thirds of the average energy required for three specimens.

(c) Material produced and impact tested in accordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, SA-437, SA-540 (except for
materials produced under Table 2, Note 4 in SA-540), and SA-765 do not have to satisfy these energy values. They are acceptable for use at
minimum design metal temperature not colder than the test temperature when the energy values required by the applicable specification are
satisfied.

(d) For materials having a specified minimum tensile strength of 655 MPa (95 ksi) or more, see TM-220.2.

39
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Table TM-220.2
Minimum Lateral Expansion Requirements

Table TM-220.3
Charpy Impact Test Temperature Reduction Below

Maximum Nominal
Thickness, mm (in.)

Minimum Charpy V-Notch Lateral
Expansion, mm (mils) [Note (1)]

<32 (1%) 0.38 (15)
54 (2%) 0.51 (20)
75 (3) 0.64 (25)

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

Figure TM-220.2
Illustration of Lateral Expansion
in a Broken Charpy V-Notch Specimen

2mm
A< (0.079 in.)
: Y ¥
10 mm T
(0.394 in.)
i 4
A <
Width along notch I 71T a
A-A
Charpy V-Notch Specimen
B <«—

Impact
Broken Specimen

tested. [This requirement does not apply when the option
of TM-210.2(b) is-used.] For Table TM-130.2-1 materials
having a specified-minimum tensile strength greater than
or equal to 655.MPa (95 ksi), and for Tables TM-130.2-2
and TM-130:2-6 materials, the test shall be conducted at a
temperature not warmer than the minimum design metal
temperature.

TM-220.4 Retest

(a) For Absorbed Energy Criteria. If the absorbed
energy criteria are not met, retesting in accordance
with the applicable procedures of SA-370 shall be

Minimum Design Metal IemperaEure (MDMT)

Actual Material Thickness [See (b)] of Charpy Impact Specimen
Width Along the Notch [Note (1)]

Temperature
Thickness, mm (in.) Reduction, °C (°F)
10.01 (full-size standard bar) (0.394) 0 (0)
8.99 (0.354) 0 (0)
8.00 (0.315) 0 (0)
7.49 (%, size bar) (0.295) 3 (5)
7 (0.276) 4.(8)
6.7 (% size bar) (0.262) 6 (10)
5.99 (0.236) 8 (15)
5.00 (% size bar) (0.197) 11 (20)
4 (0.158) 17 (30)
3.33 (% size bar) (0.131) 19 (35)
3.00 (0.118) 22 (40)
2.51 (Y, size bar) (0.099) 28 (50)

GENERAL NOTE: For Table TM-130.2-1 materials having a specified
minimum tensile strength of less than 655 MPa (95 ksi), when the
subsize Charpy impact width is less than 80% of the material thick-
ness.

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

(b) For Lateral Expansion Criteria
(1) Retesting is permitted only if the average value
for three specimens equals or exceeds the value required

(-a) for Table TM-130.2-1 materials having speci-
fied minimum tensile strengths of 655 MPa (95 ksi) or
greater and for Table TM-130.2-6 materials, if the
measured value of lateral expansion for one test specimen
in a group of three is less than that required by Table
TM-220.2

(-b) for materials of Table TM-130.2-2 for MDMTs
no colder than -196°C (-320 °F), if the measured value of
lateral expansion for one test specimen in a group of three
isless than 0.38 mm (0.015 in.), but not less than 0.25 mm
(0.010 in.)

(-c) for materials of Table TM-130.2-2 for MDMTs
colder than -196°C (-320°F), if the measured value of
lateral expansion for one test specimen in a group of
three is less than 0.53 mm (0.021 in.), but not less
than 0.38 mm (0.015 in.)

(-d) for materials of Table TM-130.2-6, if the
measured value of lateral expansion for one specimen
in a group of three is less than that required in Table
TM-220.2, but not less than two-thirds of the required
value

permitted.
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(2 Theretestshatt consistof threeadditiomat speci
mens. For materials listed in Table TM-130.2-6 and for
Table TM-130.2-1 materials having specified tensile
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strengths of 655 MPa (95 ksi) or greater, the retest value
for each specimen must equal or exceed the value listed in

(c) Forwelds made of solid-state welding process, such
as for electric resistance-welded pipe, the weld impact

Table TM-220.2. For Table TM-130.2-2 materials, the
retest value for each specimen must equal or exceed
0.38 mm (0.015 in.) for MDMTSs no colder than -196°C
(-320°F).

(3) If the required values are not obtained in the
retest, or if the values in the initial test are less than
minimum required for retest, the material may be
reheat treated. After reheat treatment, a set of three speci-
mens shall be made; for acceptance, the lateral expansion
of each of the specimens must equal or exceed the
minimum required values in Table TM-220.2.

(c) When an erratic result is caused by a defective
specimen or there is uncertainty in the test procedure,
a retest will be allowed. When the option of
TM-220.2(b) is used for the initial test and the acceptance
of 100 ] (75 ft-1bf) minimum is not attained, retest using
full-size (10 mm x 10 mm) specimens will be allowed.

TM-230 IMPACT TEST REQUIREMENTS FOR
WELDED JOINTS

TM-230.1 Impact Testing of Welds

(a) For steel vessels of welded construction, the impact
toughness of welds and heat-affected zones of procedure
qualification plates and vessel impact test plates (produc-
tion impact test plates) shall be determined as herein
required.

(b) All test plates shall be subjected to heat treatment,
including cooling rates and aggregate time at temperature
or temperatures as established by the Manufacturer for
use in actual manufacture. Heat treatment féquirements
of TM-140.1, TF-310.2, TF-610.3, and TF-610.4 shall apply
to the test plates, except that the provisions of TF-310.2(f)
are not applicable to plates joining\P-Nos. 1 and 2 mate-
rials.

TM-230.2 Location, Orientation, Temperature, and
Values of Weld Impact Tests

All welded joint impact tests shall comply with the
following:

(a) Each set'of weld metal impact specimens shall be
taken acroess the weld with the notch in the weld metal.
Each specimen shall be oriented so that the notch is
nornial to the surface of the material and one face of
the specimen shall be within 1.6 mm (% in.) of the
sturface of the material.

(b) Each set of heat-affected zone impact test speci-
mens shall be taken across the weld and of sufficient
length to locate, after etching, the notch in the heat-
affected zone. The notch shall be cut approximately
normal to the material surface in such a manner as to

tests shall consist only of one set of three specimens
taken across the weld with the notch at the weld center-
line. Each specimen shall be oriented such that the notch is
normal to the surface of the material and one face of the
specimen shall be within 1.6 mm (% in.) of the surfaceof
the material. The weld impact tests are not required if.the
weld and the base metal have been annealed, normalized,
or quenched and tempered.

(d) The test temperature for welds andcheat-affected
zones shall not be higher than required for the base metal.

(e) Impact test values shall be at least @s high as those
required for the base metal.

TM-230.3 Impact Tests of Welding Procedure Qualifica-
tions

(a) General. For steel'\vessels of welded construction,
the impact toughness of the welds and heat-affected
zones of the procedure qualification test plates shall be
determined indccordance with TM-230.2 and the require-
ments specified in (a) through (d).

(b) Wheén*Required. Welding procedure impact tests
shall be' made when required by TM-240.2, TM-250, or
TM«260.3. For vessels constructed of carbon and low
alloy steels in Table TM-130.2-1, the test plate material
shall satisfy the following requirements relative to the
material to be used in production:

(1) be of the same P-Number and Group Number for
ferrous materials and the same P-Number and UNS
Number for nonferrous materials

(2) meet the minimum notch toughness require-
ments of TM-220.1 for the thickest material of the
range of base material qualified by the procedure (see
Figure TM-220.1).

If impact tests are required for the weld metal, but the
base metal is exempted from impact tests (as in TM-250),
welding procedure test plates shall be made. The test plate
material shall be material of the same P-Number and
Group Number used in the vessel. One set of impact
test specimens shall be taken with the notch approxi-
mately centered in the weld metal and perpendicular
to the surface; the heat-affected zone need not be
impact-tested.

When the welding procedure employed for production
welding is used for fillet welds only, it shall be qualified by
a groove weld qualification test. The qualification test
plate or pipe material shall meet the requirements of
TM-210 when impact testing is a requirement.

(c) Material Over 38 mm (1%, in.) Thick. When proce-
dure tests are made on material over 38 mm (1% in.) in
thickness, three sets of impact test specimens are
required. One set of heat-affected zone specimens shall

include as much of the heat-affected zone material as
possible in the resulting fracture.
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be takem as described 1w TM=230-2(b) TwWo Sets of
impact test specimens shall be taken from the weld
with one set located near [within 1.6 mm (% in.)] the
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surface of one side of the material and one set taken as
near as practical midway between the surface and the

(-a) If automatic or semiautomatic welding is
performed, a test plate shall be made in each position

center of thickness of the opposite side as described In
TM-230.2.

(d) Supplementary Essential Variables. The additional
supplementary essential variables described in Section
IX, QW-250, for impact testing are required.

TM-230.4 Vessel (Production) Impact Test Plates

(a) General. In addition to the requirements of
TM-230.3, impact tests of welds and heat-affected
zones shall be made in accordance with TM-230.2 for
each qualified welding procedure used on each vessel
or group of vessels as defined in (c). The vessel impact
test plate shall be one of the heats of steel used for the
vessel or group of vessels. For Category A joints, the
test plate shall, where practicable, be welded as an exten-
sion to the end of a production joint so that the test plate
weldment will represent as nearly as practicable the
quality and type of welding in the vessel joint. For Category
B joints that are welded using a different welding proce-
dure than used on Category A joints, a test plate shall be
welded under the production welding conditions used for
the vessel, using the same type of equipment and at the
same location and using the same procedures as used for
the joint, and it shall be welded concurrently with the
production welds or as close to the start of production
welding as practicable.

(b) When Required. Vessel (production) impact test
plates shall be made for all joints for which impact
tests are required for the welding proceduré.by
TM-240.2, TM-250, and TM-260.3 (except where produc-
tion test plates are specifically exempt by these para-
graphs). Tests shall be made of the weld metal and/or
heat-affected zone to the extent required by‘the procedure
test (see TM-240.2, TM-250, and TM-260.3).

(c) Number of Impact Test Plates Required

(1) For each vessel, one test plate shall be made for
each welding procedure used for joints of Categories A and
B, unless the vessel is one of several as defined in (2). In
addition, for Categories A and B joints the following shall

apply:

employed 1n the vessel welding.

(-b) If manual welding is also employed, a test
plate shall be made in the flat position only; except if
welding is to be performed in other positions, a test
plate need be made in the vertical position only
(where the major portions of the layers of welds are
deposited in the vertical upward direction). Qualifications
in the vertical position shall qualify that manual procéssin
all positions.

(2) For several vessels or parts of vessels,” welded
within any 3-month period at one location,theplate thick-
ness of which does not vary by more than'¢ mm (% in.), or
25%, whichever is greater, and of the $ame specification
and grade of material, a test platetshall be made for each
120 m (400 ft) of joints welded-by the same procedure.

TM-230.5 Rejection

If the vessel test platefails to meet the impact test re-
quirements, the weld(s) represented by the plate shall be
unacceptable. Reheat treatment and retesting, or retesting
only, are permitted.

TM-240-IMPACT TEST REQUIREMENTS FOR
CARBON AND LOW ALLOY STEELS

TM=-240.1 For Carbon and Low Alloy Steels, Dependent
on Design Temperature

Figure TM-240.1-1 shall be used to establish impact
testing exemptions for steels listed in Table
TM-130.2-1. Unless otherwise exempted by the rules of
Section XII, impact testing is required for a combination
of minimum design metal temperature [see TD-140(b)]
and thickness (as defined below), which is below the
curve assigned to the subject material. If a minimum
design metal temperature and thickness combination is
on or above the curve, impact testing is not required
by the rules of Section XII, except as required by
TM-240.2 for weld metal and heat-affected zones. See
also Table TM-240.1.
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Figure TM-240.1-1
Impact Test Exemption Curves
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GENERAL NOTES:
(ad-Curve A applies to
(1) all carbon and all low alloy steel plates, structural shapes, and bars not listed in Curves B, C, and D below
(2) SA-216 Grades WCB and WCC if normalized and tempered or water-quenched and tempered; SA-217 Grade WC6 if normalized and
tempered or water-quenched and tempered
(b) Curve B applies to
(1) SA-216 Grade WCA if normalized and tempered or water-quenched and tempered
SA-216 Grades WCB and WCC for thicknesses not exceeding 50 mm (2 in.), if produced to fine grain practice and water-quenched and
tempered

SA-285 Grades A and B
SA-414 Grade A
SA-515 Grade 60

43



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

Figure TM-240.1-1
Impact Test Exemption Curves (Cont’d)

GENERAL NOTES (Cont'd)

SA-516 Grades 65 and 70 if not normalized
SA-612 if not normalized
SA-662 Grade B if not normalized
SA/EN 10028-2 P295GH as-rolled;

(2) except for cast steels, all materials of Curve A if produced to fine grain practice and normalized that are not listed in Curves C and D

below;
(3) all pipe, fittings, forgings and tubing not listed for Curves C and D below;
(4) partspermitted under TM-110.10 shall be included in Curve B even when fabricated from plate that otherwise would be assighed to

a different curve.
(c) Curve C
(1) SA-302 Grades C and D

SA-516 Grades 55 and 60 if not normalized

SA-662 Grade A

(2) all material of Curve B if produced to fine grain practice and normalized and not listed for Curve, B_below.

(d) Curve D
SA-203
SA-508 Grade 1
SA-516 if normalized
SA-524 Classes 1 and 2
SA-537 Classes 1, 2, and 3
SA-612 if normalized
SA-662 if normalized
SA-738 Grade A

SA-738 Grade A with Cb and V deliberately added in accordance with the provisjons’of the material specification, not colder than -29

°C (~20°F)

SA-738 Grade B not colder than -29°C (-20°F)
SA/EN 10028-2 P295GH if normalized [see Note (g)(3)]

SA/EN 10028-3 P275NH

(e) For bolting and nuts, the following impact test exemption temperature shall apply:

Bolting
Impact Test Exemption Temperature,
Spec. No. Grade Piameter, mm (in.) °C (°F)
SA-193 B5 Up to 100(4), incl. -29 (-20)
B7 Up t0'65, [2%) , incl. -48 (-55)
Over'65 (2%) to 180 (7) -40 (-40)
B7M Upito 65 (2%) , incl. -48 (-55)
B16 Up to 180 (7), incl. -29 (-20)
SA-307 B All -29 (-20)
SA-320 L7, L7A, Up to 65 (2Y%) , incl. See Figure TM-220.1, General Note (c)
L7M, Up to 65 (2'%) , incl. See Figure TM-220.1, General Note (c)
L43 Up to 25 (1), incl. See Figure TM-220.1, General Note (c)
SA-325 1 13 (%) to 38 (1%4) -29 (-20)
SA-354 BC Up to 100 (4), incl. -18 (0)
BD Up to 100 (4), incl. -7 (20)
SA-437 B4B, B4C All diameters See Figure TM-220.1, General Note (c)
SA-449 Up to 75 (3), incl. -29 (-20)
SA-540 B21 Cl All All Impact test required
B22 Cl. 3 Up to 100 (4), incl. Impact test required
B23ClL 1,2 All Impact test required
B23 CL 3, 4 Up to 150 (6), incl. See Figure TM-220.1, General Note (c)
B23 CL 3, 4 Over 150 (6) to 240 (9%) , incl. Impact test required
B23 Cl. 5 Up to 200 (8), incl. See Figure TM-220.1, General Note (c)
B24 Cl. 5 Over 200 (8) to 240 (9'%) , incl. Impact test required
B24 Cl. 1 Up to 150 (6), incl. See Figure TM-220.1, General Note (c)
B24 Cl 1 Quer 150 (6) to 200 (8), incl Impact test required
B24 CI. 2 Up to 180 (7), incl. See Figure TM-220.1, General Note (c)
B24 CI. 2 Over 180 (7) to 240 (9%) , incl. Impact test required
B24 Cl 3, 4 Up to 200 (8), incl. See Figure TM-220.1, General Note (c)

44



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

Figure TM-240.1-1
Impact Test Exemption Curves (Cont’d)

GENERAL NOTES (Cont'd)

Bolting

Impact Test Exemption Temperature,

Spec. No. Grade Diameter, mm (in.) °C (°F)
B24 Cl. 3, 4 Over 200 (8) to 240 (9%) , incl. Impact test required
B24 CL. 5 Up to 240 (9%) , incl. See Figure TM-220.1, General Note-(¢)
B24V Cl. 3 All See Figure TM-220.1, General Note(c)
Nuts
Spec. No. Grade Impact Test Exemption Temperature, °C (°F)
SA-194 2, 2H, 2HM, 3, 4, 7, 7M, and 16 -55 (-48)
SA-540 B21/B22/B23/B24/B24V -55 (-48)

(f) When no class or grade is shown, all classes or grades are included.

(g) The following shall apply to all material assignment notes.

(1) Cooling rates faster than those obtained by cooling in air, followed by tempering, as permitted by the material specification, are
considered to be equivalent to normalizing or normalizing and tempering heat treatments.

(2) Fine grain practice is defined as the procedure necessary to obtain a fine austenitic| grain size as described in SA-20.

(3) Normalized rolling condition is not considered as being equivalent to normalizing.

(h) Tabular values for this Figure are provided in Table TM-240.1.

(i) Castings not listed in General Notes (a) and (b) shall be impact tested.

Components such as shells, heads, nozzles, manways,
reinforcing pads, stiffening rings, flanges, flat cover
plates, backing strips, and attachments that are essential
to the structural integrity of the vessel when weldéed to
pressure-retaining components shall be treated‘asp>
separate components. Each component shall be éyaluated
for impact test requirements based on its individual mate-
rial classification, thickness as defined in{(aj, (b), or (c),
and the minimum design metal temperature. The
following thickness limitationsCapply when using
Figure TM-240.1-1.

(a) Excluding castings, the*geverning thickness t, of a
welded part is as follows:

(1) for butt joints;, except those in flat heads, the
nominal thickness of-the thickest welded joint [see
Figure TM-240.1-2)sketch (a)]

(2) for coftier, fillet, or lap-welded joints, including
attachments(asydefined above, the thinner of the two parts
joined

(3). for flat heads, the larger of (2) or the flat compo-
neng thickness divided by 4

(4) for welded assemblies comprised of more than
two components (e.g., nozzle-to-shell joint with reinfor-
cing pad), the governing thickness and permissible
minimum design metal temperatures of each of the indi-
vidual welded joints of the assembly shall be determined,
and the warmest of the minimum design metal tempera-

tures-shall-be-used-as-the-permissible-minimum Anmnn
tHHeSs—SH—be-dUsSea— e-pe

{b) The governing thickness of a casting shall be its
largest nominal thickness.

(c) The governing thickness of flat nonwelded parts,
such as bolted flanges and flat heads, is the flat component
thickness divided by 4.

(d) The governing thickness of a nonwelded dished
head is the greater of the flat flange thickness divided
by 4 or the minimum thickness of the dished portion.

Examples of the governing thickness for some typical
vessel details are shown in Figure TM-240.1-2.

TM-240.2 Impact Tests of Welding Procedures

Exceptas exempted by TM-240.4(a), the Welding Proce-
dure Qualification for welded construction shall include
impact tests of welds and heat-affected zones made in
accordance with TM-230 when required by the following
provisions. The MDMT used below shall be the MDMT
stamped on the nameplate, or the exemption temperature
ofthe welded componentbefore applying the temperature
reduction permitted by TM-240.3(a) or TM-240.4(g):

(a) Welds made with filler metal shall be impact-tested
in accordance with TM-210 and TM-230 when any of the
following apply:

(1) when either base metal is required to be impact-
tested by the rules of this Section, or

(2) when joining base metals from
Figure TM-240.1-1 Curves C or D, or metals exempted
from impact testing by TM-240.4(f), and the minimum

metal temperature (MDMT) of the welded assembly
[see Figure TM-240.1-2, sketch (b)]
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desigm metal temperature 15 cotder tan —29°C(—20°F)
but not colder than -48°C (-55°F), unless welding
consumables that have been classified by impact tests
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Table TM-240.1
Tabular Values for Figure TM-240.1-1

at a temperature not warmer than the MDMT by the ap-
plicable SFA specification are used

Curve A, Curve B, Curve C, Curve D,

(3) when joining base metals exempt from 1mpact
testing by TM-240.4(f) when the design metal tempera-
ture is colder than -48 °C (-55°F).

(b) Weldsin materialslisted in Table TM-130.2-1 made
without the use of filler metal shall be impact-tested when
the thickness of the weld exceeds 13 mm (% in.) for all
minimum design metal temperatures or when the thick:
ness at the weld exceeds 8 mm (% in.) and the minimum
design metal temperature is colder than 10°C (50°F).

(c) Weld heat-affected zones produced with orwithout
the addition of filler metal shall be impact-tested when-
ever any of the following apply:

(1) when the base metal is required to be impact-
tested by the rules of this Section

(2) when the welds haverany individual weld pass
exceeding 13 mm (% ini)~in thickness, and the
minimum design metalhtémperature is colder than
21°C (70°F)

(3) when joining base metals exempt from testing by
TM-240.4(f) when-the minimum design metal tempera-
ture is colder-than -48°C (-55°F)

(d) Vessel (production) impacttestsinaccordance with
TM-230.4\may be waived for any of the following:

(L)yweld metals joining steels exempted from impact
testing by TM-240.1 or TM-240.4 for minimum design
metal temperatures of —29 °C (-20°F) or warmer

(2) weld metals defined in (a)(2) and (a)(3)

(3) heat-affected zones in steels exempted from
impact testing by TM-240.1 or TM-240.4, except when

(c)(3) applies

TM-240.3 For Carbon and Low Alloy Steels, Dependent
on Design Stress Values

(a) When the coincident ratio defined in
Figure TM-240.3-1 is less than one, Figure TM-240.3-1
provides a basis for the use of components made of
Table TM-130.2-1 materials without impact testing at
MDMT colder than that derived from TM-240.1.

(1) For such components, and for MDMT of -48°C
(-55°F) and warmer, the MDMT without impact testing
as determined in TM-240.1 for the given material and
thickness may be reduced as determined from Figure
TM-240.3-1. If the resulting temperature is colder than
the required MDMT, impact testing of the material is
not required.

(2) Figure TM-240.3-1 may also be used for compo-
nents not stressed in general primary membrane tensile
stress, such as flat heads, covers, and flanges (including
bolts and nuts). The MDMT of these components without
impact testing as determined in TM-240.1 or TM-240.4(b)
may be reduced as determined from Figure TM-240.3-2.

Thickness, in. °F °F °F °F

0.25 18 -20 -55 -55
0.3125 18 -20 -55 -55
0.375 18 -20 -55 -55
0.4375 25 -13 -40 -55
0.5 32 -7 -32 -55
0.5625 37 -1 -26 -51
0.625 43 5 -22 -48
0.6875 48 10 -18 -45
0.75 53 15 -15 -42
0.8125 57 19 -12 -38
0.875 61 23 -9 -36
0.9375 65 27 -6 -33
1 68 31 -3 -30
1.0625 72 34 -1 -28
1.125 75 37 2 -26
1.1875 77 40 4 -23
1.25 80 43 6 -21
1.3125 82 45 8 -19
1.375 84 47 10 -18
1.4375 86 49 12 -16
1.5 88 51 14 -14
1.5625 90 53 16 -13
1.625 92 55 17 -11
1.6875 93 57 19 -10
1.75 94 58 20 -8
1.8125 96 59 22 -7
1.875 97 61 23 -6
1.9375 98 62 24 -5
2 99 63 26 -4
2.0625 100 64 27 -3
2.125 101 65 28 -2
2.1875 102 66 29 -1
2.25 102 67 30 0
2.3125 103 68 31 1
2.375 104 69 32 2
2.4375 105 70 33 3
2.5 105 71 34 4
2.5625 106 71 35 5
2.625 107 73 36 6
2.6875 107 73 37 7
2.75 108 74 38 8
2.8125 108 75 39 8
2.875 109 76 40 9
29375 109 77 40 10
3 110 77 41 11

GENERAL NOTE: See Figure TM-240.1-1 for SI values.
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TheTatio used I Step 3 of Figure TM-240-3-2hatt be tie
ratio of maximum design pressure at the MDMT to the
maximum allowable pressure (MAP) of the component
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Figure TM-240.1-2

Some Typical Tank Details Showing the Governing Thicknesses as Defined in TM-240.1
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Figure TM-240.1-2
Some Typical Tank Details Showing the Governing Thicknesses as Defined in TM-240.1 (Cont’d)
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Figure TM-240.1-2
Some Typical Tank Details Showing the Governing Thicknesses as Defined in TM-240.1 (Cont’d)

7]

|

(4

2f
/®/ {

I\

—» <— I
1
/®/A
T A Pressure part

b

Pressure part

tg1 = thinner if t4 or tg

(f) Welded Attachments as Defined in TM-240.1

GENERAL NOTE: t;, = governing thickness of the welded joint as defined in TM-240.1

NOTE: (1) Using t4, ts2, and ty3, determine the warmest MDMT and use that as the permissible\MDT for the welded assembly.

at the MDMT. If the resulting temperature is colder than
the required MDMT, impact testing of the material is not
required, provided the MDMT is not colder than -48°C
(-55°F).

(3) In lieu of using (2), the MDMT determined in
TM-240.1 or TM-240.4(b) may be reduced for a flange
attached by welding, by the same reduction as determinéd
in (2) for the neck or shell to which the flange is attached.
The bolt-up condition need not be considered when'deter-
mining the temperature reduction for flanges,

(4) When the minimum design metal temperature is
colder than -48°C (-55°F), impact testing’istequired for
all materials, except as allowed in (5) and TM-240.4(g).

(5) When the minimum designmetal temperature is
colder than -48°C (-55°F) and not colder than -104°C
(-155°F), and the coincident.yatio defined in Figure
TM-240.3-1 is less thanlor equal to 0.35, impact
testing is not required.

(b) The exemptions.in (a) apply to those vessels in
which the pressure is'dependent on the vapor pressure
of the contents/(e.g., vessels subject to low seasonal atmo-
spheric temperatures). For such services, the primary
thicknesg~calculations normally will be made for the
maxinfum design pressure coincident with the
maximum temperature expected on or above the line
in‘Eigure TM-240.1-1 for the applicable group of materials,
Using the appropriate design stress values in Section I,
Part D. Thickness calculations then will be made for
the maximum coincident pressure expected below the
line in Figure TM-240.1-1 for the applicable group of mate-
rials using the reduced design stress value(s). The greater

TM-240.4"0ther Requirements and Exemptions for
Carbon and Low Alloy Steels

(@) \Impact testing in accordance with Article TM-2 is
nofmandatory for tank materials, which satisfy all of the
following:

(1) The material shall be limited to P-No. 1, Gr. No. 1
or 2, and the thickness as defined in TM-240.1 shall not
exceed that given in (-a) and (-b):

(-a) 6 mm (% in.) for materials listed in Curve A of
Figure TM-240.1-1

(-b) 13 mm (% in.) for materials listed in Curve B,
C, or D of Figure TM-240.1-1

(2) The completed vessel shall be hydrostatically
tested in accordance with Article TT-2.

(3) The design temperature is neither warmer than
343°C (650°F) nor colder than -29°C (-20°F).

(4) Thermal or mechanical shock loadings are not a
controlling design requirement (see TD-200).

(5) Cyclicloading is not a controlling design require-
ment (see TD-200).

(b) No impact testing is required for ASME B16.5 and
ASME B16.47 ferritic steel flanges used at design metal
temperatures not colder than -29°C (-20°F).

(c) No impact testing is required for Table TM-130.2-1
materials with a thickness of 2.5 mm (0.10 in.) and thinner,
but such exempted Table TM-130.2-1 materials shall not
be used at design metal temperatures colder than -48 °C
(-55°F). For vessels or components made from DN 100
(NPS 4) or smaller tubes or pipe of P-No. 1 materials, the
following exemptions from impact testing are also
permitted as a function of the material’s specified

ofthe thickness so calculated shall be used. Comparison of
pressure ratios or stress ratios may suffice when loadings
not caused by pressure are insignificant.
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minimum yield strength (SMYS] Tor metal temperatures
of —-104°C (-155°F) and warmer:
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Figure TM-240.3-1
Reduction in Minimum Design Metal Temperature Without Impact Testing
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°C (°F) [Note (2)]

Legend:
¢ = corrosion allowance, mm (in.)
t, = nominal.thiekness of the component under consideration before corrosion allowance is deducted, mm (in.)
t, = required thickness of the component under consideration in the corroded condition for all applicable loadings [see Figure TM-240.3-2,
Note (2)], based on the applicable joint efficiency E [see Figure TM-240.3-2, Note (3)], mm (in.)

NOTES:

(1) Alternative Ratio = S*E*divided by the product of the maximum allowable stress value from Table TM-130.2-1 times E, where S*is the applied
general primary tensile stress and E and E* are as defined in Figure TM-240.3-2, Note (3).

(2), See TM-240.4(h).
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Figure TM-240.3-2
Diagram of TM-240.1 Rules for Determining Lowest Minimum Design Metal Temperature (MDMT) Without Impact

Testing

Establish nominal thickness [Note (1)] of welded parts, nonwelded parts, and attachments under consideration
both before and after corrosion allowance is deducted (f, and t, — c, respectively), and other pertinent data
applicable to the nominal thickness, such as:

All applicable loadings [Note (2)] and coincident minimum design metal temperature (MDMT)
Step 1 Materials of construction

E = joint efficiency [Note (3)]

nominal noncorroded thickness [Note (1)], mm (in.)

required thickness in corroded condition for all applicable loadings [Note (2)],

based on the applicable joint efficiency [Note (3)], mm (in.)

Applicable curve(s) of Figure TM-240.1-1

¢ = corrosion allowance, mm (in.)

ty
tr

v

Select MDMT from Figure TM-240.1-1 [Note (4)] for each
nominal noncorroded governing thickness [Note (5)].

Step 2

|
Step 3 :
|

|

: Using Ratio from Step '3 to enter ordinate |

Step 4 of Figure TM-240.8-1, determine reduction in |
: Step 2 MDMT [Note (9)] [

Determine adjusted MDMT for governing |

|
Step 5 : thickness under consideration. I

Repeat for all governing thickness [Note (5)] and take
warmest value as the lowest allowable MDMT to be
marked on nameplate for the zone under consideration
[Note (10)]. See TS-100.

Step 6 See TT-220 for coldest recommended metal temperature
during hydrostatic test [Note (6)].

See TT-210(b) for coldest metal temperature permitted
during pneumatic test [Note (6)].

Legend

I:I Requirement Il : Optional

NOTES:

(1) Forpipe where a mill undertolerance is allowed by the material specification, the thickness after the mill undertolerance has been deducted
shall be taken as the noncorroded nominal thickness, t,, for determination of the MDMT to be stamped on the nameplate. Likewise, for
formed heads, the minimum specified thickness after forming shall be used as ¢,.

(2) Loadings, including those listed in TD-200, which result in general primary membrane tensile stress at the coincident MDMT.

(3) Eisthejointefficiency (see Table TW-130.4) used in the calculation of t,; E* has a value equal to E, except that E* shall not be less than 0.80.

For-eastings—usequalityfactor-orjontefficteneyE-whichevergoverns—design:

(4) The construction of Figure TM-240.1-1 is such that the MDMT so selected is considered to occur coincidentally with the applied general
primary membrane tensile stress at the maximum allowable stress value in tension from Section II Part D. Tabular values for Figure
TM-240.1-1 are shown in Table TM-240.1.

51



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

Figure TM-240.3-2

Diagram of TM-240.1 Rules for Determining Lowest Minimum Design Metal Temperature (MDMT) Without Impact

Testing (Cont'd)

NOTES (Cont'd)

(5)
(6

(7
(8

)

See TM-240.1(a), TM-240.1(b), and TM-240.1(c) for definitions of governing thickness.

If the basis for calculated test pressure is greater than the design pressure, a ratio based on the t, determined from the basis for calculated
test pressure and associated appropriate value of t,, —c shall be used to determine the recommended coldest metal temperature permitted
during the pneumatic test. See TT-210(a)(3) and TT-210(b)(5).

Alternatively, a ratio of S*E* divided by the product of the maximum allowable stress value in tension from Section II, Part D, times E may.be
used, where S* is the applied general membrane tensile stress and E and E* are as defined in Note (3).

For TM-240.3(b) and TM-240.4(h), a ratio of the maximum design pressure at the MDMT to the maximum allowable pressure (MAP) at the
MDMT shall be used. The maximum MAP is defined as the highest permissible pressure as determined by the design equations for the
component using the nominal thickness less corrosion allowance and the maximum allowable stress value from Section\I},-Part D at the
MDMT. For ferritic steel flanges defined in TM-220.4(b), the flange rating at the warmer of the MDMT or 38°C (100°E) may be used as the
MAP.

For reduction in MDMT up to and including 4°C (40°F), the reduction can be determined by: reduction inMDMT = (1 - ratio) 38°C

[MDMT = (1 -ratio) 100°F].

(10) Acolder MDMT may be obtained by selective use of impact-tested materials as appropriate to the need (see’TM+-210). See also TM-240.4(g).

SMYS, MPa (ksi) Thickness, mm (in.)

140 to 240 (20 to 35) 6.0 (0.237)
250 to 310 (36 to 45) 3.2 (0.125)
315 (46) and higher 2.5 (0.10)

(d) The material Manufacturer’s identification marking
die required by the material specification shall not be
stamped on plate material less than 6 mm (% in.) in
thickness unless the following requirements are met:

(1) The materials shall be limited to P-No. 1 Group
Nos. 1 and 2.

(2) The minimum nominal plate thickness shall be 5
mm (0.1875 in.) or the minimum nominal pipeWwall thick-
ness shall be 4 mm (0.154 in.).

(3) Minimum design metal temperatute shall be not
colder than -29°C (-20°F).

(e) Unless specifically exempted in’Figure TM-240.1-1,
materials having a SMYS greater-than 450 MPa (65 ksi)
must be impact-tested.

(f) Materials produced“and impact-tested in accor-
dance with specifications listed in Figure TM-220.1,
General Note (c), @arevexempt from impact testing by
the rules of this Seéction at minimum design metal
temperaturesnot more than 3°C (5°F) colder than the
test temperature required by the specification.

(g) lfpostweld heattreatingis performed whenitisnot
otherwise a requirement of Section XII, a 17°C (30°F)
reduction in the temperature at which impact testing
issrequired by Figure TM-240.1-1 is permitted for P-
No. 1 materials (see TF-320.1).

(h) For components made of Table TM-130.2-1 mate-
rials that are impact-tested, Figure TM-240.3-1 provides a

basis for the use of these components at a MDMT colder

ratio defined in Figure TM-240.3-1 is less than one and the
MDMT is not colder than -104°C (-155°F).

(1) For sueh components, the MDMT shall be not
colder thantheimpact test temperature less the allowable
temperature reduction as determined from
Figure”TM-240.3-2.

(29" Figure TM-240.3-1 may also be used for compo-
nents not stressed in primary membrane tensile stress,
such as flat heads, covers, tubesheets, and flanges
(including bolts and nuts). The MDMT shall be not
colder than the impact test temperature less the allowable
temperature reduction as determined from Figure
TM-240.3-2. The ratio used in Figure TM-240.3-2, Step
3 shall be the ratio of maximum design pressure at the
MDMT to the maximum allowable pressure (MAP) of
the component at the MDMT.

(3) In lieu of using (2), the MDMT for a flange
attached by welding shall be not colder than the
impact test temperature less the allowable temperature
reduction as determined in (1) for the neck or shell to
which the flange is attached.

NOTE: The bolt-up condition need not be considered when
determining the temperature reduction for flanges.

(i) No impact testing is required for metal backing
strips, which remain in place, made of materials assigned
to Figure TM-240.1-1, Curve A in thicknesses not
exceeding 6 mm (/, in.) when the minimum design
temperature is -29°C (-20°F) or warmer.

TM-250 IMPACT TEST REQUIREMENTS FOR
HIGH ALLOY STEELS

Impact tests employing the lateral expansion criterion

than the impact test temperature, provided the coincident
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of TM-250.1 shall be performed on materials listed in
Table TM-130.2-2 for all combinations of materials and
minimum design metal temperatures, except as exempted
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by TM-250.4, TM-250.5, TM-250.6, TM-250.7, or
TM-250.8. Impact tests are not required where the

(-c) each of the three specimens from each test set
shall have a lateral expansion opposite the notch not less

maximum obtainable Charpy specimen has a width
along the notch less than 2.5 mm (0.099 in.). As an alter-
native method to impact tests, ASTM E1820 J1c tests are
allowed when the MDMT is colder than —-196°C (-320°F).
See Nonmandatory Appendix ] for the flowchart illustra-
tion of impact testing requirements.

TM-250.1 Required Impact Testing of Base Metal, Heat-
Affected Zones, and Weld Metal

(a) Impact tests shall be made from sets of three test
specimens. A set shall be tested from the base metal; a set
shall be tested from the heat-affected zone (HAZ); a set
shall be tested from the weld metal. The specimens shall be
subjected to the same heat treatments® as the part or
vessel that the specimens represent. Test procedures,
size, location, and orientation of the specimen shall be
the same as required in TM-220 and TM-230.

(b) When the MDMT is -196°C (-320°F) and warmer,
impact tests shall be performed at the MDMT or colder,
and the following requirements shall be met:

(1) Each of the three specimens tested in each set
shall have a lateral expansion opposite the notch not
less than 0.38 mm (0.015 in.) for MDMTs of -196°C
(-320°F) and warmer.

(2) When MDMT is -196°C (-320°F) and warmer,
and the average value of lateral expansion of the three
specimens in a set equals or exceeds 0.38 mm (0.045
in.), but the value of lateral expansion for one specimen
ofthatsetislessthan 0.38 mm (0.015 in.), but notless than
0.25mm (0.010 in.), a retest of three additional specimens
may be made in accordance with TM-220.4(b).

(c) When MDMT is colder than -196%C (-320°F),
production welding processes shall be limited to shielded
metal arc welding (SMAW), gas¢metal arc welding
(GMAW), submerged arc welding (SAW), plasma arc
welding (PAW), and gas tungsten arc welding (GTAW).
Notch toughness testing shall- be performed as specified
in (1) and (2), as appropriate.

(1) Ifusing Type 316L weld filler metal, or Type 308L
filler metal welded\with the GTAW or GMAW process

(-a) aweldmetal deposited from each heat of Type
316L filler metal shall have a Ferrite Number (FN) not
greater than-10, and a weld metal deposited from each
heat of Type 308L filler metal shall have a FN in the
range of 4 to 14, as measured by a ferritescope or
magna gauge calibrated in accordance with AWS A4.2,
or as determined by applying the chemical composition
from the test weld to Figure TM-250.1.

(-b) impact tests shall be conducted at -196°C
(-320°F) on three sets of three specimens: one set

from the base metal, one set from the weld metal, one
set from the HAZ

than 0.53 mm (0.021 1n.).
(2) When the qualifying conditions of (1) cannot be
met

(-a) aweld metal deposited from each heat orlot of
austenitic stainless steel filler metal used in productien
shall have a FN not greater than the FN determined
for the test weld.

(-b) impact tests shall be conducted at,<196°C
(-320°F) on a set of three specimens from/the base
metal. Each of three specimens shall havera lateral expan-
sion opposite the notch not less than 0.53'mm (0.021 in.).

(-c) ASTM E1820 J;¢ tests_shall be conducted on
two sets of two specimens: one Set from the HAZ, one
set from the weld metal, at‘a’test temperature no
warmer than MDMT. The.HAZ specimen orientation
shall be T-L as definedin"ASTM E399. A K¢ (]) value
not less than 132 MPavm (120 ksiv/in. ) is required
for all specimens tested.

(3) When therequired Charpy impacttest specimens
do not meet-the lateral expansion requirements in (1)(-c)
or (2)(-b);»)ASTM E1820 J,¢ tests shall be conducted on an
additignal Set of two specimens representing the failed set
of impact test specimens at a test temperature no warmer
than MDMT. The specimen orientation for the base metal
and HAZ shall be T-L. A Kj¢ (J) value not less than 132

MPa/m (120 ksi/in. ) is required for all specimens tested.

TM-250.2 Required Impact Testing for Welding Proce-
dure Qualifications

For welded construction, the Welding Procedure Quali-
fication shall include impact tests of welds and heat-
affected zones (HAZs) made in accordance with
TM-230.3 and with the requirements of TM-250.1,
when any of the components® of the welded joint are
required to be impact-tested by the rules of Section XII.

TM-250.3 Required Impact Tests When Thermal Treat-
ments Are Performed

Impact tests are required at the test temperature in
accordance with TM-250.1, but not warmer than 20°C
(70°F), whenever thermal treatments within the tempera-
ture ranges listed for the following materials are applied:

(a) austenitic stainless steels thermally treated
between 482°C and 900°C (900°F and 1,650°F),
except Types 304, 304L, 316, and 316L, which are ther-
mally treated at temperatures between 482°C and 704°C
(900°F and 1,300°F), are exempt from impact testing,
provided the MDMT is -29°C (-20°F) and warmer and
vessel (production) impact tests of the thermally
treated weld metal are performed for Categories A and
B joints
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(b) austenitic-ferritic duplex stainless steels thermally
treated at temperatures between 316°C and 954°C (600°F
and 1,750°F)
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Figure TM-250.1
Weld Metal Delta Ferrite Content

&‘i\/ . / / 7
16 é\@«\*’@ y ,?/ 4’/4»/[% ZA;// , .
g / ///// ’/ ///7/'7///%/;6/j//@643/%
MDY R A ///A//AA ///Q,e/'A//%, - |
//18 // //20/%///22/%/24%/26 28 30

Creq = Cr-xMo + 0.7 Nb

GENERAL NOTES:

(a) The actual nitrogen content is preferred. If this is not available, the following applicable nitrogen value shall be used:
(1) GMAW welds — 0.08%, except that when self shielding flux cored electrodes are used — 0.12%.

(2) Welds made using other processes — 0.06%

(b) This diagram is identical to the WRC-1992 Diagram, except that the solidification mode lines have been removed for ease of use.

(c) ferritic chromium stainless’steels and martensitic
chromium stainless steels thermally treated at tempera-
tures between 427°C and 732°€ (800°F and 1,350°F)

TM-250.4 Exemptions From Impact Testing for Base
Metals and-Heat-Affected Zones

Impact testinglis not required for the following combi-
nations of base métals and heat-affected zones (if welded)
and minimum design metal temperatures (MDMTs),
except as'modified in TM-250.3.

(a))For austenitic chromium-nickel stainless steels as
follows:

(1) having a carbon content not exceeding 0.10% at
MDMTs of -196°C (-320°F) and warmer

(2) having a carbon content exceeding 0.10% at
MDMTs of -48°C (-55°F) and warmer

oQ rd Q 1

(b) For austenitic chromium-manganese-nickel stain-
less steels (200 series) as follows:
(1) having a carbon content not exceeding 0.10% at
MDMTs of -196°C (-320°F) and warmer
(2) having a carbon content exceeding 0.10% at
MDMTs of -48°C (-55°F) and warmer
(3) for castings at MDMTs of -29°C (-20°F) and
warmer
(c) For the following castand wrought steels at MDMTs
of -29°C (-20°F) and warmer:
(1) austenitic-ferritic duplex steels with a nominal
thickness of 10 mm (% in.) and thinner
(2) ferritic chromium stainless steels with a nominal
thickness of 3.2 mm (% in.) and thinner
(3) martensitic chromium stainless steels with a
nominal thickness of 6 mm (% in.) and thinner

£2) € b AT £ pal 200
(O 1O LASUITES dU TMIDIVITS Ul =27 U (72U T dIT

warmer

U
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Carbon content asused in (9) and (]’\) isas cppr‘iﬁ'pr‘l hy
the purchaser and mustbe within the limits of the material
specification.
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TM-250.5 Exemptions From Impact Testing for Welding
Procedure Qualifications

(2) Each heat of filler metal and batch of flux combi-
nation to be used in production welding with the SAW

For welding procedure qualifications, impact testing is
not required for the following combinations of weld
metals and MDMTs, except as modified in TM-250.3:

(a) for austenitic chromium-nickel stainless steel base
materials having a carbon content not exceeding 0.10%,
welded without the addition of filler metal, at MDMTs of
-104°C (-155°F) and warmer

(b) for austenitic weld metal

(1) havinga carbon contentnotexceeding 0.10% and
produced with filler metals conforming to SFA-5.4,
SFA-5.9, SFA-5.11, SFA-5.14, and SFA-5.22 at MDMTs
of -104°C (-155°F) and warmer

(2) having a carbon content exceeding 0.10% and
produced with filler metals conforming to SFA-5.4,
SFA-5.9, SFA-5.11, SFA-5.14, and SFA-5.22 at MDMTs
of -48°C (-55°F) and warmer

(c) for the following weld metal, when the base metal of
similar chemistry is exempt as stated in TM-250.4(c), then
the weld metal shall also be exempt at MDMTs of -29°C
(-20°F) and warmer:

(1) austenitic-ferritic duplex steels

(2) ferritic chromium stainless steels

(3) martensitic chromium stainless steels

Carbon contentas used in (b) is for weld metal produced
with the addition of filler metal.

TM-250.6 Pre-Use Test Requirements for Austenitic
Stainless Steel Welding Consumables

For austenitic stainless steel productiomwelds at
MDMTs colder than -104°C (-155°F), alkofithe following
conditions shall be satisfied:

(a) The welding processes are limited to SMAW, SAW,
GMAW, GTAW, and PAW.

(b) The applicable Welding(Procedure Specifications
(WPSs) are supported by Procedure Qualification
Records (PQRs) with impaet testing in accordance with
the requirements of TM:=210 (using the acceptance criteria
of TM-250.1) or when the applicable PQR is exempted
from impact testing by other provisions of Section XII.

(c) The weldmetal (produced with or without the addi-
tion of filler metal) has a carbon content not exceeding
0.10%.

(d) The weld metal is produced by filler metal
conforming to SFA-5.4, SFA-5.9, SFA-5.11, SFA-5.14,
and SFA-5.22 as modified below.

(1) Each heat and/or lot of welding consumables to
be used in production welding with the SMAW and GMAW
processes shall be pre-use tested by conducting impact
tests in accordance with the requirements of
TM-250.1. Test coupons shall be prepared in accordance

process shall be pre-use tested by conducting impact
tests in accordance with the requirements of
TM-250.1. Test coupons shall be prepared in accordance
with Section II, Part C, SFA-5.4, A9.3.5 using the WPS to be
used in production welding.

(3) Combining more than one welding process_or
more than one heat, lot, and/or batch of welding material
into a single test coupon is unacceptable. Pre-usetesting in
accordance with the requirements of TM-250/1 may be
conducted by the welding consumable” manufacturer,
provided certified mill test reports are furnished with
the consumables.

(4) The following filler metals.may be used without
pre-use testing of each heat, lof,/and/or batch, provided
that procedure qualificatien.impact testing in accordance
with TM-230.3 at the MDMT or colder is performed using
the same manufacturer brand and type filler metal:
ENiCrFe-2; ENi€rFe-3; ENiCrMo-3; ENiCrMo-4;
ENiCrMo-6; ERNiCr-3; ERNiCrMo-3; ERNiCrMo-4;
SFA-5.4, E310<15 or -16.

(5) Fhé following filler metals may be used without
pre-use, testing of each heat and/or lot, provided that
procedure qualification impact testing in accordance
with*TM-230.3 at the MDMT or colder is performed:
ER308L, ER316L, and ER310 used with the GTAW or
PAW processes.

TM-250.7 Exemption From Impact Testing Because of
Low Stress

Impact testing of materials listed in Table TM-130.2-2 is
not required, except as modified by TM-250.3, when the
coincident ratio of design stress’ in tension to allowable
tensile stressis less than 0.35. This exemption also applies
to the welding procedures and production welds for the
component.

TM-250.8 Vessel (Production) Impact Tests

(a) For welded construction of duplex stainless steels,
ferritic stainless steels, and martensitic stainless steels,
vessel (production) impact tests in accordance with
TM-230.4 arerequired if the Weld Procedure Qualification
requires impact testing, unless otherwise exempted by the
rules of Section XII.

(b) For welded construction of austenitic stainless
steels, vessel (production) impact tests in accordance
with TM-230.4 are required unless exempted in (1)
and (2) below.

(1) At MDMTs of -104°C (-155°F) and warmer,
vessel (production) impact tests are exempted, provided
the impact test exemption requirements for the applicable
Weld Procedure Qualification in TM-250.5 are satisfied.

with Section II, Part C, SFA-5.4, A9.3.5 using the WPS to be
used in production welding.
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(2) At MDMTs colder than -104°C (-155°F) but not
colder than -196°C (-320°F), vessel (production) impact

TM-260.2 Impact Test Requirements

La)
A

Test. Cppriman and Test Pracedures.

tests are exempted, provided the pre-use test require-
ments in TM-250.6 are satisfied.

(3) At MDMTs colder than -196°C (-320°F), vessel
(production) impact tests or ASTM E1820 J,. tests shall be
conducted in accordance with TM-250.1(c).

(c) Forautogenous welds (welded without filler metal),
vessel (production) impact tests are not required when
the following conditions are satisfied:

(1) The MDMT is -196°C (-320°F) and warmer.

(2) The material is solution annealed after welding.

TM-260 IMPACT TEST REQUIREMENTS FOR
FERRITIC STEELS WITH TENSILE
PROPERTIES ENHANCED BY HEAT
TREATMENT

TM-260.1 General

(a) All steels listed in Table TM-130.2-6 shall be tested
for notch ductility, as required by TM-260.2. These tests
shall be conducted at a temperature not warmer than the
minimum design metal temperature [see TD-140(b)], but
not warmer than 0°C (32°F). Materials may be used at
temperatures colder than the minimum design metal
temperature as limited in (1) and (2).

(1) When the coincident ratio defined in
Figure TM-240.3-1 is 0.35 or less, the corresponding
minimum design metal temperature shall be not colder
than -104°C (-155°F).

(2) When the coincident ratio defined\in
Figure TM-240.3-1 is greater than 0.35, the corresponding
minimum design metal temperature shall not-be colder
than the impact test temperature less thevallowable
temperature reduction permitted in Figure TM-240.3-1
and shall in no case be colder than -104°C (-155°F).

(b) All test specimens shall be prépared from the mate-
rial in its final heat-treated ‘condition or from full-
thickness samples of the same*Heat similarly and simul-
taneously treated. Test samples shall be of such size that
the prepared test specimens are free from any change in
properties due to edge effects.

(c) Where thevessel or vessel parts are to be hot-
formed or postweld heat treated (stress relieved), this
identical heatitreatment shall be applied to the test speci-
mens required by the material specifications including the
cooling-rate specified by the fabricator, which shall in no
casebeslower than that specified in the applicable mate-
rial-specifications.

(1) One Charpy V-notch test (three specimens) shall
be made from each plate as heat treated, and from each
heat of bars, pipe, tube, rolled sections, forged parts, or
castings included in any one heat treatment lot.

(2) Thetestprocedures,and size,location, and orien-
tation of the specimens shall be the same as required by
TM-210.1, except that for plates, the specimens shall ‘be
oriented transverse to the final direction of rolling and for
circular forgings, the specimens shall be oriented tangen-
tial to the circumference.

(3) Each of the three specimens tested'shall have a
lateral expansion opposite the notch notless than the re-
quirements in Table TM-220.2.

(4) Ifthe value of lateral expansion for one specimen
is less than that required in Table TM-220.2 but not less
than two-thirds of the required value, a retest of three
additional specimensimay be made, each of which
must be equal to or-greater than the required value in
Table TM-220.2. Sueh a retest shall be permitted only
when the avefage value of the three specimens is
equal to or greater than the required value in Table
TM-220.28df - the values required are not obtained in
the retest or if the values in the initial test are less
than-the values required for retest, the material may
bé reheat treated. After reheat treatment, a set of
three specimens shall be made, each of which must be
equal to or greater than the required value in Table
TM-220.2.

(b) Materials conforming to SA-353 and SA-553 for use
at minimum design metal temperatures colder than
-196°C (-320°F), materials conforming to SA-517, SA-
543, and SA-592 for use at minimum design metal
temperatures colder than -29°C (-20°F), and materials
conforming to SA-645 Grade A for use at minimum
design metal temperatures colder than -171°C
(=275°F) shall have, in addition to the Charpy tests
required under (a), drop-weight tests as defined by
ASTM E208, Conducting Drop-Weight Tests to Determine
Nil Ductility Transition Temperatures of Ferritic Steels,
made as follows:

(1) For plates 16 mm (% in.) thick and over, one
drop-weight test (two specimens) shall be made for each
plate as heat treated.

(2) For forgings and castings of all thicknesses, one
drop-weight test (two specimens) shall be made for each
heat in any one heat treatment lot using the procedure in
SA-350 for forgings and in SA-352 for castings.

(3) Eachofthetwo testspecimens shall meet the “no-
break” criterion, as defined by ASTM E208, at the test
temperature.
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TM-260.3 Welded Joints

(n) Eor welded vnccn]c, the ﬂnpncifnr‘ weld metal and

(2) All required impact tests shall be performed as
part of the procedure qualification tests as specified in

the heat-affected zone shall meet the impact test require-
ments of TM-210.1 and TM-230, except that the Charpy V-
notch tests and requirements of TM-260.2(a) shall apply.

(b) The following materials are exempt from produc-
tion impact tests of the weld metal in accordance with
TM-210.1 and TM-230 under the conditions given in
(1) through (5):

Specification No. UNS No. P-No./Group No.
SA-353 K81340 11A/1
SA-522 Type | K81340 11A/1
SA-553 Type 1 K81340 11A/1
SA-553 Type II K41583 11A/1
SA-645 Grade A K41583 11A/2

(1) One of the following high nickel alloy filler metals
is used:

Specification No. Classification F-No.
SFA-5.11 ENiCrMo-3 43
SFA-5.11 ENiCrMo-6 43
SFA-5.11 ENiCrFe-2 43
SFA-5.11 ENiCrFe-3 43
SFA-5.14 ERNiCr-3 43
SFA-5.14 ERNiCrFe-6 43
SFA-5.14 ERNiCrMo-3 43
SFA-5.14 ERNiCrMo-4 44

TM-2350.

(3) Production impact tests of the heat-affected zone
are performed in accordance with TM-230.4.

(4) The welding processes are limited to gas metal
arc, shielded metal arc, and gas tungsten arc.

(5) The minimum allowable temperature of the tank
shall be not less than -196°C (-320°F).

TM-270 USE OF NONFERROUS MATERIALS AT
LOW TEMPERATURES

The materials in Tables TM-130.2-3, TM-130.2-4,
TM-130.2-5, and TM-130.2-7, together with deposited
weld metal within the range of €@mposition for materials
in those tables, do not undergo a marked drop in impact
resistance at subzero tetnperatures. Therefore, no addi-
tional requirements_ are‘specified for wrought aluminum
alloys when they-are used at temperatures down to
-269°C (-452°F); for copper and copper alloys, nickel
and nickel alloys, and cast aluminum alloys when they
are used-attemperatures down to -196°C (-320°F);
and fortitanhium and titanium alloys used at temperatures
downite -59°C (-75°F). The materials listed in Tables
TM~130.2-3, TM-130.2-4, TM-130.2-5, and TM-130.2-7
may be used at lower temperatures than those specified
herein and for other weld metal compositions, provided
the User satisfies himself by suitable test results, such as
determinations of tensile elongation and sharp notch
tensile strength (compared to unnotched tensile
strength), that the material has suitable ductility at the
design temperature.
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PART TD

DESIGN REQUIREMENTS

ARTICLE TD-1
GENERAL DESIGN RULES

TD-100 GENERAL

The design of all pressure vessels and vessel parts shall
conform to the general design requirements in the
following paragraphs. For vessels in a specific service,
the additional requirements of the applicable Modal
Appendix shall also be met.

TD-100.1 MINIMUM THICKNESS OF SHELLS AND
HEADS

Unless otherwise specified in the applicable Modal
Appendices, the minimum thickness permitted for
vessel shells and heads, after forming and regardless
of product form and material, shall be 1.6 mm
(Y16 in.) exclusive of any corrosion allowance.

TD-100.2 MILL UNDER-TOLERANCE

Plate material ordered shall be not thinner(than the
minimum required design thickness. Vessels made of
plate furnished with an under-tolerance of not more
than the smaller value of 0.25 mm (0:01 in.) or 6% of
the ordered thickness may be used atithe full design pres-
sure for the thickness ordered. If the'specification to which
the plate is ordered allows a greater under-tolerance, the
ordered thickness of the materials shall be sufficiently
greater than the design thickness so that the thickness
of the material furnished is not more than the smaller
of 0.25 mm (0.01in).or 6% under the minimum required
design thickness.

TD-100.3-PIPE UNDER-TOLERANCE

If pipeior tube is ordered by its nominal wall thickness,
theaanufacturing under-tolerance on wall thickness shall
be“taken into account, except for nozzle wall reinforce-
ment area requirements in accordance with TD-610.
The next heavier commercial wall thickness may then
be used. The manufacturing under-tolerances are given
in the pipe and tube specifications listed in Tabhle

to provide the manufacturing under<tolerance allowed in
the pipe or tube specification,

TD-100.4 CORROSION ALLOWANCE IN DESIGN
FORMULAS

The dimensional symbols used in all design equations
throughout this)Section represent dimensions in the
corroded condition.

TD-100.5-FLANGES AND PIPE FITTINGS

The-following standards covering flanges and pipe
fittings are acceptable for use under this Section in accor-
dance with the requirements of TM-110.10. Pressure-
temperature ratings shall be in accordance with the
appropriate standard, except that the pressure-tempera-
ture ratings for ASME B16.9 and ASME B16.11 fittings
shall be calculated for straight seamless pipes in accor-
dance with the rules of this Section, including the
maximum allowable stress for the material. The thickness
tolerances of the ASME standards listed in TG-130 shall be
met.

TD-110 METHODS OF FABRICATION IN
COMBINATION

A vessel may be designed and constructed by a combi-
nation of the methods of fabrication given in this Section,
provided the rules applying to the respective methods of
fabrication are followed and the vessel is limited to the
service permitted by the method of fabrication having
the most restrictive requirements.

TD-120 MATERIALS IN COMBINATION

Except as specifically prohibited by other rules of this
Section, a vessel may be designed and constructed of any
combination of materials, provided the applicable rules

TG-130. After the minimum required design thickness
is determined, it shall be increased by an amount sufficient
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are followed and the requirements in Section IX for
welding dissimilar metals are met.

tional upsets, autorefrigeration, atmospheric tempera-
ture, and any other sources of cooling. More than one

(25)

NOTE: Because of the different coefficients of thermal expansion
of dissimilar materials, caution should be exercised in design and
construction under the provisions of this paragraph, in order to
avoid difficulties in service. Galvanic corrosion, if a possibility,
shall also be considered.

TD-130 CORROSION

(a) The User or the User’s designated agent shall
specify corrosion allowances other than those required
by the rules of this Section. Where corrosion allowances
are not provided, this fact shall be indicated on the Data
Report.

(b) Vessels or parts of vessels subject to thinning by
corrosion, erosion, or mechanical abrasion shall have
provisions made for the desired life of the vessel by a
suitable increase in the minimum required design thick-
ness of the material.

(c) No additional thickness need be provided when
previous experience in like service has shown that corro-
sion does not occur or is of only a superficial nature.

(d) Vessels subjectto corrosion shall be supplied with a
suitable drain opening at the lowest point practicable in
the vessel.

(e) Corrosion-resistant or abrasion-resistant linings,
whether or not attached to the wall of a vessel, shall
not be considered as contributing to the strengthef
the wall.

TD-140 DESIGN TEMPERATURE

(a) The maximum temperature used ih(design shall be
not less than the mean metal temperature (through the
thickness) expected under operating, conditions for the
part considered. If necessary, the metal temperature
shall be determined by computation or by measurement
from equipment in servicé\under equivalent operating
conditions.

(b) The minimum metal temperature specified for
design shall be_the lowest expected in service. The
minimum specified metal temperature shall be deter-
mined by the principles described in (a). Consideration
shall inclade: the lowest operating temperature, opera-

set of minimum metal temperature and corresponding
design pressures may be specified.

(c) Design temperatures listed in excess of the
maximum temperatures listed in the stress allowable
tables for Section XII construction are not permitted
(see TD-210 and the applicable Modal Appendices). In
addition, design temperatures for vessels under extetnal
pressure shall not exceed the maximum temperatures
given on the external pressure charts.

(d) The design of zones with differentmétal tempera-
tures may be based on their determined temperatures.

TD-150 DESIGN PRESSURES

Vessels shall be designed“for at least the most severe
condition of coincident pressure and temperature
expected in normal.operation. For this condition and
for test conditions,|the maximum difference in pressure
between the inside and outside of a vessel shall be consid-
ered. More than-one set of design pressure and corre-
sponding,design temperature may be specified.

TD-160 MAWP

fa) The Maximum Allowable Working Pressure
(MAWP) for avessel is the maximum pressure permissible
at the top of the vessel in its normal operating position at
the designated coincident temperature. Itis the least of the
values of MAWP calculated for any of the essential parts of
the vessel by the principles given in (b), and adjusted for
any difference in static and dynamic head that may exist
between the part considered and the top of vessel.

(b) The MAWP for a vessel part is the maximum
internal or external pressure, including the coincident
static and dynamic head, as determined by the rules
and equations in this Section, together with the effect
of any combination of loadings listed in TD-200, for
the designated coincident temperature (excluding corro-
sion allowance, see TD-130).

(c) MAWP may need to be determined for more than
one designated combination of pressure and temperature.

(d) See the applicable Modal Appendix for additional
requirements on MAWP.
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ARTICLE TD-2
LOADINGS AND STRESS ALLOWABLES

TD-200 LOADINGS

Vessels that are constructed under the rules of this
Section shall be designed to withstand the loadings
thatare expected from the vessel’s use as both a stationary
vessel and as a vessel subjected to inertial forces
(including vibratory forces) specified in the applicable
Modal Appendices.

(a) Primary Design Loads. The loadings for which a
vessel shall be designed shall include those from

(1) internal or external design pressure (as defined
in TD-150), including the additional pressure due to static
head of liquids

(2) weight of the vessel and normal contents under
operating or test conditions

according to the most stringent of the'lser’s
requirements or the minimum requirements
of the competent authority. (See*Mandatory
Appendix II1.)
factor that shall be multiplied/by weight of the
liquid contents of the vessel, W,, to determine
the static equivalent surge vector, F. This factor
shall be determinedfrom the appropriate Modal
Appendix to the.transportation mode for which
the vessel is-designed.
static equiValent vector force directed along the
direction\of travel
F; = static€quivalent net vector force in the vertical
direction

F), =\static equivalent vector force directed hori-
(3) superimposed static reactions from the weight of zontally normal to the expected direction of
attached equipment, such as motors, machinery, other travel
vessels, piping, linings, and insulation F, = static equivalent vector force directed against
(4) the attachment of the vessel wall due to forward surge of
(-a) internals (see Nonmandatory Appendix B) liquid contents in relation to the vessel
(-b) vessel supports, such as lugs, rings, skirts, i = subscript denoting horizontal loads and static
saddles, support rails, and legs (see Nonmandatory equivalent inertial force vectors directed
Appendix A) parallel to expected direction of forward travel
(5) cyclic and dynamic reactions due to pr&ssure or j = subscript denoting loads and static equivalent
thermal variations, or to equipment mounted‘en a vessel inertial force and weight vectors directed verti-
and/or motor vehicle, and mechanical leadings cally
(6) liquid surge reactions k = subscript denoting horizontal loads and static
(7) temperature gradients and differential thermal equivalent inertial force vectors directed
éxpansion normal (lateral) to expected direction of
(8) additional loads as-.defined in the applicable travel in the horizontal plane
Modal Appendices N = the surge retardation number used to deter-
(b) Additional Dynamic Loads. Inertial forces acting on mine Cy, equal to the number of baffles or
vessels while being.transported in service shall be eval- other surge-restraining devices that are consid-
uated as equivalent'static loads as required for each mode ered to effectively retard the movement of
where liquid contents of the vessel relative to the
vessel wall in the expected direction of
G G forward travel
Cgw=Mactors that shall be multiplied by the weight of W, = weight of the liquid contents of the vessel
the fully loaded vessel, W,, to determine the W, = weight of the vessel, its contents and the weight
corresponding inertial static equivalent of all equipment, structures or other items listed
vector loadings in the indicated directions. in (a)(2), (a)(3), and (a)(4) that are supported
These factors shall be determined in combina- by the vessel during operation
tion or individually as required by the applica-
ble Modal Appendix. (1) requirements for application of static equivalent
Cy = surge vector reduction factor corresponding to Inertial load vectors In relation to orientation of the prin-

number of baffles or other surge restraining
devices, N. This factor shall be determined
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(-a) horizontal vectors directed parallel to
expected direction of travel

(1) the maximum allowable tensile stress value
permitted in (a)

E = CWw,

(-b) static equivalent inertial vectors directed
vertically

5= G,
(-c) horizontal vectors directed normal (lateral) to
expected direction of travel

F. = W,

(-d) static equivalent vector force directed against
the vessel wall due to surge of liquid contents in relation to
the vessel

E = QvW

(2) Vessels constructed for portable or intermodal
service or for service wherein the direction of travel
with relation to one or more of the vessel’s principal
axes is unknown shall be designed to withstand static
equivalent inertial vector loads in directions normal
and parallel to the direction of the meridional or longitu-
dinal axis of the vessel that are determined as follows:

F = F = CW,

(3) Reaction force vectors resulting from application
of all combinations of loads to the vessel [including static
equivalentinertial loadings according to the requirements
of (1) and (2)], shall be determined for each location of
structural attachment to the vessel. The loading effect of
these reactions on the vessel shall be evaluated and
combined as required by the applicable Modal Appendix.

TD-210 MAXIMUM ALLOWABLE STRESS
VALUES

(a) The maximum allowable tensile stress values
permitted for different\idterials are given in Section
I, Part D, Subpart 1. (Fer'the basis on which the tabulated
stress values have been established, see Section II, Part D,
Mandatory Appendix 1.) The allowable stress values given
in Section I, Part D, Subpart 1 for Section XII shall be used
in the design of tanks for this Section. A listing of materials
allowed for construction under this Section is provided in
Part"TM.

{p)° The maximum allowable stress values for the addi-
tional loads in TD-200(a)(8) are defined in the applicable
Modal Appendices.

(c) The maximum allowable longitudinal compressive
stress to be used in the design of cylindrical shells or tubes,
either seamless or butt welded, subjected to loadings that

prnr‘lnr‘p]nngihldinq] rnmprpccinn intheshellortubeshall

(<) the value of the factor b determined by the

following procedure where

E = modulus of elasticity of material at design
temperature. The modulus of elasticity to be
used shall be taken from the applicable materials
chartin Section I, Part D, Subpart 2. (Interpélation
may be made between lines for intefnrediate
temperatures.)
outside radius of cylindrical shell"or tube
the minimum required thickness,of the cylindrical
shell or tube

The joint efficiency for butt-welded joints shall be taken
as unity.
The value of B shall be détermined as follows:
Step 1. Using the selected values of t and R, calculate
the value of factor A\using the following equation:

_ 0125
(Ro/t)

Step 2/ Using the value of A calculated in Step 1, enter
the applicable material chartin Section I, Part D, Subpart 3
fat:the material under consideration. Move vertically to an
intersection with the material/temperature line for the
design temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value at A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 4.

Step 3. From the intersection obtained in Step 2,
move horizontally to the right and read the value of
factor B. This is the maximum allowable compressive
stress for the values of ¢t and R used in Step 2.

Step 4. For values of A falling to the left of the appli-
cable material/temperature line, the value of B shall be
calculated using the following equation:

Step 5. Compare the value of B determined in Step 3
or 4 with the computed longitudinal compressive stress in
the cylindrical shell or tube, using the selected values of ¢
and R. If the value of B is smaller than the computed
compressive stress, a greater value of t must be selected
and the design procedure repeated until a value of B is
obtained, which is greater than the compressive stress
computed for the loading on the cylindrical shell or tube.

(d) The wall thickness of a vessel calculated by these

rulesshallbe determined such that for any combination of

be the smaller of the following values:
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operation of the vessel, the induced maximum general
primary membrane stress does not exceed the

tained in the metal under the conditions of loading being
considered. Maximum allowable stress values may be

maximum allowable stress value In tension [see (a)].
The above loads shall not induce a combined
maximum primary membrane stress plus primary
bending stress across the thickness, which exceeds
1'%, times the maximum allowable stress value in
tension. It is recognized that high localized discontinuity
stresses may exist in vessels designed and fabricated in
accordance with these rules. Insofar as practical, design
rules for details have been written to limit such stresses to
a safe level consistent with experience.

The maximum allowable stress values that are to be
used in the thickness calculations are to be taken from
the tables at the temperature that is expected to be main-

Interpolated for intermediate temperatures.

(e) Maximum shear stress, in restricted shear such as
dowel bolts or similar construction in which the shearing
member is so restricted that the section under considera-
tion would fail without reduction of area, shall be limited
to 0.80 times the values in Section II, Part D, Subpart 1,
Table 1A, Table 1B, or Table 3.

(f) Maximum bearing stress shall be limited to(1:60
times the values in Section II, Part D, Subpart 1, “Table
1A, Table 1B, or Table 3.
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ARTICLE TD-3
DESIGN FOR INTERNAL PRESSURE

TD-300 THICKNESS OF SHELLS UNDER
INTERNAL PRESSURE

The thickness of shells under internal pressure shall be
not less than that computed by the equations in TD-300.2
through TD-300.5. In addition, provisions shall be made
for any of the other loadings listed in TD-200, when such
loadings are expected.

TD-300.1 NOMENCLATURE

The symbols defined below are used in the equations of
TD-300.2 through TD-300.5.

E = jointefficiency for, or the efficiency of, appropriate
joint in cylindrical or spherical shells. (For welded
vessels, use the joint efficiencies specified in
TW-130.4.)
internal design pressure (see TD-150)
inside radius of the shell course under considerd-
tion. For pipe, the inside radius R is determined.by
the nominal outside radius minus the nondinal wall
thickness. For conical shells with half.apex angle
not exceeding 7 deg, the conical radius,at the large
end of each section shall be used,
outside radius of the shell coursewunder considera-
tion. For conical shells withdialf apex angle not
exceeding 7 deg, the conical radius at the large
end of each section shall’be used.
maximum allowable stress value (see TD-210)
minimum required-thickness of shell

(25) TD-300.2 CYLINDRICAL SHELLS

The minimum required design thickness or maximum
allowable working pressure of cylindrical shells and
conical\shells with half apex angle not exceeding 7 deg
shall\be the greater thickness or lesser pressure as
given by (a) or (b).

(a) Circumferential Stress (Longitudinal Joints). When
the thickness does not exceed one-half of the inside
radius, or P does not exceed 0.385SE, the following equa-
tions shall apply:

PR SEt

r = P

Oor

(b) Longitudinal Stress (Circumferential Joints). When
the thickness does not exceed one-half of the inside
radius, or P does not exceed 1.25SE, the*following equa-
tions shall apply:

PR

2SE + 0.4P

TD-300.3 SPHERICAL SHELLS

When the thickness*of the shell of a wholly spherical
vessel does not-exceed 0.356R, or P does not exceed
0.665SE, the_follewing equations shall apply:

PR 2S8Et

' —————— or = —
2SE — 0.2P R + 02t

TD-300.4 LOCAL LOADINGS

When necessary, vessels shall be provided with stif-
feners or other additional means of support to prevent
overstress or large distortions under the external loadings
listed in TD-200 other than pressure and temperature.

2S8Et
R — 0.4t

TD-300.5 EQUATIONS IN TERMS OF OUTSIDE
RADIUS

The following equations in terms of outside radius may
be used:
(a) for cylindrical shells (circumferential stress)

PR, SEt
t = —— or =
SE + 04P R, — 0.8t
(b) for spherical shells
_ PR, P = 2SEt
2SE + 0.8P R, — 0.8t

o

TD-310 FORMED HEADS AND SECTIONS,
PRESSURE ON CONCAVE SIDE

The required thickness at the thinnest point after
forming of ellipsoidal, torispherical, and hemispherical
heads under pressure on the concave side (plus heads)
shall be computed by the appropriate equations in this
paragraph. In addition, provision shall be made for any
of the other loadings given in TD-200.

SE — 0.6P R + 0.6t
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The thickness of an unstayed ellipsoidal or torispherical
head shall in no case be less than the required thickness of

115, 000Eg

a

3
Egr 3

aseamless hemispherical head divided by the efficiency of
the head-to-shell joint.

TD-310.1 NOMENCLATURE

The symbols defined below are used in equations in
TD-310.1 through TD-310.4. Figure TD-310.1 shows prin-
cipal dimensions of typical heads.

D = inside diameter of the head skirt, or inside length
of the major axis of an ellipsoidal head
E = lowestefficiency of any jointin the head; for hemi-
spherical heads, this includes head-to-shell joint;
for welded vessels, use the joint efficiencies speci-
fied in TW-130.4
Err = modulus of elasticity at 20°C (70°F)
Esr = modulus of elasticity of steel at 20°C (70°F)
Er = modulus of elasticity at maximum design
temperature
h = one-half of the length of the minor axis of the ellip-
soidal head or the inside depth of the ellipsoidal
head measured from the tangent line
L = inside spherical or crown radius
P = internal design pressure (see TD-150)
r = inside knuckle radius
S = maximum allowable stress value in tension as
given in the tables referenced in TD-210
t = minimum required design thickness of head after

forming

(25) TD-310.2 TORISPHERICAL HEADS

(a) Design of Torispherical Heads Conforming to 0.002
< t/L < 0.06. The minimum required thickness of a tori-
spherical head having 0.002 < t/L < 0.06;shall be the larger
of the thicknesses calculated by egs, (1) and (2). These
equations are based on the ,assumption that the
number of full pressurization cycles does not exceed
400. Any pressure cycle exceeding 20% of the range of
full pressure cycle shall be considered as an equivalent
full pressure cycle. [Ifithe number of equivalent pressure
cycles exceeds 400,'see TG-100.2(c) and Section VIII, Divi-
sions 1 and 2.]

PLM

= — 1
2SE — 0.2P
3PLKERT N
4S,Er

The value of S, shall be 115,000 psi for all materials
except for aluminum, aluminum alloys, copper, copper
alloys, titanium, and zirconium, for which the value of

The value of M shall be obtained from Table TD-310.2-1.
Interpolation may be used for r/D values that fall within
the range of the tabulated values. No extrapolation of the
values is permitted.

The value of K shall be obtained from Table TD-310.2-2,
Interpolation may be used for r/D values that fall within
the range of the tabulated values. No extrapolation of'the
values is permitted.

(b) Torispherical Heads Conforming to 0,0005 < t /L
< 0.002. When the maximum design temperature is
less than or equal to the temperature’limit given in
Table TD-310.2-3, the minimum required thickness of
a torispherical head having 0.0005 s t/L < 0.002 shall
be the larger of the thicknesses calculated by the equations
in (1) or (2).

(1) Burst Evaluation
PLN

f=—
2SE — 0.2P

where

factor’in the equations for torispherical heads
depending on the head proportion L/r

o+ E)
4 r
(2) Buckling Evaluation
(-a) Calculate a coefficient, C;.
(-1) For r/D < 0.08, C; = 9.31r/D - 0.086.
(-2) For r/D > 0.08, C; = 0.692r/D + 0.605.
(-b) Calculate the elastic buckling stress, S..

Se = ClET(t/r)

(-c) Calculate a coefficient, C,.
(-1) For r/D < 0.08, C; = 1.25.
(-2) For r/D > 0.08, C, = 1.46 - 2.6r/D.
(-d) Calculate values of constants a, b, B, and ¢.

0.5D -r
=L-r
arc cos (a/b), rad

¢ = (JLt)/r, rad

(-e) Calculate the value of c.
(-1) If ¢ < B, then ¢ = a/[cos(B - ¢)].
(-2) If ¢ = f5, then ¢ = a.

Determine the value of R,.

R,=c+r

=™ o

(-f) Calculate the value of internal pressure
expected to produce elastic buckling, P

S, shall be calculated by eq. (3).
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~ St
© orJ(0sR,/r) — 1]

when the thickness of the head is equal to or less than
the thickness of the shell. When a skirt is provided, its

(25)

(-g) Calculate the value of internal pressure
expected to result in yield stress at the point of
maximum stress, P,.

b Syt
y

B CaR,[(0.5R/r) = 1]

(-h) Calculate the value of internal pressure
expected to result in knuckle failure, P.
(-1) For P,/P, < 1.0, P, = 0.6P..
(-2) For 1.0 < P./P, < 8.29, P, = 0.408P, +
0.192P.,.
(-3) For P./P, > 8.29, Py, = 2.0P,.
(-i) Calculate thevalue P./1.5.1fP/1.5isequal to
or greater than the required internal design pressure, P,
then the design is complete. If P, /1.5 is less than the
required internal design pressure, P, then increase the
thickness and repeat the calculations until P, /1.5 is
equal to or greater than the required internal design pres-
sure, P.

TD-310.3 ELLIPSOIDAL HEADS

The minimum required thickness of an ellipsoidal head
shall be established as an equivalent torispherical head
using the rules given in TD-310.2. In using the equatiois
in TD-310.2, the values of L and r shall be obtained)from
Table TD-310.3-1.

TD-310.4 HEMISPHERICAL HEADS

When the thickness of a hemispherical’head does not
exceed 0.356L, or Pdoes not exceed 0;665SE, the following
equations shall apply:

PL
t = — (or

2SE — 0.2P

TD-310.5 CROWN AND KNUCKLE RADII

The inside croWwn radius to which an unstayed head is
dished shall netbe greater than the outside diameter of the
skirt of the head. The inside knuckle radius of a torisphe-
rical head'shall be notless than 6% of the outside diameter
of theskirt of the head but in no case less than three times
the ‘head thickness.

2SEt
L + 02t

TD-310.6 THICKNESS TRANSITION AND TAPERS

All formed heads, thicker than the shell and concave to
pressure, intended for butt-welded attachment, shall have
a skirt length sufficient to meet the requirements of
Fignre TW-130 5-1 when a tapered transition is required

thickness shall be at least that required for a seamless
shell of the same diameter.

Any taper atawelded joint within a formed head shall be
in accordance with TW-130.5. The taper at a circumfer-
ential welded joint connecting a formed head to a main
shell shall meet the requirements of TW-130.5 forthe
respective type of joint shown therein.

TD-310.7 FLAT SPOTS

If a torispherical, ellipsoidal, or hemispherical head is
formed with a flattened spot or surface, the diameter of the
flat spot shall not exceed that permitted for flat heads as
given by TD-500(c)(2), eq. (1)/usihg C = 0.25.

TD-320 OTHER TYPES OF CLOSURES

TD 320.1

Dished heads.with bolting flanges usually used as full-
opening rear doors of category 400 series specification
tanks in vacuum truck or trailers shall be designed to
the requirements of TG-100.2(c).

TD<320.2 QUICK-ACTUATING CLOSURES

Openings in pressure vessels used for the purposes
other than fluid flow, fluid level detection, temperature
measurement, quantity determination, pressure
measurement, etc.,, and which are fitted with quick-
opening and quick-actuating closures shall comply with
the requirements specified in TD-320.2 and TD-320.3.

(a) Definitions. For transport tanks, the following rules
shall apply for the design of full-opening rear doors and
manhole covers that do not meet the definition outlets:

(1) Quick-actuating closures are closures that are
operated by an action that releases all holding elements.

(2) Holding elements are parts of the closure used to
hold the cover to the vessel, and/or to provide the load
required to seal the closure. Hinge pins or bolts may be
used as holding elements.

(3) Locking elements are parts of the closure that
prevent a reduction in the load on a holding element
or prevent the release of a holding element. Locking
elements may also be used as holding elements.

(4) The locking mechanism or locking device may
consist of a combination of locking elements.

(b) General. Quick-actuating closures shall be designed
to meet the following general conditions:

(1) Closures shall be designed such that the locking
elements will be engaged prior to loading and subsequent
application of pressure and will not disengage until the
pressure is released and the tank is completely unloaded.

{2) Closuresshall be designed such thatthe failure of

All formed heads concave to pressure and intended for
butt-welded attachment need not have an integral skirt
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acting at the closure or contains dynamic pressure while
the tank is moving on the road due to longitudinal accel-

(-c) The designer shall consider the MAWP of the
tank, static loading, and the dynamic pressure due to the

eration) will not

(-a) cause or allow the closure to be opened or leak

(-b) result in the failure of any other locking
element or locking component or holding element

(-c) increase the stress in any other locking
element or locking component or holding element by
more than 50% above the allowable stress of the compo-
nent or holding element

(3) Quick-actuating closures shall be designed and
installed such that it may be determined by visual external
observation followed by a low pressure leak test (20% of
the design pressure of the tank) that the holding elements
are in satisfactory condition before loading the tank.

(4) Quick-actuating closures shall also be designed
such that all locking components can be verified to be
fully engaged by visual observation followed by a low
pressure leak test (20% of the design pressure of the
tank) prior to loading the tank and the application of pres-
sure to the tank.

(5) When installed, all vessels having quick-
actuating closures shall be provided with two pres-
sure-indicating devices. One device should be installed
near the operating area such that it is visible from the
operating area. The second device shall be installed
near the front of the tank on the driver side such that
it can be read from as far away from the operating
area of the closure as practical. These devices shall be
capable of detecting pressure at the closure and shall
be capable of detecting pressures under normal opera-
tions, as low as static head.

(6) The use ofamultilink component, such asa chain,
is not permitted.

(7) When a quick-actuating closure is.provided as a
part, it shall be provided with a Partial/Data Report as
meeting the applicable requirements-ef this Section.

(8) Nonmandatory Appendix-N provides supple-
mentary information for the Manufacturer of the pressure
vessel and provides guidapce on installation, operation,
and maintenance for the, Owner and User.

(c) Specific Design _Requirements.

(1) Quick-actuating closures thatare held in position
by positive locking devices and that are fully released by
partial rotation or limited movement of the closure itself
or the locking mechanism, and any closure that is other
than manually operated, shall be designed such that when
the vesselis installed the following conditions are met (see
also\Nonmandatory Appendix N):

(-a) The closure and its holding elements are fully
engaged in their intended operating position before
loading and then pressure can be applied in the vessel.

(-b) Priortothe access of the closure, the tank shall

contents inside the tank when the tankis in transportation
(because of longitudinal acceleration). The quick-
actuating closure shall be designed to the total pressure
adding all the above. For the tanks designed for vacuum
loading, the designer shall consider external pressure also.

(2) The designer shall consider the effects of cyclic
loading, other loadings (see TD-200) and mechanical
wear, corrosion, and other environmental effects acting
on the quick-actuating closure.

(3) Itis recognized that it is impracticalto Write re-
quirements to cover the multiplicity of quick-actuating
closures, or to prevent negligent operation or the circum-
venting of safety devices. Any device or/devices that will
provide the safeguards described\above shall meet the
intent of these rules.

(4) The Manufacturer, 6f-a pressure vessel with a
quick-actuating closure shall supply the User with an
installation, operation;-and maintenance manual that
shall address the maintenance and operation of the
closure. The manual should address the topics discussed
in Nonmandatory Appendix N. The intent is for this
manual to,stay’with the Owner or operator of the tank.

TD-320.3 QUICK-OPENING CLOSURES

(a) Definitions. For transport tanks that carry
dangerous goods, these quick-opening closures shall
meet the requirements of tank outlets.

(1) Outlet. An outlet is any opening in the shell or
head of a tank, including the opening’s closure, except
the following:

(-a) a threaded opening securely closed during
transportation with a threaded plug or a threaded cap

(-b) a flanged opening securely closed during
transportation with a bolted or welded blank flange

(-c) a manhole

(-d) a full opening head on a tank designed to be
loaded by vacuum

(-e) a gauging device

(-f) a thermometer well

(-g) a safety relief device

(-h) any opening specifically exempted in this
Section

(2) Quick-opening closures are closures that are
capable of fully opening within a specific time as set
forth by the competent authority and in no case more
than 30 sec of their activation.

(3) Each outlet shall be provided with a self-closing
system that

(-a) closes all the outlets in an emergency within
30 sec of actuation
(-b) includes aremotely actuated means of closure

be-depressurized-first-without-any-evidence-of-discharge
of the internal contents and then unloaded safely without
evidence of leakage.
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(-1) more than 3 m (10 ft) from the outlet or, if
vehicle length does not allow this distance, on the end of

(b) General
(1) Quick-opening closures shall be designed and

the tank furthest from the outlet
(-2) outside the cab on the tank, its supporting
structure, or skirting in a clearly visible location and
readily accessible to a person standing on the ground
(-c) consists of an actuated mechanism that
(-1) is corrosion resistant
(-2) operates in all climatic conditions
(-d) ensures that each outlet remains securely
closed and capable of retaining lading if the actuating
system is accidentally damaged or sheared off during
transportation, unless the valve and actuator are
protected by bottom damage protection and any piping
extending beyond the accident damage protection is
protected
(-e) includes a means of thermal activation that
(-1) islocated as close to the outlet asis practical
(-2) closes the outlet at a temperature of 122°C
(250°F) or less

installed such that it can be determined the closure 1s
in satisfactory condition prior to loading the tank; satis-
factory condition of the closure is determined by both a
visual external observation and a leak test at 20% of the
design Pressure of the tank.

(2) When a quick-opening closure is provided,as a
part, it shall be provided with a Partial Data-Réport
and shall meet the applicable requirements of this,;Section.

(3) Nonmandatory Appendix N proyvides supple-
mentary design information for the Manufacturer and
provides guidance on installation, operation, and mainte-
nance for the owner and user.

(c) Specific Design Requirements$:The Manufacturer of a
pressure vessel with a quick-opéning closure shall supply
the User with an installatign, operation, and maintenance
manual that shall address:tlie maintenance and operation
of the closure. The manual should address the topics
discussed in Nonmarndatory Appendix N. The intent is
for this manual to*stay with the Owner or operator of
the tank.

Figure TD-310.1
Principal,Dimensions of Typical Heads
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Table TD-310.2-1
Values for M

M for M for M for M for
t/L r/D = 0.06 r/D =0.07 r/D =0.08 0.08<r/D 0.2
0.002 1.00 1.00 1.00 1.00
0.004 1.00 1.00 1.00 1.00
0.006 1.28 1.00 1.00 1.00
0.008 1.41 1.20 1.00 1.00
0.010 1.41 1.26 1.10 1.00
0.012 1.38 1.25 1.13 1.00
0.016 1.31 1.21 1.12 100
0.020 1.25 1.17 1.08 1:00
0.030 1.14 1.08 1.01 1.00
0.040 1.07 1.01 1.00 1.00
0.060 1.00 1.00 1.00 1.00
Table TD-310.2-2
Values for K
K for K for K for K for K for K for
t/L r/D = 0.06 r/D =0.08 r/D =0.10 r/D = 0:14 r/D =0.17 r/D =0.20
0.002 7.87 6.29 5.24 395 3.31 2.81
0.004 6.77 5.60 4.69 3.49 2.93 2.50
0.006 6.04 5.14 438 3.27 2.73 2.33
0.008 5.51 4.78 4.14 3.13 2.60 2.21
0.010 5.11 4.49 3.93 3.02 2.51 2.13
0.012 4.79 4.25 3.76 2.93 2.44 2.06
0.016 431 3.87 3147 2.77 2.33 1.97
0.020 3.96 3.58 324 2.63 2.24 191
0.030 3.48 3.10 2.84 2.37 2.07 1.79
0.040 3.32 2.97 2.69 2.23 1.95 1.72
0.060 3.12 2.80 2.56 2.17 1.92 1.71

Table TD-310.2-3
Maximum Metal Temperature

Table TD-310.3-1
Values of Spherical Radius Factor, K,, and

Temperature Table in Which
Material Is Listed

Maximum Metal
Temperature, °C (°F)

Knuckle Radius, r

Table TM-130.2-1 343 (650)
Table TM-130.2-2 316 (600)
Table TM-130.2-3 149 (300)
Table TM-130.2-4 66 (150)
Table TM-130:2-5 343 (650)
Table TM-230'2%6 343 (650)

D/2h [Note (1)] K, r/D
3.0 1.36 0.10
2.8 1.27 0.11
2.6 1.18 0.12
2.4 1.08 0.13
2.2 0.99 0.15
2.0 0.90 0.17
1.8 0.81 0.20
1.6 0.73 0.24
1.4 0.65 0.29
1.2 0.57 0.37
1.0 0.50 0.50

GENERAL NOTES:
(a) Equivalent spherical radius: L = K;D.
(b) Equivalent knuckle radius: r = (r/D)D.

(25)

(c) Interpolation is permitted for intermediate values.

NOTE: (1) D/2h = axis ratio.
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ARTICLE TD-4
DESIGN FOR EXTERNAL PRESSURE

TD-400 THICKNESS OF SHELLS UNDER
EXTERNAL PRESSURE

Rules for the design of shells under external pressure
given in this Section are limited to cylindrical shells, with
or without stiffening rings, and spherical shells. Three
typical forms of cylindrical shells are shown in
Figure TD-400.1. Charts used in determining minimum
required thickness of these components are given in
Section I, Part D, Subpart 3.

TD-400.1 NOMENCLATURE

The symbols defined below are used in the procedures
of this paragraph (see Figure TD-400.1):

TD-400.2 CYLINDRICAL SHELLS

The required minimum thickness ofia.cylindrical shell
having D, /t values not less than 10,ander external pres-
sure, shall be determined by thé following procedure.
Alternative methods of determining allowable circumfer-
ential and longitudinal bending compressive stresses for
cylindrical shells are givenin TD-440.

Step 1. Assume a valué for t and determine the ratios
L/D, and D/t.

Step 2. Enter Section 1], Part D, Subpart 3, Figure G atthe
value of L/D,‘determined in Step 1. For values of L/D,
greater than 50, enter the chart at a value of L/D,
= 50. Forwalues of L/D, less than 0.05, enter the chart
at a value of L/D, = 0.05.

Step 3. Move horizontally to theline for the value of D,,/t

A = factor determined from Section II, Part D, Subpart  ggtdrmined in Step 1. Interpolation may be made for inter-
3, Figure G and used to enter the applicable mate- ¢} ediate values of D,/t. From this point of intersection,
rial chart in Section II, Part D, Subpart 3 move vertically downward to determine the value of

B = factor determined from the applicable materjdl factor A.
chart in Section II, Part D, Subpart 3 for Step 4. Using the value of A calculated in Step 3, enter
maximum design metal temperature the applicable material chartin Section II, Part D, Subpart 3

D, = outside diameter of cylindrical shell course for the material under consideration. Move vertically to an

E = modulus of elasticity of material at design  jptersection with the material/temperature line for the
temperature. For external pressure design in design temperature. Interpolation may be made
accordance with this Section, the modulus of elas-  phetyeen lines for intermediate temperatures. In cases
ticity to be used shall be takelifrom the applicable  \yhere the value of 4 falls to the right of the end of the
materials chart in Sectjon'1l, Part D, Subpart 3. aterial /temperature line, assume an intersection with
(Interpolation may bé.made between lines for  the horizontal projection of the upper end of the mate-
intermediate temperatures.) rial/temperature line. For values of A falling to the left

L = design length of'a\wessel section between lines of of the material/temperature line, see Step 7.
support. A line of support is a: Step 5. From the intersection obtained in Step 4, move

(a) circumferential line on a head (excluding  hqrizontally to the right and read the value of factor B.
conical heads) at one-third the depth of the Step 6. Using this value of B, calculate the value of the
head\from the head tangent line as shown on  paximum allowable external working pressure, P,, using
Figure TD-400.1 the following equation:

(b) stiffening ring that meets the requirements 4B
of TD-410.1 P, =

P= external design pressure (see TD-150) 3(D,/1)

P, = calculated value of maximum allowable external . .
. Step 7. Forvalues of A falling to the left of the applicable
working pressure for the assumed value of ¢ 8 .
R, = outside radius of spherical shell materlal'/temperature.llne, the Yalue of P, can be calcu-
t = minimum required thickness of cylindrical shell or lated using the following equation:
tube or spherical shell P, = 2AE
t; = nommimnat thickmess of Tytimdricat shettortube S\Do/b)
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Figure TD-400.1
Diagrammatic Representation of Variables for Design of Cylindrical Vessels Subjected to External Pressure
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Step 8. Compare the calculated value of P, obtained in
Step 6 or Step 7 with P. If P, is smaller than P, selectalarger
value for t and repeat the design procedure until a value of
P, is obtained that is equal to or greater than P.

TD-400.3 SPHERICAL SHELLS

The minimum required thickness of a spherical shell
under external pressure, either seamless or of built-up
construction with butt joints, shall be determined by
the following procedure:

Step 1. Assume a value for t and calcylate the value of
factor A using the following equation:

0.125
(Rg/t)

Step 2. Using the value of4 calculated in Step 1, enter
the applicable material ¢hattin SectionII, Part D, Subpart 3
for the material undéenconsideration. Move vertically to an
intersection with the material/temperature line for the
design tempefature (see TD-140). Interpolation may be
made between lines for intermediate temperatures. In
cases where the value at A falls to the right of the end
of the,material /temperature line, assume an intersection
with‘the horizontal projection of the upper end of the
material/temperature line. For values at A falling to
the left of the material/temperature line, see Step 5.

Step 3. From the intersection obtained in Step 2, move
horizontally to the right and read the value of factor B.

Cf‘an 4. Ilmnnfha value of Bebtainedin Cfan '2 calculate

B
(R,/1)

a =

Step 5. For values of A falling to the left of the applicable
material/temperature line, the value of P, can be calcu-
lated using the following equation:

0.0625E
(Ro/t)?

Step 6. Compare P,, obtained in Step 4 or Step 5 with P.
If P, is smaller than P, select a larger value for t and repeat
the design procedure until a value for P, is obtained thatis
equal to or greater than P.

TD-400.4 STAMPING FOR VACUUM SERVICE

Vessels intended for service under external working
pressures of 103 kPa (15 psi) and less may be
stamped with the Certification Mark denoting compliance
with the rules for external pressure, provided all the ap-
plicable rules of this Section are satisfied. When the Certi-
fication Mark is to be applied, the User or the User’s
designated agent shall specify the required maximum
allowable external working pressure. The vessel shall
be designed and stamped with the maximum allowable
external working pressure.

TD-400.5 LONGITUDINAL LAP JOINTS

When there is a longitudinal lap joint in a cylindrical

(25)

the Value of the maximum allowable external working
pressure P, using the following equation:
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the rules in this paragraph, except that 2P shall be used
instead of P in the calculations for the required thickness.

I’s = required moment of inertia of the combined ring-

shell cross section about its neutral axis parallel to

TD-400.6 CIRCUMFERENTIAL JOINTS

Circumferential joints in cylindrical shells, unless other-
wise prohibited by the rules of this Section, may be of any
type permitted by the Code and shall be designed for the
imposed loads.

TD-400.7 EXTERNAL LOADINGS

When necessary, vessels shall be provided with stif-
feners or other additional means of support to prevent
overstress or large distortions under the external loadings
listed in TD-200 other than pressure and temperature.

TD-400.8 EXTERNAL PRESSURE

The external design pressure or maximum allowable
external working pressure shall be not less than the
maximum expected difference in operating pressure
that may exist between the outside and the inside of
the vessel at any time.

TD-410 STIFFENING RINGS FOR
CYLINDRICAL SHELLS UNDER
EXTERNAL PRESSURE

TD-410.1 REQUIRED MOMENT OF INERTIA

Except as exempted in Step 6(a), the available moment
of inertia of a circumferential stiffening ring shall be not
less than that determined by one of the following two
equations:

I = |DiLt + ag/L)al/1
o 2
I = [DOLS(t + AS/LS)A}/10.9
where
I = available momert of inertia of the stiffening ring

cross section about its neutral axis parallel to
the axis{ofi the shell

I; = required moment of inertia of the stiffening ring
cross section about its neutral axis parallel to
the axis of the shell

['t=vavailable moment of inertia of combined ring shell

cross section about its neutral axis parallel to the
axis of the shell. The nominal shell thickness, t, shall
be used and the width of shell that is taken as contri-
buting to the moment of inertia of the combined
section shall be not greater than 1.10,/Dt; and

shall be taken as lying one-half on each side of

the axis of the shell

If the stiffeners should be so located that the maximum
permissible effective shell sections overlap on either or
both sides of a stiffener, the effective shell section for
that stiffener shall be shortened by one-half of each
overlap.

A = factor determined from the applicable-chart in
Section II, Part D, Subpart 3 for the material
used in the stiffening ring, corresponding to the
factor B, below, and the desigi-temperature for
the shell under consideration
cross-sectional area of the stiffening ring
factor determined frem the applicable chart in
Section II, Part D,“Subpart 3 for the material
used for the stiffening ring
one-half of the.distance from the center line of the
stiffening-ring to the next line of support on one
side, plus-one-half of the center line distance to
the fiext line of support on the other side of the
stiffening ring, both measured parallel to the
dxis of the cylinder. A line of support is

(a) astiffening ring that meets the requirements
of this paragraph

(b) acircumferential connection to a jacket fora
jacketed section of a cylindrical shell

(c) acircumferential line on a head at one-third
the depth of the head from the head tangent line as
shown on Figure TD-400.1.

P, D, E, t, and t, are as defined in TD-400.1.

The adequacy of the moment of inertia for a stiffening
ring shall be determined by the following procedure:

Step 1. Assuming that the shell has been designed and
D,, L, and t are known, select a member to be used for the
stiffening ring and determine its cross-sectional area, A;.
Then calculate factor B using the following equation:

B =2
4

Step 2. Enter the right-hand side of the applicable mate-
rial chart in Section II, Part D, Subpart 3 for the material
under consideration at the value of B determined by
Step 1. If different materials are used for the shell and
stiffening ring, use the material chart resulting in the
larger value of A in Step 4, below.

Step 3. Move horizontally to the left to the material/
temperature line for the design metal temperature. For
values of B falling below the left end of the material/
temperature line, see Step 5.

Step 4. Move vertically to the bottom of the chart and

PD,
t + A/L;

the centroid of ring. Portions of the shell plate
shall not be considered as contributing area to
more than one stiffening ring.
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Step 5. For values of B falling below the left end of the
material /temperature line for the design temperature, the

Stiffening rings placed on the inside of a vessel may be
arranged as shown in Figure TD-410.2-1, (E) and (F),

value of 4 can be calculated using the equation 4 = 25/E.
Step 6. See below.

(a) In those cases where only the stiffening ring is
considered, compute the required moment of inertia
from the equation for I given in TD-410.1.

(b) In those cases where the combined ring shell is
considered, compute the required moment of inertia from
the equation for I given in TD-410.1.

Step 7. See below.

(a) In those cases where only the stiffening ring is
considered, determine the available moment of inertia
I as given in the definitions.

(b) In those cases where the combined ring shell is
considered, determine the available moment of inertia I’
as given in the definitions.

NOTE: In those cases where the stiffening ring is not attached to
the shell or where the stiffening ring is attached but the designer
chooses to consider only the ring. Steps 6(a) and 7(a) are to be
used. In those cases where the stiffening ring is attached to the
shell and the combined moment of inertia is considered, Steps
6(b) and 7(b) are to be used.

Step 8. Ifthe required moment of inertia is greater than
the available moment of inertia for the section selected, for
those cases where the stiffening ring is not attached or
where the combined ring-shell stiffness was not consid-
ered, a new section with a larger moment of inertia must
be selected; the ring must be attached to the shell and the
combination shall be considered; or the ring-shell combix
nation that was previously not considered together .shall
be considered together. If the required moment of.inertia
is greater than the available moment of inertia for those
cases where the combined ring-shell was censidered, a
new ring section with a larger moment of\inertia must
be selected. In any case, when a newsection is used,
all of the calculations shall be repeated using the new
section properties of the ring or ring-shell combination.

If the required moment of inertia is smaller than the
available moment of inertja, whichever method is used,
that ring section or combined section is satisfactory.

CAUTION: Stiffening rings may be subject to lateral buckling.
This should be considered in addition to the requirements
for I; and I’

TD-410.2-STIFFENING RING ARRANGEMENT

Stiffening rings shall extend completely around the
cirectmference of the cylinder, except as permitted
below. Any joints between the ends or sections of such
rings, such as shown in Figure TD-410.2-1, (A) and
(B), and any connection between adjacent portions of
a stiffening ring lying inside or outside the shell as

provided that the required moment of 1nertia of the
ring in (E) or of the combined ring-shell section in (F)
is maintained within the sections indicated. Where the
gap at (A) or (E) does not exceed eight times the thickness
of the shell plate, the combined moment of inertia of the
shell and stiffener may be used.

Any gap in that portion of a stiffening ring supportifig
the shell, such as shown in Figure TD-410.2-1, (E), shallnot
exceed the length of arc given in Figure TD-410.2=2unless
additional reinforcement is provided as shown in Figure
TD-410.2-1 or unless the following conditiens are met:

(a) onlyoneunsupported shell arcispermitted perring

(b) the length of the unsupported Shell arc does not
exceed 90 deg

(c) theunsupported arcsinadjacentstiffening rings are
staggered 180 deg

(d) the dimension L defined in TD-400.1 is taken as the
larger of the following: the-distance between alternate stif-
fening rings, or the distance from the head tangent line to
the second stiffening ring plus one-third of the head depth.

TD-410.3 INTERNAL STRUCTURES AS
STIFFENERS AND SUPPORTS

When' internal plane structures perpendicular to the
lohgitudinal axis of the cylinder (such as bubble trays
or'baffle plates) are used in a vessel, they may also be
considered to act as stiffening rings, provided they are
designed to function as such.

Any internal stays or supports used as stiffeners of the
shell shall bear against the shell of the vessel through the
medium of a substantially continuous ring.

TD-420 ATTACHMENT OF STIFFENING RINGS
FOR EXTERNAL PRESSURE

(a) Stiffening rings may be placed on the inside or
outside of a vessel, and shall be attached to the shell
by welding. The ring shall be essentially in contact
with the shell. Welding of stiffening rings shall comply
with the requirements of this Section for the type of
vessel under construction.

(b) Stiffening rings may be attached to the shell by
continuous, intermittent, or a combination of continuous
and intermittent welds. Some acceptable methods of
attaching stiffener rings are illustrated in Figure TD-420.

(c) Intermittentweldingshall be placed onboth sides of
the stiffener and may be either staggered or in-line. Length
of individual fillet weld segments shall be not less than 50
mm (2 in.) and shall have a maximum clear spacing
between toes of adjacent weld segments of 8t for external
rings and 12t for internal rings where t is the shell thick-

shown in Eignrn TD4102.1 shall be made sothat the

required moment of inertia of the combined ring-shell
section is maintained.
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ness at the attachment. The total length of weld on each
side of the stiffening ring shall be



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

Figure TD-410.2-1
Various Arrangements of Stiffening Rings for Cylindrical Vessels Subjected to External Pressure
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This section shall have moment of /
inertia required for ring.
Léngth of any gap in unsupported shell not to
exceed length of arc shown in Figure TD-410.2-2.

e ]

Section J—K

Butt weld
inring

Unstiffened cylinder

|

Type-of construction

when gap is greater 7 \
than length of arc /w N
shown in Figure TD-410.2-2

// At least 120 deg \ N

O

4 ®
This section shall have moment of
inertia required for ring.

Support
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Figure TD-410.2-2
Minimum Arc of Shell Left Unsupported Because of Gap in Stiffening Ring of Cylindrical Shell Under External Pressure

0 00 0 00 QO 00 QO 000 00 QO QO 00 00 00
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1000 /v //v/v/v /: /v/ g v/v g /v/v Rl /v o
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= /1 / / o
500 e / <1
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|
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Design Length<"OQutside Diameter, L/D,,

(1) not less than one-half the outside circumference
of the vessel for rings on the outside, and
(2) not less than one-third the circtunference of the
vessel for rings on the inside
(d) A continuous full-penetration weld is permitted
as shown in sketch (e) of Figute TD-420. Continuous
fillet welding on one side ofthe'stiffener with intermittent
welding on the other side”is permitted for sketches
(a) through (d) of Eiguire TD-420 when the thickness
t, of the outstanding stiffener element [sketches (a)
and (c)] or width w of the stiffener element mating to
the shell [skétghes (b) and (d)] is not more than 25
mm (1 in.)\ The weld segments shall be not less than
50 mm«(2/in.) long and shall have a maximum clear
spacing.between toes of adjacent weld segments of 24t.
(e)>Strength of Attachment Welds. Stiffener ring attach-
nient welds shall be sized to resist the full radial pressure
load from the shell between stiffeners, and shear loads
acting radially across the stiffener caused by external

design loads carried by the stiffener (if any) and a
20 £+

(2) The radial shear load is equal to 0.01PLg D,,.
(3) P, Ly, and D, are defined in TD-400.1 (see
TD-410.1 for definitions).
(f) Minimum Size of Attachment Welds. The fillet weld
leg size shall be not less than the smallest of the following:
(1) 6 mm (% in)
(2) vessel thickness at weld location
(3) stiffener thickness at weld location

TD-430 FORMED HEADS, PRESSURE ON
CONVEX SIDE

(a) General. The required thickness at the thinnest
point after forming of ellipsoidal, torispherical, and hemi-
spherical heads under pressure on the convex side (minus
heads) shall be computed by the appropriate equations
given in this paragraph. In addition, provisions shall be
made for any other loading referenced in TD-200. The
required thickness for heads due to pressure on the
convex side shall be determined as follows:

L)

£ad digl L 1 &+ £31££€
\IUI“F“LCU raurarn Siicdar Cl.il«lal U 4 /70 U tITC OSLIrICIIcrt
ring’s compressive load.
(1) Theradial pressureload from shellisequal to PLj.

(LJ 1 Ul CllllJbUlucll dllu I,Ul lb}JllCl l\'dl ucaub, Lllc

required thickness shall be the greater of the following:
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Figure TD-420

Some Acceptable Methods of Attaching Stiffening Rings

\
S [Notes (1) and (2)]
I

AL

Y
50 mm (2 in.)
y min.

P
4

y min.

P

|<— W —

In-line Staggered
Intermittent Intermittent
Weld Weld
Stiffener \
tw
t
Y p —

(a)

NOTES:

— W —>|

(d)

[ W —>|

(b)

Continuous full
penetration weld \

S [Notes (1) and (2)]

Y
50 mm (2in.)

K50 mm (2in.)
y min.

Continuous Fillet Weld
One Side, Intermittent
Other Side

(c)

- 1,

¢

(e)

(1) For external stiffeners, S < 8t.
(2) For internal stiffeners, S < 12t.
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Table TD-430
Values of Spherical Radius Factor K, for Ellipsoidal Head With Pressure on Convex Side

3.0
1.36

2.8
1.27

2.6
1.18

2.4
1.08

2.2
0.99

D,/2h,
K,

2.0
0.90

1.8
0.81

1.6
0.73

1.4
0.65

1.2
0.57

1.0
0.50

GENERAL NOTE: Interpolation permitted for intermediate values.

(-a) the thickness computed by the procedure
given in TD-310 for heads with pressure on the
concave side (plus heads) using a design pressure 1.67
times the design pressure on the convex side, assuming
a joint efficiency E = 1.00 for all cases

(-b) the thickness as computed by the appropriate
procedure given in (d) or (e)

(2) For hemispherical heads, the required thickness
shall be determined by the rules given in (c).
(b) Nomenclature. The nomenclature defined below is
used in this paragraph. See Figure TD-310.1.
A, B, E, and P are as defined in TD-400.1.

Step 2. Usingthe value of A calculated in Step 1, follaw
the same procedure as that given for spherical shells-in
TD-400.3, Steps 2 through 6.

(e) Torispherical Heads. The required thickness of a
torispherical head having pressure on the\convex side,
either seamless or of built-up constréiction with butt
joints, shall be not less than that determined by the
same design procedure as is usedfor ellipsoidal heads
given in (d), using the appropriate value for R,.

TD-440 ALTERNATIVE-ALLOWABLE
COMPRESSIVE STRESSES IN
CYLINDRICAL SHELLS AND FORMED

D, = outside diameter of the head skirt
D,/2h, = ratio of the major to the minor axis of ellip- HEADS
soidal heads, which equals the outside
diameter of the head skirt divided by twice TD-440.1 NOMENCLATURE
the outside height of the head (see Table Thé-symbols defined below, in addition to those of
TD-430) TD-400.1, are used in the procedures of this paragraph.
h, = one-half ofthe length of the outside minor axis
of the ellipsoidal head, or the outside height of C, = coefficient in equation for circumferential
the ellipsoidal head measured from thé compressive stress
tangent line (head-bend line) D; = inside diameter of cylindrical shell course
K, = factor depending on the ellipsoidal head D, = outside diameter of cylindrical shell course
proportions, Do/2h,, (see Table TD;430) E = modulus of elasticity at design temperature from
R, = for hemispherical heads, the outside radius Section II of the ASME Boiler and Pressure Vessel
= for ellipsoidal heads, the equivalent outside Code
spherical radius taken as K;D, e = maximum deviation from a straight line,
= for torispherical heads, the\outside radius of measured along a meridian over a gauge length
the crown portion of the’head of Ly = 4(R,T)*/? or across a circumferential
T = minimum required\thickness of head after weld at a gauge length of 25T
forming Fp, = allowable axial compressive membrane stress of a
cylinder due to bending moment in the absence of
(c) Hemispherical Heads. The required thickness of a other loads
hemispherical head having pressure on the convex side Fn, = allowable circumferential compressive stress in a
shall be determihed in the same manner as outlined in cylindrical shell under external pressure alone
TD-400.3 for.determining the thickness for a spherical Fse = allowable elastic axial compressive membrane
shell. failure (local buckling) stress of a cylinder in
(d) Ellipsoidal Heads. The required thickness of an ellip- the absence of other loads
soidal-head having pressure on the convex side, either F, = greater of the Section I, PartD material minimum
sdamless or of built-up construction with butt joints, yield strength or, if permitted by a modal appen-
shall be not less than that determined by the following dix, a higher yield strength based on the Manufac-
procedure. turer’s certified mill test reported minimum yield
Step 1. Assume a value for t and calculate the value of strength
factor A using the following equation: FS = stress reducti_on factor or design factor
0.125 LS - btlffclltl DPdLllls ] ]
A = L, = gaugelength for measuring straightness tolerance
R/t of shells
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M, = L/R,D)"? =
R, = radius of gyration of cylinder FS(D)
=02500,2+ D)~
R, = outside radius of shell where
T = wall thickness

TD-440.2 STRESS REDUCTION FACTOR

Allowable compressive stresses for design and test
conditions shall be as determined by applying a stress
reduction factor, FS, to the predicted buckling stresses
according to the equations noted in this Article unless
otherwise specified in an applicable modal appendix.

FS = 20if E < 0.55F,
2407 — 0.741 F/F, if 0.55F, < F < F,
1667 if F, > F,

F;.is the predicted buckling stress, which is determined
by letting FS = 1 in the allowable compressive stress equa-
tions given in TD-440.3(a) and TD-440.3(b).

TD-440.3 DESIGN PROCEDURES

(a) Allowable Circumferential Compressive Stresses. The
allowable circumferential compressive stress for a cylin-
drical shell is given by

Fy, = Fy/FS for Fhe/Fy > 2.439
= 0.7 E,(Fy,/E)**/ES for 0.552 < Fy,./F, < 2439
= Fp/FS for Fy,/F, < 0.552
where
C, = 0.55T/D, for M, = 2(D,/T)**
= 1.12M, %8 for 13 < M, < 2(D,/T)*%*
= 0.92/(M, - 0.579) for 1.5-5"M, < 13
= 1.0 for M, < 1.5
Fre = 1.6C,ET/D,

The allowable external*pressure is
B, = 2F;,,T/D,

(b) Allowable-Longitudinal Compressive Stresses in a
Cylinder Due“to Bending Moment Across a Cross Section.
The alloewable longitudinal compressive stress due to
bending-moment across a cross section is given by the
lower"of Fp, or F,.

Fy/FS for D,/T < 13§

Fyg

C, = -0.05 - 0.572 log (e/4T)

(c) Tolerances for Shells Subject to Axial Compression
Due to Bending Moment. Cylindrical and conical shells
shall meet the out-of-roundness limitations of<TF-120
and shall meet the local deviations, e, from-a-straight
line measured along a meridian over a gauge length of
Ly. The out-of-roundness shall not exceed the
maximum permissible deviation range-for e given below.

0.0006D, < e < 0:Q015D,

0 =

L, equals 4(R0T)1/ 2 but not@reater than L, for cylinders, or
25T across circumferential welds but not greater than
95% of the distance.between circumferential welds.

The allowable axial compressive stress, Fg,, shall be
calculated based on the value of e within the range
stated aboyejand shall be used as the construction toler-
ance for the'tank. A default value of e < 0.001D,, shall be
used if the actual local deviations are not monitored and
satisfied as a part of the tank construction.

(d) Allowable Compressive Stress in a Formed Head Due
to Pressure Against the Convex Side. The allowable
compressive stress in a head convex to the pressure is
109.3% of that computed by the rules of TD-430, or
the head design thickness can be 91.5% of that computed
by the same rules.

TD-440.4 NONMANDATORY EXAMPLES OF THE
TD-440 ALTERNATIVE ALLOWABLE
CIRCUMFERENTIAL AND
LONGITUDINAL BENDING
COMPRESSIVE STRESSES IN
CYLINDRICAL SHELLS

Given: A cylindrical tank with the nomenclature shown
in Figure TD-440.4 is evaluated for allowable longitudinal
bending stresses. The following are the design data for the
tank:

- outside diameter: D, = 64 in.

- total weight of tank and contents based on the
required dynamic load conditions and allowable gross
vehicle weight for highway service: W = 88,000 lb

- shell material: SA-240, Type 304

- modulus of elasticity: E = 28 x 106 psi

- F, = greater of the Section II, Part D material

= 4065 for 135 < D,/t < 600 minimum yield strength multiplied by 1.2 per 1-1.4
Fs(331 + —0) = 36,000 psi; or
05E T - F, = Manufacturer’s certified material test report
— Ve D,/T > 600 minimum yield strength multiplied by 0.9 per
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1-1.4(d)(11)
= 39,000 psi
- tank overall length: L = 480 in.
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Figure TD-440.4
Bending Stress Distribution in a Typical Transport Tank

A
.

Y

Y

GENERAL NOTE: L, = length of tank requiring additional bending reinforcement.

support point setback on both ends of tank: C = 30 in.
- maximum allowable tensile stress per Section II, Part
20,000 psi

- cylindrical tank thickness: T=0.135 in. (10 gage) ahd
D,/T = 474 (Case 1)

- cylindrical tank thickness: T=0.105 in. (12 gage) and
D,/T = 610 (Case 2)

(a) Solution for Case 1 Cylindrical Tank. The‘maximum
bending moment at the tank center is

D

WL (1 2C
M = =(--=
max 4 (2 L)
— 88,000(480) [l < 2(30)] = 3,960,000in.-Ib
4 2 480

Cylindrical section.amedulus

DT~ 1(64)%(0.135)
4 4

7= = 434in>

Maximtni-fongitudinal compressive stress

M
F, = % = 9,100 psi

The maximum allowable longitudinal compressive
stress in a cylinder due to bending from TD-440.3(b)

is the lower of F, or F, as follows:
From TD-440.2,

0.55F, = 0.55(39,000 psi) = 21,450psi

D,/T = 64/0.135 = 474

Therefore, assuming FS = 2.0,
466Fy
FS(3314+D,/T)
_ 466(39,000)
2(331+64 / 0.135)

Fpg
= 11,300 psi

To confirm the assumption that FS = 2.0,
F. = Fp,/2.0 = 5,700psi < 21,450

Therefore, the FS = 2.0 assumption is valid.
Assume e = 0.001D,, the TD-440 default value. Then

C, = —0.05 — 0.572log(e/4T)
= —005 — 0.572log| 22D | _ 45
4(0.135)
6
CET  048(28 x 10%)(0.1
= oET _ 048(28 X 107)(0.135) _ 14,200 psi
FS(D,) 2(64)

Therefore, Fp,, controls the allowable stress. The applied
stress F;, (9,100 psi) is less than the allowable stress F,
(11,300 psi). Therefore, the subject circular cylinder is

ES = 20ifF, < 0.55F,
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(b) Solution for Case 2 Cylindrical Tank. Cylindrical
section modulus

F, = F,,/2.0 = 4,900psi < 21,450

Tl’\nvnfnvﬂ, the FS — 20 qccumph’nn is—valid

xD’T _ w(64)%(0.105)

7 = = 338in.’
4

Maximum longitudinal compressive stress
max

M
B, = —7% = 11,700psi

The maximum allowable longitudinal compressive
stress in a cylinder due to bending from TD-440.3(b)
is the lower of F}, or F,,, as follows:

From TD-440.2,

FS = 2.0 if E, < 0.55F,
0.55F, = 0.55(39, 000psi) = 21,450psi

D,/T = 64/0.105 = 610

Therefore, assuming FS = 2.0,
0.SE, _ 0.5(39,000)
FS

Py, = = 9,800psi

Assume e = 0.001D,, the TD-440 default value. Then

C, = —0.05 — 0.572log(e/4T)
= —0.05 — 0.572log M = 042
4(0.105)
6
C,ET 0.42(28 x 107)(0.10
= OET _ 042(28 x 10°)(0.105) _ 9,600 psi
FS(D) 2(64)

Therefore, the calculated longitudinal compressive
bending stress of 11,700 psi is greatex'than the allowables.
This can be resolved by either increasing the shell thick-
ness or providing longitudinakstiffeners on the top of the
tank (see Figure TD-440.4)-that will increase the cylin-
drical shell section modulus and reduce the compressive
bending stresses to comply with the TD-440 allowables.
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ARTICLE TD-5
UNSTAYED FLAT HEADS AND COVERS

TD-500 DESIGN OF UNSTAYED FLAT HEADS
AND COVERS

(a) The minimum thickness of unstayed flat heads,
cover plates, and blind flanges shall conform to the re-
quirements given in this paragraph. These requirements
apply to both circular and noncircular heads and covers.
Special consideration shall be given to the design of shells,
nozzle necks, or flanges to which noncircular heads or
covers are attached. Some acceptable types of flat
heads and covers are shown in Figure TD-500. In this
figure, the dimensions of the component parts and the
dimensions of the welds are exclusive of extra metal
required for corrosion allowance.

(b) The symbols used in this paragraph and in
Figure TD-500 are defined as follows:

C = afactor depending upon the method of attachment
of head, shell dimensions, and other items as listed
in (d), dimensionless. The factors for welded
coversalso include a factor of 0.667 that effectively
increases the allowable stress for such construc-
tions to 1.55
long span of noncircular heads or covers nieasured
perpendicular to short span
diameter, or short span, measured@;as indicated in
Figure TD-500
joint efficiency, from Table*T'W-130.4, of any Cate-
gory A weld as defined in~-TW-130.3
gasket moment arm,'equal to the radial distance
from the centerline-of the bolts to the line of
the gasketreaction,as shown in Mandatory Appen-
dix XX, Table™XX-5.2
perimeter of noncircular bolted head measured
along the centers of the bolt holes
the fatio t./t,, dimensionless
internal design pressure (see TD-150)
inside comer radius on a head formed by flanging
or forging
maximum allowable stress value in tension, psi,
from applicable table of stress values referenced
by TD-210
minimum required design thickness of flat head or

coNer

~ v =X

A

tr = nominal thickness of the flange on a forged head, at
thelarge end, as indicated in Figure TD-500; sketch
(b)

t, = nominal thickness of flat head ok/cover

t, = required thickness of seamless'§hell, for pressure

t, = nominal thickness of shell

tw = thickness through the weld joining the edge of a
head to the inside of>a“vessel, as indicated in
Figure TD-500, sketch’(g)

W = total bolt load).given for circular heads for
Mandatory Appehdix XX, XX-5, egs. (3) and (4).

Y = length of flange of flanged heads, measured from
the tangeént line of knuckle, as indicated in
Figure PD-500, sketches (a) and (c)

Z = a fastor of noncircular heads and covers that

depends on the ratio of short span to long span,
as given in (c), dimensionless

(c) The thickness of flat unstayed heads, covers, and
blind flanges shall conform to one of the following
three requirements. These equations provide adequate
design margins against structural failure. However, no
limit has been provided for deflection and rotation. If
leakage at a threaded or gasketed joint is of concern,
the thickness may have to be increased to provide
adequate rotational stiffness.

(1) Circular blind flanges conforming to any of the
flange standards listed in Table TG-130 and further
limited in TD-100.5 shall be acceptable for the diameters
and pressure-temperature ratings in the respective stan-
dard when the blind flange is of the types shown in Figure
TD-500, sketches (j) and (k).

(2) The minimum required thickness of flat unstayed
circular heads, covers, and blind flanges shall be calculated
by the following equation:

t = d\/CP/SE

except when the head, cover, or blind flange is
attached by bolts causing an edge moment [sketches
(j) and (k)], in which case the thickness shall be calculated

by

1)

P
SE

l.9WhG
SEd>

t; = throat dimension of the closure weld, as indicated

in Figure TD-500, sketch (r)
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Figure TD-500

Some Acceptable Types of Unstayed Flat Heads and Covers

|=—Center of weld ¢ i<—Center of lap
_>i v e trmin. = 2t s . Yl |
ts L ot <—Tangent ts ff I'min. = 10 mm (0.375 in.) 31 t—l : <—Tangent
I _+ line for tg <38 mm (11/5 in.) Lp¥ < line
f r=3t r=3t d Imin. = 0.25¢s for \ r=3t
Ta er% T min. T min. ts > 38 mm (11/2in.) * T min.
p d <t d ] t | t 7/4 but need not be greater d -t
T - - L than 19 mm (3/4 in.) ™ ’
C=0.17or Cc=0.17 C=0.33m C=0.30
Cc=0.10 C min. =0.20 C=0.200r 043
(a) (b-1) (b-2) ()
ty = 2t min. neriess than 1.2¢¢
¢ but neednotbe greater than ¢
<O Tts 0.7tg 0.7t . L Projection
[ - S beyond weld
[ r="1/4t i Y
T min.4 M\x/{ V\XQ\( % L g is optional
d ts_f T \E/.ﬂs tsj T \Continuation N Bevel is optional
I—L- t ﬁ‘.’ Ny ﬁ:r [<—t of shell d, N ¢ 45 deg max.
C=013 optional
Sketches (e), (f), and (g) circular covers, C = 0{33m, C min. = 0.20
(d) (e) () (9)
. See Figure TW-130.5-2 sketches (a) to (g),
See Figure TW-130.5-2 sketches (a) to (g), inclusive, for details of dutside
inclusive, for details of welded joint welded joint
ts not less than 1.25t, 0,7ts< hg hg
v [P R '
T TS
ts ! ts ! I [}
d d \ d d
| R NN\ | = < N s —> t/<—
LI T < I - I b
C=0.33 €=\0.33m Cc=03 Cc=03
Cwmin. =0.20 [See Note (1)] [See Note (1)]
(h) (i) (i) (k)
%
3 Retaining
] ring Threaded ring
| —] {4-
C=0:30 C=0.30
(m) (n)
t{— 30 deg min., s
¢ eal weld
R >, ‘ ; s R 45 deg max. 15/ : 3/4¢ min. .
[yl g 2 / ‘ Y 0.8tg min.
A d T : \ %‘I [N .
d ! J ‘—>\} min. ty = tor g d or %
[~ ‘ Ceo075 N ™ whichever
=0u. _ is greater _
[See Note (2)] C=0.33 C=0.33
n (s)

(q)

GENERAL NOTE: The above sketches are diagrammatic only. Other designs that meet the requirements of TD-500 are acceptable.

NOTES:

(1) Use TD-500(c)(2), eq. (2) or TD-500(c)(3), eq. (5).
(2) When pipe threads are used, see Table TD-670.
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When using eq. (2), the thickness t shall be calculated
for both operating conditions and gasket seating, and the

(2) Sketch (b-1). C = 0.17 for forged circular and
noncircular heads integral with or butt welded to the

greater of the two values shall be used. For operating
conditions, the value of P shall be the design pressure,
and the values of S at the design temperature and W
from Mandatory Appendix XX, XX-5, eq. (3) shall be
used. For gasket seating, P equals zero, and the values
of S at atmospheric temperature and W from and
Mandatory Appendix XX, XX-5, eq. (4) shall be used.

(3) Flatunstayed heads, covers, or blind flanges may
be square, rectangular, elliptical, obround, segmental, or
otherwise noncircular. Their required thickness shall be
calculated by the following equation:

t = d\JZCP /SE ®3)
where
7 =34 - M )
D

with the limitation that Z need not be greater than 2.5.

Equation (3) does not apply to noncircular heads,
covers, or blind flanges attached by bolts causing a
bolt edge moment [sketches (j) and (k)]. For noncircular
heads of this type, the required thickness shall be calcu-
lated by the following equation:

6Whg
SELd*

ZCP
SE

t=4d (5

When using eq. (5), the thickness t shall be calculated
in the same way as specified above for (2), eq. (2).

(d) For the types of construction shown in FigureTD-
500, the minimum values of C to be used in eqs. (1)and (2)
of (c)(2), and egs. (3) and (5) of (c)(3) are:

(1) Sketch (a)

(-a) C=0.17 for flanged circular and noncircular
heads forged integral with or butt welded to the vessel
with an inside corner radius not less“than three times
the required head thickness, with no-special requirement
with regard to length of flange,’and where the welding
meets all the requirementsor circumferential joints
given in Part TW.

(-b) C = 0.10 for circular heads, when the flange
length for heads of thé above design is not less than

2
tS
v= PJ—-QﬁE}M%

(6

(sc) C = 0.10 for circular heads, when the flange
length Y is less than the requirements in (-b), eq. (6)
but the shell thickness is not less than

s = L1211 — Y/ Jdy, 7

t. =

£

vessel, where the flange thickness i1s not less than two
times the shell thickness, the corner radius on the
inside is not less than three times the flange thickness,
and the welding meets all the requirements for circum-
ferential joints given in Part TW.

(3) Sketch (b-2). C = 0.33m but not less than 0.20 for
forged circular and noncircular heads integral with or butt
welded to the vessel, where the flange thickness is nat less
than the shell thickness, the corner radius on thevinside is
not less than the following:

(-a) Tmin = 10 mm (0.375 in.) for t;
(1% in)

(-b) TFmin = 0.25¢, for ;> 38 mm {1 % in.) but need
not be greater than 19 mm (%, in)

The welding shall meet@ll\the requirements for
circumferential joints given in~Part TW.

(4) Sketch (c)

(-a) C = 0.13 for|circular heads lap welded to the
shell with corner radiusmnot less than 3tand Y notless than
required by (1){~b), eq. (6) and the requirements of
TW-130.5 are-niet.

(-b) € = 0.20 for circular and noncircular lap-
welded o brazed construction as above, but with no
specidl-sequirement with regard to Y.

(-c) € = 0.30 for circular flanged plates screwed
aover the end of the vessel, with inside comer radius
not less than 3¢, in which the design of the threaded
joint against failure by shear, tension, or compression,
resulting from the end force due to pressure, is based
on a factor of safety of at least 3.5, and the threaded
parts are at least as strong as the threads for standard
piping of the same diameter. Seal welding may be
used, if desired.

(5) Sketch (d). C=0.13 for integral flat circular heads
when the dimension d does not exceed 610 mm (24 in.),
the ratio of thickness of the head to the dimension d is not
less than 0.05 or greater than 0.25, the head thickness ¢t is
notless than the shell thickness t;, the inside corner radius
is not less than 0.25¢, and the construction is obtained by
special techniques of upsetting and spinning the end of the
shell, such as employed in closing header ends.

(6) Sketches (e), (f), and (g)

(-a) C = 0.33m but not less than 0.20 for circular
plates, welded to the inside of a vessel, and otherwise
meeting the requirements for the respective types of
welded vessels. If a value of m < 1 is used in calculating
t, the shell thickness t; shall be maintained along a distance
inwardly from the inside face of the head equal to at least

2\/d_ts. The throat thickness of the fillet welds in sketches

(e) and (f) shall be at least 0.7¢;. The size of the weld ¢,, in
sketch (g) shall be not less than two times the required

<

38 mm

1 lopngth of o+ 1 £ | Je
O arengt o atICast=y o

When C=0.10is used, the taper shall be atleast 1:3.
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groove with the root of the weld at the inner face of the
head as shown in the sketch.

possible means of failure (either by shear, tension,
compression, or radial deformation, including flaring,

(-b) € =0.35 for noncircular plates, welded to the
inside of a vessel and otherwise meeting the requirements
for the respective types of welded vessels. The throat
thickness of the fillet welds in sketches (e) and (f)
shall be at least 0.7t,. The size of the weld t,, in sketch
(g) shall be not less than two times the required thickness
of a seamless shell nor less than 1.25 times the nominal
shell thickness but need notbe greater than the head thick-
ness; the weld shall be deposited in a welding groove with
the root of the weld at the inner face of the head as shown
in the sketch.

(7) Sketch (h). C = 0.33 for circular plates welded to
the end of the shell when ¢, is at least 1.25¢, and the weld
details conform to the requirements of TW-130.5(e) and
Figure TW-130.5-2, sketches (a) through (g) inclusive.

(8) Sketch (i). C = 0.33m but not less than 0.20 for
circular plates if an inside fillet weld with minimum
throat thickness of 0.7t, is used and the details of the
outside weld conform to the requirements of
TW-130.5(e) and Figure TW-130.5-2, sketches (a)
through (g) inclusive, in which the inside weld can be
considered to contribute an amount equal to ¢; to the
sum of the dimensions a and b.

(9) Sketches (j) and (k). C = 0.3 for circular and
noncircular heads and covers bolted to the vessel as indi-
cated in the figures. Note that (c)(2), eq. (2) or (c)(3), eq.
(5) shall be used because of the extra moment applied<to
the cover by the bolting.

When the cover plate is grooved for a peripheral
gasket, as shown in sketch (k), the net cover plate thick-
ness under the groove or between the grpove and the
outer edge of the cover plate shall be notless than

3
d\/ 1.9Whg / Sd

for circular heads and covers, @nd not less than
d\ 6Whg / SLd>

for noncircular heads and covers.

(10) Sketches(m), (n), and (o). C = 0.3 for a circular
plate inserted.into the end of a vessel and held in place by a
positive mechanical locking arrangement, and when all

resulting from pressure and differential thermal expan-
sion) are resisted with a design margin of at least 3.5.
Seal welding may be used, if desired.

(11) Sketch (p). C = 0.25 for circular and noncircular
covers bolted with a full-face gasket, to shells, flanges, or
side plates.

(12) Sketch (q). C = 0.75 for circular plates screwed
into the end of a vessel having an inside diameter d not
exceeding 305 mm (12 in.); or for heads having@n integral
flange screwed over the end of a vessel/having an inside
diameter d not exceeding 305 mm (12.in:); and when the
design of the threaded joint, against failure by shear,
tension, compression, or radial deformation, including
flaring, resulting from presSsure and differential
thermal expansion, is bagedvon a factor of safety of at
least 3.5. Ifatapered pipéthread is used, the requirements
of Table TD-670 shall also be met. Seal welding may be
used, if desired.

(13) Sketch (r). C = 0.33 for circular plates having a
dimension dnot exceeding 457 mm (18 in.) inserted into
the vessehas shown and otherwise meeting the require-
ments/for the respective types of welded vessels. The end
of thelvessel shall be crimped over at least 30 deg, but not
more than 45 deg. The crimping may be done cold only
when this operation will not injure the metal. The throat of
the weld shall be notless than the thickness of the flat head
or shell, whichever is greater.

(14) Sketch (s). C = 0.33 for circular beveled plates
having a diameter d not exceeding 457 mm (18 in.),
inserted into a vessel, the end of which is crimped
over at least 30 deg, but not more than 45 deg, and
when the undercutting for seating leaves at least 80%
of the shell thickness. The beveling shall be not less
than 75% of the head thickness. The crimping shall be
done when the entire circumference of the cylinder is
uniformly heated to the proper forging temperature
for the material used. For this construction, the ratio
t;/d shall be not less than the ratio P/S nor less than
0.05. The maximum allowable pressure for this construc-
tion shall not exceed P = S/5d.

This construction is not permissible if machined from
rolled plate.
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ARTICLE TD-6
OPENINGS AND REINFORCEMENTS

TD-600 OPENINGS IN TRANSPORT TANKS
TD-600.1 SHAPE OF OPENINGS

(a) Openings in cylindrical or conical portions of
vessels, or in formed heads, shall preferably be circular,
elliptical, or obround. (The opening made by a pipe or
circular nozzle, the axis of which is not perpendicular
to the vessel wall or head, may be considered an elliptical
opening for design purposes.) An obround opening is one
thatis formed by two parallel sides and semicircular ends.

When the long dimension of an elliptical or obround
opening exceeds twice the short dimension, the reinforce-
mentacross the short dimension shall be increased as nec-
essary to provide against excessive distortion due to
twisting moment.

(b) Foropenings of other shapesthan those givenin (a),
all corners shall be provided with a suitable radius. When
the openings are of such proportions that their strength
cannot be computed with assurance of accuracy, or when
doubt exists as to the safety of a vessel with such openings,
the part of the vessel affected shall be subjected to a preof
hydrostatic test as prescribed in TT-210.

TD-600.2 SIZE OF OPENINGS

(a) Properly reinforced openings-i@cylindrical or
conical shells are not limited as to-size, except with
the following provisions for design. The rules of
TD-600.2 through TD-610.6>apply to all openings,
unless exempted by other rulésof this Section. For open-
ings having a diameter, exceeding the following, the
supplemental rules of ‘FD-610.7 shall also be satisfied:

(1) forvesselsT'520 mm (60 in.) inside diameter and
less, one-half the vessel diameter, or 508 mm (20 in.)

(2) for yessels over 1520 mm (60 in.) inside
diameter, gne-third the vessel diameter, or 1000 mm
(40 in.)

(b)~Rroperly reinforced openings in spherical shells
and\formed heads are not limited in size.

TD-600.3 STRENGTH AND DESIGN OF FINISHED
OPENINGS

(a) All references to dimensions in this and succeeding

be considered as reinforcement. The finished-opéning
diameter is the diameter d as defined in TP-610.1 and
in Figure TD-610.3-2.

(b) Openings in cylindrical or conical‘shells, or formed
heads shall be reinforced to satisfy, the requirements in
TD-610.3, except as given in (c).

Openings in flat heads shall be'reinforced as required by
TD-630.

(c) Openingsinvesselssmotsubjectto rapid fluctuations
in pressure do not requiré reinforcement other than that
inherent in the construction under the following condi-
tions:

(1) welded<onnections and flued openings attached
in accordance with the applicable rules and with a finished
opening niotlarger than:

1) 89 mm (3% in.) diameter, in vessel shells or
headshaving a required minimum design thickness of 10
mm (% in.) or less

(-b) 60 mm (2% in.) diameter, in vessel shells or
heads having a required minimum design thickness of
over 10 mm (% in.)

(2) threaded, studded, or expanded connections in
which the hole cut in the shell or head is not greater
than 60 mm (2% in.)

(3) no two isolated unreinforced openings, in accor-
dance with TD-600.2(a)(1) or TD-600.2(a)(2), shall have
their centers closer to each other than the sum of their
diameters

(4) no two unreinforced openings, in a cluster of
three or more unreinforced openings in accordance
with TD-600.2(a)(1) or TD-600.2(a)(2), shall have their
centers closer to each other than the following:

(-a) for cylindrical or conical shells

(I + 1.5cos 0)(d; + dy)

(-b) for doubly curved shells and formed or flat
heads

Z.S(dl + dz)
where

dy, d; = the finished diameters of the two adjacent

paragraphs apply to the finished construction after deduc-
tion has been made for material added as corrosion allow-
ance. For design purposes, corrosion allowance shall not

84

openings



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

6 = the angle between the line connecting the
center of the openings and the longitudinal

correction factor that compensates for the
variation in pressure stresses on different

axis of the shell

TD-600.4 OPENINGS THROUGH WELDED JOINTS

Additional provisions governing openings in or adja-
cent to welded joints are given in TW-140.1.

TD-600.5 OPENINGS IN NONCIRCULAR VESSELS

Openings in noncircular vessels are not covered by
these rules, except for formed heads. See TG-100.2(c).

TD-610 REINFORCEMENT REQUIRED FOR
OPENINGS IN SHELLS AND FORMED
HEADS

TD-610.1 NOMENCLATURE

The symbols used in this paragraph are defined as
follows (see Figure TD-610.3-2):

A = total cross-sectional area of reinforcement

required in the plane under consideration

Ay = area in excess thickness in the vessel wall
available for reinforcement

A, = area in excess thickness in the nozzle wall
available for reinforcement

A3z = area available for reinforcement when-the
nozzle extends inside the vessel wall

As = cross-sectional area of material added as re-
inforcement

Asz = cross-sectional area of various welds avail-
able for reinforcement
¢ = corrosion allowance
D = inside shell diameter
d = finished diameter of circular opening or
finished dimension (chord length at midsur-
face of thickness excluding excess thickness
available for reinforcement) of nonradial
openinig in the plane under consideration
(see Figure TD-640)

D, =‘outside diameter of reinforcing element
(actual size of reinforcing element may
exceed the limits of reinforcement estab-
lished by TD-640; however, credit cannot
be taken for any material outside these
limits)

E = 1 (see definitions for ¢, and ¢t,,)

E; = 1 when the opening is in the solid plate or in

the Category B butt joint, or
= joint efficiency obtained from

fr
frl

fr2
fr3
fr4

Ky

planes with respect to the longitudinal
axis of a vessel. F = 1.0 for formed or flat
heads (see Figure TD-610.3-1).
strength reduction factor, not greater than
1.0 [see TD-650(a)]
Sn/S, for nozzle wall inserted through~the
vessel wall
1.0 for nozzle wall abutting the vessel wall
and for nozzles shown in Figurée TD-640,
sketches (j), (k), (n), and (o),
Su/S,
(Iesser of S, or S,)/S,
Sp/S,
distance nozzletptdjects inward from the
inner surface“of\the vessel wall. (Extension
of the nozzlebeyond the inside surface of the
vessel wall\is not limited; however, for rein-
forcement calculations, credit shall not be
taken‘from material outside the limits of re-
inforcement established by TD-640.)
spherical radius factor (see definition of ¢,
and Table TD-610.1)
length of projection defining the thickened
portion of integral reinforcement of a
nozzle neck beyond the outside surface of
the vessel wall [see Figure TD-640, sketch
@]
internal design pressure (see TD-150)
inside radius of the shell course under
consideration
inside radius of the nozzle under considera-
tion
allowable stress value in tension (see
TD-210)
allowable stress in nozzle (see S above)
allowable stress in reinforcing element (see
S above)
allowable stress in vessel (see S above)
nominal thickness of the vessel wall
thickness or height of reinforcing element,
(see Figure TD-640)
nominal thickness of internal projection of
nozzle wall
nominal thickness of external projection of
nozzle wall
required thickness of a seamless shell based
on the circumferential stress, or of a formed
head, computed by the rules of this Section
for the designated pressure, using E = 1,
except that:

(a) when the opening and its reinforce-

I'able TW-150.4, when any part of the
opening passes through any other welded
joint
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meptare entirely within the spherical
portion of a torispherical head, ¢, is the thick-
ness required by TD-300.3, using M = 1
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Table TD-610.1
Values of Spherical Radius Factor, K;

D/2h
K4

3.0
1.36

2.8
1.27

2.6
1.18

2.4
1.08

2.2
0.99

2.0
0.90

1.8
0.81

1.6
0.73

1.4
0.65

1.2
0.57

1.0
0.50

GENERAL NOTE: Equivalent spherical radius = K; D; D/2h = axis ratio. For definitions, see TD-610.1. Interpolation permitted for intermediate

values.

(b) when the openingisin a cone, ¢, is the
thickness required for a seamless cone of
diameter D measured where the nozzle
axis pierces the inside wall of the cone

(c) when the opening and its reinforce-
ment are in an ellipsoidal head and are
located entirely within a circle, the center
of which coincides with the center of the
head and the diameter of which is equal
to 80% of the shell diameter, t, is the thick-
nessrequired for a seamless sphere of radius
K1D, where D is the shell diameter and K; is
given by Table TD-610.1
required thickness of a seamless nozzle wall
total load to be carried by attachment welds,
Ib (see TD-650)

TD-610.4 DESIGN FOR EXTERNAL PRESSURE

(a) The reinforcement required for openings‘ifvsingle-
walled vessels subject to external pressure heed be only
50% of that required in TD-610.3, where-#, is the wall
thickness required by the rules for vessels under external
pressure. The value of Fshall be 1.0 inall external pressure
calculations.

(b) The reinforcement required for openings in each
shell of a multiple-walled veéssel shall comply with (a)
when the shell is subject to external pressure, and
with TD-610.3 when the shell is subject to internal

Figure TD-610.3-1
Chart for Determining Value of F, as Required in TD-610.3

1.00
TD-610.2 GENERAL m ]
The rules in this paragraph apply to all openings other 0.95 \ ‘ | Longitudinal ]
than: 0 shell axis j
(a) small openings covered by TD-600.3(c) w ]
(b) openings in flat heads covered by TD-630 0.90 X
Reinforcement shall be provided in amount and‘distri-
bution such that the area requirements for reinforcement
are satisfied for all planes through the center of the HES
opening and normal to the vessel surface:“For a circular \‘
opening in a cylindrical shell, the plane gontaining the axis
. . 0.80
ofthe shell is the plane of greatest loading due to pressure. R \
Not less than half the required reinforcement shall be on 5 \
each side of the centerline ofisihgle openings. § 0.75 .
(1
TD-610.3 DESIGN FOR.INTERNAL PRESSURE g
The total cross{sectional area of reinforcement, 4, 070 ‘\
required in any (giyen plane through the opening for a
shell or formed)head under internal pressure shall be 0.65 X
not less than
A = dtF + 24F(1 — f) 0.60 A\
See Figure TD-610.3-1 and Figure TD-610.3-2. Where
s . . . 0.55
longitudinal tensile bending stresses occur at reinforce- N\
ments, use F = 1.0.
0.50
0 10 20 30 40 50 60 70 80 90
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Angle, 0, deg, of Plane With Longitudinal Axis

GENERAL NOTE: F =%, +, cos (26)
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Figure TD-610.3-2
Nomenclature and Equations for Reinforced Openings

NOTE: b,
Includes consideration of these areas if
Sp/Sy < 1.0 (both sides of ¢)

* I
e
2.5t or 2.5t + 1, §
Use smaller value :b R — i
i 2 N .
f |77/ 8l
¢ :
‘ ~~~~~
S i Ty T iy oo | E S et e o .
h, 2.5t, 2.5t; See TD-640
Use smallest value | for limits-Of.
¢ | ‘ %% i reinforcément
F‘——dorﬁn+tn+t—'—'*‘—‘dorn R A S
\__b_\ﬁ#_/ 1] £ o
Use targer value l Use larger value

For nozzle wall inserted through the vessel wall —5-1'1-—- Fornozzle wall abutting the vessel wall
Without Reinforcing Element
= A =dt, F+2,t F1-1y4) Arearéquired
=dlEqt-Ft,) —2t, (Eqt-Ft,) (1 -1q)

Ared available in shell; use larger value
= 2(t+ t,)(Eqt - Ft,) — 2t (Eqt - Ft,) (1 - 1) 9

i 000
>

= A2 = 5(fn - tm) frgf Area available in nozzle projecting outward; use
= 5(t, -t fot, smaller value
= Az = ggt; f;Z Area available in inward nozzle; use smallest value
= itiTr2
= 2h ti ,2
A = Ayq = outward nozzle weld = (Ieg)zf,z ] Area available in outward weld
= Ayg3 = inward nozzle weld = (|eg)2f,2 Area available in inward weld
If A1 + A2 + A3 +A41 4-A43 > A Opening is adequately reinforced
IfA1 +A2 +A3 +A41 +A43 <UA Opening is not adequately reinforced so

reinforcing elements must be added
and/or thicknesses must be increased

With Reinforcing Element| Added

A = sameas A, above Area required
A1 = same asA1, above Area available
a {= 5h‘n - trn)fr2t Area available in nozzle projecting outward;
29 = 2(t, — t,,) (2.5t, + t)f, 5 use smaller area
A3 = same as A3, above Area available in inward nozzle
A B = A41 = outward nozzle weld = (Ieg)zfr3 Area available in outward weld
= Ay = outer element weld = (|99)2fr4 Area available in outer weld
= A4z = inward nozzle weld = (leg)zfrg Area available in inward weld
@ = Ag = (Dp —d-2t))t, fr 4 INote (1)] Area available in element
IfA.| +A2 +A3+ 441 +A42 +A43 +A5 >A Opening is adequately reinforced

GENERAL NOTE: This figure illustrates a common nozzle configuration and is not intended to prohibit other configurations permitted by the
Code.

NOTE: (1) This formula is applicable for a rectangular cross-sectional element that falls within the limits of reinforcement.
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pressure, regardless of whether or not there is a common
nozzle secured to more than one shell by strength welds.

(e) For membrane stress calculations, use the limits
defined in Figure TD-610.7, and comply with the strength

TD-610.5 DESIGN FOR BOTH INTERNAL AND
EXTERNAL PRESSURE

Reinforcement of vessels subject to both internal and
external pressures shall meet the requirements of
TD-610.3 for internal pressure and TD-610.4 for external
pressure.

TD-610.6 AREA REPLACEMENT

Details and equations for required area and available
area are given in Figure TD-610.3-2.

TD-610.7 LARGE OPENINGS IN SHELLS

(a) Openings exceeding the dimensional limits given in
TD-600.2(a)(1) shall be provided with reinforcement that
complies with the following rules. Two-thirds of the
required reinforcement shall be within the following
limits:

(1) parallel to vessel wall: the larger of three-fourths
times the limit in TD-640, or equal to the limit in
TD-640(b)(2)

(2) normal to the vessel wall the smaller of the limit
in TD-640(c)(1), or in TD-640(c)(2)

(b) Openings for radial nozzles in cylindrical shells that
exceed the limits in TD-600.2 and that also are within the
range defined by the following limits shall meet the re-
quirements of (c), (d), and (e):

(1) vessel diameters greater than 1 500 mm (60:n.)
in diameter

(2) nozzle diameters thatexceed 1 000 mm (40 in.) in
diameter and also exceed 3.4+/Rt (The terms‘R and t are
defined in Figure TD-610.7.)

(3) the ratio R,/R does not exceed 0.7 [For nozzle
openings with R,/R exceeding 0.7;refer to (c) and/or
TG-100.2(c).]

These rules are limited to, rddial nozzles in cylindrical
shells that do not have internal projections, and do not
have externally applied mechanical loads specified. For
cases that do not meet these limitations, a recognized
analytical method.shall be used. see TG-100.2(c).

(c) The membrane stress, S,,, as calculated by
(e)(1), eq. fL)-or (e)(2), eq. (2) shall not exceed S, as
defined in\FD-610.1 for the applicable materials at
design conditions. The maximum combined membrane
stress;-S,,, and bending stress, S;, shall not exceed 1.55
at.design conditions. S, shall be calculated by (e)(3),
eq: (5).

(d) Evaluation of combined stresses from internal pres-
sure and external loads shall be made in accordance with
recognized good engineering practice for such cases, such

of reinforcement requirements of TD-650. For bending
stress calculation, the greater of the limits defined in
Figure TD-610.7 may be used. The strength reduction
ratio requirements of TD-650 need not be applied,
provided that the ratio of the allowable stress of the mate-
rial in the nozzle neck, nozzle forging, reinforcing plate,
and/or nozzle flange to the shell material allowable stress
is at least 0.80.

NOTE: The bending stress, S, calculated by (3), eq. (5)is valid
and applicable only at the nozzle neck-shell juniction. It is a
primary bending stress because it is a measure. of the stiffness
required to maintain equilibrium at the longitudinal axis junc-
tion of the nozzle-shell intersection due to the bending moment
calculated by (3), eq. (3).

(1) Case A [seeFigure TD-610-7, sketches (a) and (c)]

R (Ry+by + Rt )
+ R, (t + te+ Rty )

A

1)

=PX

S

(2) Case(By[see Figure TD-610.7, sketches (b) and
(d)]

R(Ry+t, + Ryt ) ]

+ Ry, (t +t+ Ryt )
Sy =P X
AS
(3) Cases A and B (see Figure TD-610.7)
3
R

M = [?" + RRne]P 3
a=c¢+t/2 (4

S = 28 (5)

I

(f) Nomenclature. Symbols used in Figure TD-610.7 are
as defined in (a) and as follows:

a = distance between neutral axis of the shaded area
in Figure TD-610.7 and the inside of vessel wall
As = shaded (cross-hatched) area in Figure TD-610.7,
sketch (a) or (b)
e = distance between neutral axis of the shaded area
and midwall of the shell
I = moment of inertia of the larger of the shaded
areas in Figure TD-610.7 and the inside of
vessel wall
R,, = mean radius of shell

as the WRC-107/297 bulletins.
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Figure TD-610.7
Openings for Radial Nozzles in Cylindrical Shells

|
Rom Rpm—
) te + (Rpmtn)®5 — ~ (Rpymta)05—
Ry > [—1n R, > la«—1,
7 Neutral axis A Z Neutral axis A
é /_ of shaded area / _/_ of shaded area
i g [ . | A / '
a ey a / e
Y N\ Y
vyl Y e e SRR 2 B 7\ P ey wil

x

’-‘—(Rmt)o'slbl 1 Rm «— (R,t)05 5! T Rm

[
Shell | Shell
z centerline ! centerline

~«——— Nozzle centerline ~€&——Nozzle centerline
(a) Case A Nozzle With (b) Case B Nozzle With Integral
Reinforcing Pad Type Reinforcement

~

B

-1, . 16t,
Neutral axis
_[ of shaded area

Neutral axis
e

_____ T l T
o —%

Wi B rou D A
{

R m
Shell centerline ¢ /—-Shell centerline { i

i

- m—»’

|

|

|
NOMVN N NIONANNN

A

]

NN

[ANE

Nozzle centerline
N~ Nozzle centerline

(c) Case A Nozzle With (d) Case B Nozzle With Integral
Reinforcing Pad Type Reinforcement

GENERAL NOTE: When any part of a flange is located within the greater of the \/R,,,t, + t, or 16t, + t. limit as indicated in Figure TD-610.7
sketch (a) or sketch (c), or the greater of \/R,,,,t,, or 16t, for Figure TD-610.7 sketch (b) or sketch (d), the flange may be included as part of the

section that resists bending moment.
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Figure TD-620
Minimum Depth for Flange of Flued in Openings

TD-620 FLUED OPENINGS IN SHELLS AND
FORMED HEADS

Minimum depth of flange: the
smaller of 3t,or t, + 75 mm (3in.)
when d exceeds 150 mm (6 in.)

7~
g

(€

S, = bending stress at the intersection of inside of the
nozzle neck and inside of the vessel shell along
the vessel shell longitudinal axis

Sm = membrane stress calculated by (e)(1), eq. (1) or
(©)(2), eq. (2)

S, = yield strength of the material at test temperature,

see Section II, Part D, Subpart 1, Table Y-1

(g) It is recommended that special consideration be
given to the fabrication details used and inspection
employed on large openings; reinforcement often may
be advantageously obtained by use of heavier shell
plate for a vessel course or inserted locally around)the
opening; welds may be ground to concave contour and
the inside corners of the opening rounded te.a generous
radius to reduce stress concentrations.When radio-
graphic examination of welds is not practicable, liquid
penetrant may be used with nonmagnetic materials
and either liquid-penetrant or magnetic particle inspec-
tion with ferromagnetic materials. If magnetic particle
inspection is employed, the prod method is preferred.
The degree to which such”measures should be used
depends on the particular application and the severity
of the intended sefvice. Appropriate proof testing may
be advisable in_éxtreme cases of large openings
approaching full‘vessel diameter, openings of unusual
shape, etc.

TD-610:8 SPECIAL REQUIREMENTS

For additional requirements applicable to specific cate-
gories of tanks, see the applicable Modal Appendices.

(a) Flued openings in shells and formed heads made by
inward or outward forming of the head plate shall meet
the requirements for reinforcement in TD-610. The thick-
ness of the flued flange shall also meet the requirements of
Article TD-3 and/or Article TD-4 as applicable, where L as
used in Article TD-4 is the minimum depth of flange @s
shown in Figure TD-620. The minimum thickneSs-of
the flued flange on a vessel subject to both/intérnal
and external pressure shall be the larger of the two thick-
nesses as determined above.

(b) The minimum depth of flange of a\flued in opening
exceeding 152 mm (6 in.) in any insidé.dimension, when
not stayed by an attached pipe or flué,$hall equal 3¢, or [t
+ 75mm (3 in.)], whicheverisless;where t, is the required
shell or head thickness. The depth of flange shall be deter-
mined by placing a straight edge across the side opposite
the flued opening alongthe'major axis and measuring from
the straight edge to(the edge of the flanged opening (see
Figure TD-620),

(c) There isyn© minimum depth of flange requirement
for flued out openings.

(d) Theuninimum width of bearing surface for a gasket
on a sélfysealing flued opening shall be in accordance with
TD-690(f).

TD-630 REINFORCEMENT REQUIRED FOR
OPENINGS IN FLAT HEADS AND
COVERS

(a) General. The rules in this paragraph apply to all
openings in flat heads, except opening(s) that do not
exceed the size and spacing limits in TD-600.3(c)(3)
and do not exceed one-fourth the head diameter or
shortest span.

(b) Single and multiple openings in flat heads that have
diameters equal to or less than one-half the head diameter
may be reinforced as follows:

(1) Flat heads that have a single opening with a
diameter that does not exceed one-half the head diameter
or shortest span, as defined in Article TD-5, shall have a
total cross-sectional area of reinforcement for all planes
through the center of the opening not less than that given
by the formula

A

05dt + tt,(1 — f;)
where d, t,, and f,; are defined in Article TD-5.

(2) Multiple openings none of which have diameters
exceeding one-half the head diameter and no pair having
an average diameter greater than one-quarter the head

diameter may be reinforced individnn”y as rpr}nirp(‘] hy
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(1) when the spacing between any pair of adjacent
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openings is equal to or greater than twice the average
diameter of the pair.

p = center-to-center spacing of two adjacent open-
ings

When spacing between adjacent openings 1s less than
twice but equal to or more than 1%, times the average
diameter of the pair, the required reinforcement for
each opening in the pair, as determined by (1), shall
be summed together and then distributed such that
50% of the sum is located between the two openings.
Spacings of less than 1%, times the average diameter
of adjacent openings shall be treated by rules of
TG-100.2(c).

(3) ReferencingFigure TD-630, sketch (a), the ligament
between two adjacent openings (U;, Uy, or U3) shall notbe
less than one-quarter of the diameter of the smaller of the
two openings in the pair. The radial distance between the
inner edge of the opening (Uy, Us, or Ug) and the dimension
das shown in Figure TD-500 and Figure TD-630, sketch (a)
shall not be less than one quarter of the diameter of that
one opening.

(c) As an alternative to (b)(1), the thickness of flat
heads and covers with a single opening with a diameter
that does not exceed one-half the head diameter may be
increased to provide the necessary reinforcement as
follows:

(1) InTD-500(c)(2), eqg. (1) or TD-500(c)(3), eq. (3),
use 2C or 0.75 in place of C, whichever is the lesser; except
that, for sketches (b-1), (b-2), (e), (), (g), and (i) of Figure
TD-500, use 2C or 0.50, whichever is the lesser.

(2) InTD-500(c)(2), eq. (2) or TD-500(c)(3), eq. (5),
double the quantity under the square root sign.

(d) Multiple openings none of which have diameters
exceeding one-half the head diameter andyho pair
having an average diameter greater than-one-quarter
the head diameter may be reinforced as‘follows:

(1) When the spacing between &\ pair of adjacent
openings is equal to or greater thdn twice the average
diameter of the pair, and this~is so for all opening
pairs, the head thickness may-be determined by rules
in (c).

(2) When the spacingbetween adjacent openingsina
pair is less than twice but equal to or greater than 1%, the
average diameter o0f the pair, the required head thickness
shall be that determined by (c) multiplied by factor h,
where

ENE
¢ = [(p - davg)/p]

(3) Spacings of less than 1Y, times the average
diameter of adjacent openings shall be treated by rules
of TG-100.2(c).

(4) In no case shall the width of ligament betweert
two adjacent openings be less than one-quarter the
diameter of the smaller of the two openings in thelpair.

(5) The width of ligament between the edge\of any
one opening and the edge of the flat head shallnot be less
than one-quarter the diameter of that one“0pening.

TD-640 LIMITS OF REINFORCEMENT

(a) The boundaries of the cross*sectional area in any
plane normal to the vessel wall'and passing through the
center of the opening withitmwhich metal must be located
in order to have value as Yeinforcement are designated as
the limits of reinfercement for that plane (see
Figure TD-610.3-2), Figure TD-640 depicts thicknesses
t t., and t,, or\t/and diameter d used in establishing
the limits efjreinforcement.

(b) The’limits of reinforcement, measured parallel to
the vessel wall, shall be at a distance, on each side of
thevaxis of the opening, equal to the greater of the
following:

(1) the diameter d of the finished opening in the
corroded condition

(2) the radius R, of the finished opening in the
corroded condition plus the nominal thickness of the
vessel wall ¢, plus the nominal thickness of the nozzle
wall ¢,

(c) The limits of reinforcement, measured normal to
the vessel wall, shall conform to the contour of the
surface at a distance from each surface equal to the
smaller of the following:

(1) 2% times the nominal thickness of the vessel wall
less corrosion allowance

(2) 2%, times the nominal nozzle wall thickness less
corrosion allowance, plus the thickness t, as defined in
Figure TD-640.

(d) Metal within the limits of reinforcement that may be
considered to have reinforcing value shall include the
following:

(1) metalin the vessel wall over and above the thick-
ness required to resist pressure and the thickness speci-
fied as corrosion allowance, the area in the vessel wall
available as reinforcement is the larger of the values of
A given by the equations in Figure TD-610.3-2.

(2) metal over and above the thickness required to
resist pressure and the thickness specified as corrosion
allowance in that part of a nozzle wall extending
outside the vessel wall. The maximum area in the

smallest
where
d,vg = average diameter of the same two adjacent open-
thc
e = smallest ligament efficiency of adjacent opening

pairs in the head
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nozzle wall avallable as reinforcement 1s the smaller of
the values of A, given by the equations in Figure
TD-610.3-2.
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Figure TD-630
Openings in Flat Heads and Covers

—= = d as defined in
=~ Figure TD-500
d3 ~ N
U, '~
| AN
N
AN
a \

<—mC—>

hg
=Sz T d as definedin
Figure TD-500,
sketches (j), (kK)nand
Section A-A 0. & )
(a)
¢ Uy
N
Us
e
T 7
I — Uy /7
/
N
/
/
/
/
/
| AN
|
Section B-B
\—r B
(b)
Legend:
p = spacing, center-to-center, between openings
1, 1, = lisament width

(dy + d3)/2 = average diameter of pair of openings
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Figure TD-640

S

(b-1)

(a-1)

Upening Dimension, d

()

(b-2)

(a-2)
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Figure TD-640
Some Representative Configurations Describing the Reinforcement Dimension, t., and the

Opening Dimension, d (Cont'd)

~—_
] /
< d
_; '
| >
to=0
/ |
S_\t 3 ¥ \
/ ) ( b, 45 deg max.
—J ty |<— 30 deg maxig ts |
(e) [Note (1)] (e-1) [Note (1)] (e-2) [Note (1)] - g
! (g)
th |—
30d_>| 3/4in(19 mm) th—>| | t
e R min. - d n
T v
/7 te | ¢ te | |
AR ) )1
t < d
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$ to=0.73R
(h) {i) (i
-< d - d
< <1, th—| |-
L ?
1 \ Y
.
(k) ()} (m)
t, —> | th—»| =

(n) (o)

NOTE: (1) If L < 2.5¢t,, use sketch (e-1); if L 2 2.5¢,, use sketch (e-2).
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All metal in the nozzle wall extending inside the vessel
wall A3 may be included after proper deduction for corro-

(f) Nozzles, other connections, and their reinforce-
ments may be attached to transport tanks by arc or

sion allowance on the entire exposed surtface 1s made. No
allowance shall be taken for the fact that a differential
pressure on an inwardly extending nozzle may cause
opposing stress to that of the stress in the shell
around the opening:
(3) metalin attachment welds 44 and metal added as

reinforcement As.

(e) With the exception of studding outlet-type flanges,
bolted flange material within the limits of reinforcement
shall not be considered to have reinforcing value.

TD-650 STRENGTH OF REINFORCEMENT

(a) Material used for reinforcement shall have an
allowable stress value equal to or greater than that of
the material in the vessel wall, except that when such
material is not available, lower strength material may
be used, provided the area of reinforcement is increased
in inverse proportion to the ratio of the allowable stress
values of the two materials to compensate for the lower
allowable stress value of the reinforcement. No credit may
be taken for the additional strength of any reinforcement
having a higher allowable stress value than that of the
vessel wall. Deposited weld metal outside of either the
vessel wall or any reinforcing pad used as reinforcement
shall be credited with an allowable stress value equivalent
to the weaker of the materials connected by the weld.
Vessel-to-nozzle or pad-to-nozzle attachment weld
metal within the vessel wall or within the pad may be
credited with a stress value equal to that of the'vessel
wall or pad, respectively.

(b) The welds that attach elements of(compensation,
notan integral part of the vessel wall, shall have a strength,
W, equal to the load carried by thoseselements defined as
follows:

W = (A =4S,

where 4, 4;, and S, are defined in Figure TD-610.3-2.

(c) When a reinforcing pad is required by the rules of
TD-610.3, the welds, attaching the nozzle to the pad and
shell shall be ¢hecked independently to ensure that the
loads carried by the individual elements can be trans-
mitted by the attaching welds.

(d)_Welds attaching elements of reinforcement need
notwsatisfy the weld strength requirements of (b) and
fe)~under the following circumstances:

(1) openings that are exempt in TD-600.2 from re-
inforcement calculations

(2) openings with elements of compensation
attached by full-penetration welds as listed in
TW-140.2(c)

(o) Tl 3

gas welding. Sufficient welding shall be provided on
either side of the line through the center of the
opening parallel to the longitudinal axis of the shell to
develop the required strength of the reinforcing parts
as prescribed in TD-650 through each load-carrying
path, in shear or tension, whichever is applicable~See
Table TD-650 for example calculations.

(1) The stress correction factors in (g) shallapply.

(2) The strength of fillet welds shall bepaséd on one-
half the area subjected to shear, computed on the mean
diameter of the weld using the weld leg\dimension in the
direction under consideration.

(3) The strength of groove welds shall be based on
one-half the area subjected toshéar or tension, as appli-
cable, computed using the'minimum weld depth dimen-
sion in the direction under consideration.

(4) Strength calculations for nozzle attachment
welds are not required for the following:

(-a) Figlire TW-140.2-1, sketches (a) through (g),
(x-1), (y-1),-and (z-1)

(-b)6penings exempt from the reinforcement re-
quiremrents by TD-600.3(c)(3)

(g)\Stress Values for Weld Metal. The allowable stress
values for groove and fillet welds in percentages of stress
values for the vessel material are as follows:

(1) groove-weld tension, 74%

(2) groove-weld shear, 60%

(3) fillet-weld shear, 49%

NOTE: These values are obtained by combining the following
factors: 87.5% for combined end and side loading, 80% for shear
strength, and the applicable joint efficiency factors.

(h) Reinforcing plates and saddles of nozzles attached
to the outside of a vessel shall be provided with atleast one
vent hole [maximum diameter 11 mm (% in.)] that may
be tapped with straight or tapered threads. These vent
holes may be left open or may be plugged when the
vessel is in service. If the holes are plugged, the plugging
material used shall not be capable of sustaining pressure
between the reinforcing plate and the vessel wall.

(i) Segmental reinforcing elements are allowed,
provided the individual segments are joined by full pene-
tration butt welds. These butt welds shall comply with all
the applicable requirements of Part TW. Each segment of
the reinforcing element shall have a vent hole as required
by (h). Unless the provisions given below are satisfied, the
areaAs as defined in Figure TD-610.3-2 shall be multiplied
by 0.75. The area As does not require any reduction if one
of the following is satisfied:

(1) Each butt weld is radiographed or ultrasonically
examined to confirm full penetration, or
(2) For openings in cylinders, the weld is oriented at

H H 2| 14 H Lhaoll + 1
(€7 rircarrmratrT T oquar T v CTa— STZ2C S —STrat ot ot

smaller than the minimum required by TW-140.2.
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Table TD-650
Nozzle Attachment Welds

Required Weld Strength:

W= (4 - Al)sv

th— <— ! Weld Strength:
WL, d
/ ! = (WLy + WL, in shear) S,

= [0.49(%)WL1n(d + 2t, + WL1)S,fri+

O49(%>WL2ﬂ(d + Ztn + WLz)Suﬁ’l

WL,
Required Weld Strength:
W= (A - Al) Sy
Weld Strength:
th—

= (WLyin shear + t, jntenision)S,,

7
T

074(%)1’2 Tt(d + Ztn)Sufrl

‘ = [0.49(%>WL1n(d ¥ 2t, + WL)S fri+
|

Required Weld Strength:

W= (A - A)S,

Weld Strength:

= (WL, in shear + f, in tension) S,

= [0.49(%)WL21I(DP + WL,)Sfr3+

th —>_<— 1
d 074(5)1’2 J'E(d + Ztn)Sufrl

‘ Check Nozzle to Pad and Shell:
|

W= (4-4 -4 - 4)S,

Weld Strength:

= WLyin shear + t, in tension

= 0.49(%)WL1n(d + 2t, + WL1)S,fri+

0.74(%)t2n(d + 2t,)S,fr1
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s Openings
-

(a) Two Openings Spaced at
Less Than Two Times Their
Average Diameter

Figure TD-660
Examples of Multiple Openings

Limits of reinforcement

(b) More Than Two Openings Spaced
at Kess Than Two Times Their
Average Diameter
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TD-660 REINFORCEMENT OF MULTIPLE
OPENINGS

(b) Welded Connections. Attachment by welding shall
be in accordance with the requirements of TW-140.1

NOTE: See TD-630 for multiple openings in flat heads.

(a) When any two openings are spaced at less than two
times their average diameter, so that their limits of rein-
forcement overlap [see Figure TD-660, sketch (a)], the two
openings shall be reinforced in the plane connecting the
centers, in accordance with the rules of TD-610, TD-620,
TD-640, and TD-650 with a combined reinforcement that
has an area not less than the sum of the areas required for
each opening. No portion of the cross section is to be
considered as applying to more than one opening, nor
to be considered more than once in a combined area.

(1) The overlap area shall be proportioned between
the two openings by the ratio of their diameters.

(2) If the area of reinforcement between the two
openings is less than 50% of the total required for the
two openings, the supplemental rules of TD-610.7(g)
shall be used.

(3) A series of openings, all on the same centerline,
shall be treated as successive pairs of openings.

(b) When more than two openings are spaced as in (a)
[see Figure TD-660, sketch (b)], and are to be provided
with a combined reinforcement, the minimum distance
between centers of any two of these openings shall be
1% times their average diameter, and the area of rein-
forcement between any two openings shall be at least
equal to 50% of the total required for the two openings.
If the distance between centers of two such openings is
less than 1% times their average diameter, no credit for
reinforcement shall be taken for any of the material
between these openings. Such openings must-be rein-
forced as described in (c).

(c) Alternatively, any number of adjacent openings, in
any arrangement, may be reinforced by using an assumed
opening enclosing all such openings. The limits for rein-
forcement of the assumed opening:shall be those given in
TD-640(b)(1) and TD-640(c)(1)::The nozzle walls of the
actual openings shall not be‘considered to have reinfor-
cing value. When the dianteter of the assumed opening
exceeds the limits in. TR-600.2, the supplemental rules
of TD-610.7 shall also*be used.

and TW-140.2.

(c) Studded Connections. Connections may be made by
means of studs. The vessel shall have a flat surface
machined on the shell, on a built-up pad, or on a properly
attached plate or fitting. Drilled holes to be tapped shall
not penetrate within one-fourth of the wall thickness from
the inside surface of the vessel after deducting corrosién
allowance, unless atleast the minimum thickness required
as above is maintained by adding metal to the/dnside
surface of the vessel. The tapped holes~shall also
conform to the requirements of (d). Studded connections
shall meet the requirements for reinforcement in TD-600
through TD-660.

(d) Threaded Connections. Pipé€s; tubes, and other
threaded connections that conform to ASME B1.20.1
may be screwed into a thréadéed hole in a vessel wall,
provided the pipe engages-the minimum number of
threads specified in Fable TD-670 after allowance has
been made for curvature of the vessel wall. The thread
shall be a standard-taper pipe thread, except thata straight
thread of at Jeast equal strength may be used if other
sealing means'to prevent leakage are provided. A built-
up pad.ora’properly attached plate or fitting may be
used toyprovide the metal thickness and number of
threads required in Table TD-670, or to furnish reinforce-
ment when required.

Threaded connections larger than DN 100 (NPS 4) shall
not be used in vessels that contain liquids having a flash
point below 43°C (110°F), or flammable vapors or flam-
mable liquids at temperatures above that at which they
boil under atmospheric pressure.

Threaded connections larger than DN 80 (NPS 3) shall
not be used when the maximum allowable working pres-
sure exceeds 861 kPa (125 psi) , except that this DN 80
(NPS 3) restriction does not apply to plug closures used for
inspection openings, end closures, or similar purposes.

Table TD-670
Minimum Number of Pipe Threads for Connections

Size of Pipe

(d) When a group of openings is reinforced by a thicker Connection, Threads Minimum Plate Thickness
section butt wielded into the shell or head, the edges of the DN (NPS) Engaged Required, mm (in.)
inserted section shall be tapered as prescribed in 15 and 20 (% and %) 6 11.0 (0.43)
TW-130.2(¢). 25,32,and 40 (1,1, 7 15.5 (0.61)

and 1%)
TD-670 METHODS OF ATTACHMENT OF PIPE 50(2) 17.8 (0.70)
AND NOZZLE NECKS TO VESSEL 65and 80 (2%, and 3) 254 (1.0)
WALLS
100-150 (4-6) 10 31.8 (1.25)

(a) General. Nozzles may be attached to the shell or 200 (8) 12 38.1 (1.5)
head of a vessel by any of the methods of attachment 250 (10) 13 412 (162)
given in this paragraph, except as limited in TD-610. 300 (12) 14 445 (1.75)
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Table TD-680 where
Nozzle Neck Thickness
Nozzle Nominal Pipe Size, Minimum Thickness, t, = minimum neck thickness required for internal
DN (NPS) mm (in.) and external pressure using Articles TD-3 and
15 (%) 2.4 (0.095) TD-4 (plus corrosion and threading allow-
20 () 2.5 (0.099) ance), as applicable. The effects of external
25 (1) 3.0 (0.116) forces and rn_oments from supplerpental
32 (1%) 32 (0.123) loads (see Article TD-2) shall be considered.
. A Shear stresses caused by Article TD-2 loadings
40 (17%) 3.2 (0123) shall not exceed 70% of the allowalle*tensile
stress for the nozzle material
50 (2) 3.4 (0.135) tp1 = for vessels under internal pressure, the thick-
65 (2%) 4.6 (0.178) ness (plus corrosion allowance) required for
80 (3) 4.8 (0.189) pressure (assuming E,=\1.0) for the shell or
100 (4) 5.3 (0.207) head at the location where the nozzle neck
125 (5) 5.8 (0.226) or other connectigh/attaches to the vessel
butin no case less than the minimum thickness
150 (6) 6.2 (0.245) specified for thé material in TD-100.1
200 (8) 7.2 (0.282) t,2 = forvessels.unhder .external pressure, thle thick-
250 (10) 8.1 (0.319) ness (plus*corrosion allowance) obtained by
usidg the external design pressure as an
300 (12) 8.3 (0.328) . . . .
eguivalentinternal design pressure (assuming
E.= 1.0) in the formula for the shell or head at
350 (14) 8.3 (0.328) the location where the nozzle neck or other
400 (16) 8.3 (0.328) connection attaches to the vessel but in no
450 (18) 8.3 (0.328) case less than the minimum thickness speci-
500 (20) 8.3 (0.328) fied for the material in TD-100.1
600 (24) 8.3 (0.328) tps = the thickness given in Table TD-680 plus the
GENERAL NOTES: thickness added for corrosion allowance
(a) These values are based on nominal thickness specified imASME ttp.ego = minimum wall thickness of nozzle necks

B36.10M, Table 2, less 12.5%.

For nozzles having a specified outside diameter not équal to the
outside diameter of an equivalent standard DN (NPS)size, the DN
(NPS) size chosen from the table shall be one havifig an equivalent
outside diameter larger than the nozzle outside diameter.

For nozzles larger than the largest pipe size'in this table, use the
largest thickness shown.

(b)

()

TD-680 NOZZLE NECK THICKNESS

The minimum wall-thickness of nozzle necks shall be
determined as given below.

(a) For agcess openings and openings used only for
inspection

tTD-680 = ta

{b)° For other nozzles, determine t;,.

tp = min.[t3, max.(tp1, tp2)]

tTD—680 = max.(t,, tp)

TD-690 INSPECTION OPENINGS

Dimensions referred to in the following paragraphs are
all nominal:

(a) All vessels subject to internal corrosion or having
parts subject to erosion or mechanical abrasion (see
TD-130), except as permitted otherwise in this paragraph,
shall be provided with suitable manhole, handhole, or
other inspection openings for examination and cleaning.

(b) Vessels that require access or inspection openings
shall be equipped as follows:

(1) All vessels 457 mm (18 in.) to 914 mm (36 in.),
inclusive, I.D. shall have a manhole or at least two hand-
holes or two plugged, threaded inspection openings of not
less than DN 50 (NPS 2).

(2) All vessels over 914 mm (36 in.) 1.D. shall have a
manhole, except that those whose shape or use makes one
impracticable shall have at least two handholes 102 mm x
152 mm (4 in. x 6 in.) or two equal openings of equivalent
area.

(3) When handholes or pipe plug openings are
permitted for inspection openings in place of a

99

mannole, one nandnoie or ONe pipe plug opening snail
be in each head or in the shell near each head.
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(4) Openings with removable heads or cover plates
intended for other purposes may be used in place of the

(2) Ahandhole opening shall be notless than 51 mm
x 76 mm (2 in. x 3 in.), but should be as large as is consis-

required Inspection openings, provided they are equal at
least to the size of the required inspection openings.

(5) A single opening with removable head or cover
plate may be used in place of all the smaller inspection
openings, provided it is of such size and location as to
afford at least an equal view of the interior.

(6) Flanged and/or threaded connections from
which piping, instruments, or similar attachments can
be removed may be used in place of the required inspec-
tion openings, provided that

(-a) the connections are atleast equal to the size of
the required openings
(-b) the connectionsare sized and located to afford
atleastan equal view of the interior as the required inspec-
tion openings
(c) When inspection or access openings are required,
they shall comply atleast with the following requirements:

(1) Anelliptical or obround manhole shall be notless
than 305 mm x 406 mm (12 in. x 16 in.). A circular
manhole shall be not less than 406 mm (16 in.) I.D.

tent with the size of the vessel and the location of the
opening.

(d) All access and inspection openings in a shell or
unstayed head shall be designed in accordance with
the rules of this Section for openings.

(e) When a threaded opening is to be used for inspec;
tion or cleaning purposes, the closing plug or cap shall be
of amaterial suitable for the pressure and no materialshall
be used at a temperature exceeding the mraximum
temperature allowed in this section for that, material.
The thread shall be a standard taper.pipe thread,
except that a straight thread of at least{equal strength
may be used if other sealing means to/prevent leakage
are provided.

(f) Manholes of the type in which the internal pressure
forces the cover plate againsSt-a flat gasket shall have a
minimum gasket bearing\width of 18 mm (*%s in.).
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PART TW

REQUIREMENTS FOR TANKS FABRICATED BY
WELDING

ARTICLE TW-1
GENERAL REQUIREMENTS FOR TANKS FABRICATED BY
WELDING

TW-100 GENERAL

The rules in Part TW are applicable to pressure vessels
and vessel parts fabricated by welding and used in the
transportation of dangerous goods.

TW-100.1 SERVICE RESTRICTIONS

(a) Except where otherwise permitted in each Modal
Appendix of this Section, when vessels are to contain fluids
with United Nations Hazard Classifications 2.1 (Flam-
mable Gas), 2.3 (Toxic Gas) or 6.1 (Toxic Mateftials),
either liquid or gaseous, all butt-welded joints ih the
vessel shall be fully radiographed, except undér'the provi-
sions of TE-230.1(a)(3). When fabricated of carbon or low
alloy steel, such vessels shall be postweéld heat treated.
[See TG-100.3 and United Nations Recommendations on
the Transport of Dangerous Goods ~*Model Regulations.]

(1) The type of welded joints of various joint cate-
gories (see TE-220.1) shall be\as follows:
(-a) Exceptunder provisions of (b)(1), all joints of
Category A shall be Type'No. (1) of Table TW-130.4.
(-b) All joints of Categories B and C shall be Type
No. (1) or Type No.~(2) of Table TW-130.4.
(-c) Alljoints of Category C for fabricated lap joint
stub ends_shall be as follows:
(-7) The weld is made in two steps as shown in
Figure . TW-100.1.

Step 1. Before making weld No. 2, weld No. 1is
€xamined by full radiography in accordance with Part TE,
regardless of size. The weld and fusion line between the
weld buildup and neck is examined by ultrasonic exam-
ination in accordance with Part TE.

Step 2. Weld No. 2 is examined by full radio-
graphy in accordance with Part TE.

(-3) The finished stub ends may conform to
ASME B16.9 dimensional requirements or may be of
other sizesyprovided all requirements of this Section
are met.

(-d)” All joints of Category D shall be full-penetra-
tion.welds extending through the entire thickness of the
vessel wall or nozzle wall.

(b) When carbon and low alloy steel vessels are to
operate below -48°C (-55°F) (unless the coincident
ratio defined in Figure TM-240.3-1 is less than 0.35),
or impact tests of the material or weld metal for high
alloy steels are required by TM-250, the joints of
various categories (see TW-130.3) shall be as follows:

(1) All joints of Category A shall be Type No. (1) of
Table TW-130.4, except that for austenitic chromium-
nickel stainless steels Types 304, 304L, 316, 316L, 321,
and 347, which satisfy the requirements of TM-250.6,
Type No. (2) joints may be used.

(2) All joints of Category B shall be Type No. (1) or
Type No. (2) of Table TW-130.4.

(3) All joints of Category C shall be full-penetration
welds extending through the entire thickness at the joint.

(4) All joints of Category D shall be full-penetration
welds extending through the entire thickness of the vessel
wall.

TW-120 MATERIALS
TW-120.1 GENERAL

(a) Pressure Parts. Materials used in the construction of
welded pressure parts shall comply with the requirements
for materials given in Article TM-1.

(b) Nonpressure Parts. Materials used for nonpressure
parts that are welded to the pressure vessel shall he

(-Z) The finished stub ends shall be machined
from forging.

101
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Figure TW-100.1

Weld No. 1

/—Weld No. 2

<—J— 10 mm (3/g in.) min.

(1) For material identified in accordance with
TM-110.10, TM-120, TM-130.1, or TM-140.2, satisfactory
qualification of the welding procedure under Section IXis
considered as proof of weldable quality.

(2) For materials not identifiable in accordance with
TM-110.10, TM-120, TM-130.1, or TM-140.2, but identifi-
able as to nominal chemical analysis and mechanical prop-
erties, S-Number under Section IX, Table QW/QB-422, or
to a material specification not permitted in this Division,
satisfactory qualification of the welding procedure under
Section IX is considered as proof of weldable quality. For
materials identified by S-Numbers, the provisions“ef
Section IX, QW-420 may be followed for welding proce-
dure qualification. The welding procedure need only be
qualified once for a given nominal chemigal@nalysis
and mechanical properties or material specification not
permitted in this Section.

(c) Two materials of different specifications may be
joined by welding, provided the requirements of
Section IX, QW-250, are met.

(d) Materialsjoined by theinettia and continuous drive
friction welding processes.shall be limited to materials
assigned P-Numbers in Section IX and shall not include
rimmed or semikilled steel.

TW-130 DESIGN OF WELDED JOINTS

TW-130:1 \GENERAL

THerules in the following paragraphs apply specifically
tothe design of pressure vessels and vessel parts that are
fabricated by welding and shall be used in conjunction
with the requirements of Parts TD, TF, and TE for the
class of material used.

TW-130.2 DESIGN OF WELDED JOINTS

permitted in arc and gas welding processes are listed
in Table TW-130.4, together with the limiting plate thick-
ness permitted for each type. Butt-type joints only are
permitted with pressure welding processes [see
TF-200(b)].

(b) Welding Grooves. The dimensions and shape of the
edges to be joined shall be such as to permit compléte
fusion and complete joint penetration. Qualificafion of
the welding procedure, as required in TF-210,2, isaccept-
able as proof that the welding groove is satisfactory.

(c) Tapered Transitions. A tapered transition having a
length not less than three times the offset between the
adjacent surfaces of abutting séetions, as shown in
Figure TW-130.2, shall be pro%idéed at joints between
sections that differ in thiekne'ss by more than one-
fourth of the thickness ofithe thinner section, or by
more than 3.2 mm (% inJ),whicheverisless. The transition
may be formed by any process that will provide a uniform
taper. When the transition is formed by removing material
from the thicketr/section, the minimum thickness of that
section, after the'material isremoved, shall be notless than
thatrequiredby TD-210(d). When the transition is formed
by adding additional weld metal beyond what would
otheswise be the edge of the weld, such additional
weéld'metal buildup shall be subject to the requirements
of TF-220.10. The butt weld may be partly or entirely in the
tapered section or adjacent to it. This paragraph also
applies when there is a reduction in thickness within a
spherical shell or cylindrical shell course and to a
taper at a Category A joint within a formed head. Provi-
sions for tapers at circumferential, butt-welded joints
connecting formed heads to main shells are contained
in TW-130.5.

(d) Except when the longitudinal joints are radio-
graphed 100 mm (4 in.) each side of each circumferential
welded intersection, vessels made up of two or more
courses shall have the centers of the welded longitudinal
joints of adjacent courses staggered or separated by a
distance of at least five times the thickness of the
thicker plate.

(e) Lap joints. For lapped joints, the surface overlap
shall be not less than four times the thickness of the
inner plate, except otherwise provided for heads in
TW-130.5.

(f) Minimum Weld Sizes. Sizing of fillet and partial pene-
tration welds shall take into consideration the loading
conditions in TD-200 but shall be not less than the
minimum sizes specified elsewhere in this Section.

TW-130.3 WELDED JOINT CATEGORIES

(o) Tl

102

£ Lot d Lk H dafs thal
(4 ToC eI CUTCy o7 y a5 aSCUTIiCT eI T STt Tota

tion of a joint in a vessel, but not the type of joint. The
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Figure TW-130.2
Butt Welding of Plates of Unequal Thickness

—
¢
y
™\
I
| Weld

(a)

GENERAL NOTES:

Taper either_ ifside
or outside

(a) € = 3y, where ¢ is the required length of taper and y is the offset between the.adjacent surfaces of abutting sections.

(b) Length of required taper, ¢, may include the width of the weld.
(c) In all cases, £ shall be not less than 3y.

Figure TW-130.3
Illustration of Welded Joint Locations Typical of Categories A, B, C, and D

See TW-130.3(b)

this Section in specifying special requirements regarding
joint typ€ and degree of examination for certain welded
pressure joints. Since these special requirements, which
aretbased on service and thickness, do not apply to every
welded joint, only those joints to which special require-
ments apply are included in categories. The joints included
in each category are designated as joints of Categories A, B,
C, and D as described below and shown in Figure
TW-130.3.

(1) Category A Locations. Category A locations are

flat head; and circumferential welded joints connecting
hemispherical heads to main shells, to transitions in
diameter, to nozzles or to communicating chambers.
(2) Category B Locations. Category B locations are
circumferential welded joints within the main shell,
communicating chambers,® nozzles, or transitions in
diameter, including joints between the transition and a
cylinder at either the large or small end; and circumfer-
ential welded joints connecting formed heads other than
hemispherical to main shells, to transitions in diameter, to

luugitudiual wetded jUilltb withimrthe-mairshetcommu=
nicating chambers,® transitions in diameter, or nozzles;
any welded joint within a sphere, within a formed or
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(3) Category C Locations. Category C locations are
welded joints connecting flanges, tubesheets, or flat

(3) E =0.85, when the weld does not meet the spot
radiography requirements of TE-230.1(a)(4)(-b), or when

heads to the main shell, to formed heads, to transitions
in diameter, to nozzles, or to communicating chambers.?
(4) Category D Locations. Category D locations are
welded joints connecting communicating chambers or
nozzles to main shells, to spheres, to transitions in
diameter, to heads, or to flat sided tanks; and nozzles
at the small end of a transition in diameter and those
joints connecting nozzles to communicating chambers.®
(b) When butt-welded joints are required elsewhere
for Category B, an angle joint connecting a transition
in diameter to a cylinder shall be considered as
meeting this requirement, provided the angle a (as
shown in Figure TW-130.3) does not exceed 30 deg.
All requirements that apply to the butt joint shall
apply to the angle joint.

TW-130.4 JOINT EFFICIENCIES

Table TW-130.4 gives the joint efficiencies E to be used
in the equations of this Section for joints completed by an
arc or gas welding process. Except as required by
TE-230.1(a)(4), a joint efficiency depends only on the
type of joint and on the degree of examination of the
joint and does not depend on the degree of examination
of any other joint. The User or the User’s designated agent
shall establish the type of joint and the degree of exam-
ination when the rules of this Section do not mandate spe-
cificrequirements. Rules for determining the applicability,
of the efficiencies are found in the various paragraphs
covering design equations [e.g., see TM-190(a)and
TD-300].

(a) Avalue of Enotgreater than thatgiven in c6lumn (a)
of Table TW-130.4 shall be used in the design'calculations
for fully radiographed buttjoints [see TE-230t1(a)], except
thatwhen the requirements of TE-230.1(a}(4) are not met,
a value of E not greater than that given in column (b) of
Table TW-130.4 shall be used.

(b) A value of E not greater(han that given in column
(b) of Table TW-130.4 shall be*used in the design calcula-
tions for spot radiographed butt-welded joints [see
TE-230.1(b)].

(c) Avalue of Enotgreater than that given in column (c)
of Table TW-130.4-shall be used in the design calculations
for welded joints that are neither fully radiographed nor
spot radiegraphed [see TE-230.1(c)].

(d) Values of E to be used in thickness calculations for
seaniless vessel sections or heads shall be as follows:

(1) E shall be as specified in Table TW-130.4 when
the weld joint connecting the seamless vessel sections or
heads is Category A, Type 1.

(2) E =1, if the Category B weld joining the seamless
vessel sections or heads meets the spot radiography re-

the Category A or B welds joining seamless vessel sections
or heads are Type No. 3, 4, 5, or 6 of Table TW-130.4.

(e) Welded pipe or tubing shall be treated in the same
manner as seamless, but with allowable tensile stress
taken from the welded product values of the stress
tables, and the requirements of (d) applied.

(f) Avalue of E not greater than 0.80 may be used inthe
equations of this Section for joints completed by any of;the
pressure welding processes given in TF-200(b), except for
electric resistance welding, provided the welding process
used is permitted by the rules in the applicable parts of
Subsection C for the material being welded. The quality of
such welds used in vessels or parts of/vessels shall be
provided as follows: Test specimens.shall be representa-
tive of the production welding ef each vessel. They may be
removed from the shell itself orffom a prolongation of the
shell including the longitudinal joint, or, in the case of
vessels not containing-a-longitudinal joint, from a test
plate of the same material and thickness as the vessel
and welded in aecordance with the same procedure.
One reduced~sé&ction tension test and two side-bend
tests shalllbe made in accordance with, and shall meet
the requirements of Section IX, QW-150 and QW-160.

TW-130.5 ATTACHMENT DETAILS

(a) Definitions

¢ = basic dimension used for the minimum sizing of
welds equal to ¢, or t,, whichever is less

t, = minimum thickness of head after forming, mm (in.)

t, = nominal thickness of shell or nozzle wall to which
flange or lip is attached

t, = minimum distance from outside surface of flat head

to edge of weld preparation measured as shown in
Figure TW-130.5-2, mm (in.)
t; = nominal thickness of shell, mm (in.)
two times the thickness g,, when the design is calcu-
lated as an integral flange or two times the thick-
ness of shell nozzle wall required for internal
pressure, when the design is calculated as a
loose flange, but not less than 6 mm (% in.)

See TW-130.5, TD-300, TD-310, TD-400, and TD-500
and other paragraphs for additional definitions.
(b) Formed Heads and Shells
(1) Ellipsoidal, torispherical, and other types of
formed heads, shall be attached to the shell as illustrated
in the applicable Figure TW-130.5-1, sketches (a) through
(e) and (k). The construction shown in sketch (f) may also
be used for end heads when the thickness of the shell
section of the vessel does not exceed 16 mm (% in.)

quirements of Tk-Z250.1(a)(4)(-b).
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attachments shall be as given in the sketches
and related notes and in Table TW-130.4.
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Table TW-130.4

Maximum Allowable Joint Efficiencies for Arc- and Gas-Welded Joints (25)
Degree of Radiographic Examipation
Type No Joint Deseription Limitations Joint Category (@) Full (b) Spot (c) None
1) Butt joints as attained by double*welding or by None A, B, C and D 1.00 0.85 0.70
other means that will obtain thé/§ame quality of [Note (1)] [Note (2)]
deposited weld metal on the inside and outside
weld surfaces to agree with the requirements of
TF-220.4. Welds using metal backing strips that
remain in place are excluded.
(2) Single-welded butt joint with backing strip other*~ (a) None except as in (b) below A, B, C and D 0.90 0.80 0.65
than those included under (1) [Note (1)] [Note (2)]
(b)Cireumferential butt joints with one plate offset; A, B, and C 0.90 0.80 0.65
see TW#130.5(b)(4) and Figure TW-130.5-1, sketch [Note (1)] [Note (2)]
x)
3) Single-welded buttjoint withoutuse of backing strip ~ Circumferential butt joints only, not over 16 mm A, B, and C NA NA 0.60
(%4 in.) thick and nétbyer 600 mm (24 in.) outside [Note (1)] [Note (2)]
diameter
4 Double full fillet lap joint (a) Longitudinal joints not ovet/10 mm (% in.) thick A NA NA 0.55
[Note (1)] [Note (2)]
(b) Circumferential joints not over W6 mm (% in)  Band C [Note (4)] NA NA 0.55
thick [Note (1)] [Note (2)]
(5) Single full fillet lap joints with plug welds (a) Circumferential joints [Note (3)] for attachmentiof B NA NA 0.50
conforming to UW- 17 (Section VIII, Div. 1) heads not over 600 mm (24 in.) outside diameterto [Note (1)] [Note (2)]
shells not over 13 mm (%% in.) thick
(b) Circumferential joints for the attachment to shells ‘€ NA NA 0.50
of jackets not over 16 mm (%% in.) in nominal [Note (1)] [Note (2)]
thickness where the distance from the center of the
plug weld to the edge of the plate is not less than 1%,
times the diameter of the hole for the plug.
(6) Single full fillet lap joints without plug welds (a) For the attachment of heads convex to pressureto A and B NA NA 0.45
shells not over 16 mm (5/8 in.) required thickness, [iyote (3)] [Note (4)]
only with use of fillet weld on inside of shell; or
(b) for attachment of heads having pressure on either A and B NA NA 0.45
side, to shells not over 600 mm (24 in.) inside [Note (3)} [Note (4)]

diameter and not over 6 mm (Y in.) required
thickness with fillet weld on outside of head flange
only

SZ02Z-1IX'DAd9d NSV
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Table TW-130.4
Maximum Allowable Joint Efficiencies for Arc- and Gas-Welded Joints (Cont’d)

Degree of Radiographic Examipation

Type No Joint’Pescription Limitations Joint Category (a) Full (b) Spot (c) None
(7) Corner joints, full penetration, partial penetration, As limited by Figures TW-130.5-2 and TW-140.2-1 C [Note (5)] and NA NA NA
and/or fillet welded D [Note (5)] [Note (3)] [Note (4)]
(8) Angle joints Design per TG-100.2(c) for Category B and C joints B, C, and D NA NA NA
[Note (3)] [Note (4)]
GENERAL NOTES:
(a) The sjngle factor shown for each combination of joint €ategory and degree of radiographic examination replaces both the stress reduction factor and the joint efficiency factor considerations
previpusly used in this Section.

(b) E = 1§0 for butt joints in compression.

NOTES:
(1) See (
(2) See (

(3) Jointq attaching hemispherical heads to shells are excluded.

(4) For T
(5) Therg

), TE-110.2, TE-120, and TE-250.2(a).
b) and TE-250.2(b).

ype No. 4 Category C joint, limitation not applicable for bolted flange connections.
is no joint efficiency E in the design equations of this Division for Categoty C and D corner joints. When needed, a value of E not greater than 1.00 may be used.

SZ02Z-1IX'DAd9 NSV
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Figure TW-130.5-1, sketches (g), (h), and (j) are examples
of attachment methods that are not permissible.

(c) Intermediate heads, without limit to thickness, of
the type shown in Figure TW-130.5-1, sketch (f), may

(2) Formed heads, concave or convex to the pres-
sure, shall have a skirt length not less than that shown
in Figure TW-130.5-1, using the applicable sketch.
Heads that are fitted inside or over a shell shall have a
driving fit before welding.

(3) Atapered transition having a length notless than
three times the offset between the adjacent surfaces of
abutting sections as shown in Figure TW-130.5-1,
sketches (1) and (m) shall be provided at joints
between formed heads and shells that differ in thickness
by more than one-fourth the thickness of the thinner
section or by more than 3.2 mm (% in.), whichever is
less. When a taper is required on any formed head
thicker than the shell and intended for butt-welded attach-
ment [see Figure TW-130.5-1, sketches (n) and (0)], the
skirt shall be long enough so that the required length of
taper does not extend beyond the tangent line. When the
transition is formed by removing material from the thicker
section, the minimum thickness of that section, after the
material is removed, shall be not less than that required by
TD-210(d). When the transition is formed by adding addi-
tional weld metal beyond what would otherwise be the
edge of the weld, such additional weld metal buildup
shall be subject to the requirements of TF-220.10. The
centerline misalignment between shell and head shall
be not greater than one-half the difference between
the actual shell and head thickness, as illustrated<in
Figure TW-130.5-1, sketches (1) through (o).

(4) Shells and head may be attached to shélls or
heads using a butt weld with one plate offset.as shown
in Figure TW-130.5-1, sketch (k). The weld bead may
be deposited on the inside of the vesseMonly when the
weld is accessible for inspection after the vessel is
completed. The offset shall be smooth and symmetrical
and shall not be machined or otherwise reduced in thick-
ness. There shall be a uniform‘\force fit with the mating
section at the root of the weld: Should the offset contain a
longitudinal joint the fellowing shall apply:

(-a) The longitudinal weld within the area of the
offset shall be grotind 'substantially flush with the parent
metal prior totheoffsetting operation.

(-b) Thelongitudinal weld from the edge of the
plate through the offset shall be examined by the magnetic
particlé method after the offsetting operation. Cracks and
cragk:like defects are unacceptable and shall be repaired
or‘removed. (See Mandatory Appendix V.)

(-c) As an acceptable alternative to magnetic
particle examination or when magnetic particle
methods are not feasible because of the nonmagnetic char-
acter of the weld deposit, a liquid-penetrant method shall
be used. Cracks and crack-like defects are unacceptable

be used for all types of vessels, provided that the
outside diameter of the head skirt is a close fit inside
the overlapping ends of the adjacent length of cylinder.

The butt weld and fillet weld shall be designed to take
shear based on 1 times the maximum differential pres-
sure that can exist. The allowable stress value for thebutt
weld shall be 70% of the stress value for the vesselmate-
rial and that of the fillet 55%. The area of the buttweld in
shear is the width atthe root of the weld timesthé length of
weld. The area of the fillet weld is the minimum leg dimen-
sion times the length of the weld. The.fillet weld may be
omitted if the construction precludes access to make the
weld, and the vessel is in noncorrosive service.

(d) The requirements for‘the’attachment of welded
unstayed flat heads to shells’are given in TD-500 and
in (e) and (f).

(e) When shells, heads, or other pressure parts are
welded to a forged-or rolled plate to form a corner
joint, as in Figdre TW-130.5-2, the joint shall meet the
following requirements [see also TM-140.1(d)(3)]:

(1) Onthe cross section through the welded joint, the
line ofAfusion between the weld metal and the forged or
rolled\plate being attached shall be projected on planes
both parallel to and perpendicular to the surface of the
plate being attached, in order to determine the dimensions
a and b, respectively (see Figure TW-130.5-2).

(2) For flange rings of bolted flanged connections,
and for flat heads with a projection having holes for a
bolted connection, the sum of a and b shall be not less
than three times the nominal wall thickness of the abutting
pressure part.

(3) For other components, the sum a and b shall be
not less than two times the nominal wall thickness of the
abutting pressure part. Examples of such components are
flat heads and supported and unsupported tube sheets
without a projection having holes for a bolted connection,
and the side plates of a rectangular vessel.

(4) Other dimensions at the joint shall be in accor-
dance with details as shown in Figure TW-130.5-2.

(5) Joint details that have a dimension through the
joint less than the thickness of the shell, head or other
pressure part, or that provide attachment eccentric
thereto, are not permissible. See Figure TW-130.5-2,
sketches (0), (p), and (q).

(f) In the case of nozzle necks that attach to piping of a
lesser wall thickness, a tapered transition from the weld
end of the nozzle may be provided to match the piping
thickness although that thickness is less than otherwise
required by the rules of this Section. This tapered transi-
tion shall meet the limitations as shown in Figure
TW-130.5-3.

and-shallberepaired-orremoved{See-Mandatoe
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Figure TW-130.5-1

Heads Attached to Shells (See Table TW-130.4 for Limitations)

<—>1— For ellipsoidal heads — minimum 2t
. but not less than 13 mm (1/, in.) Minimum 2t
Tangent line
<—>— For other heads — .
minimum 2t, + 13 mm (1/5 in.) ¢ Minimum 1.3t ~
S
ts —> <— Minimum 1.3t *
(N N I e
* 4 5 th V %\

/

- Minimum 3ty + 1/5 in. (13 mm)

t
b Minimum 3t + 13 mm (1, jn)

but not less than 256 mmAT\in.)

but not less than 1 in. (25 mm)

(a) Single Fillet Lap Weld

For ellipsoidal heads — minimum 2t

but not less than 13 mm (/5 in.) —f<—
<—>— For ellipsoidal heads — minimum 2t Tangent line >
Tanaent line but not less than 13 mm (/5 in.) <> For other heads —
9 - minimum 2t, + 13 mm
»— For other heads — Plug weld (1/5in.)
e 1
minimum 2t, +13 mm (1/5 in.) . s L Minimum tg
ts —> F— Minimum tg * o -_‘\\\(
S R ES
R N T=wr T | %
f N d .
A Not less than d—J—, th
Minimum tg
- Minimum 3d —= >
<—>—|—M|n|mum 4tg or 4ty ¢ .
whichever is less Minimum 3t, + 13 mm (/5 in.) | -

(b) Double Fillet Lap Weld

Skirt'optional

<— Tangent line

i J
Vf AR %

When tp is equal to or less than tg or
t, exceeds tg and a tapered transition
is not required per TW-130.5(b)(3)

but not less than 256 mm (1 in.)

(c) Single Fillet Lap Weld With Plug Welds

Minimum 3t} but need not exceed
38 mm (11/, in.) for all heads

~«—Tangent line
L,
Y J

Rz R@x\%

When t, exceeds tg and a tapered
transition is required per TW-130.5(b)(3)

(d) Butt Weld
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Figure TW-

130.5-1

Heads Attached to Shells (See Table TW-130.4 for Limitations) (Cont’d)

Need not exceed 25 mm (1 in.)

/ / ; |

Tangent point 2tp, minimum

\

L. D

th\< —»| |<— 13 mm (/5 in.) minimgm
PN I
¥

W

pd

NN \73\\?

Minimum 3t but need not
exceed 38 mm (11/, in.)
Tangent line —
tS
Minimum tg4
__ I ]
! é@ Sl ;
/—» Minimum 1.3t
Taper optional
—> Minimum 2tg

(e) Single Fillet Lap Weld

Eg::%f / ég%f P
th/ th

Butt weld \/
-

15 deg - 20 degj Seal or fillet weld [Note (1)]

(f) Intermediate Head [Notes (2) and (3)]

ty

(g-1) Not Permissible (g-2) Not Permissible (h) Not Permissible (j) Not Permissible
21/5t maximum,
Beveloptional 1t minimum
See Note)(4) See Note (4)
o -~ \ T '“7
\ AN JRe
AN Y

\\W

As desired

Av0|d sharp break

Depth of offset = t;

11/t minimum
tor t; = 5/g maximum [see Note (5)]

(k) Butt Weld With One Plate Edge Offset
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Figure TW-130.5-1
Heads Attached to Shells (See Table TW-130.4 for Limitations) (Cont’d)

Thinner part
\
Thinner part

Tangent line

II
!
{1 |
. <1y (ts— tp) <V (tg—tp)

bt

|
|«— T,

s \
: L
() [Notes (6) and (7)] (m) [Notes (6) and~(7)]
th
y -+ Tangent line
¥ \ T - - - -
£ >3y © "
¥y o\ 3 s
J» l«—}-<1 — =
b </ (th—t3) 2 E
1 <y (th—tg)
— ‘ |« tS — ts
(n) [Notes/{7)and (8)] (o) [Notes (7) and (8)]

NOTES:
(1) See TW-130.5(c).
(2) Butt weld and fillét weld, if used, shall be designed to take shear at 1% times the differential pressure than can exist.
(3) ts1 and t;; may be/different.
(4) See TW-130.5(b)(4) for limitation when weld bead is deposited from inside.
(5) For joint§ connecting hemispherical heads to shells, the following shall apply:
(a)& or t; = 10 mm (% in.) maximum.
(b)\Maximum difference in thickness between ¢ or t; = 2.5 mm (%; in.).
{c) Use of this Figure for joints connecting hemispherical heads to shells shall be noted in the “Remarks” part of the Data Report Form.
(6) In‘all cases, the projected length of taper, ¢, shall be not less than 3y.
£7) Length of required taper, £, may include the width of the weld. The shell plate centerline may be on either side of the head plate centerline.
(8) In all cases, £ shall be not less than 3y when t, exceeds t,. Minimum length of skirt is 3t, but need not exceed 38 mm (1'% in.) except when
necessary to provide required length of taper. When ¢, is equal to or less than 1.25¢;, length of skirt shall be sufficient for any required taper.
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Figure TW-130.5-2
Attachment of Pressure Parts to Flat Plates to Form

a Corner Joint

Ip

tw
1y

—

Iy |=

a

.

a

a + bnot less

o
(a)

l<— b

a+ bnotless

— Ip |

i

ts

-

a+ bnot less

-

i
W\
!

a+ bnot less

A AN

| than 2t5 | than 2t 4 than 2t ] | than 2,
(b=0) t,, not less than g, anot less than tg, and anot Iefs thahn ls, ;’:\nd
t,, not less b) and tpnot less than tp not less than the d fp not es?t an the
than tg the smaller of t; or smaller of tg or zmalle(r1? s ;)r
1. 3 1. 3 mm 4 1N.
Backing strip 6 mm (1/4in.) 6 mm (1/4in.)
may be utsed t*s 41+%) = a
S
ho i
2 N N\
a )
n ag -
F AN ! £,
This weld metal
a + bnot less <) . a + b not less
L than 21, a + b not less may be deposnt_ed than 2t (b = 0)
(b=0) | than 2t R before completing | L a4 not less than 0.5a,,
the joint not greater than 2as
anot less than tg a + b netless
(e-1) (e-2) (f) then 2t b=0 (g)
is\pe€rmissible
Typical Unstayed Flat Heads [Note (1)]
(b=0) anot less than 3ty
cnot less
\( than tp, or
¢ tx, whichever a +b hot less than 3t,
/\ is less c\< c.not less than t, or
ty, whichever is less
o ; N
NN, S /
| Y =) _,I ! t
Backing strip :\ . t". ip :<—b n f
may be removed | Backing strip | tp not less than Not
after welding : T?OY k;e use(t:i : tthetsmallgst of welded
ifjointisnot [ n tx, or 6 mm - - -
L weldled from |___~I~_ (1/5in.) e s
hoth sides (o) (p) (a)
(m) (n) Typical Nonpermissible Corner Joints

Typical Bolted Flange Connections [Note (2)]

GENERAL NOTES:
(a) t{is\defined in TD-500(b).

(b)._Dimension b is produced by the weld preparation and shall be verified after fit up and before welding.

NOTES:

(1) For unstayed flat heads, see also TD-500.
(2) ¢ t, and ¢, are as defined in TW-130.5.
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Figure TW-130.5-3
Nozzle Necks Attached to Piping of Lesser Wall Thickness

6 mm (/4 in.) min. radius

1 18.5 deg max.;
6 mm min. (1/4in.) 30 deg max. 14 deg min.
radius
18.5 deg max.; th T \ /F_TS;;_ ‘
; 30 deg max. 14 deg min. [Note (1)] trn \ Note (2)
n
[Note (1)] ! S— u 2 =roooo- ‘
I
trn ! See tq [Note (3)]
! Note (2) 30 deg max.
) ' \ 18.5 deg.max.;
_________ 14 deg)min.
t1 [Note (3)] 6 mmJ/3 in.) min. radius
(a) (b)
NOTES:

(1) As defined in TD-640. t, shall be not less than the thickness required by TD-680.

(2) Weld bevel is shown for illustration only.
(3) t; is not less than the greater of

(a) 0.8t,, where t,, = required thickness of seamless nozzle wall

(b) minimum wall thickness of connecting pipe

TW-130.6 FILLET WELDS

(a) Fillet welds may be employed as strength welds for
pressure parts within the limitations given elsewhere in
Section XII. Particular care shall be taken in the layoutof
joints in which fillet welds are to be used in order to erisure
complete fusion at the root of the fillet.

(b) Corner or tee joints may be made with fillet welds,
provided the plates are properly supported independently
of such welds, except that independent supports are not
required for joints used for the purposes stated in
TF-120.4.

(c) Figures TW-130.5-1 and TW-130.5-2 show several
construction details that are rlot acceptable.

(d) Unless the sizing basis is given elsewhere in Section
XII, the allowable load on fillet welds shall equal the
product of the weld drea’ (based on minimum leg dimen-
sion), the allowable'stress value in tension of the material
being welded,-and“a joint efficiency of 55%.

TW-130,7.NOZZLES IN TANKS CONSTRUCTED OF
FERRITIC STEELS WITH TENSILE
PROPERTIES ENHANCED BY HEAT
TREATMENT

(a) All openings regardless of size shall meet the re-
quirements for reinforcing, nozzle geometry, and
nozzle attachments and shall conform to the details

showrrin Figure TW-140.2-1 when permitted by the provi-
sions of TF-610.4(b).

(b) Except for nozzles covered in (c), all nozzles and
reinforcing pads shall be made of material with the speci-
fied minimum yield strength within £20% of that of the
tank shell to which they are attached; however, pipe
flanges, pipe, or communicating chambers may be of
carbon, low, or high alloy steel welded to nozzle necks
or the required material, provided

(1) thejointisa circumferential butt weld located not
less than \/R_t,, that, except for the nozzle type shown in

Figure TW-130.7-1, sketch (f), is measured from the limit
of reinforcement as defined in TD-640. For Figure

TW-130.7-1, sketch (f), the ,/R¢t, is measured as shown
in that figure. In these equations

R = inside radius of the nozzle neck, except for
Figure TW-130.7-1, sketch (f), where it is the
inside radius of the vessel opening as shown in
that figure, mm (in.)

(2) the design of the nozzle neck at the joint is made
on the basis of the allowable stress value of the weaker
material.

(3) the slope of the nozzle neck does not exceed 3:1
for at least a distance of 1.5¢t,, from the center of the joint.

(4) the diameter of the nozzle neck does not exceed
+h. TN 410 7 £ niKc

SITOWT 1T FIgUTes TW-130-7-1T and TW-130-7-2, 0T
Figure TW-140.2-1, sketch (y-1) or sketch (z-1) when
permitted by the provisions of TF-610.4(a), or as
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Figure TW-130.7-1
Acceptable Welded Nozzle Attachment Readily Radiographed to Code Standards

30 deg min. —
1/5in. (13 mm)
min. ry
th 45 deg max.
30 deg max. /
t 3 r t
1= ry t Ol q
/Y Iﬁ b
ﬁ_\ N
T n T —> r ) v I3.% 4 < 0.2tbut
(a) 11/, t min. oq + Oy <18.5 deg
(b) {c)
A
th > =[] l‘_tn
45 deg max. 45 deg max.
ry I "
18.5 deg max. 2
30 deg przwax. " Backing ring,
Max. D £ /. PN n if used, shall 33
=0.2t Ny 2 ¢ Y be removed
A
d eI
(! [ 1
\
<-I- Section A-A T Nl ‘
30deg 5 Sections perpendicular (d)
max. and parallel to the (e)

cylindrical vessel axis
(c-1)

2Ror (R+t+ty,)

.\ Whichever is greater

| R = inside radius of

Limits of reinforcement vessel opening
Min. thickness (forgin < >
- (fo@ing) 45deg |~ |~ Rad. = 1/at, with a min. =6 mm (1/in.)
rp - .
N A [ 72t min. \
t(actual) shell ¢/ \ t (IZ:) - th
N ry d "
I:' |‘/<45 deg| L Area to be
13 mm min. m— " 1o compensated
(1/5in.) min. A, B,C,D
Limits of reinforcement
Reinforcement may be distributed within the limits
prescribed by this Code
(f)
Legend:
N < 2%t, t = nominal thickness of shell or head
rq = 1/8L' to Yt t, = nominal thickness of nozzle
r = 19 mm (7, Iin.) [ = nominal thickness of attached pipe
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Figure TW-130.7-2
Acceptable Full Penetration Welded Nozzle Attachments Radiographable With Difficulty and Generally Requiring

Special lechniques Includlng Wlu[tlpl.e Exposures to Take Care or Thickness Variations

-1,
Backing strip,

o
if used, shall '\-—*—i -——-’-i

be removed
/\I_\_ | I |
— EY
C kL K —
N N
b N L
(a) (b)

—>| -t _>| “_tn
Backing strip,

if used, shall [
be removed > >
B b
* —

(c) (d)

— Backing strip,
if used, shall
be removed

Section A-A

Sections perpendicular
and parallel to the
cylindrical vessel axis

(g)
Legend:
ri o= Ytto %t t = nominal thickness of shell or head
r, = 19 mm (34 in.) t. = 0.7t,or 6 mm [1/4 in.), whichever is less
ra = 6mm (% in) t, = nominal thickness of nozzle
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(c) Nozzles of nonhardenable austenitic-type stainless
steel may be used in vessels constructed of steels

be capable of sustaining pressure between the reinforcing
plate and the vessel wall.

conforming to SA-353, SA-553 Types | and 1I, or
SA-645 Grade A, provided the construction meets all of
the following conditions:

(1) The nozzles are nonhardenable austenitic-type
stainless steel conforming to one of the following speci-
fications: SA-182, SA-213, SA-240, SA-312, SA-336,
SA-403, SA-430, or SA-479.

(2) The maximum nozzle size is limited to DN 100
(NPS 4).

(3) None of the nozzles islocated in a Category A or B
joint.

(4) Thenozzles are located so that the reinforcement
area of one nozzle does not overlap the reinforcement area
of an adjacent nozzle.

TW-140 WELDED CONNECTIONS

(a) Nozzles, other connections, and their reinforce-
ments may be attached to pressure vessels by arc or
gas welding. Sufficient welding shall be provided on
either side of the line through the center of the
opening parallel to the longitudinal axis of the shell to
develop the strength of the reinforcing parts as prescribed
in TM-100 through shear or tension in the weld, whichever
is applicable.

(b) The strength of groove welds shall be based on the
area subjected to shear or to tension. The strength of fillet
welds shall be based on the area subjected to shear
(computed on the minimum leg dimension). The‘inside
diameter of a fillet weld shall be used in figuring itslength.

(c) Strength calculations for nozzle attachment welds
for pressure loading are not required for the following:

(1) Figure TW-140.2-1, sketches (a) through (g), (x-
1), (y-1), and (z-1), and all the sketches in Figure
TW-130.7-1

(2) openingsthatare exenipt from the reinforcement
requirements by TD-600.3(¢)

(d) The allowable stress’values for groove and fillet
welds in percentages of-stress values for the vessel mate-
rial, which are usedin TD-650 calculations, are as follows:

(1) groove=weld tension, 74%
(2) groove=weld shear, 60%
(3) fillet-weld shear, 49%

NOTE:. ‘These values are obtained by combining the following
facters: 871/2 % for combined end and side loading, 80% for shear
strength, and the applicable joint efficiency factors.

(e) Reinforcing plates and saddles of nozzles attached
to the outside of a vessel shall be provided with atleast one
telltale hole (maximum size NPS Y, tap) that may be
tapped for a preliminary compressed air and soap-
suds test for tightness of welds that seal off the inside

TW-140.1 OPENINGS IN OR ADJACENT TO WELDS

(a) Any type of opening that meets the requirements
for reinforcement given in TD-610 or TD-630 may be
located in a welded joint.

(b) Single openings meeting the requirements given in
TD-600.3(c) may be located in head-to-shell or Category B
or C butt-welded joints, provided the weld-meets the
radiographic requirements in Part TE*for a length
equal to three times the diameter of the)opening with
the center of the hole at midlength. Defects that are com-
pletely removed in cutting the hole’shall not be considered
in judging the applicability of the weld.

(c) In addition to meeting\the radiographic require-
ments of (b), when multipledpenings meeting the require-
ments given in TD-600.3(¢) are in line in a head-to-shell or
Category B or C butt<welded joint, the openings shall be
reinforced in accordance with TD-610 through TD-660.

(d) Except when the adjacent butt weld satisfies the
requirements for radiography in (b), the edge of openings
in a solid\plate meeting the requirements of TD-600.3(c)
shall Aot be placed closer than 13 mm (% in.) from the
edge-of Category A, B, or C weld for material 38 mm (11/2
inJ-thick or less.

TW-140.2 MINIMUM REQUIREMENTS FOR
ATTACHMENT WELDS AT OPENINGS

(a) General

(1) The terms nozzles, connections, reinforcements,
necks, tubes, fittings, pads, and other similar terms
used in this paragraph define essentially the same type
of construction and form a Category D weld joint
between the nozzle (or other term) and the shell,
head, etc., as defined in TW-130.3.

(2) The location and minimum size of attachment
welds for nozzles and other connections shall conform
to the requirements of this paragraph in addition to
the strength calculations required in TW-140.

(b) Symbols. The symbols used in this paragraph and in
Figures TW-140.2-1 and TW-140.2-2 are defined as
follows:

D, = outside diameter of neck or tube attached by
welding on inside of tank shell only
G = radial distance between hole in tank wall and
outside diameter of nozzle neck or tube
Radius = 3.2 mm (% in.) minimum blend radius
r1 = minimum inside corner radius, the lesser of
Yt or 19 mm (% in.)
t = nominal thickness of tank shell or head

of The vessel. These telitale noles may be 1eft Open or
may be plugged when the vessel is in service. If the
holes are plugged, the plugging material used shall not

115



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

t. = not less than the smaller of 6 mm (% in.) or

plate, which does not abut a nozzle neck, shall be a
fillet weld with a minimum throat dimension of %tin.

0.7tmin (Inside corner welds may be further
limited by a lesser length or projection of
the nozzle wall beyond the inside face of
the tank wall)
= the smaller of 19 mm (%, in.) or the thickness
of the thinner of the parts joined by fillet,
single-bevel, or single-] weld
t, = nominal thickness of nozzle wall
t, = dimension of attachment welds (fillet, single-
bevel, or single-]), measured as shown in
Figure TW-140.2-1
t; or t, = not less than the smaller of 6 mm (1/4 in.) or
0.7 tmin

(c) Necks Attached by a Full-Penetration Weld. Necks
abutting a vessel wall shall be attached by a full-penetra-
tion groove weld. See Figure TW-140.2-1, sketches (a) and
(b) for examples. Necks inserted through the tank wall
may be attached by a full-penetration groove weld. See
Figure TW-140.2-1, sketches (c), (d), and (e). When
complete joint penetration cannot be verified by visual
inspection or other means permitted in this Section,
backing strips or equivalent shall be used with full-pene-
tration welds deposited from one side.

If additional reinforcement is required, it shall be
provided as integral reinforcement as described in (1),
or by the addition of separate reinforcement elements
(plates) attached by welding as described in (2).

(1) Integral reinforcement is that reinforcement
provided in the form of extended or thickened necks,
thickened shell plates, forging-type inserts, o 'weld
buildup that is an integral part of the shell.0f’nozzle
wall and, where required, is attached by full-penetration
welds. Figure TW-140.2-1, sketches (a) through (g), (x-1),
(v-1), and (z-1), for examples of nozzles\with integral re-
inforcement where the F factor in TD5610.2 may be used.

(2) Separate reinforcement elements (plates) may
be added to the outside surface of the shell wall, the
inside surface of the tank shell wall, or to both surfaces
of the tank wall. When, this is done, the nozzle and rein-
forcement is no longér-considered a nozzle with integral
reinforcement and the F factor in TD-610.1 shall be F=1.0.
See Figure TW-140.2-1, sketches (a-1), (a-2), and (a-3)
depict varipus-applications of reinforcement elements
added togketch (a). Any of these applications of reinforce-
ment eleménts may be used with necks of the types shown
in Figure TW-140.2-1, sketches (b) through (e), or any
other integral reinforcement types listed in (1). When
a pad is added, the nozzle and reinforcement is no
longer considered a nozzle with integral reinforcement.
The reinforcement plates shall be attached by welds at
the outer edge of the plate, and at the nozzle neck

tmin

See Figure TW-140.2-1, sketch (h), for an example of a
fillet weld attachment. The welds attaching the reinforce-
ment plate to a nozzle neck abutting a vessel wall shall be a
full-penetration weld plus a fillet weld with minimum
throat dimension t,, not less than 0.7¢t.;,.

(d) Neck Attached by Fillet or Partial Penetration Welds

(1) Necks inserted into or through the vessel wall
may be attached by fillet or partial penetration welds,
one on each face of the vessel wall. The welds.may be
any desired combination of fillet, singlesbeVel, and
single-] welds. The dimension of t; or t,.for“each weld
shall be not less than the smaller of-6«mm (%, in.) or
0.7tmin, and their sum shall be not Yess than 1%, tin.
See Figure TW-140.2-1, sketches (i}.through (1).

If additional reinforcement\is required, it may be
provided in the form of extended or thickened necks,
thickened shell plates, forgings, and/or separate rein-
forcement elements (plates) attached by welding. Weld
requirements shall be the same as given in (c)(2),
except as follows-The welds attaching the neck to the
vessel wall or)t6 the reinforcement plate shall consist
of one of the following:

(-a). 4 single-bevel or single J-weld in the shell
plate,@nd a single-bevel or single-] weld in each reinfor-
cing'plate. The dimension t,, of each weld shall be not less
than 0.7t,,,. See Figure TW-140.2-1, sketches (q) and (r).

(-b) a full-penetration groove weld in each rein-
forcement plate, and a fillet, single-bevel, or single-]
weld with a weld dimension t, not less than 0.7 t;,
in the tank shell plate. See Figure TW-140.2-1, sketch (s).

(2) Nozzle necks, flared necks, and studding outlet-
type flanges may be attached by fillet welds or partial-
penetration welds between the outside diameter or the
attachment and the outside surface of the shell and at
the inside of the opening in the shell. The throat dimension
of the outer attachment weld shall be not less than Y%t in.
The dimension t,, of the weld at the inside of the shell
cutout shall be not less than 0.7 t,;,. See Figure TW-
140.2-1, sketches (m), (n), and (p).

(e) Necks and Tubes up to and Including DN 150 (NPS 6)
Attached From One Side Only. Necks and tubes not
exceeding DN 150 (NPS 6) may be attached from one
side only on either the outside or inside surface of the tank.

(1) When the neck or tube is attached from the
outside only, a welding groove shall be cut into the
surface to a depth of not less than ¢, on the longitudinal
axis of the opening. It is recommended that a recess 1.6
mm (% in.) deep be provided at the bottom of the groove
in which to center the nozzle. The dimension t,, of the
attachment weld shall be not less than t,, nor less than
6 mm (% in.). See Figure TW-140.2-1, sketches (t) and (u).

periphery or inner edge of the plate if no nozzle neck
is adjacent to the plate. The weld at the outer edge
and the weld at the inner edge of the reinforcement

£2) \When the neckortubeisattached fromthe inside
only, the depth of the welding groove or throat of fillet
weld shall be at least equal to 1Y tmin. Radial clearance
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between vessel hole and nozzle outside diameter at the
unwelded side shall not exceed tolerances given in

(-d) the typical fitting dimension t; as shown in
Figure TW-140.2-1, sketch (p), shall be sufficient to

Figure TW-140.2-1, sketches (v-1), (v-2), (w-1), and
(w-2). Such attachments shall satisfy the rules for rein-
forcement of openings, except that no material in the
nozzle neck shall be counted as reinforcement.

(f) Fittings: Internally Threaded, Externally Threaded,
Socket Welded, or Butt Welded. The attachment of fittings
shall meet the following requirements:

(1) Exceptas provided for in (2) through (6), fittings
shall be attached by a full-penetration groove weld or by
two fillet or partial-penetration welds, one on each face of
the tank wall. The minimum weld dimensions shall be as
shown in Figure TW-140.2-1, sketches (x), (y), (z), and
(aa).

(2) Fittings not exceeding DN 80 (NPS 3) shown on
Figure TW-140.2-1, sketches (x), (y), (z), (aa), and (bb),
may be attached by welds that are exempt from size re-
quirements with the following limitations:

(-a) TW-140(a) requirements shall be satisfied for
TD-680 loadings.

(-b) For partial penetration welds or fillet welds, ¢4
ort, shall be notless than the smaller of 2.5 mm (3/32 in.) or
0.7 tmin-

(3) Fittings and bolting pads not exceeding DN 80
(NPS 3), as shown in Figure TW-140.2-2, may be attached
to tanks by a fillet weld deposited from the outside only
with the following limitations:

(-a) maximum vessel wall thickness of 40
mm (% in.).

(-b) the maximum size of opening in the vessel is
limited to the outside diameter of the attached pipe'plus 19
mm (%, in.), but not greater than one-half,of the vessel
inside diameter.

(-c) the attachment weld thgoat shall be the
greater of the following:

(-1) the minimum nozzle neck thickness
required by TD-680 for the same’hominal size connection

(-2) that necessary:to satisfy the requirements
of TW-130.5 for the applicable loadings in TD-200

accommodate a weld leg, which will provide a weld
throat dimension.

If the opening exceeds the requirements of (3)(-b) or
(5)(-d) in any direction, or is greater than one-half the
vessel inside diameter, the part of the vessel affected
shall be subjected to a proof test as required in
TD-600.1(b), or the opening shall be reinforced in(@ccor-
dance with TD-610 and the nozzle or other connection
attached, using a suitable detail in Figure”TW-140.2-1,
if welded.

(4) Fittings not exceeding DN 80\ (NPS 3) may be
attached by a fillet groove weld firem the outside only
as shown in Figure TW-140.2%1, sketch (bb). The
groove weld ¢, shall be notié&ss than the thickness of
Schedule 160 pipe (ASMEB36.10M).

(5) Flange-type fittiig§ not exceeding DN 50 (NPS 2),
with some acceptabletypes such as those shown in Figure
TW-140.2-2, may-be-attached without additional rein-
forcement othef than that in the fitting and its attachment
to the tank wall. The construction satisfies the require-
ments of-this Section without further calculation or
proof testvas permitted in TD-600.3(c), provided all of
the follewing conditions are met:

(-a) Maximum vessel wall thickness shall not
exceed 10 mm (% in.).

(-b) Maximum design pressure shall not exceed
2.4 MPa (350 psi).

(-¢) Minimum fillet leg tris 2.5 mm (%52 in.).

(-d) The finished opening, defined as the hole in
the tank wall, shall not exceed the outside diameter of
the nominal pipe size plus 19 mm (¥, in.).

(6) Fittings conforming to Figure TW-140.2-2,
sketch (k), not exceeding DN 80 (NPS 3) may be attached
by a single fillet weld on the inside of the tank only,
provided the criteria of (e)(2) and Figure TW-140.2-1,
sketch (w) are met.
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(a)

Full Penetration Weld

Figure TW-140.2-1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, Etc.

Backing strip, if used, may be removed after welding

(a-1)

With Integral Reinforcement

[See TW-140.2(c)(1) and Note (1)]

(b)

Separate Reinforcement Plates Added [See TW-140.2(c)(2)]

(a-2) (a-3) ‘

s e

S

>4 ¢ |
Backing strip, if used, &

may be removed (d)
after welding (e)

(c)

Full Penetration Welds to Which Separate Reinforcement Plates May Be Added [See TW-140.2(c)(2)and Note (1)]

Notes follow'on’last page of this Figure.
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Figure TW-140.2-1

Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, Etc. (Cont’d)

t, =5 |<—
19 mm (3/4in.)

t

(1) t, —» |<—

45 deg max.

30 deg max. ’
\ .

.

t T

1/2 tmin.
(f-2)
For sketches (f-1) through (f-4),

30 deg min.

13 mm (/5 in.)

t3 + g 0.2t
but not greater
than 6 mm
(1/4in.)

19 mm (3/4 ln)—> tn

Rmin.

see Note (1). For sketch (f-3), see Note (2).

\’5*(

12

L

(i)

-

N —

N

Weld to pad

—

(9) (h)
—< [See Notes (1) and (2)]

(f-4)
T T N R P
X N
/4\ \ p . \
tq / \r\ | 1
A
t v t /\\tz ¢ ——j
v A et i { 2
Nt
1] (k) te

f1 + to > 1V gtemin,
t1 or tp not less than
the smaller of 6 mm (/4 in.)
or 0.7tmin.

Notes follow on last page of this Figure.

K tw = 0.7tmin.
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0¢t

ty=0.7t min,

(m)
tw= 0.7t min.
|
=%
2
g
a
1/2tmin.
(p)
~—
—> -1,
Ay
\tc
Vot ]
[t in. _I tw= 0.7t min
¢ ]
I tw=0.7t min,
(q)

30 deg min.
tw= 0.7t mijn,
1/2t min.

1/Ztmin.

Figure TW-140.2-1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, Etc. (Cont’d)

Radius

(v

(n)

[See Note (2)]

Nl ¢

pm{

A

1)

tc

= 0.7t min.

<t
BY VI

Vad
1/Ztmin.

/
/

(r)

tci\

Radius

30 deg min.

1/2t mirl.‘ |<_>I_

tw= 0.7t min,

(o)

1,

[See Note (2)]

tw= 0.7t min.

(s)

Weld to

7

—

[~ tw= 0.7t min,

shell

Notes follow on last page of this Figure.
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Figure TW-140.2-1

Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, Etc. (Cont’d)

1)

tw

(1.5 mm t, bat not]
(1/1gin.)  less than
recess 6 mm
(g in.)

(t)

Typical Tube Connections

T
pre—

le—
t, but not less than | }
6mm(1/4in.)¢ A

( A
|
1.5 mm (1/4gin.)- |

recess i
Section A-A

(u)

(When used for other thanysquare, round, or oval headers, round off corners)

Outside D, Outside D, Outside

\
|
1/ 4tmin. 1/ gtmin.
1 | ' = ‘ { A & ‘ & ‘
/ 1/ 4tmin. / 1/ 4tmin. \\ \ }\ \

G— ’:ﬂ G»‘:Q{

D, Outside ‘ D,

f f

(v-1) (v-2)

N4 L

(w-1) (w-2)

[See Note (3)] [See Note (3)] [See Note (3)] [See Note (3)]

Notes faollow on last page of this Figure.
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NOTES:
(1) Sketd

Figure TW-140.2-1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, Etc. (Cont’d)

Either method of attachment is satisfactory

tf t
ts N
N
AN T
H
. . | ) R
] Y t1/\ _f
v > & ( t
1
\tz tc L}
(x-1) (x-2) (y-1) (y-2) (z-1) (z-2)
[See Notes (1) and (4)] [See Notes (1) and (4)] [See Notes (1) and (4)]
ty+ to > 1 4tmin. t.0r ty not less than the smaller of 6 mm (1/4in.) or 0.7tyin.

/' DN 80 (NPS 3) max.

1/Ztmin.

=X LA

¢ V| N S

¥ Y > |<_ t,, [See TW-140.2(f)(4)]
ty=07tn /7 6 mm (i) min.
(aa) (bb)
[See Note (4)] [See Note (4)]

hes (a) through (g), (x-1), (y-1), and (z-1) are examples of nozzles with integral reinforcement.

(2) Wherr(e the term Radius appears, provide a 3 mm (% in.) minimum blend radius.

(3) Fors
(a

(b
G=0.0
(4) For I

etches (v-1) through (w-2):

For applications where there are no external loads, G = 3 mm (% in.) max.

With external loads:

D5 for D, < 25 mm (1 in.); G = 0.010 for 25 mm (1 in.) < D, < 100 mm (4 in.); G = 0.015 for 100 mm (4 in.) < D, < 170 mm (65/8 in.)!
N 80 (NPS 3) and smaller, see exemptions in TW-140.2(f)(2).
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Figure TW-140.2-2
Some Acceptable Types of Small Fittings [See TW-140.2(f)(3) for Limitations]

O,

Any angle
Shape square ¥ yang
cylindrical ’
or irregular /
/l
7

ts(typical)

Maximum opening
le[see TW-140.2(f)(3)(-b)»
or (f)(5)(-d)]
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PART TF

(25)

FABRICATION REQUIREMENTS

ARTICLE TF-1
GENERAL REQUIREMENTS FOR FABRICATION

TF-100 GENERAL

The fabrication of pressure vessels and parts shall
conform to the requirements in Part TF.

TF-110 MATERIALS
TF-110.1 CUTTING PLATE AND OTHER STOCK

(a) Plates, edges of heads, and other parts may be cutto
shape and size by mechanical means such as machining,
shearing, grinding, or by oxygen or arc cutting. After
oxygen or arc cutting, all slag and detrimental discolora-
tion of material that has been molten shall be removed by
mechanical means prior to further fabrication or use.

(b) Endsofnozzles or manhole necks thatare to remain
unwelded in the completed tank may be cut by sheating,
provided sufficient additional material is removedbyany
other method that produces a smooth finish.

(c) Exposed inside edges shall be chamfered or
rounded.

TF-110.2 MATERIAL IDENTIFICATION

(a) Material for pressure parts preferably should be
laid out so that when the vesselisctompleted, one complete
set of the original identification markings required by
TM-140.3 for the material will be plainly visible. The
vessel Manufacturer shall maintain traceability of the
material to the original identification markings by one
or more of the-following methods:

(1) accurate transfer of the original identification
marking$ t0 a location where the markings will be
visiblesan the completed tank

(2) identification by a coded marking traceable to the
original required marking

(3) recording the required markings using methods
such as material tabulations or as-built sketches that
ensure identification of each piece of material during
fabrication and subsequent identification in the

Such transfers of markings shall’be made prior to
cutting, except that the Manufacturer may transfer mark-
ings immediately after cutting,“provided the control of
these transfers is described in the Manufacturer's
written Quality€ontrol System (see
Mandatory AppendiX [):'Except as indicated in (b), mate-
rial may be marked by any method acceptable to the
Inspector. The, Iaspector need not witness the transfer
ofthe marks but'shall verify that it has been correctly done.

(b) WHhere service conditions or thickness prohibit die-
stamping-for material identification, and when so speci-
fied by the User, the material Manufacturer or supplier
shall mark the required data on the plates in a manner
that will allow positive identification upon delivery.
The markings must be recorded so that each plate will
be positively identified in its position in the completed
vessel to the satisfaction of the Inspector. Material that
is to be divided shall be done as in (a).

(c) When material is formed into shapes by anyone
other than the Manufacturer of the completed vessel,
and the original markings as required by the applicable
material specification are unavoidably cut out, or the
material is divided into two or more parts, one set
shall be accurately transferred by the Manufacturer of
the shape. Manufacturer’s Partial Data Reports and
parts stamping are not a requirement unless there has
been fabrication to the shapes that include welding,
except as exempted by TM-110.10.

TF-110.3 REPAIR OF DEFECTS IN MATERIALS

(a) Pressure-retaining material shall be examined by
nondestructive methods as required by the rules of
this Section.

(b) Therequirements of this Part for repair by welding,
including examination of the repair welds, shall be met
wherever repair welds are made to pressure-retaining
material.

(c) Elimination of Defects by Blend Grinding. Defects

completed vessel
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shallbe removed or reduced to an acceptable-sized Imper-
fection. Defects may be removed by grinding or machining,
provided the following requirements are met:
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(1) the remaining thickness of the section is not
reduced below that required by Part TD, except as

(c) When the vessel shell sections, heads, or other pres-
sure boundary parts are formed by other than the Manu-

noted 1n TF-120.1(b)

(2) the depression, after defect elimination, is

blended uniformly into the surrounding surface

(d) Base Material Repair by Welding. The Manufacturer
may repair the base material by welding after the defects
have been removed, with the concurrence of the Inspector.

(1) Defect Removal. The defect shall be removed by
suitable mechanical, thermal cutting, or gouging methods
and the cavity shall be prepared for repair. After thermal
cutting, all slag and detrimental material that has been
molten shall be removed by mechanical means suitable
for the material prior to weld repair. When thermal
cutting is used, the effect on the mechanical properties
shall be taken into consideration. The surface to be
welded shall be uniform and smooth.

(2) Qualification of Welding Procedures and Welders.
The welding procedure and welders or welding operators
shall be qualified in accordance with the requirements of
Article TF-2 and Section IX.

(3) Examination of Repair Welds. Each repair weld
shall be examined by the magnetic particle or the
liquid-penetrant method.

(4) Heat Treatment After Repairs. The product shall
be heat treated after repair as required by Article TF-7.

(e) Time of Examination of Repair Welds (see also
TE-200)

(1) When radiographic examination of repair welds
isrequired, it shall be performed after postweld heattreat-
ment.

(2) Magnetic particle or liquid-penetrant examina-
tion of repair welds shall be performed afterfinal heat
treatment.

(f) Fasteners.Weld repair of bolts, studs, and nuts is not
permitted.

TF-120 FORMING AND FABRICATION

TF-120.1 FORMINGOF SHELL SECTIONS AND
HEADS

(a) All plates-for shell sections and for heads shall be
formed to theé required shape by any process that will not
unduly impair the mechanical properties of the material.
Limits are provided on cold working of all carbon and low
alloy'steels, high alloy steels, and ferritic steels with tensile
properties enhanced by heat treatment (see TF-310.1,
TF-410.4, and TF-610.1).

(b) If the plates are to be rolled, the adjoining edges of
longitudinal joints of cylindrical tanks shall first be shaped
to the proper curvature by preliminary rolling or forming
in order to avoid having objectionable flat spots along the
completed joints (see TF-120.2).

facturer of the vessel, the required certification of the part
shall indicate whether or not the part has been heat
treated and, if so, the temperature(s) at which it was
heat treated (see TF-310.1, TF-410.4, and TF-610.1).

TF-120.2 PERMISSIBLE OUT-OF-ROUNDNESS.OF
CYLINDRICAL AND SPHERICAL SHELLS

(a) Internal Pressure. The shell of a completed vessel
shall be substantially round and shall meet-the following
requirements:

(1) The difference betweensthe maximum and
minimum inside diameters at ahy) cross section shall
not exceed 1% of the nominal diameter at the cross
section under consideration: The diameters may be
measured on the insideor outside of the vessel. If
measured on the outside, the diameters shall be corrected
for the plate thickness\at the cross section under consid-
eration (see Figure|TF-120.2-1). When the cross section
passes through any other location normal to the axis of the
vessel, incldding head-to-shell junctions, the difference in
diameters_shall not exceed 1%. For vessels with longitu-
dinaldap joints, the permissible difference in inside
diameters may be increased by the nominal plate thick-
nEess.

(b) External Pressure. The shell of a completed vessel
intended to operate under external pressure shall meet
the following requirements at any cross-section:

(1) The out-of-roundness limitations prescribed in
(@)(1).

(2) The maximum plus-or-minus deviation from the
true circular form, measured radially on the outside or
inside of the vessel, shall not exceed the maximum permis-
sible deviation e obtained from Figure TF-120.2-2. Use
e = 1.0t or e = 0.2¢, respectfully, for points falling
above or below these curves. Measurements shall be
made from a segmental circular template having the
design inside or outside radius (depending upon
where the measurements are taken) and cord length
equal to twice the arc length obtained from Figure
TD-410.2-2. The values of L and D, in Figures

Figure TF-120.2-1
Example of Differences Between Maximum and Minimum
Inside Diameters in Cylindrical, Conical, and Spherical
Shells

D
max.

min.
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Figure TF-120.2-2
Maximum Permissible Deviation From a Circular Form, e, for Vessels Under External Pressure
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TD-410.2-2 and TF-120.2-2 shall be determined as
follows:

(-a) for cylinders, L and-Djas defined in TD-400.1

(-b) for spheres, L-isvone-half of the outside
diameter D,

(3) For cylinders and’spheres, the value of ¢ shall be
determined as follgWws:

(-a) For vessels with butt joints, ¢t is the nominal
plate thickness less corrosion allowance.

(-b) (For vessels with longitudinal lap joints, tis the
nominalplate thickness and the permissible deviation is
t+ e

(-c) Where the shell at any cross section is made of
plates having different thicknesses, t is the nominal thick-
ness of the thinnest plate less corrosion allowance.

(4) Therequirements of (2) shall be metin any plane
normal to the axis of revolution for cylinders and in the

nlane of anv areat cirecle for snheres
P J O 1 *

(5) Measurements shall be taken on the surface of
the base metal and not on welds or other raised parts
of the material.

(6) The dimensions of the completed vessels may be
brought within the requirements of this paragraph by any
process that will not impair the strength of the material.

(7) Sharp bends and flat spots shall not be permitted
unless provision is made for them in the design.

(8) If the nominal thickness of plate used for a cy-
lindrical vessels exceeds the minimum thickness required
by TD-400.2 for the external design pressure, and if such
excess thicknessisnotrequired for corrosion allowance or
loadings causing compressive forces, the maximum
permissible deviation, e determined for the nominal
plate thickness used may be increased by the ratio of
factor, B for the nominal plate thickness used divided

by factor, B for the minimum required plate thickness;

and the rnvd Inngfl« for mnacuring y2) are shall bn dnfnr
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(9) Vessels fabricated of pipe may have permissible
variations in diameter (measured outside) in accordance

TF-120.4 LUGS, FITTINGS, AND OTHER
ATTACHMENTS

with those permitted under the specification covering its
manufacture.

TF-120.3 TOLERANCE FOR FORMED HEADS

(a) The inner surface of a torispherical, toriconical,
hemispherical, or ellipsoidal head shall not deviate
outside of the specified shape by more than 1.25% of
D nor inside the specified shape by more than 0.625%
of D, where D is the nominal inside diameter of the
vessels shell at point of attachment. Such deviations
shall be measured perpendicular to the specified shape
and shall not be abrupt. The knuckle radius shall not
be less than that specified.

(b) Measurements for determining the deviations
specified in (a) shall be taken from the surface of the
base metal and not from welds.

(c) Theskirts of heads shall be sufficiently true to round
so that the difference between the maximum and
minimum diameters shall not exceed 1% of the
nominal diameter.

(d) When the skirt of any unstayed formed head is
machined to make a driving fit into or over a shell, the
thickness shall not be reduced to less than 90% of that
required for a blank head or the thickness of the shell
at the point of attachment. When so machined, the transi-
tion from the machined thickness to the original thickness
of the head shall not be abrupt but shall be tapered for‘a
distance of at least three times the difference between'the
thicknesses.

(a) Lugs, brackets, saddle-type nozzles, manhole
frames, reinforcement around openings, and other appur-
tenances shall be formed and fitted to conform reasonably
to the curvature of the shell or surface to which they are
attached.

(b) When pressure parts, such as saddle-type nozzles,
manhole frames, and reinforcement around ppénings,
extend over pressure-retaining welds, such Welds shall
be ground flush for the portion of the weld te’be covered.

(c) When nonpressure parts, such ‘as-lugs, brackets,
clips, and support legs and saddles) extend over pres-
sure-retaining welds, such welds¢hall be ground flush
as described in (a), or suchpdrts shall be notched or
coped to clear those welds.

TF-120.5 INSPECTION DURING FABRICATION

(a) The Manufacturer shall examine the pressure-
retaining parts to make certain they conform to the
prescribed shape and meet the thickness requirements
after forming.

(b) Before attaching nozzles, manhole frames, nozzle
reinforCement, and other appurtenances to the inside
oroutside of the vessel, they shall be examined to
make certain they properly fit the vessel curvature.

(c) When conditions permit entry into the vessel, as
complete examination as possible shall be made by the
Inspector before the final closure.

(d) The Inspector shall make an external inspection of
the completed vessel at the time of the final hydrostatic
test or pneumatic test.
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ARTICLE TF-2
REQUIREMENTS FOR WELDING FABRICATION

TF-200 GENERAL REQUIREMENTS FOR ALL
WELDS

The following requirements apply to the fabrication of
pressure vessels and parts that are fabricated by welding:

(a) Arc and gas welding processes that may be used in
the construction of transport tanks under this Article are:
shielded metal arc, submerged arc, flux core arc, gas tung-
sten arc, gas metal arc, plasma arc, atomic hydrogen metal
arc, oxyfuel gas welding, electrogas, electron beam, and
laser beam. Those not listed are not permitted.

(b) Pressure welding processes that may be used in the
construction of transport tanks under this Article are:
flash induction, resistance, pressure gas, and forge
welding. Those not listed are not permitted.

(c) No mechanical pressure or blows shall be applied,
as part of the welding process, except as permitted for
peening and forge welding.

(d) Manufacturers are prohibited from welding pres-
sure-retaining materials that have a carbon content
that exceeds 0.35% by heat analysis. Attachment welds
that are not welded directly to pressure parts.are
excluded.

(e) The method used to prepare the baseumetal shall
leave the weld preparation with reasonably smooth
surfaces. The surfaces for welding shall be free of
scale, rust, oil, grease, and other deleterious material.
The work shall be protected from déleterious contamina-
tion and from rain, snow, and-wind during welding.
Welding shall not be performed on wet surfaces.

(f) Each Manufacturer or_parts Manufacturer shall be
responsible for the quality of the welding done by the
Manufacturer’s orsparts Manufacturer’s organization
and shall conducttests not only of the welding procedure
to determine its suitability to ensure welds that will meet
the required tests, but also of the welders and welding
operator§ to determine their ability to apply the proce-
dure_properly. Procedure qualification shall be by the
methods specified in Section IX.

tg) No Production welding shall be undertaken until
after the welding procedures that are to be used have
been qualified. Only Welders and Welding Operators
who are qualified in accordance with Section IX shall
be used in production

TF-210 WELDING QUALIFICATIONS,
RECORDS, AND IDENTIFYING STAMPS

(a) All welding shall be performed in‘accordance with
the Manufacturer’s welding proceduté specifications,
which have been qualified by the Manufacturer in accor-
dance with the requirements pf this Article.

(b) Allwelders shall be quatified by the Manufacturerin
accordance with the requirements of this Article. This
includes Welders and-Welding Operators used to join
permanent or temiporary attachments to pressure
parts and to make permanent or temporary tack welds.

(c) The Manufacturer shall maintain a record of the
qualified welding procedures, the supporting procedure
qualificationrrecords, and the qualification records of the
WeldeTsand Welding Operators qualified by him, showing
the date and results of tests and the identification mark
assigned to each welder. These records shall be reviewed,
verified, and certified by the Manufacturer by signature or
some other method of control in accordance with the
Manufacturer’s Quality System and shall be accessible
to the Inspector.

(d) In addition to the records of (c), the Manufacturer
shall document welding performed by Welders or Welding
Operators in order to establish compliance with the main-
tenance of qualification requirements of Section IX.

(e) Each Welder or Welding Operator shall apply the
identification mark assigned by the Manufacturer on or
adjacent to all permanent welded joints or series of
joints in accordance with TF-220.7. The marking shall
be done with either a blunt nose continuous or blunt
nose interrupted dot die stamps. As an alternative, the
Manufacturer shall keep a record of permanent welded
joints in each item and of the Welders and Welding Opera-
tors used in making each of the joints.

TF-210.1 WELDERS NOT IN THE EMPLOY OF THE
MANUFACTURER

Welders not in the employ of the Manufacturer may be
used to fabricate transport tanks constructed in accor-
dance with this Section, provided all the following condi-
tions are met:

(a) requirement for complete and exclusive adminis-

(25)

(25)
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trative and technical supervision of all welders by the
Manufacturer
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(b) evidence of the Manufacturer’s authority to assign
and remove welders at the Manufacturer’s discretion

qualify that procedure for any other Manufacturer,
except as provided in TF-210.4.

without involvement of any other organization

(c) requirement for Assignment of Welder Identifica-
tion symbols

(d) evidence that this program has been accepted by
the Manufacturer’s Inspector

(e) the Manufacturer shall be responsible for Code
compliance of the pressure vessel or part, including
applying the Certification Mark with appropriate Desig-
nator and providing Data Report Forms properly executed
and countersigned by the Inspector

(f) all Code construction shall be the responsibility of
the Manufacturer

(g) all welding shall be performed in accordance with
the Manufacturer’s welding procedure specifications that
have been qualified by the Manufacturer in accordance
with the requirements of TF-210(a)

(h) all welders shall be qualified by the Manufacturer in
accordance with the requirements of TF-210(b)

(i) the Manufacturer’s Quality Control System shall
include as a minimum:

(1) arequirement for complete and exclusive admin-
istrative and technical supervision of all welders by the
Manufacturer

(2) evidence of the Manufacturer’s authority to
assign and remove welders at the Manufacturer’s discre-
tion without involvement of any other organization

(3) arequirement for Assignment of Welder Identi-
fication symbols

(4) evidence that this program has been accepted by
the Manufacturer’s Inspection Organization fox'Class 1
and Class 2 vessels and by the Society for Class 3 vessels

TF-210.2 QUALIFICATION OF WELDING
PROCEDURE

(a) The procedure used in welding pressure parts and
in joining load-carrying nonpressure parts, such as all
permanent or temporaty clips and lugs, to pressure
parts shall be qualified in accordance with TF-210(a).

(b) The procedure used in welding non-pressure-
bearing attachients that have essentially no load-
carrying function/(such as extended heat transfer surfaces,
insulation-support pins, etc.), to pressure parts shall meet
the follewing requirements:

(1)-When the welding process is manual, machine, or
semiattomatic, procedure qualification is required in
aceordance with the requirements of TF-210(a).

(2) When the welding is any automatic welding
process performed in accordance with a Welding Proce-
dure Specification, procedure qualification testing is not
required.

(3) Welding of all test coupons shall be conducted by

TF-210.3 TESTS OF WELDERS AND WELDING
OPERATORS

The Welders and Welding Operators used in welding
pressure parts and in joining load-carrying nonpressure
parts (attachments) to pressure parts shall be qualified in
accordance with TF-210(b).

(a) The qualification test for Welding Operators of
machine welding equipment shall be perfornied on a sepa-
rate test plate prior to the start of weldinglor on the first
work piece.

(b) When stud welding is used¢to,attach load-carrying
studs, a production stud weld-test of each Welder or
Welding Operator shall be-performed on a separate
test plate or tube prior toZthe start of welding on each
work shift. This weld\tést shall consist of five studs,
welded and tested“by the bend or torque stud weld
testing procedure described in Section IX or equivalent
standard.

(c) The(Welders and Welding Operators used in
welding non-pressure-bearing attachments, which have
essentidlly no load-carrying function (such as extended
hedt:transfer surfaces, insulation support pins, etc.), to
pressure parts shall comply with the following. When
the welding process is manual, machine, or semiauto-
matic, qualification in accordance with TF-210(b) is
required.

(d) When welding is done by any automatic welding
process, performance qualification testing is not required.

(e) Each Welder and Welding Operator shall be
assigned an identifying number, letter, or symbol by
the Manufacturer, which shall be used to identify the
work of that welder or welding operator in accordance
with TF-210(e).

(f) The Manufacturer shall maintain a record of the
Welders and Welding Operators showing the date and
result of tests and the identification mark assigned to
each. These records shall be certified to by the Manufac-
turer and be accessible to the Inspector.

(g) Welding of all test coupons shall be conducted by
the Manufacturer. Testing of all test coupons shall be the
responsibility of the Manufacturer. A performance quali-
fication test conducted by one Manufacturer shall not
qualify a Welder or Welding Operator to do work for
any other Manufacturer.

TF-210.4 USE OF STANDARD WELDING
PROCEDURE

AWS Standard Welding Specifications that have been
accepted by Section IX may be used for Section XII

the Manufacturer. Testing of all test coupons shall be the
responsibility of the Manufacturer. Qualification of a
welding procedure by one Manufacturer shall not
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Standard Welding Procedures shall describe in their
Quality Control System the measures used to ensure

TF-220.3 ALIGNMENT TOLERANCE

Lo Al it ldad

that the welding meets the requirements of this
Section and Section IX.

TF-220 REQUIREMENTS FOR PRODUCTION
WELDING

TF-220.1 CUTTING, FITTING, AND ALIGNMENT

(a) When plates are shaped by oxygen or arc cutting,
the edges to be welded shall be uniform and smooth and
shall be free of all loose scale and slag accumulations
before welding.

(b) Plates that are being welded shall be fitted, aligned,
and retained in position during the welding operation.
Bars, jacks, clamps, tack welds, or other appropriate
means may be used to hold the edges of parts in alignment.

(c) Tack welds used to secure alignment shall either be
removed completely when they have served their
purpose, or their stopping and starting ends shall be prop-
erly prepared by grinding or other suitable means so that
they may be satisfactorily incorporated into the final weld.
Tack welds, whether removed or left in place, shall be
made using a fillet weld or butt weld procedure qualified
in accordance with TF-200(a). Tack welds to be left in
place shall be made by Welders qualified in accordance
with TF-210(b) and shall be examined visually for defects,
and if found to be defective shall be removed.

(d) Theedges ofbuttjoints shall be held during welding
so that the tolerances of TF-220.3 are not exceeded in the
completed joint. When fitted girth joints have deviations
exceeding the permitted tolerances, the head or shell ring,
whichever is out-of-true, shall be reformed until\the toler-
ances are within the specified limits. Where fillet welds are
used, the lapped plates shall fit closely and’shall be kept in
contact during welding.

TF-220.2 CLEANING OF SURFACES TO BEWELDED

(a) The surfaces to be wglded shall be clean and free of
scale, rust, oil, grease, slag, detrimental oxides, and other
deleterious foreign material. The method and extent of
cleaning should be_determined based on the material
to be welded_and the contaminants to be removed.
When weld metal is to be deposited over a previously
welded surface, all slag shall be removed by a roughing
tool, chisel/chipping hammer, or other suitable means to
prevéent inclusion of impurities in the weld metal.

(b)" Cast surfaces to be welded shall be machined,
chipped, or ground to remove foundry scale and to
éxpose sound metal.

(c) Therequirements in (a) and (b) are not intended to

H £ of ey £ ad ol i
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shall be such that the maximum offset is not greater
than the applicable amount for the welded joint category
under consideration, as listed in Table TF-220.3. The
section thickness, t, is the nominal thickness of the
thinner section at the joint.

(b) Any offset within the allowable tolerance provided
above shall be faired at a three to one taper over the width
of the finished weld, or if necessary, by adding additional
weld metal beyond what would otherwise be the-edge of
the weld. Such additional weld metal buildup shall be
subject to the requirements of TF-220.10.

TF-220.4 FINISHED LONGITUDINAL AND
CIRCUMFERENTIAL-JOINTS

(a) Butt-welded joints shallhave complete penetration
and full fusion. As-welded-surfaces are permitted;
however, the surface of-welds shall be sufficiently free
from coarse ripples) grooves, overlaps, and abrupt
ridges and valleysito permit proper interpretation of
radiographicdnd-other required nondestructive examina-
tions. If thete is a question regarding surface condition of
the weld wlien interpreting a radiographic film, the film
shal]l be’compared to the actual weld surface for determi-
natioh of acceptability.

(b) Areduction in thickness due to the welding process
is acceptable, provided all of the following conditions are
met:

(1) The reduction in thickness shall not reduce the
material of the adjoining surfaces below the minimum
required thickness at any point.

(2) The reduction in thickness shall not exceed 0.8
mm (Y% in.) or 10% of the nominal thickness of the
adjoining surface, whichever is less.’

(c) When a single-welded butt joint is made by using a
backing strip that is left in place, the requirement for re-
inforcement applies only to the side opposite the backing
strip.

(d) To ensure that the weld grooves are completely
filled so that the surface of the weld metal at any point
does not fall below the surface of the adjoining base mate-
rials, 1° weld metal may be added as reinforcementon each
face of the weld. The thickness of the weld reinforcement
on each face shall not exceed the values in Table TF-220.4.

Table TF-220.3
Maximum Offset Values

Joint Categories

apply to any process of welding by which proper fusion Section Thickness, mm (in.) A B, C, and D
and penetration are otherwise obtained and by which the Up t 13 (%), incl. 53 /3
weld remains free from defects. over 13 (%) t0 19 (34), incl. 3 mm (% in) Yt
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Table TF-220.4
Thickness of Weld Reinforcement

metal cladding, or hard surfacing welds are made on
an item, the Manufacturer need not identify the

Maximum Reinforcement,

Material mm (in.)
Nominal Thickness, Category B and C

mm (in.) Butt Welds Other Welds
Less than 2.5 (3/32) 2.5 (3/32) 0.8 (1/32)
2.5 (3/32) to 5 (3/16)7 incl. 3 (1/8) 1.5 (1/16)
Over 5 (%46) to 13 (%), incl. 4 (%2) 2.5 (%2)
Over 13 (%) to 25 (1), incl. 5 (%46) 2.5 (%42)
Over 25 (1) to 50 (2), incl. 6 (V) 3 (%)

TF-220.5 FILLET WELDS

In making fillet welds, the weld metal shall be deposited
in such a way that adequate penetration into the base
metal at the root of the weld is secured. The reduction
of the thickness of the base metal due to the welding
process at the edges of the fillet weld shall meet the
same requirements as for butt welds.

TF-220.6 MISCELLANEOUS WELDING
REQUIREMENTS

(a) The reverse side of double-welded joints shall be
prepared by chipping, grinding, or melting out, in order to
secure sound metal at the base of weld metal first depos-
ited, before applying weld metal from the reverse side:

(b) Therequirementsin (a) are notintended to applyto
any process of welding by which proper fusion and pene-
tration are otherwise obtained and by which¢the'base of
the weld remains free from defects.

(c) If the welding is stopped for any reason, extra care
shall be taken in restarting to get the required penetration
and fusion. For submerged arc welding, chipping out a
groove in the crater is recommended.

(d) Where single-welded joints are used, particular
care shall be taken in aligning-and separating the compo-
nents to be joined so thatthere will be complete penetra-
tion and fusion at the bottom of the joint for its full length.

(e) In weldingplug welds, a fillet around the bottom of
the hole shall be)deposited first.

TF-220.7 IDENTIFICATION MARKINGS OR
RECORDS FOR WELDERS AND WELDING
OPERATORS

{a) Each Welder and Welding Operator shall stamp the
identifying number, letter, or symbol assigned by the
Manufacturer, on or adjacent to and at intervals of not
more than 0.9 m (3 ft) along the welds in steel plates
6 mm (% in.) and greater in thickness and in nonferrous
plates 13 mm (% in.) and greater in thickness.

Welder or Welding Operator who welded each individual
joint, provided
(1) the Manufacturer’s Quality Control System
includes a procedure that will identify the Welders or
Welding Operators that made such welds on each
vessel or part so that the Inspector can verify that.the
Welders or Welding Operators were all properly qualified
(2) theweldsineach category are all of the same type
and configuration and are welded with thesame welding
procedure specification
(c) Permanent identification of Welders or Welding
Operators making tack welds that\become part of the
final pressure weld is not requiredy provided the Manu-
facturer’s Quality Control Systefw/includes a procedure to
permit the Inspector to verify that such tack welds were
made by qualified Weldersor Welding Operators, and
(1) the Manufacturer maintains a system that will
identify the Welders*or Welding Operators who made
such welds on each item so that the Inspector can
verify that the\Welders or Welding Operators were all
properly qualified
(2), the welds in each category are all of the same type
and configuration and are welded with the same Welding
Ptegedure Specification
(3) records shall be kept by the Manufacturer of
welders and welding operators employed on each
joint, which shall be available to the Inspector
(d) For identifying welds on pressure vessels in which
the wall thickness is less than 6 mm (Y in.) for steel mate-
rial and less than 13 mm (% in.) for nonferrous material,
suitable stencil or other surface markings shall be used; or
arecord shall be kept by the Manufacturer of Welders and
Welding Operators employed on each joint, which shall be
available to the Inspector, or a stamp may be used,
provided the vessel partis not deformed and the following
additional requirements are met:
(1) For ferrous material
(-a) the materials shall be limited to P-Nos. 1 and 2
(-b) the minimum nominal plate thickness shall be
4.8 mm (0.1875 in.) or the minimum nominal pipe wall
thickness shall be 3.9 mm (0.154 in.)
(-c) the minimum design metal temperature shall
be no colder than -29°C (-20°F)
(2) For nonferrous materials
(-a) the materials shall be limited to aluminum as
follows: SB-209 Alloys 3003, 5083, 5454, and 6061; SB-
241 Alloys 3003, 5083, 5086, 5454, 6061, and 6063; and
SB-247 Alloys 3003, 5083, and 6061
(-b) the minimum nominal plate thickness shall be
6.3 mm (0.249 in.), or the minimum nominal pipe thick-
ness shall be 3.4 mm (0.133 in.)

(b) When a multiple number of permanent structural
attachment welds, nonstructural welds, fillet welds,
socket welds, welds of specially designed seals, weld
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TF-220.8 PRECAUTIONS TO BE TAKEN BEFORE
WELDING

(b) modifying the configuration of weld joints in order
to provide the tapered transition requirements of

(a) Identification, Handling, and Storing of Electrodes
and Other Welding Materials. The Manufacturer is respon-
sible for control of the welding electrodes and other mate-
rials that are to be used in the fabrication of the vessel.
Suitable identification, storage, and handling of elec-
trodes, flux, and other welding materials shall be main-
tained.

(b) Lowest Permissible Temperature for Welding. When
the base metal temperature is less than 0°C (32°F), the
base metal shall be preheated to at least 16°C (60°F)
and this minimum temperature be maintained during
welding. No welding shall be done when the surfaces
to be welded are wet or covered with ice, when snow
is falling on the surfaces, or during periods of high
wind unless the Welders and Welding Operators and
the work are protected against these conditions.

TF-220.9 REPAIR OF WELD DEFECTS

Defects, such as cracks, pinholes, and incomplete fusion,
detected visually or by hydrostatic or pneumatic test or by
the examinations prescribed in TE-220.2 shall be removed
by mechanical means or by thermal gouging process, after
which the joint shall be rewelded [see TF-220.10 and
TF-700(e)].

TF-220.10 SURFACE WELD METAL BUILDUP

Construction in which weld metal are applied to the
surface of base metal for the purpose of:

(a) restoring the thickness of the base metal for
strength consideration, or

TW-130.2(c)and TF-220.3(b) shall be performed in accor-
dance with the following rules:

(1) A butt welding procedure qualification in accor-
dance with the provisions of Section IX must be performed
for the thickness of weld metal deposited, prior to produc-
tion welding.

(2) All weld metal buildup must be examined ovey
the full surface by either magnetic particle examinationto
the requirements of TE-110.4, or by liquid-penetrant
examination to the requirements of TE-11045.

When such surface weld buildup is used in welded joints
that require full- or spot-radiographic.examination, the
weld metal buildup shall be included ifh.the examination.

TF-220.11 SPIN-HOLES

Spin-holes are permitted ‘atthe center of heads to facil-
itate forming. Spin-holesmot greater than 60 mm (2% in.)
in diameter may be_closéd with a full-penetration weld
using either a welded plug or weld metal. The weld
and plug shall bé not thinner than the head material adja-
cent to the spin-hole.

The finished weld shall be examined'' and shall meet
the acceptance requirements of Mandatory Appendix V or
Manddatéry Appendix VI of this Section. Radiographic
eXamination, if required by TE-230.1(a), and additional
inspections, if required by the material specification,
shall be performed.

This weld is a butt weld, but it is not categorized. It shall
notbe considered in establishing the joint efficiency of any
part of the head or of the head-to-shell weld.
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ARTICLE TF-3
REQUIREMENTS FOR VESSELS CONSTRUCTED OF CARBON AND
LOW ALLOY STEELS

TF-300 GENERAL

The rules in Article TF-3 are applicable to pressure
vessels and parts that are constructed of carbon and
low alloy steels listed in Table TM-130.2-1 and shall be
used in conjunction with the general requirements in
Article TF-1 and with the requirements in Article TF-2
for welded fabrication.

TF-310 FABRICATION

TF-310.1 FORMING SHELL SECTIONS, HEADS,
AND OTHER PRESSURE BOUNDARY
PARTS

The following provisions shall apply in addition to the
general rules for forming given in TF-120.1:

(a) Carbon and low alloy steel plates shall not.be
formed cold by blows.

(b) Carbon and low alloy steel plates may be formed by
blows ata forging temperature, provided the blows do not
objectionably deform the plate and itis subseguently post-
weld heat treated.

(c) Vessel shell sections, heads, and other pressure
boundary parts of carbon and low alloy steel plates fabri-
cated by cold forming shall be heat treated subsequently
(see TF-710) when the resultingextreme fiber elongation
is more than 5% from theg@s-rolled condition and any of
the following conditions exist:

(1) The tank will contain substances listed in
TW-100.1(a).

(2) The material requires impact testing.

(3) Thethickness of the part before forming exceeds
16 mm_ () in.).

(4)..The reduction by cold forming from the as-rolled
thiékness is more than 10% at any location where the
extreme fiber elongation exceeds 5%.

(5) The temperature of the material during forming
is in the range of 120°C to 480°C (250°F to 900°F).

For P-No. 1 Group Nos. 1 and 2 materials the extreme
fiber elongation may be as great as 40% when none of the
conditions listed in (c)(1) through (c)(5) exist. The

For double curvature shells (e.g., heads)

75t R
percent extreme fiber elongation< 75t 1 - 7
Rf R,
For single curvature shells (e.g., cylinders)
L sot Ry
percent extremé fiber elongation = —|1 — —
R R,

f

where

Ry =(final centerline radius, mm (in.)
Rsw=original centerline radius (equals infinity for flat
plate), mm (in.)
t = plate thickness, mm (in.)

TF-310.2 HEAT TREATMENT OF TEST SPECIMENS

The following provisions shall apply in addition to, or as
exceptions to the general rules for heat treatment and
marking given in TM-140.2.

(a) Heat treatment as used in this Section shall include
all thermal treatments of the material during fabrication
exceeding 480°C (900°F) except as exempted below.

(b) The material used in the vessel shall be represented
by test specimens, which have been subjected to the same
heat treatments above the lower transformation tempera-
ture and postweld heat treatment, except as provided in
(d) through (h). The kind and number of tests and test
results shall be as required by the material specification.
The vessel Manufacturer shall specify the temperature,
time, and cooling rates to which the material will be
subjected during fabrication, except as permitted in
(g). Material from which the specimens are prepared
shall be heated at the specified temperature within
reasonable tolerances such as are normal in actual fabri-
cation. The total time at temperature shall be at least 80%
of the total time at temperature during actual heat treat-
ment of the product and may be performed in a single
cycle.

(c) Thermal treatment of material is not intended to

extreme fiberetongation stratt-bedetermmimed by tie
following equations:
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(d) An exception to the requirements of (b) and
TM-140.2 shall apply to standard items. These may be

(g) The simulation of cooling rates for test specimens
from nonimpact-tested materials 75 mm (3 in.) and less in

subject to postweld heat treatment with the tank or
tank part without the same treatment being required
of the test specimens. This exception shall not apply to
specially designed cast or wrought fittings.

(e) Materials conforming to one of the specifications
listed in P-No. 1 Group Nos. 1 and 2 of Section IX,
QW/QB-422 and all carbon and low alloy steels used
in the annealed condition as permitted by the material
specification are exempt from the requirements of (b)
when the heat treatment during fabrication is limited
to postweld heat treatment at temperatures below the
lower transformation temperature of the steel.

(f) Materials listed in Section IX, QW/QB-422 as P-No. 1
Group 3 and P-No. 3 Group Nos. 1 and 2 that are certified in
accordance with (b) from test specimens subjected to the
postweld heat treatment requirements of Tables
TF-710-1(a) through TF-710-1(h) need not be recertified
if subjected to the alternate postweld heat treatment
conditions permitted by Table TF-710-2.

thickness 1s not required for heat treatments below the
lower transformation temperature.

(h) All thermal treatments that precede a thermal
treatment that fully austenitizes the material need not
be accounted for by the specimen heat treatments,
provided the austenitizing temperature is at least as
high as any of the preceding thermal treatments.

TF-320 WELDED JOINTS

TF-320.1 LOW TEMPERATURE SERVICE

(a) Welded joints shall comply with‘PW-100.1(b) when
the minimum design temperaturetis, colder than -48°C
(=55°F), unless the coincident*ratio defined in Figure
TM-240.3-1 is less than 0.35.

(b) Welded joints shall be postweld heat treated in
accordance with the_requirements of TF-700 when
required by other,rules of this Section or when the
minimum design\metal temperature is colder than
-48°C (-55°F)/and the coincident ratio defined in
Figure TM-240.,3-1 is 0.35 or greater.
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ARTICLE TF-4
REQUIREMENTS FOR VESSELS CONSTRUCTED OF HIGH ALLOY
STEEL

TF-400 GENERAL

The rules in Article TF-4 are applicable to pressure
vessels and parts that are constructed of high alloy
steel listed in Table TM-130.2-2 and shall be used in
conjunction with the general requirements in Article
TF-1 and with the requirements in Article TF-2 for
welded fabrication.

TF-400.1 USES

Some of the uses of high alloy steel are to resist corro-
sion, to avoid contamination of contents with iron, to
provide strength or scaling resistance at high tempera-
tures, and to provide impact resistance at low tempera-
tures.

TF-400.2 CONDITIONS OF SERVICE

Specific chemical compositions, heat treatment proce-
dures, fabrication requirements, and supplementary-tests
may be required to ensure that the vessel will bein-its most
favorable condition for the intended service;This is parti-
cularly true for vessels subject to severe'corrosion. These
rules do not indicate the selection of anm\alloy suitable for
the intended service or the corrosion allowance to be
provided. Itis recommended that Users assure themselves
by appropriate tests, or otherwise, that the high alloy steel
selected and its heat treatment during fabrication will be
suitable for the intended*service both with respect to
corrosion resistance and to retention of satisfactory
mechanical properties during the desired service life.

TF-410 FABRICATION
TF-410.1 WELD METAL COMPOSITION

Welds that are exposed to the corrosive action of the
contents of the vessel should have a resistance to corro-
sion that is not substantially less than that of the base
metal. The use of filler metal that will deposit weld
metal with practically the same composition as the mate-
rial joined is recommended. When the Manufacturer is of
the opinion that a physically better joint can be made by

weld metal at the operating temperature-is not appreci-
ably less than that of the high alloy material to be welded,
and the User is satisfied that its résistance to corrosion is
satisfactory for the intended‘service. The columbium
content of weld metal shall*not exceed 1%.

TF-410.2 WELDED JOINTS

When radiographie examination is required for butt-
welded joints By TE-230.3, joints of Categories A and B
(see TW-130-3), shall be of Type Nos. (1) and (2) of
Table TW=130.4.

TF-410:3 WELDING PROCEDURE QUALIFICATION
AND PERFORMANCE QUALIFICATION

When higher tensile properties are permitted by the
Modal Appendices than those given in the material spec-
ification, a separate welding procedure qualification test
shall be performed to demonstrate the higher tensile
properties. Previously qualified welding procedures
may be used to requalify welding the material of the
same P-No. and Group No. designation of the lesser
strength. Any change of the P-No. or Group No. from
those used in the previous qualification shall require
retesting.

TF-410.4 FORMING SHELL SECTIONS AND HEADS

(a) The following cold-formed parts of pressure-
retaining components manufactured of Types 201-1 or
201-2 (UNS designation S20100), Type 201LN (UNS des-
ignation S20153), or Type 204 (UNS designation S20400)
austenitic alloys shall be solution annealed by heating at
1065°C (1,950°F) for 0.8 min/mm (20 min/in.) of thick-
ness or 10 min, whichever is greater, followed by rapid
cooling (see Table TM-130.2-2 for specifications and
product forms produced to UNS designations S20100,
S20153, and S20400):

(1) all cold-formed heads
(2) all other pressure parts when the forming strains
exceeding 4%
(b) The forming strains shall be calculated as follows:

departure from these limits, filler metal of a different
composition may be used, provided the strength of the
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R
% strain = 0t 1 - —f where
Ry R,
= nominal outside radius of pipe or tube
(2) spherical or dished heads formed from plate: Ry = final centerline radius, in.
R, = original centerline radius (equals infinity for flat
. 75t R¢ . .
%strain = —|1 — — plate), in.
R¢ R, t = plate thickness, in.
t, = measured average wall thickness of pipe or tube
(3) tube or pipe bends: the larger of tp = measured minimum wall thickness of extrados (of

100r

% strain =
0

or

th — t
% strain = [u]loo
tA

the bend

(c) When forming strains cannot be calculated as

shown

in (b), the Manufacturer shall have thelresponsi-

bility to determine the maximum forming strain.
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ARTICLE TF-5
REQUIREMENTS FOR VESSELS CONSTRUCTED OF NONFERROUS
MATERIALS

TF-500 GENERAL

The rules in Article TF-5 are applicable to pressure
vessels and parts that are constructed of nonferrous mate-
rials listed in Tables TM-130.2-3, TM-130.2-4,
TM-130.2-5,and TM-130.2-7 and shall be used in conjunc-
tion with the general requirements in Article TF-1 and
with the requirements for welded fabrication in Article
TF-2.

TF-500.1 USES

Some of the uses of nonferrous materials are to resist
corrosion, to provide strength or scaling resistance at high
temperatures, and to provide notch toughness at low
temperatures.

TF-500.2 CONDITIONS OF SERVICE

Specific chemical compositions, heat treatment proce-
dures, fabrication requirements, and supplementary-tests
may be required to ensure that the vessel will bein-its most
favorable condition for the intended service;This is parti-
cularly true for vessels subject to severe'corrosion. These
rules do not indicate the selection of nenferrous material
suitable for the intended service;0r/the amount of the
corrosion allowance to be provided. It is recommended
that Users assure themselves_by appropriate tests, or
otherwise, that the nonferrous material selected will
be suitable for the intended use both with respect to corro-
sion and to retention of satisfactory mechanical properties
during the desired’service life, taking into account any
heating or heat)treatment that might be performed
during fabrication.

TF-510-FABRICATION

TF-510.1 FORMING OF SHELL SECTIONS AND
HEADS

(a) The following provisions shall apply in addition to
the general rules for forming given in TF-120.1.

(1) The selected thickness of material shall be such
that the forming processes will not réduce the thickness of
the material at any point below the minimum value
required by the design computdtion.

(2) Relatively small localbulges and buckles may be
removed from formedparts for shells and heads by
hammering or by local\heating and hammering.

(3) A shell sedtien that has been formed by rolling
may be brought true-to-round for its entire length by
pressing, rolling;“or hammering.

(b) Nonferrous materials can be formed and fabricated
into a variety of types of assemblies with the same type of
equipirient as are used for steel. The details of some fabri-
cating procedures vary among the several nonferrous
materials and differ from those used for steel because
of differences in the inherent mechanical properties of
these materials. Detailed information regarding proce-
dures best suited to the several metals may be obtained
from the literature of the materials producers and from
other reliable sources, such as the latest editions of hand-
books issued by the American Welding Society and the
American Society for Metals.

TF-510.2 CUTTING

In general, nonferrous materials cannot be cut by the
conventional oxyacetylene equipment commonly used for
steels. They may be melted and cut by the oxyacetylene,
powder cutting, carbon arc, oxygen arc, and other means.
When such thermal means for cutting are employed, a
shallow contaminated area adjacent to the cut results.
This contamination shall be removed by grinding,
machining, and other mechanical means after thermal
cutting and prior to use or further fabrication.
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ARTICLE TF-6
REQUIREMENTS FOR VESSELS CONSTRUCTED OF FERRITIC
STEELS THAT ARE HEAT TREATED TO ENHANCE TENSILE
PROPERTIES

TF-600 GENERAL

(a) The rules in Article TF-6 apply specifically to the
fabrication of pressure vessels and parts that are
constructed of heat-treated ferritic steels listed in
Table TM-130.2-6, suitable for welding, whose tensile
properties have been enhanced by heat treatment, and
shall be used in conjunction with the general requirements
for fabrication in Article TF-1 and, when applicable, with
the requirements in Article TF-2 for welded fabrication.

(b) Theheattreatment may be applied to the individual
parts of a vessel prior to assembly by welding to partially
fabricated components, or to an entire vessel after
completion of welding. This Article is not intended to
apply to those steels approved for use under the rules
of Article TF-3, but which are furnished in such thick-
nesses that heat treatmentinvolving the use of accelerated
cooling, including liquid quenching, is used to attain struc-
tures comparable to those attained by normalizing thinner
sections. Integrally forged vessels, quencled and
tempered, which do not contain welded seams, are not
intended to be covered by the rules of this\Article.

TF-610 FABRICATION
TF-610.1 FORMING SHELLSECTIONS AND HEADS

The selected thickness of'material shall be such that the
forming processes will\not reduce the thickness of the
material at any pointbelow the minimum value required
by the rules.

(a) Pieces that are formed after heat treatment at a
temperatufe)lower than the final tempering shall be
heat treated in accordance with Table TF-740 when
the extreme fiber elongation from forming exceeds 5%
as-détermined by the equations in TF-310.1.

(b) Pieces that are formed at temperatures equal to or
higher than the original tempering shall be reheat treated
in accordance with the applicable material specification,
either before or after welding into the vessel.

TF-610.2 HEAT TREATMENT

(a) All vessels and vessel parts'shdll be postweld heat
treated as required by TF-74Q.

(b) 1dentical heat treatmentshall be applied to the test
specimens required by\the material specifications,
including the cooling rate specified by the fabricator,
which shall in no case‘be slower than that specified in
the applicable material specification.

(c) Furnaces-for heating, quenching, normalizing, and
temperingshall be provided with suitable equipment for
the autematic recording of temperatures. The tempera-
ture of the vessel or vessel part during the holding
period shall be recorded and shall be controlled within
*14°C (£25°F).

(d) Liquid quenching of flat plates and individual parts
shall be done as required by the applicable material speci-
fications.

(e) Formed plates for shell sections and heads may be
quenched by sprays or immersion.

(f) Entire tanks, after completion of all welding opera-
tions, may be quenched by sprays or immersion.

(g9) The design and operation of spray equipment and
the size of holding tanks and provisions for forced circula-
tion shall be such as to produce a severity of quench in the
quenched item sufficient to meet, in representative test
specimens after tempering, the requirements of the mate-
rial specifications.

TF-610.3 HEAT TREATMENT VERIFICATION
TESTS

(a) Tests shall be made to verify that the heat treat-
ments and subsequent thermal treatments performed
by the fabricator have produced the required properties.

(b) One or more test coupons representative of the
material and the welding in each vessel or vessel compo-
nent shall be heat treated with the vessel or vessel compo-
nent. The requirements of (d) and (e) are to be taken as
minimum steps toward these objectives.

(c) All test specimens shall be prepared from the mate-
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the prepared test specimens are free from any change in
properties due to edge effects.

(1) Coupons not containing welds shall meet the
complete tensile requirements of the material specifica-

(d) Heat Treatment of Test Coupons

(1) One or more test coupons from each lot of mate-
rial in each vessel shall be quenched with the vessel or
vessel component. A lot is defined as material from the
same melt, quenched or normalized simultaneously,
and whose thicknesses are within #20% or 13
mm (% in.) of nominal thickness, whichever is smaller.
The test coupons shall be so proportioned that tensile
and impact tests may be taken from the same locations
relative to thickness as are required by the applicable
material specifications. Weld metal tests shall be taken
from the same locations relative to thickness as are
required by the material specification for plates used
in the component to be treated. The gage length of
tensile specimens and the middle third of the length of
impact specimens must be located at a minimum distance
of t from the quenched edge and/or end of the test coupon,
where tis the thickness of the material that the test coupon
represents. If desired, the effect of this distance may be
achieved by temporary attachment of suitable thermal
buffers. The effectiveness of such buffers shall be demon-
strated by tests.

(2) In cases where the test coupon is not attached to
the part being treated, it shall be quenched from the same
heattreatment charge and under the conditions as the part
that it represents. It shall be so proportioned that the test
specimens may be taken from the locations prescribed‘in
(1).

(e) Tempering

(1) Attached Test Coupons. The coupons shall'remain
attached to the vessel or vessel component during
tempering, except that any thermal buffers may be
removed after quenching. After the tempering operation
and after removal from the componéht, the coupon shall
be subjected to the same thermalitreatments, if any, to
which the tank or tank component will be later subjected.
The holding time at temperature shall not be less than that
applied to the vessel opvessel component (except that the
total time at each temperature may be applied in one
heating cycle) and\thé cooling rate shall be no faster.

(2) Separate Test Coupons. Test coupons that are
quenched separately as described in (d)(2) shall be
tempered similarly and simultaneously with the vessel
or vessel component that they represent. The conditions
forSubjecting the test coupons to subsequent thermal
treatment(s) shall be as described in (d)(1).

(f) Number of Tests. One tensile test and one impact test
shall be made on material from coupons representing each
lot of material in each tank or tank component heat
treated. A lot is defined as material from the same
melt quenched simultaneously and whose thicknesses

tion and 1mpact requirements of this Article.

(2) Coupons containing weld metal shall be tested
across the weld and shall meet the ultimate tensile
strength requirements of the material specifications. In
addition, the minimum impact requirements shall be
met by samples with notches in the weld metal.-The
form and dimension of the tensile test specimen shall
conform to Section IX, QW-462.1(d). Yield strength and
elongation are not a requirement of thigtest. Charpy
impact testing shall be in accordance withthe require-
ments prescribed in this Article.

TF-610.4 WELDED JOINTS

(a) Invessel or vessel parts.constructed of heat-treated
steels covered by this Articl€, except as permitted in (b), all
joints of Categories A, B\and C, as defined in TW-130.3, and
all other welded joints between parts of the pressure-
containing enclgsure that are not defined by the Category
designations shall be in accordance with Type No. (1) of
Table TW-130.4. All joints of Category D shall be in accor-
dance with) Type No. (1) of Table TW-130.4 and Figure
TW-130.7-1 when the thickness is 51 mm (2 in.) or less.

(b)>For materials SA-333 Grade 8, SA-334 Grade 8, SA-
353, SA-522, SA-553, and SA-645 Grade A, the joints of
various Categories (see TW-130.3) shall be as follows:

(1) All joints of Category A shall be Type No. (1) of
Table TW-130.4.

(2) Alljoints of Category B shall be Type No. (1) or (2)
of Table TW-130.4.

(3) All joints of Category C shall be full-penetration
welds extending through the entire section at the welded
joint.

(4) Alljoints of Category D attaching a nozzle neck to
the tank wall and to the reinforcing pad, if used, shall be
full-penetration groove welds.

TF-610.5 WELDING

(a) The qualification of the welding procedure and the
welders shall conform to the requirements of Section IX
and such qualification tests shall be performed on post-
weld heat-treated specimens when a postweld heat treat-
ment is used.

(b) Filler metal containing more than 0.06% vanadium
shall not be used for weldments subject to postweld heat
treatment.

(c) Forwelded pressure vessels, the welds of which are
not subject to quenching or normalizing followed by
tempering, the deposited weld metal and the heat-affected
zone shall meet the impact test requirements of
TM-260.3(a).

...........................

whichever is smaller.
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(d) Certain materials are exempt from production
impact tests of weld metal. See TM-260.3(b) for the mate-

(b) When metal removal is accomplished by methods
involving melting, such as gas cutting or arc-air gouging, it

rials and the conditions under which these materials are
exempt from production impact tests of the weld metal.

(e) ForSA-517 and SA-592 materials, the requirements
of (1) through (5), in addition to the variables in Section IX,
QW-250, shall be considered as essential variables
requiring requalification of the welding procedure:

(1) a change in filler metal SFA classification or to
weld metal not covered by an SFA specification.

(2) an increase in the interpass temperature or a
decrease in the minimum specified preheat temperature.
The specified range between the preheat and interpass
temperature shall not exceed 83°C (150°F).

(3) achange in the heat treatment. (Procedure quali-
fication tests shall be subjected to heat treatment essen-
tially equivalent to that encountered in fabrication of the
vessel or vessel parts including the maximum total aggre-
gate time at temperature or temperatures and cooling
rates.)

(4) a change in the type of current (AC or DC),
polarity, or a change in the specified range for amp,
volt, or travel speed.

(5) consumables control, drying, storage, and expo-
sure requirements shall be in accordance with the
following:

(-a) Due consideration shall be given to the protec-
tion of electrodes and fluxes for all welding processes in
order to minimize moisture absorption and surface
contamination.

(-b) Electrodes for shielded metal arc welding
shall be low-hydrogen type conforming to SFA-5.5. Elec-
trodes shall be purchased or conditioned so as to have a
coating moisture not greater than 0.2% by wéight. Once
opened, electrode storage and handling must be
controlled so as to minimize absorption of moisture
from the ambient atmosphere. Practices used for control-
ling the moisture shall be developed-by the vessel Manu-
facturer or those recommended by the electrode
Manufacturer.

(f) When welding materials with austenitic electrodes,
the differences betweenthe coefficients of expansion and
the strengths of the“base material and the weld metal
should be carefully) considered, particularly for applica-
tions involving eyclic stresses.

TF-610,6 METHODS OF METAL REMOVAL

(a)/‘Plate edges, welding bevels, chamfering, and other
operations involving the removal of metal shall be by
machining, chipping, or grinding, except as provided in

(b).

shall be done with due precautions to avolid cracking.
Where the cut surfaces are not to be subsequently elimi-
nated by fusion with weld deposits, they shall be removed
by machining or grinding to a depth of at least 1.5 mm
(16 in.) followed by inspection by magnetic particle
or liquid-penetrant methods.

TF-610.7 WELD FINISH

The requirements of TF-220.4(a) shall be met)except
that for SA-517 material the maximum weld reinforce-
ment shall not exceed 10% of the platesthickness or 3
mm (% in.), whichever is less. Thecedge of the weld
deposits shall merge smoothly 4nto"the base metal
without undercuts or abrupt transitions. This require-
ment shall apply to fillet and-groove welds as well as
to butt welds.

TF-610.8 STRUCTURAL AND TEMPORARY WELDS

(a) Welds for pads; lifting lugs, and other nonpressure
parts, as well.as/temporary lugs for alignment, shall be
made by qualified welders in full compliance with a qual-
ified welding procedure.

(b) (Temporary welds shall be removed and the metal
surfaee shall be restored to a smooth contour. The area
shall be inspected by magnetic particle or liquid-penetrant
method for the detection and elimination of cracks. If
repair welding is required, it shall be in accordance
with qualified procedures and the finished weld
surface shall be inspected as required in this Article.
Temporary welds and repair welds shall be considered
the same as all other welds so far as requirements for
qualified operators and procedures and for heat treatment
are concerned.

TF-610.9 MARKING ON PLATES AND OTHER
MATERIALS

Any steel stamping shall be done with “low stress”
stamps as commercially available. Steel stamping of all
types may be omitted on material below 13 mm (%
in.) in thickness. Where die-stamping is prohibited for
material identification, and where so specified by the
user, the materials manufacturer shall mark the required
data on the plates in a manner that will allow positive
identification upon delivery. The markings must be
recorded so that each plate will be positively identified
in its position in the completed tank to the satisfaction
of the Inspector.
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TF-610.10 JOINT ALIGNMENT

Section Thickness, Joint Direction

* g mm (in. ongitudina Ircumierentia
the fo.llowing maximum perm?’ssible offset values shall be Up to 13 (%), incl. 0.2t 0.2t
used in place of those given in Table TF-220.3: Over 13 (%) to 24 (%), 2.5 mm
incl. (%42 in) 0.2t
Over 24 (*%,) to 38 (1%), 2.5 mm
incl. (%42 in) 5 mm (% in.)
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ARTICLE TF-7
POSTWELD HEAT TREATMENT OF WELDMENTS

TF-700 PROCEDURES FOR POSTWELD HEAT
TREATMENT

(a) The operation of postweld heat treatment shall be
performed using one of the following procedures. In the
procedures that follow, the soak band is defined as the
volume of metal required to meet or exceed the
minimum PWHT temperatures listed in Tables
TF-710-1(a) through TF-710-1(h), and Tables
TF-710-2, TF-720-1 through TF-720-6, and TF-740. As
a minimum, the soak band shall contain the weld,
heat-affected zone, and a portion of base metal adjacent
to the weld being heat treated. The minimum width of this
volume is the widest width of weld plus t or 50 mm (2 in.),
whicheverisless, on each side or end of the weld. The term
t is the nominal thickness as defined in (f).

(1) Heating the Vessel as a Whole in an Enclosed
Furnace. This procedure is preferable and should be
used whenever possible.

(2) Heating the Vessel in More Than One Heat in.a
Furnace, Provided the Overlap of the Heated Sections 6f
the Tank Is at Least 1.5 m (5 ft). When this procedure
isused, the portion outside of the furnace shall beshielded
so that the temperature gradient is not harmful:The cross
section where the tank projects from the furnace shall not
intersect a nozzle or other structural discontinuity.

(3) Heating of Shell Sections and/or Portions of
Vessels to Postweld Heat Treat Longitudinal Joints or
Complicated Welded Details Béfore Joining to Make the
Completed Vessel. When the-éssel is required to be post-
weld heat treated, and it is-not practicable to postweld
heat treat the completed ‘tank as a whole or in two or
more heats as provided in (2), any circumferential
joints not previodsly postweld heat treated may be there-
after locally postweld heat treated by heating such joints
by any apptropriate means that will ensure the required
uniformity.) For such local heating, the soak band shall
extend-around the full circumference. The portion
outside the soak band shall be protected so that the
temperature gradient is not harmful. This procedure
mhay also be used to postweld heat treat portions of
new tanks after repairs.

(4) Heating the Vessel Internally by Any Appropriate

Previous to this operation, the vessel should-be fully
enclosed with insulating material, or the permanent insu-
lation may be installed, provided it is suitable for the
required temperature. In this procedure the internal pres-
sure should be kept as low as practicable, but shall not
exceed 50% of the maximum allowable working pressure
at the highest metal temperature' expected during the
postweld heat treatment pefiod:

(5) Heating a Circumferential Band Containing
Nozzles or Other Welded Attachments That Require Post-
weld Heat Treatment jn Such a Manner That the Entire
Band Shall Be Brought Up Uniformly to the Required
Temperature and Held for the Specified Time. Except as
modified in the paragraph below, the soak band shall
extend akound the entire vessel and shall include the
nozzl€ o welded attachment. The circumferential soak
bandwidth may be varied away from the nozzle or attach-
ment weld requiring PWHT, provided the required soak
band around the nozzle or attachment weld is heated to
the required temperature and held for the required time.
As an alternative to varying the soak band width, the
temperature within the circumferential band away
from the nozzle or attachment may be varied and need
not reach the required temperature, provided the
required soak band around the nozzle or attachment
weld is heated to the required temperature, held for
the required time and the temperature gradient is not
harmful throughout the heating and cooling cycle. The
portion of the vessel outside of the soak band shall be
protected so that the temperature gradient is not
harmful. This procedure may also be used to postweld
heat treat portions of vessels after repairs.

(6) Heating the Circumferential Joints of Pipe or
Tubing by Any Means Using a Soak Band That Extends
Around the Entire Circumference. The portion outside
the soak band shall be protected so that the temperature
gradient is not harmful. The proximity to the shell
increases thermal restraint and the designer should
provide adequate length to permit heat treatment
without harmful gradients at the nozzle attachment or
heata full circumferential band around the shell, including
the nozzle.

(7) Heating a Local Area Around Nozzles or Welded

Means and With Adpqunrp Indirnring and Ppr‘nrding
Temperature Devices to Aid in the Control and Maintenance
of a Uniform Distribution of Temperature in the Tank Wall.
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Temperature and Held for the Specified Time. The soak
band shall include the nozzle or welded attachment.

(3) For fillet welds, the nominal thickness is the
throat dimension. If a fillet weld is used in conjunction

The soak band shall include a circle that extends
beyond the edges of the attachment weld in all directions
by a minimum of t or 51 mm (2 in.), whichever is less. The
portion of the vessel outside of the soak band shall be
protected so that the temperature gradient is not harmful.

(8) Heating of Other Configurations. Local area
heating of other configurations not addressed in (1)
through (7) is permitted, provided that other measures
(based upon sufficiently similar, documented experience
or evaluation) are taken that consider the effect of thermal
gradients, all significant structural discontinuities (such as
nozzles, attachments, head to shell junctures), and any
mechanical loads that may be present during PWHT.
The portion of the vessel or component outside the
soak band shall be protected so that the temperature
gradient is not harmful.

(b) The temperatures and rates of heating and cooling
tobe used in postweld heat treatment of tanks constructed
of materials for which postweld heat treatment may be
required are given in TF-710, TF-720, TF-730, and TF-740.

(c) The minimum temperature for postweld heat treat-
ment given in Tables TF-710-1(h), TF-710-2, TF-720-1
through TF-720-6, and TF-740 shall be the minimum
temperature of the plate material of the shell or head
of any tank. Where more than one vessel or vessel
partare postweld heat treated in one furnace charge, ther-
mocouples shall be placed on the vessels at the bottom,
center, and top of the charge, or in other zones of possible
temperature variation so that the temperature jndicated
shall be true temperature for all vessels or vessél parts in
those zones.

(d) When pressure parts of two differént P-Number
Groups are joined by welding, the postweld heat treatment
shall be that specified according £o either TF-710 or
TF-720, for the material being~joined requiring the
higher postweld heat treatment’/temperature.

(e) Postweld heat treatment, when required, shall be
done before the hydrpstatic test and after any welded
repairs, except as permitted by TF-710(f). A preliminary
hydrostatic test tonreveal leaks prior to postweld heat
treatment is pérmissible.

(f) The tetm nominal thickness as used in referenced
tables is (the thickness of the welded joint as defined
below.(For vessels or parts of vessels being postweld
heattreated in a furnace charge, it is the greatest weld
thickness in any vessel or vessel part that has not
previously been postweld heat treated.

(1) When the welded joint connects parts of the same
thickness, using a full penetration buttweld, the nominal
thickness is the total depth of the weld exclusive of any
permitted weld reinforcement.

with a groove weld, the nominal thickness is the depth
of the groove or the throat dimension, whichever is
greater.
(4) Forstud welds, the nominal thickness shall be the
diameter of the stud.
(5) When a welded joint connects parts of unequal
thicknesses, the nominal thickness shall be the following:
(-a) the thinner of two adjacent buttwelded parts
including head to shell connections
(-b) the thickness of the shell or-th€ fillet weld,
whichever is greater, in connections\to intermediate
heads of the type shown in Figure, TW-130.5-1, sketch (f)
(-c) the thickness of the shell in connections to
tubesheets, flat heads, covers, flanges, or similar construc-
tions
(-d) in Figures TW-=140.2-1 and TW-140.2-2, the
thickness of the weld“across the nozzle neck, shell,
head, or reinforcing-pad or attachment fillet weld, which-
ever is the gredter
(-e) thethickness of the nozzle neck at the joint in
nozzle neck<to flange connections
(-f)"the thickness of the weld at the point of attach-
mentiwhen a nonpressure part is welded to a pressure
part
(-g) thethickness of the weld in tube-to-tubesheet
connections
The thickness of the head, shell or nozzle neck, or
other parts as used above shall be the wall thickness of the
part at the welded joint under consideration.
(6) Forrepairs, the nominal thickness is the depth of
the repair weld.

TF-710 REQUIREMENTS FOR CARBON AND
LOW ALLOY STEELS

(a) Except as otherwise specifically provided in the
Notes to Tables TF-710-1(a) through TF-710-1(h) and
Table TF-710-2, all welds in vessels or vessel parts
shall be given a postweld heat treatment at a temperature
not less than specified in those tables when the nominal
thickness, as defined in TF-700(f), including corrosion
allowance, exceeds the limits in those tables. The excep-
tions provided in Tables TF-710-1(a) through
TF-710-1(h) or Table TF-710-2 are not permitted
when postweld heat treatment is a service requirement,
when welding ferritic materials greater than 3 mm (% in.)
thick with the electron beam process, or when welding P-
No. 3 and P-No. 10 materials of any thickness using the
inertia and continuous drive friction welding processes.
Electroslag welds in ferritic materials over 38 mm (1% in.)
thickness at the joint shall be given a grain refining (auste-

(7) Eor grgove welds—the nominal-thickness-is—the
“—F-0F—gF Fe—WeraS,—tRe-RoiRa—tHexh S5+

depth of the groove.

143

fraatmannt Dlactreagac vazn ldc in farmitio pa ot
TITCIZTIT S ) TICT G ELICCtrogus vy SO S rerrrert ot

rials with any single pass greater than 38 mm (1% in.)
shall be given a grain-refining (austenitizing) heat



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

treatment. For P-No. 1 materials only, the heating and
cooling rate restrictions of (d)(2) do not apply when

specified in the tables. During the holding period, there
shall not be a greater difference than 83°C (150°F)

the heat treatment following welding 1s in the austeni-
tizing range. The materials in Tables TF-710-1(a)
through TF-710-1(h) are listed in accordance with mate-
rial groupings of Section IX, Table QW/QB-422.

(b) Except where prohibited in Tables TF-710-1(a)
through TF-710-1(h), holding temperatures and/or
holding times in excess of the minimum values given
in Tables TF-710-1(a) through TF-710-1(h) may be
used. Intermediate postweld heat treatments need not
conform to the requirements of Tables TF-710-1(a)
through TF-710-1(h). The holding time at temperature
as specified in Tables TF-710-1(a) through
TF-710-1(h) need not be continuous. It may be an accu-
mulation of time of multiple postweld heat treatment
cycles.

(c) When pressure parts of two different P-Number
groups are joined by welding, the postweld heat treatment
shall be that specified in either of Tables TF-710-1(a)
through TF-710-1(h) or Tables TF-720-1 through
TF-720-6, with applicable notes, for the material requiring
the higher postweld heat treat temperature. When
nonpressure parts are welded to pressure parts, the post-
weld heat treatment temperature of the pressure part
shall control.

(d) The operation of postweld heat treatment shall be
carried out by one of the procedures given in TF-700 in
accordance with the following requirements:

(1) The temperature of the furnace shall not exceed
425°C (800°F) at the time the vessel or part is placed-into
it.

(2) Heating and cooling rates above 425°C,(800°F)
shall not exceed the following, where the thicKness is the
maximum material thickness of the vessel.or vessel part
being heat treated:

Maximum Rate, °C/h , Maximum Rate, °F/hr

Heating 5,500 divided by the 400 divided by the
rate thickness in mmbut thickness in inches
not greater than 220 but not greater than
400
Cooling 7,000 divided by the 500 divided by the
rate thickness in mm but thickness in inches

not greater than 280 but not greater than

500

During'the heating period there shall not be a greater
variation in temperature throughout the portion of the
vessel being heated than 140°C (250°F) within any
4:6"m (15 ft) interval of length. Cooling shall be done
in a closed furnace or cooling chamber until below
425°C (800°F), after which the vessel or vessel part
may be removed and cooled in still air.

between the highest and lowest temperature throughout
the portion of the vessel being heated, except where the
range is further limited in Tables TF-710-1(a) through
TF-710-1(h).

(4) During the heating and holding periods, the
furnace atmosphere shall be so controlled as to avoid
excessive oxidation of the surface of the vessel. The
furnace shall be of such design as to prevent direct infipin-
gement of the flame on the vessel.

(e) Exceptas permitted in (f), vessels or parts of vessels
that have been postweld heat treated in accordance with
the requirements of this paragraph shall again be post-
weld heat treated after welded repairSihave been made.

(f) Weld repairs to P-No. 1 GroupNo6s. 1, 2, and 3 mate-
rials and to P-No. 3 Group Nos.1,.2, and 3 materials and to
the weld metals used to join thiese materials may be made
after the final PWHT but prior-to the final hydrostatic test,
without additional PWHT, provided that PWHT is not
required as a service;requirement in accordance with
TW-100.1(a), except for the exemptions in Tables
TF-710-1(a) through TF-710-1(h), or as a service require-
ment in acecordance with TF-320. The welded repairs shall
meet the requirements of (1) through (6). These require-
mentsLdo not apply when the welded repairs are minor
restorations of the material surface, such as those
required after removal of construction fixtures, and
provided that the surface is not exposed to the vessel
contents.

(1) The Manufacturer shall give prior notification of
the repair to the User or to the User’s designated agent and
shall not proceed until acceptance has been obtained. Such
repairs shall be recorded on the Manufaturer’s Data
Report.

(2) The total repair depth shall not exceed 38
mm (1% in.) for P-No. 1 Group Nos. 1, 2, and 3 materials
and 16 mm (% in.) for P-No. 3 Group Nos. 1, 2, and 3 mate-
rials. The total depth of a weld repair shall be taken as the
sum of the depths for repairs made from both sides of a
weld at a given location.

(3) After removal of the defect, the groove shall be
examined using either the magnetic particle or the liquid-
penetrant examination methods.

(4) In addition to the requirements of Section IX for
qualification of Welding Procedure Specifications for
groove welds, the following requirements shall apply:

(-a) The weld metal shall be deposited by the
GTAW or SMAW processes using low hydrogen electrodes
or gases that are not susceptible to hydrogen contamina-
tion. The electrodes shall be property conditioned in
accordance with Section II, Part C, SFA-5.5, Appendix
A6.11. The maximum bead width shall be four times

avaccal arvaccal mart cha ahald at ar ahaua
(2) Th ] ] tchallhahald ot L
o7 —Te-VeSsser o vesserpatreSaarBe neraac8ranove

the temperature specified in Tables TF-710-1(a) through
TF-710-1(h) or Table TF-710-2 for the period of time
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(-b) For P-No. 1 Group Nos. 1, 2, and 3 materials,
the repair area shall be preheated and maintained at a

tempering of the base material heat-affected zone.
After completing all welding the repair area shall be main-

minimum temperature of 95°C (200°F) during welding.

(-c) For P-No. 3 Group Nos. 1, 2, and 3 materials,
the repair weld method shall be limited to the half-bead
weld repair and weld temper bead reinforcement tech-
nique. The repair area shall be preheated and maintained
at a minimum temperature of 175°C (350°F) during
welding. The maximum interpass temperature shall be
230°C (450°F). The initial layer of weld metal shall be
deposited over the entire area using 3 mm (Y% in.)
maximum diameter electrodes. Approximately one-half
the thickness of this layer shall be removed by grinding
before depositing subsequent layers. The subsequent
weld layers shall be deposited using 4 mm (% in.)
maximum diameter electrodes in such a manner as to
ensure tempering of the prior weld beads and their
heat-affected zones. A final temper bead weld shall be
applied to a level above the surface being repaired
without contacting the base material but close enough
to the edge of the underlying weld bead to ensure

talned at a temperature of from 205°Cto 260°C (400°F to
500°F) for a minimum period of 4 hr. The final temper
bead reinforcement layer shall be removed substantially
flush with the surface of the base material.

(5) After the finished repair weld has reached
ambient temperature, it shall be inspected using-the
same nondestructive examination that was used in’(3),
except that for P-No. 3 Group No. 3 materials, the’ exam-
ination shall be made after the material’has been at
ambient temperature for a minimum period of 48 hr
to determine the presence of possible \delayed cracking
of the weld. If the examination is by ‘the magnetic particle
method, only the alternating current yoke type is accept-
able. In addition, welded repair§greater than 10 mm (%
in.) deep in materials and in.welds that are required to be
radiographed by the ruleésof these Articles, shall be radio-
graphically examined. to-the requirements of TE-230.

(6) The vessel-shall be hydrostatically tested after
making the welded repair.

Table TF-710-1(a)
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 1

Minimum Minimum Holding Time at Nermal Temperature for Nominal Thickness [See TF-700(f)]
Normal
Holding
Temperature, Over 50 mm to 125 mm
Material °C (°F) Up to 50 mm (2 in.) (2 in. to 5 in.) Over 125 mm (5 in.)
P-No. 1 595 (1,100) 1 hr/25 mm (1 if); 2 hr plus 15 min for each additional 2 hr plus 15 min for each additional
Gr. Nos. 1, 2, 3 15 min minimum 25 mm (1 in.) over 50 mm (2 in.) 25 mm (1 in.) over 50 mm (2 in.)
Gr. No. 4 NA None None None

GENERAL NOTES:
(a) See Table TM-130.2-1.

(b) When it is impractical to postweld-heat treat at the temperature specified in this table, it is permissible to carry out the postweld heat
treatment at lower temperatures§ for longer periods of time in accordance with Table TF-710-2.

Q]

(1) for welded joints over'38 mm (1% in.) nominal thickness
(2) for welded jointsoyer 32 mm (1% in.) nominal thickness through 1% in. (38 mm) nominal thickness unless preheat is applied at a

minimum temperature~of 95°C (200°F) during welding

Postweld heat treatment is.mandatory under the following conditions:

(3) for weldedfoints of all thicknesses if required by TW-100.1, except postweld heat treatment is not mandatory under the conditions

specified below:

(a) forgroove weldsnotover 13 mm (% in.) size and fillet welds with a throat not over 13 mm (% in.) that attach nozzle connections that
have a finished inside diameter not greater than 50 mm (2 in.) , provided the connections do not form ligaments that require an increase in
shell or head thickness, and preheat to a minimum temperature of 95°C (200°F) is applied.

(b) for groove welds not over 13 mm (% in.) in size or fillet welds with a throat thickness of 13 mm (% in.) or less that attach tubes to a
tubesheet when the tube diameter does not exceed 50 mm (2 in.). A preheat of 95°C (200°F) minimum must be applied when the carbon

content of the tubesheet exceeds 0.22%.

(c) for groove welds not over 13 mm (% in.) in size or fillet welds with a throat thickness of 13 mm (% in.) or less used for attaching
nonpressure parts to pressure parts provided preheat to a minimum temperature of 95°C (200°F) is applied when the thickness of the

pressure part exceeds 32 mm (1Y, in.).

(d) forstudswelded to pressure parts provided preheat to a minimum temperature of 95 °C (200°F) is applied when the thickness of the

pressure part exceeds 32 mm (1Y, in.).
(d) NA = not applicable
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Table TF-710-1(b)

Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 3

Minimum Minimum Holding Time at Normal Temperature for Nominal Thickness
Normal [See TF-700(f)]
Holding
Temperature, Over 50 mm to 125 mm
Material °C (°F) Up to 50 mm (2 in.) (2 in. to 5 in.) Over 125 mm (5 in.)
P-No. 3 595 (1,100) 1 hr/25 mm (1 in.), 2 hr plus 15 min for each additional 2 hr plus 15 min for each additional
Gr. Nos. 1, 2, 3 15 min minimum 25 mm (1 in.) over 50 mm (2 in.) 25 mm (1 in.) over 50 mm (2%i)

GENERAL NOTES:

(a) See Table TM-130.2-1.

(b) When it is impractical to postweld heat treat at the temperatures specified in this table, it is permissible to carry out the‘postweld heat
treatment at lower temperatures for longer periods of time in accordance with Table TF-710-2.

(c) Postweld heat treatment is mandatory on P-No. 3 Gr. No. 3 material in all thicknesses.

(d) Except for the exemptions in Note (e), postweld heat treatment is mandatory under the following conditions:

(1) on P-No. 3 Gr. No. 1 and P-No. 3 Gr. No. 2 over 16 mm (% in.) nominal thickness. For these materials, postweld heat treatment is
mandatory on material up to and including 16 mm (% in.) nominal thickness unless a welding procedure qualification described in TF-710(a)
has been made in equal or greater thickness than the production weld.

(2) on material in all thicknesses if required by TW-100.1.

(e) Forwelding connections and attachments to pressure parts, postweld heat treatment is not mandatorytinder the conditions specified below:

(1) for attaching to pressure parts that have a specified maximum carbon content of not more than 0.25% (SA material specification
carbon content, except when further limited by the purchaser to a value within the specification)limits) or nonpressure parts with groove
welds not over 13 mm (% in.) in size or fillet welds that have a throat thickness of 13 mnt'(%% in.) or less, provided preheat to a minimum
temperature of 95°C (200°F) is applied

(2) for circumferential butt welds in pipe or tube where the pipe or tube have both a Hominal wall thickness of 13 mm (% in.) orlessand a
specified maximum carbon content of not more than 0.25% (SA material specification carbon content, except when further limited by the
purchaser to a value within the specification limits)

(3) for studs welded to pressure parts that have a specified maximum carboi content of not more than 0.25% (SA material specification
carbon content, except when further limited by the purchaser to a value within the specification limits) provided preheat to a minimum
temperature of 95°C (200°F) is applied
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Table TF-710-1(c)

Postweld Heat [reatment Requirements tor Carbon and Low Alloy Steels — P-No. 9A

Minimum Holding Time at Normal Temperature

Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]
P-No. 9A 595 (1,100) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

GENERAL NOTES:

(a) See Table TM-130.2-1.

(b) When it is impractical to postweld heat treat at the temperature specified in this table, it is permissible to carry out the postweld heat
treatment at lower temperatures [540°C (1,000°F) minimum] for longer periods of time in accordance with Table TF<710-2.

(c) Except for exemptions in [Note (d)] below, postweld heat treatment is mandatory under the following conditions:

(1) onmaterial over 16 mm (% in.) nominal thickness. For material up to and including 16 mm (% in.) nominal thickness, postweld heat
treatmentis mandatory unless a welding procedure qualification described in TF-710(a) has been made in equal orgreater thickness than the
production weld.

(2) on material of all thicknesses if required by TW-100.1.

(d) Postweld heat treatment is not mandatory under conditions specified below:
(1) for circumferential butt welds in pipe or tubes where the pipe or tubes comply with all the/following conditions:
(a) a maximum nominal outside diameter of 100 mm (4 in.) (DN 100)
(b) a maximum thickness of 13 mm (% in.)
(c¢) amaximum specified carbon content of not more than 0.15% (SA material specification'carbon content, except when further limited
by the purchaser to a value within the specification limits)
(d) a minimum preheat of 120°C (250°F)
(2) for pipe or tube materials meeting the requirements of (d)(1)(a), (d)(1)(b), and~(d)(1)(c) above, having attachments fillet welded to
them, provided:
(a) the fillet welds have a throat thickness of 13 mm (% in.) or less.
(b) thematerialis preheated to 120°C (250°F) minimum. A lower prehedtihig temperature may be used provided specifically controlled
procedures necessary to produce sound welded joints are used. Such precedures shall include but shall not be limited to the following:
(-1) The throat thickness of fillet welds shall be 13 mm (% i) or less.
(-2) The maximum continuous length of fillet welds shall be\not over 100 mm (4 in.).
(-3) The thickness of the test plate used in making the welding procedure qualification of Section IX shall not be less than that of the
material to be welded.

(3) for attaching nonpressure parts to pressure parts with\groove welds not over 13 mm (% in.) in size or fillet welds that have a throat
thickness of 13 mm (% in.) or less, provided preheat t6)avhinimum temperature of 95°C (200°F) is applied

(4) for studs welded to pressure parts provided preheat to a minimum temperature of 95°C (200°F) is applied

(e) When the heating rate is less than 10°C/h (50°F /hr).between 425 °C (800°F) and the holding temperature, the additional 15 min/25 mm (1
in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.

Table TF-710-1(d)
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 9B

Minimum Holding Time at Normal Temperature

Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]
P-No. 9B 595 (1,100) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

GENERAL NOTES;

(a) See Table TM>*¥+30.2-1.

(b) When it-is impractical to postweld heat treat at the temperatures specified in this table, it is permissible to carry out the postweld heat
treapment at lower temperatures [540°C (1,000°F) minimum] for longer periods of time in accordance with Table TF-710-2.

(c) The holding temperature for postweld heat treatment shall not exceed 635°C (1,175°F).

(d) ‘Exceépt for exemptions in Note (e) below, postweld heat treatment is mandatory under the following conditions:

(1) onmaterial over 16 mm (% in.) nominal thickness. For material up to and including 16 mm (% in.) nominal thickness, postweld heat
treatmentis mandatory unless a welding procedure qualification described in TF-710(a) has been made in equal or greater thickness than the
production weld.

(2) on material of all thicknesses if required by TW-100.1.

(e) Postweld heat treatment is not mandatory under the conditions specified below:

(1) for attaching nonpressure parts to pressure parts with groove welds not over 13 mm (% in.) in size or fillet welds that have a throat

thickness of 13 mm (% in.) or less, provided preheat to a minimum temperature of 95°C (200°F) is applied

Lf?) for studs welded to pressure parts. prnvir‘ar‘ prnhnnf to 2 minimum temperature of 95°C (')nnon) is npp]ind

(f) When the heating rate is less than 10°C/h (50°F /hr) between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm (1
in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.
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Table TF-710-1(e)

Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 10A

Minimum Holding Time at Normal Temperature

Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]
P-No. 10A 595 (1,100) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

GENERAL NOTES:
(a) See Table TM-130.2-1.
(b) See below.

(1) Whenitisimpractical to postweld heat treat at the temperature specified in this table, it is permissible to carry out the postweld heat
treatment at lower temperatures for longer periods of time in accordance with Table TF-710-2.

(2) Consideration should be given for possible embrittlement of materials containing up to 0.15% vanadium when postweld.heat treating
at the minimum temperature and at lower temperature for longer holding times.

(c) Except for exemptions in Note (d) below, postweld heat treatment is mandatory under the following conditionss

(1) on all thicknesses of SA-487 Class 1Q material.

(2) onall other P-No. 10A materials over 16 mm (% in.) nominal thickness. For these materials up to and inclidifg16 mm (% in.) nominal
thickness, postweld heat treatment is mandatory unless a welding procedure qualification described in (a) has béen made in equal or greater
thickness than the production weld.

(3) on material of all thicknesses if required by TW-100.1.

(d) Postweld heat treatment is not mandatory under the conditions specified below:

(1) for attaching to pressure parts that have a specified maximum carbon content of not morethan 0.25% (SA material specification
carbon content, except when further limited by the purchaser to a value within the specificationlimits) or nonpressure parts with groove
weld not over 13 mm (% in.) in size or fillet welds having a throat thickness of 13 mm (1/2 in.) or less, provided preheat to a minimum
temperature of 95°C (200°F) is applied

(2) for circumferential butt welds in pipes or tube where the pipe or tube has both a Wominal wall thickness of 13 mm (% in.) or less and a
specified maximum carbon content of not more than 0.25% (SA material specificdtion carbon content, except when further limited by
purchaser to a value within the specification limits) provided preheat to a minimum temperature of 95°C (200°F) is applied

(3) for studs welded to pressure parts that have a specified maximum carbemn content of not more than 0.25% (SA material specification
carbon content, except when further limited by purchaser to a value within the specification limits) provided preheat to a minimum
temperature of 200°F (95°C) is applied

(e) When the heating rate is less than 10°C/h (50°F /hr) between 425°G’(800°F) and the holding temperature, the additional 15 min/25 mm (1
in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25,mm (1 in.) holding time is not required.

Table TF-710-1(f)
Postweld Heat. Treatment Requirements for Carbon and Low Alloy Steels — P-No. 10B

Minimum Holding Time at Normal Temperature

Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]
P-No. 10B 595 (1,100) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

GENERAL NOTES:

(a) See Table-FM-130.2-1.

(b) Postweld heat treatment is mandatory for P-No. 10B materials for all thicknesses.

(c) Whenthe heating rate is less than 10°C/h (50°F /hr) between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm (1
i) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.
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Table TF-710-1(g)

Postweld Heat Ireatment Requirements for Carbon and Low Alloy Steels — P-No. 10C

Minimum Holding Time at Normal Temperature

Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TM-150.3(a)]
P-No. 10C 540 (1,000) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

GENERAL NOTES:

(a) See Table TM-130.2-1.

(b) When it is impractical to postweld heat treat at the temperatures specified in this table, it is permissible to carry out the postweld heat
treatment at lower temperatures for longer periods of time in accordance with Table TF-710-2.

(c) Except for exemptions in [Note (d)] below, postweld heat treatment is mandatory under the following conditions:

(1) formaterial over 38 mm (1% in.) nominal thickness. Postweld heat treatment is mandatory on materials over 32\mm (1Y, in.) nominal
thickness through 38 mm (1% in.) nominal thickness unless preheat is applied at a minimum temperature of 95°€ [200°F) during welding.

(2) on material of all thicknesses if required by TW-100.1.

(d) Postweld heat treatment is not mandatory under the conditions specified below:

(1) for groove welds not over 13 mm (% in.) in size and fillet welds with throat not over 13 mm (% in.) thatattach nozzle connections that
have a finished inside diameter not greater than 50 mm (2 in.), provided the connections do not formdigaments that require an increase in
shell or head thickness and preheat to a minimum temperature of 95°C (200°F) is applied

(2) for groove welds not over 13 mm (% in.) in size or fillet welds having throat thickness of 13:mm (% in.) or less used for attaching
nonpressure parts to pressure parts and preheat to a minimum temperature of 95°C (200°F)is\applied when the thickness of the pressure
part exceeds 32 mm (1%, in.)

(3) for studs welded to pressure parts provided preheat to a minimum temperature of 95°C (200°F) is applied when the thickness of the
pressure part exceeds 32 mm (1% in.)

(e) When the heating rate is less than 10°C/h (50°F /hr) between 425°C (800°F) and theolding temperature, the additional 15 min/25 mm (1
in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.

Table TF-710-1(h)
Postweld Heat Treatment Réquirements for Carbon and Low Alloy Steels — P-No. 10F

Minimum Holding Time at Normal Temperature
Material Minimum-Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]

P-No. 10F Gr. No. 1 540 (1,000) 1 hr minimum, plus 15 min/25 mm (1 in.) for
thickness over 25 mm (1 in.)

GENERAL NOTES:

(a) See Table TM-130.2-1.

(b) Postweld heat treatment)is mandatory for P-No. 10F materials for all thicknesses.

(c) When the heatingrate,is less than 10°C/h (50°F /hr) between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm (1
in.) holding time-is'not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.
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Table TF-710-2
Alternative Postweld Heat Treatment Requirements for

duplex steel, shall not be subjected to the solution heat
treatment described in Section I, Part D, Nonmandatory

Carbon and Low Alloy Steels

Decrease in Temperature
Below Minimum Specified

Minimum Holding Time at
Decreased Temperature, hr

Temperature, °C (°F) [Note (1)]
10 (50) 2
38 (100) 4
85 (150) [Note (2)] 10
110 (200) [Note (2)] 20

GENERAL NOTE: Applicable only when permitted in
Table TF-710-1(h).

NOTES:

(1) Minimum holding time for 25 mm (1 in.) thickness or less. Add 15
min per mm (1 in.) of thickness for thicknesses greater than 25
mm (1 in.).

(2) These lower postweld heat treatment temperatures permitted
only for P-No. 1 Gr. Nos. 1 and 2 materials.

TF-720 REQUIREMENTS FOR HIGH ALLOY
STEELS

(a) All welded vessels or vessel parts shall be given a
postweld heat treatment at a temperature not less than
specified in Tables TF-720-1 through TF-720-6 when the
nominal thickness, as defined in TF-700(f), including
corrosion allowance, of any welded joint in the vessel
or vessel part exceeds the limits in the Notes to Tables
TF-720-1 through TF-720-6. The exemptions provided
for in the Notes to Tables TF-720-1 through TF-720-6
are not permitted when postweld heat treatmentis a
service requirement as set forth in TW-100.1,"When
welding ferritic materials greater than 3 mmi{( "% in.)
thick with the electron beam welding process:The mate-
rials in Tables TF-720-1 through TF-720-6 are listed in
accordance with the material groupihgs of Section IX,
Table QW/QB-422.

(b) Holding temperatures and/or holding times in
excess of the minimum values given in
Tables TF-720-1 through\TF-720-6 may be used. The
holding time at temperature as specified in Tables
TF-720-1 through TF<720-6 need not be continuous. It
may be an accumulation of time of multiple postweld
heat treat cycles. Long time exposure to postweld heat
treatment tenmiperatures may cause sigma phase forma-
tion.

(c) When pressure parts of two different P-Number
groupsare joined by welding, the postweld heat treatment
shall'be that specified in either of Tables TF-720-1 through
TF-720-6 or Tables TF-710-1(a) through TF-710-1(h),
with applicable notes, for the material requiring the
higher postweld temperature. When nonpressure parts
are welded to pressure parts, the postweld heat treatment

Appendix A, A-350.

(d) The operation of postweld heat treatment shall be
carried out by one of the procedures given in TF-700 in
accordance with the requirements of TF-710(d), except as
modified by the Notes to Tables TF-720-1 through
TF-720-6.

(e) Vessels or parts of vessels that have been postweld
heat treated in accordance with the requirements of this
paragraph shall again be postweld heat treated’after
repairs have been made. 8

TF-730 REQUIREMENTS FOR NONFERROUS
MATERIALS

(a) Postweld heat treatmentefhonferrous material is
not normally necessary nor ‘desirable.

(b) No postweld heat treatment shall be performed,
except by agreement between the User and the Manufac-
turer. The temperature, time, and method of heat treat-
ment shall be coyered by agreement.

TF-740 REQUIREMENTS FOR FERRITIC
STEELS WITH TENSILE PROPERTIES
ENHANCED BY HEAT TREATMENT

{a) Postweld heat treatment shall be required for all
thicknesses of vessels or vessel parts constructed of
steels listed in Table TM-130.2-6.

(b) Before applying the detailed requirements of post-
weld heat treatment for steels listed in Table TM-130.2-6,
satisfactory weld procedure qualifications of the proce-
dures to be used shall be performed in accordance
with all of the variables in Section IX, including the condi-
tions of postweld heat treatment and including restric-
tions listed below.

(c) Postweld heat treatment shall be performed in
accordance with TF-710, as modified by the requirements
of Table TF-740. In no case shall the PWHT temperature
exceed the tempering temperature. PWHT and tempering
may be accomplished concurrently. The maximum cooling
rate established in TF-710(d)(2) need not apply. Where
accelerated cooling from the tempering temperature is
required by the material specification, the same
minimum cooling rate shall apply to PWHT.

(d) All welding connections and attachments shall be
postweld heat treated whenever required by Table
TF-740 based on the greatest thickness of material at
the point of attachment of the head or shell [see (b)
and (c)].

(e) When material of SA-333 Grade 8, SA-334 Grade 8,
SA-353,SA-522,SA-553,and SA-645 Grade A are postweld

temperature of the pressure part shall control. Ferritic
steel parts, when used in conjunction with austenitic chro-
mium-nickel stainless steel parts or austenitic/ferritic
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Table TF-720-1
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 6

Minimum Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]
Normal Holding
Temperature, Over 50 mm to 125 mm
Material °C (°F) Up to 50 mm (2 in.) (2 in. to 5 in.) Over 125 mm (5 in.)
P-No. 6 Gr. 675 (1,250) 1 hr/25 mm (1 in.), 2 hr plus 15 min for each additional 2 hr plus 15 min for each additional
Nos. 1, 15 min minimum 25 mm (1 in.) over 50 mm (2 in.) 25 mm (1 in.) over 50.fmm (2 in.)

2,3

GENERAL NOTES:

(a) See Table TM-130.2-2.

(b) Postweld heat treatment is not required for vessels constructed of Type 410 material for SA-182 Grade F6a, SA-240,SA-268, and SA-479 with
carbon content not to exceed 0.08% and welded with electrodes that produce an austenitic chromium-nickel weld deposit or a non-air-
hardening nickel-chromium-iron weld deposit, provided the plate thickness at the welded joint does netexceed 10 mm (% in.), and for
thicknesses over 10 mm (% in.) to 38 mm (1% in.) provided a preheat of 230°C (450°F) is maintained @dping welding and that the joints are
completely radiographed.

(c) Postweld heat treatment shall be performed as prescribed in TF-700 and TF-710(e).

Table TF-720-2
Postweld Heat Treatment Requirements for High“Alloy Steels — P-No. 7

Minimum Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]
Normal Holding
Temperature, Over 50-mm to 125 mm
Material °C (°F) Up to 50 mm (2 in.) (2-in. to 5 in.) Over 125 mm (5 in.)
P-No. 7 730 (1,350) 1 hr/25 mm (1 in.), 2 hr plus\15 min for each additional 2 hr plus 15 min for each additional
Gr. Nos. 15 min minimum 25 mm (1 in.) over 50 mm (2 in.) 25 mm (1 in.) over 50 mm (2 in.)

1,2

GENERAL NOTES:

(a) See Table TM-130.2-2.

(b) Postweld heat treatment is not required for vessels eonstructed of Type 405 or Type 410S materials for SA-240 and SA-268 with carbon
content not to exceed 0.08%, welded with electrodes that produce an austenitic-chromium-nickel weld deposit or a non-air-hardening
nickel-chromium-iron weld deposit, provided'the plate thickness at the welded joint does not exceed 10 mm (%; in.) and for thicknesses over
10 mm (% in.) to 38 mm (1% in.) provided a preheat of 230°C (450°F) is maintained during welding and that the joints are completely
radiographed.

(c) Postweld heattreatmentshall be performed as prescribed in TF-700 and TF-710(e) except that the cooling rate shall be a maximum of 56°C/h
(100°F/hr) in the range above,650°C (1,200°F) after which the cooling rate shall be sufficiently rapid to prevent embrittlement.

(d) Postweld heat treatment is not required for vessels constructed of Grade TP XM-8 material for SA-268 and SA-479 or of Grade TP 18Cr-2Mo
for SA-240 and SA-268.

Table TF-720-3
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 8

Minimum Normal Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]
Holding
Temperature, °C Over 50 mm to 125 mm
Material (°F) Up to 50 mm (2 in.) (2 in. to 5 in.) Over 125 mm (5 in.)
B-No. 8 Gr.
Nos. 1,
2,34

GENERAL NOTES:

(a) See Table TM-130.2-2.

(b) Postweld heat treatment is neither required nor prohibited for joints between austenitic stainless steels of the P-No. 8 group. See A-300,
Appendix A, Part D, Section II.
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Table TF-720-4
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 10H

Minimum Holding Time at Normal Temperature for Nominal Thickness
[See TF-720(d)]

Minimum
Normal Holding Over 50 mm to 125 mm
Material Temperature, °C (°F) Up to 50 mm (2 in.) (2 in. to 5 in.)) Over 125 mm (5 in.)

P-No. 10H Gr. No. 1

GENERAL NOTES:

(a) See Table TM-130.2-2.

(b) Fortheaustenitic-ferritic wrought or cast duplex stainless steels listed below, postweld heat treatment is neither required nor prohibited, but
any heat treatment applied shall be performed as listed below and followed by liquid quenching or rapid cooling by other(means:

Postweld Heat Treatment

Alloy Temperature, °C (°F)

S32550 1040-1120 (1,900-2,050)
$31260 and S31803 1020-1100 (1,870-2,010)
$32900 (0.08 max. C) 940-955 (1,725-1,750)
$31200 1040-1095 (1,900-2,000)
S31500 975-1 025 (1,785-1,875)
S32304 950-1050 (1,740-1,920)
]93345 1120 min. (2,050 min.)
$32750 980-1130 (1,800-2,060)
$32950 1000-1025 (1,825-1,875)

Table TF-720-5
Postweld Heat Treatment Requirementsfor High Alloy Steels — P-No. 10l

Minimum, Holding Time at Normal Temperature for Nominal Thickness
[See TF-720(d)]

Minimum
Normal Holding Over 50 mm to 125 mm
Material Temperature, °C (°F) Up/to 50 mm (2 in.) (2 in. to 5 in.) Over 125 mm (5 in.)
P-No. 101 Gr. No. 1 730 (1,350) Lhr/25 mm (1in.), 15 min 1 hr/25 mm (1 in.) 1 hr/25 mm (1 in.)

minimum

GENERAL NOTES:

(a) See Table TM-130.2-2.

(b) Postweld heat treatment shall be performed as prescribed in TF-700 and TF-710(e) except that the cooling rate shall be a maximum of 56°C/h
(100°F/hr) in the range above 650°C\(1,200°F) after which the cooling rate shall be rapid to prevent embrittlement.

(c) Postweld heat treatment is neitheér Tequired nor prohibited for a thickness of 13 mm (% in.) or less.

(d) For Alloy S44635, the rules fer\ferritic chromium stainless steel shall apply, except that postweld heat treatment is neither prohibited nor
required. If heat treatment is.performed after forming or welding, it shall be performed at 1010°C (1,850°F) minimum followed by rapid
cooling to below 425°G,(800°F).

Table TF-720-6
Postweld Heat Treatment Requirements for High Alloy Steels — P-No. 10K

Minimum Holding Time at Normal Temperature for Nominal Thickness
[See TF-720(d)]

Minimum
Normal Holding Over 50 mm to 125 mm
Material Temperature, °C (°F) Up to 50 mm (2 in.) (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 10K Gr. No. 1

GENERAL NOTES:
(a) See Table TM-130.2-2.
(b) For Alloy S44660, the rules for ferritic chromium stainless steel shall apply, except that postweld heat treatment is neither required nor

prohibited. If heat treatment is performed after forming or welding, it shall be performed at 816°Cto 1 066°C (1,500°F to 1,950°F) for a period
not to exceed 10 min followed by rapid cooling.
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Table TF-740

Postweld Heat Ireatment Requirements for Ferritic Steels Enhanced by Heat Ireatment

Nominal Holding Time

Thickness

Requiring hr/25 Minimum,

Spec. No. Grade or Type P-No./Gr. No. PWHT Note PWHT Temp., °C (°F) mm (1 in.) hr
Plate Steels
SA-353 9Ni 11A/1 All 550-585 (1,025-1,085) 1 2
SA-517 Grade A 11B/1 All [Note (1)] 540-595 (1,000-1,100) 1 Ya
SA-517 Grade B 11B/4 All [Note (1)] 540-595 (1,000-1,100) 1 Ya
SA-517 Grade E 11B/2 All [Note (1)] 540-595 (1,000-1,100) 1 A
SA-517 Grade F 11B/3 All [Note (1)] 540-595 (1,000-1,100) T A
SA-517 Grade ] 11B/6 All [Note (1)] 540-595 (1,000-1,100) 1 Ya
SA-517 Grade P 11B/8 All [Note (1)] 540-595 (1,000-1,100) 1 Ya
SA-533 Types B, D, CL. 3 11A/4 All 540-565 (1,000-1,050) A Y
SA-553 Types I, 11 11A/1 All 550-585 (1,025-1,085) 1 2
SA-645 Grade A 11A/2 All 550-585 (1,025%1,085) 1 2
(5Ni-, Mo)

SA-724 Grade A, B 1/4 All 550-585 (1,050-1,150) Y
SA-724 Grade C 1/4 All 550=585 (1,050-1,150) Y
Forgings
SA-522 Type | 11A/1 All 550-585 (1,025-1,085) 1 2
SA-592 Grade A 11B/1 All [Note~(1)] 540-595 (1,000-1,100) 1 A
SA-592 Grade E 11B/2 All [Note (1)] 540-595 (1,000-1,100) 1 Ya
SA-592 Grade F 11B/3 All [Note (1)] 540-595 (1,000-1,100) 1 Ya
Pipes and Tubes
SA-333 Grade 8 11A/1 All 550-585 (1,025-1,085)
SA-334 Grade 8 11A/1 All 550-585 (1,025-1,085)
Castings
SA-487 Class 4B 11A/3 All 540-565 (1,000-1,050) A
SA-487 Class 4E 11A/3 All 540-565 (1,000-1,050) A
SA-487 Class CA 6NM 36/4 All 565-620 (1,050-1,150) A

GENERAL NOTE: See Table TM-130.2-6.

NOTE: (1) See TF-610.5(e).
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ARTICLE TF-8
REQUIREMENTS FOR VESSELS LINED FOR
CORROSION/EROSION CONTROL

TF-800 GENERAL

The rules in Article TF-8 are applicable to vessels or
vessel parts that are constructed of base material with
corrosion-resistant rubber, polymer, and similar linings
for tanks or tank parts that are fully lined for corrosion
control. The rules in Article TF-8 shall be used in conjunc-
tion with the supplemental requirements of the Modal
Appendices.

TF-810 FABRICATION
TF-810.1 GENERAL

The material used for lining the vessel or vessel parts
shall be homogeneous, nonporous, imperforate when
applied, at least as elastic as the material of the tank

or tank part proper, and have thermal expausion charac-
teristics compatible with the tank or tank’part proper. The
lining shall be immune to attack by the contents to be
transported therein. It shall be niform in thickness
and shall be directly bonded. The: lining shall be spark
tested in accordance with Article TT-4.

TF-810.2 PRESSURETESTING

Consideration should be given to performing the
required pressuteitest prior to the application of the
lining.
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(25)

PART TE

EXAMINATION REQUIREMENTS

ARTICLE TE-1
REQUIREMENTS FOR EXAMINATION PROCEDURES AND
PERSONNEL QUALIFICATION

TE-100 GENERAL

Nondestructive examinations shall be conducted in
accordance with the methods of Section V, as modified
by the requirements of this Article.

TE-110 NONDESTRUCTIVE EXAMINATION
PROCEDURES

TE-110.1 GENERAL

(a) All nondestructive examinations required by this
Article shall be performed in accordance with the detailed
written procedures that have been proven by.dctual
demonstration to the satisfaction of the Inspector: The
procedures shall comply with the appropriate.article of
Section V for the particular examination method.
Written procedures, records of demonstration of proce-
dure capability, and records of personnel qualification to
these procedures shall be made available to the Inspector.

(b) Following any nondestructive examination in
which examination materialsvare applied to the part,
the part shall be thoroughly cleaned in accordance
with applicable materjial;or procedure specifications.

TE-110.2 RADIOGRAPHIC EXAMINATION

(a) Radiographic examination shall be in accordance
with Section .V, Article 2, except as specified below:

(1) A-Complete set of radiographs and records, as
describéd in Section V, Article 2, T-291 and T-292, for
each tank or tank part shall be retained by the Manufac-
trer until the Manufacturer’s Data Report has been
signed by the Inspector.

(2) The requirements of Section V, Article 2, T-274.2
are to be used only as a guide. Final acceptance of radio-
graphs shall be based on the ability to see the prescribed
image quality indicator (1QI) image and the specified hole

(b) All welded joints-to-be examined by Real Time
Radioscopic Examination'shall be examined in accordance
with Section V, Article.2, Mandatory Appendix II as speci-
fied below.

(1) A complete set of records, as described in Section
V, Article 25F-292, shall be evaluated by the Manufacturer
prior to béing presented to the Inspector. Records shall be
retaing€d’by the Manufacturer until the Manufacturer’s
Data-Report has been signed by the Inspector.

(2) The use of Real Time Radioscopic Examination
shall be noted on the Manufacturer’s Data Report.

(3) Provisions for training, experience, qualification,
and certification of personnel responsible for equipment
setup, calibration, operation, and evaluation of examina-
tion data shall be described in the Manufacturer’s Quality
Control System. (See Mandatory Appendix I.)

(c) As an alternative to the radiographic examination
requirements above, all welds in material 6 mm (% in.)
and greater in thickness may be examined using the ultra-
sonic (UT) method in accordance with the requirements of
Section VIII, Division 2, 7.5.5, if radiographic examination
is not specifically required by applicable Modal Appen-
dices or other governing documents.

TE-110.3 ULTRASONIC EXAMINATION

Ultrasonic examination of welded joints, when required
or permitted by this Section, shall be performed in accor-
dance with Mandatory Appendix IX [see TE-230.1(a)(5)
and TE-250.2(a)(2)(-c)]. Imperfections shall be evaluated
to the acceptance standards specified in TE-250.3. The
written examination procedure shall be available to
the Inspector and shall be proven by actual demonstration
to the satisfaction of the Inspector to be capable of
detecting imperfections described in this Section.

or the designated wire of a wire 1QI.
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TE-110.4 MAGNETIC PARTICLE EXAMINATION

(b) The written practice and the procedures used for
examination and qualification of personnel shall be refer-

trere—Cxatiroer oS

accordance with Mandatory Appendix V. Imperfections
shall be evaluated to the acceptance standards specified
in TE-250.4.

TTOT ettt

TE-110.5 LIQUID-PENETRANT EXAMINATION

Liquid-penetrant examination shall be performed in
accordance with Mandatory Appendix VI. Imperfections
shall be evaluated to the acceptance standards specified
in TE-250.5.

TE-120 QUALIFICATION AND CERTIFICATION
OF NONDESTRUCTIVE EXAMINATION
PERSONNEL

TE-120.1 GENERAL

(a) Organizations performing and evaluating nondes-
tructive examinations required by this Section shall use
personnel qualified to the requirements of Section V,
Article 1, T-120; and TE-120.2 through TE-120.5.

(b) For nondestructive examination methods that
consist of more than one operation or type, it is permis-
sible to use personnel qualified to perform one or more
operations. As an example, one person may be used who is
qualified to conduct radiographic examination and
another who is qualified may be used to interpret and
evaluate the radiographic film.

TE-120.2 QUALIFICATION OF PERSONNEL

(a) Personnel performing radiographic or Ailtrasonic
examinations shall be qualified under their*Employer’s
written practice, prepared in compliance with the
ASNT SNT-TC-1A. Alternatively, personnel performing
radiographic or ultrasonic examination may be qualified
in accordance with ASNT CP-189“or ASNT ACCP-1 for
examination and test requirements. The Employer’s
written practice shall address'education and experience
requirements.

enced 1n the Employer’s Quality Control System.

(c) The documented number of hours of training and
experience may be fewer than required by the referenced
document when examiners are qualified to perform only
one operation of a multiple operation nondestructive
examination method or examinations of a limited
scope. The required hours of training and experience)
and limitations or restrictions on examiner certification,
shall be specified in the Employer’s written practicé and
on the certificate of qualification.

(d) The Manufacturer shall certify that.each magnetic
particle or liquid-penetrant examination‘shall be in accor-
dance with Mandatory Appendices,V ‘and VI. Personnel
performing these examinations may; as an alternative,
be qualified to ASNT SNT-TC-TA, ASNT CP-189, or
ASNT ACCP.

TE-120.3 CERTIFICATION OF PERSONNEL

(a) The Employer retains responsibility for the
adequacy of theprogram and is responsible for certifica-
tion of Levelsd/1I],'and Il Nondestructive Examination per-
sonnel.

(b) Theexamination results shall be included with the
Employer’s records in accordance with TE-120.5.

TE-120.4 VERIFICATION OF NONDESTRUCTIVE
EXAMINATION PERSONNEL
CERTIFICATION

The Manufacturer is responsible for the verification of
qualification and certification of nondestructive examina-
tion personnel employed by subcontractors who provide
nondestructive examination services to them.

TE-120.5 RECORDS

Personnel qualification records shall be retained by the
Employer.
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ARTICLE TE-2
EXAMINATION OF WELDS AND ACCEPTANCE CRITERIA

TE-200 TIME OF EXAMINATION OF WELDED
JOINTS

Acceptance examinations of welded joints shall be
performed during the fabrication process as stipulated
below during construction.

(a) All butt-welded joints shall be visually examined
after completion of any required heat treatment.

(b) Magnetic particle or liquid-penetrant examinations
of base metal repairs shall be performed after any
required postweld heat treatment, except the welds in
P-No. 1 material may be examined either before or
after postweld heat treatment.

(c) The magnetic particle or liquid-penetrant examina-
tion of weld surfaces that are not accessible after a post-
weld heat treatment (PWHT) shall be performed prior to
PWHT.

TE-210 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

(a) When a pressure part is to be welded to aflat plate
thicker than 13 mm (% in.) to form a corner joint where
the peripheral edge will not be covered byweld metal, the
weld joint preparation and peripheral edge of the flat plate
shall be examined before welding by either the magnetic
particle or liquid-penetrant method: After welding, both
the peripheral edge of theyflat plate and any other
remaining exposed surfaces.of the weld joint preparation
shall be reexamined.

(b) Particular attention shall be given to cut edges and
other parts of rolled plate that would disclose the exis-
tence of seripusilaminations, shearing cracks, and
other imperfections.

(c) These requirements do not apply if the configura-
tion of (he Corner joint is such that the toe of the weld is
farther)in distance from the peripheral edge of the flat
plate‘than its thickness.

TE-220 TYPES OF WELDED JOINTSAND THEIR
EXAMINATION

TE-220.1 WELDED JOINT CATEGORIES

welded joints. See TW-130.4 for permisgsible types of
welded joints for the various welded joint categories
and the degree of radiographic examination for the
various types of welded joints.

TE-220.2 EXAMINATION OF WELDED JOINTS

The examination of welded joints shall be dictated by
the assigned joint efficiency of the joints under Parts TD
and TW (see TW-130,4). These examinations shall be
performed as specified in this Article.

TE-230 RADIOGRAPHIC AND ULTRASONIC
EXAMINATION

TE-230.1 GENERAL REQUIREMENTS FOR
RADIOGRAPHIC AND ULTRASONIC
EXAMINATION

(a) Full Radiography. The following welded joints shall
be examined radiographically for their full length in the
manner prescribed in TE-110.2 and TE-250.2(a):

(1) all butt welds in the shell and heads of vessels
used to contain fluids with United Nations Hazard Classi-
fications 2.1, 2.3, or 6.1 [see TW-100.1(a)].

(2) all butt welds in vessels in which the nominal
thickness at the welded joint exceeds 38 mm (1% in.),
or exceeds the lesser thickness prescribed in TE-230.2,
TE-230.3, TE-230.4, or TE-230.5 for the materials
permitted by Part TM; however, except as required by
TE-230.5(a), Categories B and C butt welds in nozzles
and communicating chambers that neither exceed NPS
10 nor 29 mm (1% in.) wall thickness do not require radio-
graphic examination.

(3) all butt welds in nozzles, communicating cham-
bers, etc., attached to vessel sections or heads that are
required to be fully radiographed under (1) or (2);
however, except as required by TE-230.5(a), Categories
B and C butt welds in nozzles and communicating cham-
bers that neither exceed NPS 10 nor 29 mm (1% in.) wall
thickness do not require any radiographic examination.

(4) all Categories A and D butt welds in vessel
sections and heads where the design of the joint or
part is based on a joint efficiency permitted by

The term Category defines the location of a welded joint
in a tank, but not the type of joint. See TW-130.3 for
description and location of the various categories of
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(-a) Categories A and B welds connecting the
vessel sections or heads shall be of Type No. (1) or

Operators make weld layers in a joint, or on the two sides
of a double-welded butt joint, one spot may represent the

Type No. (2) of Table TW-130.4.

(-b) Categories B and C butt welds [but not
including those in nozzles or communicating chambers,
except as required in (2)] that intersect the Category A
butt welds in vessel sections or heads shall, as a
minimum, meet the requirements for spot radiography
in accordance with TE-250.2(b). Spot radiographs
required by this paragraph shall not be used to satisfy
the spot radiography rules as applied to any other
weld increment.

(5) ultrasonic examination in accordance with
TE-110.3 may be substituted for radiography for the
final closure seam of a pressure vessel, if the construction
of the vessel does not permit interpretable radiographs in
accordance with Code requirements. The absence of
suitable radiographic equipment shall not be justification
for such substitution.

(b) Spot Radiography

(1) Except as required in (a)(4)(-b), butt-welded
joints made in accordance with Type No. (1) or Type
No. (2) of Table TW-130.4, which are not required to
be fully radiographed by (a), may be examined by spot
radiography. Spot radiography shall be in accordance
with TE-250.2(b). If spot radiography is specified for
the entire vessel, radiographic examination is not required
of Categories B and C butt welds in nozzles and commu-
nicating chambers that exceed neither NPS 10 nor 29 mm
(1% in.) wall thickness.

NOTE: This requirement specifies spot radiography for butt
welds of Type No. 1 or Type No. 2 that are used in d.vessel,
but does not preclude the use of fillet and/or corner welds
permitted by other paragraphs, such as for*hozzle and
manhole attachments, welded stays, flat heads, etc., which
need not be spot radiographed.

(2) Spot radiography shall be made in accordance
with the technique prescribed“in’ TE-110.2(a). The
minimum length of spot radiegraph shall be 150 mm
(6 in.). Spot radiographs may:be retained or discarded
by the Manufacturer aftet“acceptance of the tank by
the Inspector.

(3) Minimum(Extent of Spot Radiographic Examina-
tion

(-a) Ofiejspot shall be examined on each tank for
each 15 m_(50ft) increment of weld or fraction thereof for
which ajoeint efficiency from column (b) of Table
TW 1304 is selected. However, for identical tanks,
each with less than 15 m (50 ft) of weld for which a
jeint efficiency from column (b) of Table TW-130.4 is
selected, 15 m (50 ft) increments of weld may be repre-
sented by one spot examination.

(-b) For each increment of weld to be examined, a

work of all Welders or Welding Operators.

(-c) Each spot examination shall be made as soon
as practicable after completion of the increment of weld to
be examined. The location of the spot shall be chosen by
the Inspector after completion of the increment of welding
to be examined, except that when the Inspector has been
notified in advance and cannot be present or otherwise
make the selection, the fabricator may exercise judgment
in selecting the spots.

(-d) Radiographs required at specifictocations to
satisfy the rules of other paragraphs shall.notbe used to
satisfy the requirements of spot radiography.

(c) No Radiography.Exceptasrequiredin (b)(3)(-a), no
radiographic examination of weldéd joints is required
when the vessel or vessel part.is designed for external
pressure only, or when the(joint design complies with
TW-130.4(c).

(d) In addition to the-requirements in (b)(3)(-a) and
(b)(3)(-b), all welds made by the electron beam
process shall be-ultrasonically examined for their
entire length-inaccordance with the requirements of
Mandatory’Appendix IX.

(e) Forradiographicand ultrasonic examination of butt
weldsi.the definition of nominal thickness at the welded
jointydnder consideration shall be the nominal thickness of
thethinner of the two parts joined.

TE-230.2 ADDITIONAL REQUIREMENTS FOR
VESSELS CONSTRUCTED OF CARBON
AND LOW ALLOY STEELS

In addition to the requirements in TE-230.1, complete
radiographic examination is required for each butt-
welded joint at which the thinner of the plate or tank
wall thicknesses at the welded joint exceeds the thickness
limit above which full radiography is required in Table
TE-230.2.

Table TE-230.2
Thickness Above Which Full Radiographic Examination
of Butt-Welded Joints Is Mandatory

Nominal Thickness Above Which
Butt-Welded Joints Shall Be Fully
Radiographed, mm (in.)

P-No. and Gr. No.
Classification of Materials

suffictent mumber—of spot 1adiu51 dp}lb shratt-betakento
examine the welding of each welder or welding operator.
Under conditions where two or more Welders or Welding
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3Gr. 1,23 19 (%4)
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10C Gr. 1 16 (%)
10F Gr. 6 19 %4)
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TE-230.3 ADDITIONAL REQUIREMENTS FOR
VESSELS CONSTRUCTED OF HIGH

TE-240 MAGNETIC PARTICLE AND LIQUID-

PENETRANT EXAMINATION

ALLOY STEELS

(a) The requirements for radiographic examination in
Part TE apply to high alloy steels, except as provided in (b)
(see TF-410.2).

(b) Butt-welded joints in vessels conforming to Type
405 welded with straight chromium electrodes and to
Types 410, 429, and 430 welded with any electrode
shall be radiographed in all thicknesses. The final radio-
graphs of all straight chromium ferritic welds, including
major repairs to these welds, shall be made after postweld
heat treatment has been performed.

(c) Butt-welded jointsin vessels constructed of austen-
itic chromium-nickel stainless steels that are radio-
graphed because of the thickness requirements of
TE-230.1, or for lesser thicknesses where the joint effi-
ciency reflects the credit for radiographic examination
of Table TW-130.4, shall be radiographed following
post heating if such is performed.

TE-230.4 ADDITIONAL REQUIREMENTS FOR
VESSELS CONSTRUCTED OF
NONFERROUS MATERIALS

(a) Tanks or parts of tanks constructed of nonferrous
materials shall be radiographed in accordance with the
requirements of TE-230.1.

(b) Welded buttjoints in tanks constructed of materials
listed in Table TM-130.2-5, with the exception of alloys
200 (UNS No. N02200), 201 (UNS No. N02201), 400
(UNS No. N04400), 401 (UNS No. N04401),~and 600
(UNS No. N06600) shall be examined radiographically
for their full length as prescribed in "TE-230.1 when
the thinner of the plate or tank wall-thicknesses at the
welded joint exceeds 10 mm (%_in.):

(c) Where a defect removedand welding repair is not
necessary, care shall be taken to contour notches or
corners. The contoured sutface shall then be reinspected
by the same means originally used for locating the defect
to be sure it has heén completely removed.

TE-230.5 ADDITIONAL REQUIREMENTS FOR
VESSELS CONSTRUCTED OF FERRITIC
STEELS THAT ARE HEAT TREATED TO
ENHANCE TENSILE PROPERTIES

{d) Radiography. Radiographic examination for the
complete length of weld in accordance with the require-
ments of Part TE is required for all welded joints of Type
No. 1 of Table TW-130.4.

(b) Nozzle Attachment Welds. Nozzle attachment welds
as provided for in TW-130.7, Figures TW-130.7-1 and

TE-240.1 EXAMINATION OF WELDS ON
PNEUMATICALLY TESTED VESSELS

On welded pressure vessels to be pneumatically tested
in accordance with TT-210(b), the full length of.the
following welds shall be examined by the magnetic
particle or liquid-penetrant methods for the putpose of
detecting cracks:

(a) all welds around openings

(b) all attachment welds, including, welds attaching
nonpressure parts to pressure partsshaving a throat thick-
ness greater than 6 mm (% in.)

Examination shall be by magnetic particle or liquid-
penetrant methods when the material is ferromagnetic,
or by liquid-penetrantimethod when the material is
nonmagnetic.

TE-240.2 EXAMINATION OF WELDS IN CARBON
ANDLOW ALLOY STEEL VESSELS

All welds ‘around nozzles, including reinforcing plate
attachment welds, shall be examined by the magnetic
particle method or liquid-penetrant method whenever
full’radiography of butt-welded joints is mandatory
(see TE-230.2).

TE-240.3 LIQUID-PENETRANT EXAMINATION OF
WELDS IN HIGH ALLOY STEEL VESSELS

All austenitic chromium-nickel alloy steel and austen-
itic-ferritic duplex steel welds, both groove and fillet, that
exceed 19 mm (% in.) shall be examined for detection of
cracks by the liquid-penetrant method. This examination
shall be made following heat treatment if heat treatment is
performed. All cracks shall be eliminated.

TE-240.4 LIQUID-PENETRANT EXAMINATION OF
WELDS IN VESSELS OF NONFERROUS
MATERIALS

(a) All welds, both groove and fillet, in tanks
constructed of materials covered by UNS N06625 (for
Grade 2 only in SB-443, SB-444, and SB-446), UNS
N10001,and UNSN10665 shall be examined for the detec-
tion of cracks by the liquid-penetrant method. This exam-
ination shall be made following heat treatment if heat
treatment is performed. All cracks shall be removed by
grinding, or grinding and filing. Where a defect is
removed and welding repair is not necessary, care
shall be taken to contour notches or corners. The
contoured surface shall then be reinspected by the
same means originally used for locating the defect to

TW-=136-7-2 sttt be radiographicatty examimed imaccor-
dance with the requirements of Part TE.

159

be sure it has been completely removed.
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(b) Weldedjoints in tanks or parts of tanks, constructed
of materials listed in Table TM-130.2-5, with the exception

ities and magnetic permeability variations may produce
similarindications, which are not relevant to the detection

of alloys 200 (UNS No. N02200), 201 (UNS No. N02201),
400 (UNS No. N04400), 405 (UNS No. N04405), and 600
(UNS No. N06600), shall be examined by the liquid-pene-
trant method when they are not required to be fully radio-
graphed.

(c) Laser welded lap joints are exempt from liquid-
penetrant examination requirements of (a) and (b).

TE-240.5 EXAMINATION OF WELDS IN VESSELS
OF FERRITIC STEELS THAT ARE HEAT
TREATED TO ENHANCE TENSILE
PROPERTIES

(a) Magnetic Particle Method. All welds, including
welds for attaching nonpressure parts to heat-treated
steel listed in Table TM-130.2-6, shall be examined by
the magnetic particle method after the hydrostatic test,
except that those surfaces not accessible after the hydro-
static test shall be examined by the magnetic particle
method at the last feasible stage of vessel fabrication.
All welds to be stress relieved shall be examined after
the PWHT. A magnetization method shall be used that
will avoid arc strikes. Cracks are unacceptable and
shall be repaired or removed. Any relevant indications
greater than 1.5 mm (/¢ in.) shall be repaired or
removed (see Mandatory Appendix V).

(b) Liquid-Penetrant Method. As an acceptable alterna-
tive to magnetic particle examination or when magnetie
particle methods are not feasible because of the nonmag-
netic character of weld deposits, a liquid-penetrant
method shall be used. For vessels constructed of SA-
333 Grade 8, SA-334 Grade 8, SA-353, SA-522"SA-553
Types [ and 1I, and SA-645 Grade A materials, welds
not examined radiographically shall be~examined by
the liquid-penetrant method either before or after the
hydrostatic test. Cracks are unacdeptable and shall be
repaired or removed. Relevant.indications are those
that result from imperfections:-Any relevant indications
greater than 1.5 mm (% in.) $hall be repaired or removed
(see Mandatory Appendix-VI).

TE-250 ACCEPTANCE CRITERIA
TE-250.1 GENERAL

(a) Linear indications are indications in which the
length-is more than three times the width. Rounded indi-
cations on the radiograph are indications, which are
circular or elliptical with the length less than three
times the width.

(b) When using magnetic particle examination,
mechanical discontinuities at or near the surface will

of unacceptable discontinuities.

(c) When usingliquid-penetrant examination, mechan-
ical discontinuities at the surface will be indicated by
bleeding out of the penetrant. However, localized
surface imperfections, such as may occur from machining
marks, surface conditions, or an incomplete bond between
base metal and cladding, may produce similar indicatiens)
which are not relevant to the detection of imperfections.

TE-250.2 RADIOGRAPHIC ACCEPTANCE-CRITERIA

(a) Full Radiography
(1) Indications in welds that are shewn by full radio-
graphy to be any of the following types of imperfections
are unacceptable:
(-a) any indication chafacterized as a crack or
zone of incomplete fusion er{penetration
(-b) any other liftear indication that has a length
greater than:
(-1) 6 mm(, in.) for t < 19 mm (%, in.)
(-2) t/3for 19 mm (% in.) <t<57 mm (2%in.)
where

t = thickness of the weld, excluding any allowable weld
reinforcement. For a butt weld joining two members
having different thicknesses at the weld, t is the
thinner of these two thicknesses.

(-¢) any group of aligned, rounded indications
having an aggregate length greater than ¢t in a length
of 12t, unless the minimum distance between successive
indications exceeds 6L, in which case the aggregate length
is unlimited, L being the length of the largest indication in
the group

(-d) rounded indications in excess of those shown
as acceptable in Mandatory Appendix IV

(2) Evaluation, Repair, and Retest

(-a) Unacceptable indications shown on the radio-
graphs of welds shall be repaired by removing such
defects by mechanical means or by thermal gouging
processes, then repair welding, and radiographing the
repair to the requirements of Part TE.

(-b) Repair welding shall be performed using a
qualified procedure and a qualified welder in a manner
acceptable to the Inspector.

(-c) At the option of the Manufacturer, the repair
may be ultrasonically examined in accordance with
TE-110.3 and to the satisfaction of the Inspector, provided
the defect is confirmed by ultrasonic examination prior to
making the repair. This ultrasonic examination shall be
noted under “Remarks” on the Manufacturer’s Data
Report Form.

be indicated by the retention of the examination
medium. However, all indications are not necessarily
imperfections, because certain metallurgical discontinu-
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(h) Spot Radicaraphy
54 R AHOGFIPH

(1) The acceptability of welds examined by spot
radiography shall be judged by the following methods:
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(-a) Welds in which indication characterized as
cracks or zones of incomplete fusion or penetration

radiographs is acceptable, provided the defects disclosed
by the first of the three radiographs are removed and the

shall be unacceptable.

(-b) Welds in which indications are characterized
as slag inclusion or cavities shall be unacceptable if the
length of any such indication is greater than %t, where
t is the thickness of the weld excluding any allowable re-
inforcement. For butt welds joining two members having
different thicknesses at the weld, t is the thinner of these
two thicknesses. If a full-penetration weld includes a fillet
weld, the thickness of the throat of the fillet shall be
included int. If several indications within the above limita-
tions exist in line, the welds shall be judged acceptable if
the sum of the longest dimensions of all such indications is
not more than ¢ in a length of 6t (or proportionately for
radiographs shorter than 6t) and if the longest indications
considered are separated by at least 3L of acceptable weld
metal, where L is the length of the longest indication. The
maximum length of acceptable indications shall be 19
mm (%, in.). Any such indications shorter than 6 mm
(% in.) shall be acceptable for any plate thickness.

(-¢) Rounded indications are not a factor in the
acceptability of welds not required to be fully radio-
graphed.

(2) Evaluation, Repair, and Retests

(-a) When a spot, radiographed as required in
TE-230.1(b)(3), is acceptable in accordance with (1),
the entire weld increment represented by this radiograph
is acceptable.

(-b) When a spot, radiographed as requiréd, in
TE-230.1(b)(3), has been examined and the radiograph
discloses welding that does not comply.with the
minimum quality requirements of (1), two additional
spots shall be radiographically examinéd at the same
weld increment at locations away from the original
spot. The location of these additional’spots shall be deter-
mined by the Inspector or fabricater as provided for the
original spot examination in TE-230.1(b)(3)(-c).

(-1) If the two additional spots examined show
welding that meets theaminimum quality requirements of
(1), the entire weld increment represented by the three

area 1s repaired by welding. The repaired area shall be
radiographically examined and evaluated in accordance
with the requirements in (b) and TE-230.1(b).

(-2) If either of the two additional spots exam-
ined shows welding that does not comply with minimum
quality requirements of (1), the entire increment of weld
represented shall be rejected. The entire rejected weld
shall be removed and the joint shall be rewelded or, at
the fabricator’s option, the entire incrementofweld repre-
sented shall be completely radiographed-and only defects
need be corrected.

(-3) Repair welding shall.b¢ performed using a
qualified procedure and a qualifiéd’ welder in a manner
acceptable to the Inspector. The'repaired area shall be
reexamined reevaluated at.ene location in accordance
with the requirements, 6f+(b) and TE-230.1(b).

TE-250.3 ULTRASONIC ACCEPTANCE CRITERIA

The ultrasonic.examination acceptance criteria shall be
as specified’in"Mandatory Appendix IX, IX-3.

TE-250.4  MAGNETIC PARTICLE EXAMINATION
ACCEPTANCE CRITERIA

The evaluation of indications revealed by magnetic
particle examination shall be as specified in
Mandatory Appendix V, V-3 and the acceptance criteria
shall be as specified in Mandatory Appendix V, V-4.

TE-250.5 LIQUID-PENETRANT EXAMINATION
ACCEPTANCE CRITERIA

The evaluation of indications revealed by liquid-pene-
trant examination shall be as specified in
Mandatory Appendix VI, VI-3 and the acceptance criteria
shall be as specified in Mandatory Appendix VI, VI-4.
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PART TT

TESTING REQUIREMENTS

ARTICLE TT-1
GENERAL REQUIREMENTS FOR TESTING

TT-100 GENERAL

The testing of transport tanks shall be performed in accordance with the requirements in this Part.
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ARTICLE TT-2
REQUIREMENTS FOR PRESSURE TESTING

TT-200 GENERAL

(a) A pressure test shall be conducted on all completed
tanks after
(1) all fabrication is complete except for cosmetic
grinding, which does not affect the required thickness
(2) all examinations have been performed, except
those required after the test
(b) The completed vessel shall have successfully
passed one of the pressure tests prescribed in this Article.

TT-210 TEST REQUIREMENTS

(a) Hydrostatic Test Requirements

(1) Vessels designed for internal pressure shall be
subjected to a hydrostatic test pressure at every point
in the tank at least equal to 1.3 times the maximum allow-
able working pressure (MAWP) to be marked on the
vessel, multiplied by the lowest ratio (for the materjal
of which the vessel is constructed) of the stress value
S for the test temperature on the vessel to the<stréss
value S for the design temperature (see TD-210). The
MAWP may be assumed to be the same as the design pres-
sure when calculations are not made to,détermine the
MAWP. The above requirements shall apply when the
vessel specification provides no test pressure. All loadings
that may exist during this test shall be'given consideration.

(2) Unless otherwise specified in the appropriate
Modal Appendix, there is noupper limit on the hydrostatic
test pressure. However, if the hydrostatic test pressure is
allowed to exceed thefvalte determined as prescribed in
(1) to the degree that.the tank shows visible permanent
distortion, the Jnspector has the right to reject the tank.

(3) It isrecommended that the metal temperature
during hydroestatic test be maintained at least 17°C
(30°F) abeve the minimum design metal temperature
[see/TD=140, General Note (f) to Figure TM-240.3-2,
and\TM-240.4], to minimize the risk of brittle fracture,
but'need not exceed 48°C (120°F).

(4) Single-wall vessels designed for a vacuum or
partial vacuum only, or chambers or multi-chamber
vessels designed for vacuum or partial vacuum only,
shall be subjected to internal hydrostatic test or, when
a hydrostatic test is not possible, to a pneumatic test

times the difference between normal atmospheric pres-
sure and the minimum design internal apsolute pressure.

(5) Following the application of the*hydrostatic test
pressure, an inspection shall be niade of all joints and
connections. This inspection shall'‘bé made at a pressure
not less than the test pressure divided by 1.3. The visual
inspection of joints and eonhnections for leaks may be
waived, provided a suitable gas leak test is applied
with the agreementof ‘the Inspector, and the tank will
not contain a hazardous substance [see TW-100.1(a)].

(6) Any leakage through the base metal or weld
joints is causefor rejection.

CAUTION{ A'small liquid relief valve set to 1% times the test
pressufre is'recommended for the pressure test system, in
case atank, while under test, is likely to be warmed up mate-
rially.

(b) Pneumatic Test Requirements

(1) Subject to the provisions of TT-200(a), a pneu-
matic test prescribed in (b) may be performed in lieu of the
hydrostatic test prescribed in (a) for vessels

(-a) that are so designed and/or supported that
they cannot safely be filled with water

(-b) that are not readily dried, to be used in
services where traces of the testing liquid cannot be toler-
ated, and the parts of which have been, where possible,
previously tested by hydrostatic pressure to the pressure
required in (a)

(2) Pneumatically tested vessels shall be subjected to
the additional examination requirements of TE-240.1
prior to the test.

(3) Under the following conditions, pressure vessels
fabricated under the provisions of Section XII may be
subjected to pneumatic testing in lieu of hydrostatic
testing:

(-a) For nonjacketed tanks, the following shall

apply:

(-1) The test pressure shall be not less than 1.3
MAWP.

(-2) The MAWP shall be not greater than 3447
kPa (500 psi).

(-3) For buttjoints, the nominal thickness at the
thickest welded joint shall not exceed 38 mm (1% in.).

(-4) Ifused, pneumatic testing shall be noted on

in accordance with the provisions of (b). Either type of
test shall be made at a pressure not less than 1.3
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theMamufacturers Data Report.
(-b) For jacketed tanks, one of the following two
options may be followed:



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

(-1) Option 1
(+a) Thetestpressure ofthe bareinner vessel

and held for a sufficient time to permit visual inspection of
the vessel. The visual inspection may be waived, provided

shall be notlessthan 1.5 x (MAWP + liquid head + vacuum
pressure), where vacuum pressure = 101.4 kPa (14.7 psi).

(+b) When the tank is jacketed and fully
assembled and the vacuum jacket is evacuated, the test
pressure of the inner vessel shall be not less than 1.3
x (MAWP + liquid head + vacuum pressure), where
vacuum pressure = 101.4 kPa (14.7 psi).

(+c) The MAWP shall be not greater than
3447 kPa (500 psi).

(+d) For butt joints, the nominal thickness at
the thickest welded joint shall not exceed 38 mm (1% in.).

(+e) If used, pneumatic testing shall be noted
on the Manufacturer’s Data Report.

(-2) Option 2

(+a) Thetestpressure ofthe bareinner vessel
shall be not less than the MAWP of the tank.

(+b) When the tank is jacketed and fully
assembled and the vacuum jacket is evacuated, the test
pressure of the inner vessel shall be not less than 1.3
x (MAWP + liquid head + vacuum pressure), where
vacuum pressure = 101.4 kPa (14.7 psi), and the tank
shall be pressurized with a 10% helium and 90% nitrogen
mixture. While the inner tank is pressurized with the
helium/nitrogen mix, tie into annular space with a
helium mass spectrometer and check for leakage of
helium into the annular space.

(+c) The MAWP shall be not greater than
3447 kPa (500 psi).

(+d) For butt joints, the nominal thickness at
the thickest welded joint shall not exceed 38 mm (1%in.).

(+e) If used, pneumatic testing shall be noted
on the Manufacturer’s Data Report.

CAUTION: For all pneumatic testing listed above, the vessel
shall be tested in such a manner as to;€nsure personnel
safety from a release of total stored energy of the vessel
during testing. Safe distance calculations for bare tank pres-
sure testing shall be calculated pér-ASME PCC-2, Article 501,
Mandatory Appendix III.

(4) The pneumatic.test pressure of a completed
vessel, or a chamber_in a multi-chamber vessel, shall
not exceed that value which results in a membrane
stress in the vessel wall greater than 87% of the tabulated
yield strength in Section II, Part D, Subpart 1, Table Y-1.

(5) Themetal temperature duringthe pneumatictest
shall be.maintained at least 17°C (30°F) above the
minimum design metal temperature (MDMT) to minimize
thémisk of brittle fracture [see TD-140, General Note (f) to
Figure TM-240.3-2, and TM-240.4].

(6) The pressure in the vessel shall be gradually
increased to not more than one-half of the test pressure.
Thereafter, the test pressure shall be increased in steps of

(-a) a suitable gas leak test 1s applied

(-b) substitution of the above gas leak test is by
agreement reached between the Manufacturer and
Inspector

(-c) allweld seams that will be hidden by assembly
will be given a visual examination for workmanship prior
to assembly

(-d) thevesselwill notcontainasubstancelistedin
TW-100.1(a)

(c) Any evidence of leakage through the base metal or
weld joints is reason for rejection. Whenleakage is
observed, the test should be terminated, the pressure
released, and the tank repaired, reinspected and retested
in accordance with the requirements’of this Section.

TT-220 TEST MEDIA

(a) No flammable or.combustible liquids shall be used.
Only fluid that is liquid,at the hydrostatic test temperature
and pressure and-is'not corrosive to the tank parts shall be
used for the test{ Appropriate measures shall be taken to
ensure condensation on exterior surfaces does not mask
indications‘of leakage.

(b) Air or gas is hazardous when used as a testing
mediwm. Special precautions should be taken when air
or.gas is used for test purposes.

TT-230 APPURTENANCES

(a) Vents shall be provided at all high points of the tank
in the position at which it is to be tested to purge possible
air pockets while the tank is filling for a hydrostatic test.

(b) Before applying pressure, the test equipment shall
be examined to see that it is tight and that all low pressure
filling lines and other appurtenances that should not be
subjected to the test pressure have been disconnected.

(c) Vessels may be painted or otherwise coated either
internally or externally, and may be lined internally prior
to the pressure test.

TT-240 TEST GAGES

(a) Anindicating gage shall be connected directly to the
tank. If the indicating gage is not readily visible to the
operator controlling the pressure applied, an additional
indicating gage shall be provided where it will be visible to
the operator throughout the duration of the test.

(b) Dial indicating pressure gages used in testing shall
be graduated over a range of about double the intended
test pressure, but in no case shall the range be less than
1% nor more than four times that pressure. Digital reading
pressure gages may be used with a wider range, provided

appr UAiuldtC}_y otre-tenthof-thetest pressure unti-thre
required test pressure has been reached. Then the pres-
sure shall be reduced to the test pressure divided by 1.3
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the accuracy is equivalent to or better than the dial indi-
cating gages.
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(c) All gages shall be calibrated against a standard
deadweight tester or a calibrated master gage. Gages

shall be recalibrated at any time there 1s reason to
believe that they are in error.
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(25)

ARTICLE TT-3
REQUIREMENTS FOR PROOF TESTING TO ESTABLISH MAXIMUM
ALLOWABLE WORKING PRESSURE (MAWP)

TT-300 GENERAL

(a) The maximum allowable working pressure
(MAWP) for tanks or tank parts for which the strength
cannot be computed with a satisfactory assurance of accu-
racy shall be established in accordance with these require-
ments using one of the test procedures applicable to the
type of loading and to the material used in the construc-
tion.

(b) Provision is made in these rules for burst testing to
determine the internal MAWP.

(c) Safety of testing personnel should be given serious
consideration when conducting prooftests, and particular
care should be taken during bursting tests.

(d) The tests in these paragraphs may be used only for
the purpose of establishing MAWP of those elements or
component parts for which the thickness cannot be deter-
mined by means of the design rules given in this Section,
The MAWP of all other elements or component parts shall
be not greater than that determined by means of the.ap-
plicable design rules.

(e) Tests to establish MAWP of tanks, or, tank parts,
shall be witnessed by and be acceptable to the-Inspector,
as indicated by the Inspector’s signature on'the Manufac-
turer’sreport of the test. The report shallinclude sufficient
detail to describe the test, the instrumentation and
methods of calibration used, and the results obtained.
The report shall be made available to the Inspector for
each application.

TT-310 PREVIOUS-TESTS

The tank or tank’part for which MAWP is to be estab-
lished shall not have been previously subjected to a pres-
sure greater.than 1.3 times the desired or anticipated
maximumrallowable working pressure, adjusted for oper-
ating temperature as provided in TT-330.4.

TT-320 DUPLICATE AND SIMILAR PARTS

(a) When the MAWP of a tank or tank part has been
established by a proof test, duplicate parts or geometri-

static pressure test in accordance with TT*210(a) or a
pneumatic pressure test in accordancedyith TT-210(b).

(b) Duplicate Parts. All of the following requirements
shall be met in order to qualify a pa¥t'as a duplicate of the
part that had been proof tested:

(1) The duplicate partyshall have the same basic
design configuration and. type of construction.

(2) The material .of the duplicate part is either

(-a) the same material specifications

(-1) alloy

(-2) grade, class

(-3) ‘type, form

(-4) heat treatment

(-b) thesame or closely similar material when only
the material specification, the alloy, grade, or form is
different, provided the material meets the following re-
quirements:

(-1) has allowable stress in tension equal to or
greater than the material used in the proof tested part at
both the design temperature and the test temperature

(-2) has the same P Number (Section IX)

(-3) for carbon or low alloy steels, has the same
or tougher material grouping in TM-240.1, Figure
TM-240.1-1, and Notes

(3) The nominal dimensions (diameter or width and
height) of the duplicate parts shall be the same, and the
corresponding nominal thicknesses shall be the same as
those used in the proof test. The length shall not be longer
than that proof tested.

(4) Heattreatmentshall be the same as performed on
the original part that was tested.

(5) The MAWP shall be calculated according to
TT-330.

(6) When there are permissible deviations from the
original part that was proof tested, a supplement to the
original Proof Test Report shall be prepared that states
and evaluates each deviation.

(c) Geometrically Similar Parts. The MAWP for geome-
trically similar parts may be established by a series of
proof tests that uniformly cover the complete range of
sizes, pressure, or other variables by interpolation
from smooth curves plotted from the results of the tests.

1 H 1l bo tlo ot 'S £4l H o i (1)
Carty - STiTar partS—trat et tanr OT Tt T OO CIITCTICS TIT (O

or (c) need not be proof tested but shall be given a hydro-
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(1) Sufficient tests shall be performed to provide at
least five data points that are at increments that are within
20% to 30% of the range covered.
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(2) The curves shall be based on the lower bound of
the test data.

same coil or sheet used in the proof tested component
meet the requirements of this paragraph.

(3) Extrapolation 1s not permitted.

TT-330 EVALUATION

TT-330.1 GENERAL

(a) Proof test method TT-340.3 establishes the pres-
sure at which the test is terminated. The results of the
test are recorded in a Proof Test Report according to
TT-300.

(b) The MAWP for the first duplicate part, as defined in
TT-320, to be put in service, shall be calculated according
to the equations given for the proof test method applied.
The requirements for nondestructive examination (NDE)
are given in Parts TG and TF. Other requirements are
based on thickness or material. These apply to parts
that are to be put into service. It is not necessary to
examine the part actually tested.

(c) For subsequent duplicate parts, the MAWP may be
recalculated for a different extent of NDE in a supplement
to the original Proof Test Report.

(d) The effect of the location of a weld joint may be
evaluated and included in the Proof Test Report.

TT-330.2 RETEST

Aretest shall be allowed on a duplicate tank or tank part
if errors or irregularities are obvious in the test results.

TT-330.3 DETERMINATION OF TENSILE
STRENGTH

(a) For proof tests based on bursting-in/accordance
with TT-340.3, the tensile strength of the material in
the part tested shall be determined-in"accordance with
the method prescribed in the applicable material specifi-
cation and as described in ASTM E8, Tension Testing of
Metallic Materials.

(b) The tensile strengthyso determined shall be the
average from three or)four specimens cut from the
part tested after the test is completed. The specimens
shall be cut froma location where the stress during
the test has not-exceeded the yield strength. The speci-
mens shall not be flame cut because this might affect
the strength of the material. If yield or tensile strength
is nat"determined by test specimens from the pressure
part tésted, alternative methods are given in TT-340.3
for-evaluation of proof test results to establish the MAWP.

(c) When excess stock from the same piece of wrought
material is available and has been given the same stress
relieving heat treatment as the pressure part, the test
specimens may be cut from this excess stock. The
specimen shall not be removed by flame cutting or any

TT-330.4 MAXIMUM ALLOWABLE WORKING
PRESSURE AT HIGHER TEMPERATURES

The MAWP for tanks and tank parts that are to operate
at temperatures at which the allowable stress value of the
material is less than at the test temperature shall be deter-
mined by the following equation:

S
PO = Pt_
)
where
P, = maximum allowable working pressure at the

design temperature; MPa (psi)

P, = maximum allowable-working pressure at the test
temperature, MPa’ (psi)

S = maximum .allowable stress value at the design
temperature, as given in the tables referenced
in TD-210; MPa (psi)

S, = maximum allowable stress value at test tempera-

ture’as given in the tables referenced in TD-210,
MPa (psi)

TT-340 PROCEDURES
TT-340.1 APPLICATION OF PRESSURE

In the procedure given in TT-340.3, the hydrostatic
pressure in the tank or tank part shall be increased gradu-
ally until approximately one-half the anticipated working
pressure is reached. Thereafter, the test pressure shall be
increased in steps of approximately one-tenth or less of
the anticipated MAWP until the pressure required by the
test procedure is reached.

TT-340.2 CORROSION ALLOWANCE

The test procedures in this paragraph give the MAWP
for the thickness of material tested. The thickness of the
pressure tank that is to be proof tested should be the
corroded thickness. When this is not practical and
when the thickness as tested includes extra thickness
as provided in TD-130, the MAWP at which the tank
shall be permitted to operate shall be determined
by multiplying the MAWP obtained from the test by
the ratio

t - 9"
A

where

other method involving sufficient heat to affect the prop-
erties of the specimen. When sheet material is used, the
test specimens obtained from another piece cut from the
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allowance added for corrosion, erosion, and abra-
sion, in.
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n = 1 for curved surfaces such as parts of cylinders, (1) parts constructed of materials other than cast
spheres, cones with angle a equal to or less than materials:
60 deg; for stayed surfaces similar to those S,E B S,
described in Part TF, and parts whose stress due P = N X orP = " X S
to bending is equal to or less than 67% of the wavg ur
total stress .
- 2 for flat or nearly flat surfaces, such as flat sides, - 2) parts. copstructed of cast materials, except cast
flanges, or cones with angle a greater than 60 de iron and ductile iron:
ges, gleag g
(except for stayed surfaces noted above) unless it
can be shown that the stress due to bending at the P = Bf % SuE orP = Bf % Su
limiting location is less than 67% of the total stress 4 1 avg 4 Sur
t = nominal thickness of the material at the weakest
point, in. where
TT-340.3 BURSTING TEST PRESSURE B = bursting test pressure, orhydrostatic test pres-
sure at which the test was’stopped, psi
(a) This procedure may be used for tanks or tank parts E = efficiency of welded joint, if used (see
under internal pressure when constructed of any material Table TW-130.4)
permitted to be used under the rules of this Section. The f = casting quality.factor as specified in TM-150.6
MAWP of any component part proof tested by this method S, = specified minimum tensile strength at room
shall be established by a hydrostatic test to failure by temperat(re,” MPa (psi)
rupture of a full-size sample of such pressure part. The S. avg = average-actual tensile strength of test speci-
hydrost-atlc pressure .at which rupture occurs shall be mefis.at room temperature, MPa (psi)
determined. Alternatively, the test may be stopped at S, = maximum tensile strength of range of specifi-

any pressure before rupture that will satisfy the require-
ments for the desired MAWP.

(b) The maximum allowable working pressure P in
MPa (psi) at test temperature for parts tested under
this paragraph shall be calculated by one of the following
equations:

cdtion at room temperature, MPa (psi)

The MAWP at other temperatures shall be deter-
mined as provided in TT-310.
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ARTICLE TT-4
REQUIREMENTS FOR ELASTOMERIC LINING TEST

TT-400 GENERAL

Tanks lined with an elastomeric lining shall be
inspected in accordance with the requirements of this
Article when required by the Modal Appendices. Proce-
dures for performing this test shall be written using
the lining Manufacturer’s instructions and the require-
ments of this Article. Personnel performing this test
shall be trained in the procedure and equipment used,
as well as the requirements of this Article. Personnel quali-
fications shall be certified by the Employer.

TT-400.1 EQUIPMENT

The following equipment is required to test the elasto-
meric linings of tanks:

(a) high frequency spark test machine capable of suffi-
cient voltage with sufficient cable.

(b) anL-shaped probe of 2.4 mm (¥, in.) diameter with
a maximum bottom leg length of 300 mm (12 in.).

(c) a calibration block measuring 300 mm x300
mm (12 in. x 12 in.) covered with the same elastomer
to be tested and applied to the same thickness as the
tank lining. The calibration block liner shall be pierced
to produce a test hole of at least 22-gauge  diameter.

TT-400.2 TEST CONDITIONS

(a) Prior to performing the test on the.tank, the equip-
ment shall be calibrated using the calibration block. The
probe shall be in constant motion /The voltage should be
adjusted to the lowest setting/that will produce a 13
mm (% in.) spark at the pierced hole. The spark will
be white or light blue.

(b) While performing the tank test, the equipment shall
be periodically validated against the calibration block
using the same-block, power source, probe, settings,
and cable length:

(c) While performing the test, the probe must be keptin
constant'motion to prevent overheating the lining. A slow
steady«motion is required to ensure proper coverage.

TT-400.3 RESULTS

(a) Any voids detected require removal of the lining at
the defect and an examination of the tank shell to inspect
for corrosion and remaining metal thickness.

(b) Welded repairs shall be accomplished in accor-
dance with this Code.

(c) The elastomeric lining shall be repaired in accor-
dance with the manufacturer instructions and reexamined
in accordance with this Article.
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PART TR

PRESSURE RELIEF DEVICES

All Section XII pressure relief device requirements have been transferred from Part TR to Section XII], and the
remaining Section XII overpressure protection requirements have been restructured within the new-Part TOP.
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PART TOP

OVERPRESSURE PROTECTION

ARTICLE TOP-1
GENERAL REQUIREMENTS

TOP-100 GENERAL

(a) This Part provides the acceptable methods and re-
quirements for overpressure protection for transport
tanks constructed to the requirements of this Section. Ac-
ceptable methods include pressure relief devices and open
flow paths. This Part establishes the type, quantity, and
settings of acceptable pressure relief devices and relieving
capacity requirements, including maximum allowed
relieving pressures. Unless otherwise specified, the
required pressure relief devices shall be constructed, ca-
pacity certified, and bear the ASME Certification Mark in
accordance with Section XIII. In addition, this Part
provides requirements for installation of pressure
relief devices.

(b) All transport tanks within the scope of this Section,
irrespective of size or pressure, shall be provided with
overpressure protection in accordance with the require-
ments of this Part and the applicable modal appendix.

(c) Regulatory authorities issuing national and interna-
tional codes and regulations governing the requirements
for the use of transport tanks (such‘as IMDG, TDG, ADR/
RID, RINA, 49 U.S. CFR, and Cdnadian CTC) may specify
different operating characteristics for pressure relief
devices (i.e., set points\and capacity requirements)
used for various modal applications. In cases where
the codes and/or regulations governing these operating
characteristics eenflict with or exceed the requirements of
this Section,/the-applicable regulatory requirements for
the subjeet transport tank shall govern the selection
and application of such devices.

(d) Asecondary relief device may be provided as speci-
fied\by the applicable modal appendix.

{e) Asanalternative to the requirements of this Section,
pressure relief devices bearing the ASME Certification
Mark with the UV Designator in accordance with
Section XIII may be used for Section XII applications if
they meet the additional requirements of Section XII,
particularly the modal appendices.

TOP-110 DEFINITIONS

Unless otherwise defined.in this Section, the definitions
relating to pressure relief devices in Section XIII shall
apply.
competent authority (CA): a local or national agency
responsible.under law for the control or regulation of
a particular{aspect of the transportation of hazardous
materials ‘fdangerous goods).

gasssubstances having a vapor pressure greater than 300
kP2)(40 psia) at 40°C (100°F).

TOP-120 RESPONSIBILITIES

Except as permitted by the applicable modal appendix

(a) 1t is the responsibility of the User or the User’s
designated agent to determine the required relief rate,
size and select the device, and design the relief system.

(b) ltisthe responsibility of the User to ensure that the
required overpressure protection is properly installed
prior to initial operation.

(c) Itistheresponsibility of the User and transport tank
Manufacturer or its designated agent to size and select the
pressure relief device(s) based on its intended service.
Intended service consideration shall include, but not
necessarily be limited to, the following:

(1) normal operating and upset conditions
(2) fluids
(3) fluid phases

The overpressure protection system shall be supplied
by the transport tank Manufacturer unless all details perti-
nent to the design of the pressure relief system, like size
and configuration of the inlet and outlet piping, insulation
system of the tank, if any, material of piping, etc., are furn-
ished to the entity thatis designing and installing the pres-
sure relief system. “Transport tank” or “tank” is an all-
inclusive term comprising pressure vessel, service equip-
ment, and external structural components.

(25)
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TOP-130 DETERMINATION OF PRESSURE-
RELIEVING REQUIREMENTS

TOP-150 PERMITTED PRESSURE RELIEF
DEVICES

(a) Exceptas permitted by the applicable modal appen-
dix, itis the responsibility of the User/Manufacturer or the
User’s/Manufacturer’s designated agent to identify all
potential overpressure scenarios and the method of over-
pressure protection used to mitigate each scenario.

(b) The aggregate capacity of the pressure relief
devices connected to any transport tank or system of
tanks for the release of a liquid, air, steam, or other
vapor shall be sufficient to carry off the maximum quantity
that can be generated or supplied to the attached equip-
ment without permitting arise in pressure within the tank
of more than that specified in TOP-140.

(c) Transporttanks covered by this Section shall notbe
subjected to pressure exceeding the maximum pressure
allowed in the applicable modal appendix, except as noted
in (e).

(d) Calculation of required pressure relief capacity
should consider fire engulfment and comply with the
most restrictive requirements of the regulatory authority
authorizing use of the tank.

(1) Normally, the required relief capacity for liquids
will be based on the uninsulated surface area of the tank.

(2) Required capacity for liquefied compressed
gases and compressed gases is calculated for the specific
gas in a specific tank.

(e) Thereare certain dangerous goods that may experi-
ence unacceptable pressures due to conditions that may
occur during normal transit, requiring special provisiors
for overpressure protection and safe transport.te*be
issued by the cognizant regulatory authorities, Where
these regulatory requirements conflict or excéed the re-
quirements of this Section, the requirements of the regu-
latory authority shall govern the selectiofvand application
of pressure relief devices.

TOP-140 OVERPRESSURE LIMITS

(a) The pressure at which/the pressure relief device is
fully opened for a specific' transport tank shall be as set
forth in the applicable 'modal appendix. Pressure relief
devices shall be(selected and set to prevent exceeding
this pressure,

(b) A combination relief device shall have the pressure
relief valve) set per TOP-160 and the applicable modal
appendix.

te). The requirements of the applicable modal appendix
shall also be met.

TOP-150.1 PRESSURE RELIEF VALVES

(a) Pressure relief valves bearing the ASME Certifica-
tion Mark with the TV Designator in accordance with
Section XIII may be used for overpressure protection,
Pressure relief valves shall be of the direct-acting,
spring-loaded type.

(b) Pressure relief valves bearing the ASME Ec¢értifica-
tion Mark with the UV Designator in accordance with
Section XIII may be used in transport_tank service,
provided that the tank Manufacturef or User of the
tank has determined them to be suitable/for the intended
service application. Suitability shall\be determined based
on the temperatures, pressures,"and compatibility with
the goods transported in the-specific application.

TOP-150.2 NONRECLOSING PRESSURE RELIEF
DEVICES

(a) Rupturedisk and pin devices bearing the ASME
Certification Mark with the TD Designator in accordance
with Section XIII may be used as the sole pressure-
relieving-device on the transport tank under the provi-
sions_of/(c).

(b) Rupture diskor pin devices bearing the ASME Certi-
fication Mark with the UD Designator in accordance with
Section XIII may be used in transport tank service,
provided that the Manufacturer or User of the tank has
determined them to be suitable for the intended
service application. Suitability shall be determined
based on the temperatures, pressures, and goods trans-
ported in the specificapplication. When using rupture disk
devices, the User shall provide the margin between tank-
operating pressure and rupture-disk-bursting pressure
recommended by the rupture disk Manufacturer to
reduce the potential for premature activation of the
rupture disk. The use of a single rupture disk that responds
to both overpressure and underpressure, or two separate
rupture disks designed to independently relieve overpres-
sure and underpressure, should be considered when there
is the potential for tank failure from vacuum as well as
overpressure conditions.

When using pin devices, the User shall provide the
margin between tank-operating pressure and pin activa-
tion force recommended by the pin Manufacturer to
reduce the potential for premature activation of the
pin. The use of a single pin that responds to both over-
pressure and underpressure, or two separate pins
designed to independently relieve overpressure and
underpressure, should be considered when there is the
potential for tank failure from vacuum as well as overpres-
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(c) Nonreclosing pressure relief devices shall be used
only as part of a combination relief device, except where

(2) be readily acceptable for testing, inspection, re-
placement, and repair.

thelr use as the sole overpressure protection device Is
specifically authorized by the competent authority(ies)
with jurisdiction over the tank’s operation. The design
of the combination pressure relief device system shall
be such that upon operation of the nonreclosing pressure
relief device, the function of the pressure relief valve is not
adversely affected.

(d) Rupture disk and pin devices may be installed
between a pressure relief valve and the tank, provided
they meet the requirements of Section XIII, Part 8.

(e) Arupture disk or pin device shall not be installed on
the discharge side of a pressure relief valve.

TOP-160 PRESSURE SETTING AND
PERFORMANCE REQUIREMENTS

(a) The set pressure of the pressure relief device(s)
shall be as set forth in the applicable modal appendix.

(b) Thesetpressure ofa pressure relief device shall not
be adjusted outside the range of set pressure specified by
the device Manufacturer. The initial adjustment shall be
performed by the Manufacturer, its authorized represen-
tative, or an Assembler, and a valve data tag shall be
provided that identifies the set pressure capacity and
date. The valve's means of adjustment, if present, shall
be sealed with a seal identifying the Manufacturer, its
authorized representative, or the Assembler performing
the adjustment.

(c) Thesetpressure tolerances of pressure relief valves
shall not exceed *15 kPa (*2 psi) for pressures up to and
including 500 kPa (70 psi) and #3% for pressures above
500 kPa (70 psi).

(d) Every nonreclosing pressure relief device shall
have a marked burst pressure estdblished by the rules
of Section XIII, 4.5.2(a) within a~manufacturing design
range at a specified temperature and shall be marked
with a lot number. The burst pressure tolerance at the
specified temperature‘shall not exceed +15 kPa (2
psi) for marked burst-pressures up to and including
300 kPa (40 psi), and +5% for marked burst pressures
above 300 kPd (40 psi) unless other requirements are
identified by the competent authority or by the modal
appendicés.

TOR-170 INSTALLATION

(a) Pressure relief device(s) intended for gas/vapor
service on tanks permanently mounted in a frame or
on a vehicle shall

(1) have the inlet of the pressure relief device(s)
located such that it communicates with the vapor

(3) beinstalled to minimize the potential for damage
or otherwise being rendered inoperable during expected
operating conditions.

(b) The opening through all pipe, fittings, and nonre-
closing pressure relief devices (if installed) between.a
transport tank and its pressure relief devices shall
have at least the area of the pressure relief valvé inlet.
The characteristics of this upstream system shall be
such that the pressure drop will not reduce’thie relieving
capacity below that required or adversely affect the
proper operation of the pressure relief devices. The
opening in the transport tank wall‘shall be designed to
provide unobstructed flow betweenthe tank and its pres-
sure relief devices.

(c) When two or more gequired pressure relief devices
are placed on one conneetion, the inlet internal cross-
sectional area of this cennection shall be either sized
to avoid restricted-flow to the pressure relief devices
or made at least,equal to the combined inlet areas to
the pressuresrelief devices connected to it. The flow char-
acteristics) 0f the upstream system shall satisfy the re-
quiremrents of (b) above.

(d)\"There shall be no intervening stop valves between
thetransport tank and its pressure relief device or devices,
o1 between the pressure relief device and the point of
discharge. Any diverter valve used in the pressure
relief system shall, at all positions, provide the
minimum flow area or flow coefficient, C,, used for it
in the pressure drop calculations of the pressure relief
system of the tank.

(e) The pressure relief devices on all transport tanks
shall be installed so that their proper functioning will not
be hindered by the transport tank’s contents.

(f) Discharge lines from pressure relief devices shall be
designed to facilitate drainage or shall be fitted with drains
to prevent liquid from lodging in the discharge side of the
pressure relief device, and such lines shall lead to a safe
place of discharge. The size of the discharge lines shall be
such that any pressure that may exist or develop will not
reduce the relieving capacity of the pressure relief devices
below that required to properly protect the transport
tank, or adversely affect the proper operation of the pres-
sure relief devices. (See Section XIII, 3.2.2 and the appli-
cable modal appendix.)

(g) Materials shall be selected to minimize deteriora-
tion from exposure to the ambient atmosphere or goods
transported.

(h) The design of the pressure relief device or its instal-
lation configuration shall not allow accumulation of rain-
water or debris into outlet openings, potentially
interfering with the pressure relief device operation.

space of the tank The vapor space is typically at or
near the top center of the tank but not in all cases,
such as, but not limited to, CO, and NO, cargo tanks.
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that will prevent removal of the disk without breaking the
seal. The seal shall identify the organization responsible

for performing the installation.
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(25)

(25)

PART TS

STAMPING, MARKING, CERTIFICATION,
REPORTS, AND RECORDS

ARTICLE TS-1
CONTENTS AND METHOD OF STAMPING TRANSPORT TANKS

TS-100 REQUIRED MARKINGS

Each transport tank to which the Certification Mark is
applied shall be marked with the following:

(a) the official Certification Mark with T Designator
shown in Figure TS-100.

(b) the name of the Manufacturer of the transport tank,
preceded by the words “Certified by.”

(c) the maximum allowable working pressure ____ at
temperature ____. When a transport tank is expected to
operate at more than one pressure and temperature, other
values of coincident pressure and design temperature niay
be added, such as external pressure. This is not required
for parts.

(d) the minimum design metal temperature”____
pressure ____.

(e) the Manufacturer’s serial numberx

at

Figure TS-100
Form of Stamping

Certified by

(Name of Manufacturer)

T or PRT XII
Pressure at Temperature
Max. allowable working pressure (internal)
Class ___ Temperature at Pressure
W, P, or RES as required Min. design metal temperature
by TS-100(i)

Manufacturer’s serial number

(f) the year built.

(g) the T or PRI\XII Designator, indicated directly
under the Certification Mark.

(h) thevesselClassshall be indicated directly under the
T Designatop by applying the appropriate Class number
based ofvthe applicable Modal Appendix used for
construction as follows:

Vessel Class
CLASS 1
CLASS 2
CLASS 3

(i) The type of construction used for the vessel shall be
indicated directly under the vessel Class by applying the
appropriate letter(s) as follows: vessels having Category
A, B, or Cjoints (except nozzles or other openings and their
attachments) in or joining parts of the vessel:

Type of Construction Letter(s)
Arc or gas welded w
Cold-stretching CS
Pressure welded (except resistance) P
Resistance welded RES

Vessels embodying a combination of types of construc-
tion shall be marked to indicate all of the types of construc-
tion used.

(j) the maximum allowable working pressure and
temperature to be indicated on transport tanks
embodying a combination of types of construction and
material shall be based on the most restrictive detail
of construction and material used.

(k) when a transport tank has been radiographed in
accordance with Part TE, marking shall be applied

Year built
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(1) “RT-1” when all pressure-retaining butt welds,
other than Categories B and C butt weld associated

(-b) The minimum nominal plate thickness shall
be 6.30 mm (0.249 in.), or the minimum nominal pipe

with nozzles and communicating chambers that
neither exceed DN 250 (NPS 10) nor 29 mm (1'% in.)
wall thickness, except as required by TE-230.5, have
been radiographically examined for their full length in
the manner prescribed in TE-230.1(a); full radiography
of the above exempted Categories B and C butt welds,
if performed, may be recorded on the Manufacturer’s
Data Report

(2) “RT-2” when the completed transport tank satis-
fies the requirements of TE-230.1(a)(4)(-a) and when the
spot radiography requirements of TE-230.1(a) and
TE-230.1(a)(4)(-b) have been applied

(3) “RT-3” when the completed transport tank satis-
fies the spot radiography requirements of TE-230.1(b)

(4) “RT-4”when only part ofthe completed transport
tank has satisfied the radiographic requirements of
TE-230.1(a) or where none of the markings “RT-1,”
“RT-2,” or “RT-3" are applicable.

The extent of radiography and the applicable joint
efficiencies shall be noted on the Manufacturer’s Data
Report.

(1) The letters “HT” shall be applied under the radio-
graphy mark when the complete vessel has been postweld
heat treated as provided in TF-700.

(m) The letters “PHT” shall be applied under the radio-
graphy mark when only part of the complete vessel has
been postweld heat treated.

The extent of the postweld heat treatment shall be noted
on the Manufacturer’s Data Report.

TS-100.1 METHODS OF MARKING

The required marking shall be applied to the vessel by
one of the following methods:

(a) attaching a nameplate as provided’in TS-130

(b) stamping directly on the vesselunder the following
conditions:

(1) General. Unless the requirements of (2) or (3) are
met, stamping shall not be (ised on vessels constructed of
steel plates less than 6 mm (% in.) thick or of nonferrous
plates less than 13 mm\[" in.) thick but may be used on
vessels constructed of thicker plates.

(2) For Ferrous Materials

(-a) ;The)materials shall be limited to P-No. 1,
Group Nos.l“and 2.

(*b)/ The minimum nominal plate thickness shall
be 5 mm (0.1875 in.), or the minimum nominal pipe
wall)thickness shall be 4 mm (0.154 in.).

(-¢) The minimum design metal temperature shall
be no colder than -29°C (-20°F).

(3) For Nonferrous Materials

(-a) The materials shall be limited to aluminum as

thickness shall be 3.38 mm (0.133 1in.).

(c) electrochemically etching, including the Certifica-
tion Mark, directly on the vessel under the following condi-
tions:

(1) The electrochemically etched marking is accept-
able to the user.

(2) The material of construction shall be limited €0
high alloy steels and nonferrous materials.

(3) The process controls for electrochemical.etching
shall be described in the Quality Control System and shall
be acceptable to the Authorized Inspector.\The process
controls shall be established so that,it«an be demon-
strated that the characters will be atdeast 0.102 mm
(0.004 in.) deep.

(4) The external vessel:surface condition where
electrochemical etching is‘aeceptable shall be clean,
uncoated, and unpainted:

(5) The electrochemical etching shall not result in
any detrimental efféct on the materials of the vessel.

TS-100.2 METHODS OF MARKING
MULTICOMPARTMENT TRANSPORT
TANKS

The.requirements of either (a) or (b) shall be applied
when marking tanks having two or more independent
pressure compartments designed for the same or different
operating conditions.

(a) The markings may be grouped in one location on
the tank, provided they are arranged so as to indicate
clearly the data applicable to each compartment, including
the maximum differential pressure for the common
elements, when this pressure is less than the higher pres-
sure in the adjacent compartments.

(b) The complete markings may be applied to each
independent compartment. In addition to the marking in-
formation stated in TS-100, the maximum pressure differ-
ential for pressure-retaining elements common to more
than one pressure compartment shall be included. This
differential pressure may be greater or lesser than the
pressure rating for the adjacent pressure compartment.

TS-100.3 LOCATION OF MARKINGS

(a) The markings required by TS-100 shall be stamped
on a nameplate attached in a readily accessible location.

(b) Anadditional nameplate containing identical mark-
ings may be attached to the support, jacket, or other
permanent attachment for greater access or visibility.
The additional nameplate shall be marked “Duplicate”
above the required markings. The stamping and attach-
ment of this additional nameplate need not be witnessed

tollows: 5b-209 alloys 5005, 5083, 5454, and 6061; Sb-
241 alloys 3003, 5083, 5086, 5454, 6061, and 6063; and
SB-247 alloys 3003, 5083, and 6061.
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(25) TS-110 MARKING OF PARTS

with the Manufacturer’s final certification of the Data
Report, shall be the Manufacturer’s confirmation that

15-110.1 REQUIRED MARKING

Parts of transport tanks for which Partial Data reports
arerequired in TS-310, shall be marked by the parts Manu-
facturer with the following:

(a) official Certification Mark shown in Figure TS-100
above the letters “PRT XII”

(b) Class (1, 2, or 3)

(c) name of the manufacturer of the tank part, preceded
with the words “Certified by”

(d) Manufacturer’s serial number

Parts may be stamped with the Certification Mark
without being pressure tested prior to shipment. If
testing was not performed, it shall be noted in the
“Remarks” section of the Manufacturer’s Partial Data
Report.

These requirements do not apply to standard pressure
parts such as handhole covers, manhole covers, and other
components supplied under the provisions of TG-130.

TS-110.2 ALTERNATIVE MARKING
REQUIREMENTS

As an alternative to nameplates or stamping, parts
125 mm (5 in.) 0.D. and under may be marked with
an identification acceptable to the Inspector and traceable
to the Manufacturer’s Partial Data Report Form. Such
marking shall be of a type that will remain visible uritil
the parts are installed. The Certification Mark is\not
required.

A nameplate furnished with the Certification'Mark on
prefabricated or preformed parts may be removed from
the completed pressure vessel if the folloewing conditions
are satisfied:

(a) The nameplate interferes with)further fabrication
or service.

(b) The Manufacturer of the-completed vessel has an
agreement with the Authorized Inspector to remove the
nameplate.

(c) The removal of the nameplate shall be noted in the
“Remarks” sectiom.of the vessel Manufacturer's Data
Report.

(d) The removed nameplate shall be destroyed.

TS-120 APPLICATION OF CERTIFICATION
MARK

(a) The Manufacturer completing construction of a
Code tank shall have a valid Certificate of Authorization
for applying the Certification Mark. The Certification Mark
shall be applied only with the authorization of the
Inspector. Application of the Certification Mark, together

all applicable Code requirements have been met.

(b) Except as provided in TS-110(c), the Certification
Mark shall be applied after the required final pressure test
of the completed tank.

(c) The Certification Mark may be preapplied to.a
nameplate. The nameplate may be attached to-the
vessel after completion of fabrication, but before the
final pressure test, provided the procedure for controlling
the Certification Mark and attachment of the nameplate is
described in the Manufacturer’s QualityCoiitrol System.

TS-130 NAMEPLATES

The markings required in TS<100 shall be applied to a
separate nameplate permanently attached to the tank.
Removal of the nameplate-or its attachment hardware
shall require the willfuldestruction of it.

TS-130.1 NAMEPLATE ATTACHMENT

Nameplates-shall have permanentand legible markings.
Nameplates'may be attached by

(a) #velding, brazing, or soldering

(b)\tdmper-resistant mechanical fasteners

(o) adhesive attachments (see Mandatory Appendix XI)

TS-130.2 STAMPING OF NAMEPLATE

The Certification Mark and the Manufacturer’s serial
number shall be stamped on the nameplate unless
process controls for mechanical etching or laser annealing
by the Manufacturer of the certified vessel have been
described in the accepted Quality Control System and
approved by the Authorized Inspector. The other required
data may be produced by stamping, casting, etching,
embossing, debossing, engraving, or laser annealing.
The characters shall be not less than 4 mm (% in.)
high, excluding characters for pressure relief device mark-
ings, which may be smaller. Characters produced by
processes other than laser annealing shall be either
indented or raised at least 0.10 mm (0.004 in.). Laser
annealing is allowed only on stainless steel and aluminum.
No coating that obscures the laser annealing marking shall
be allowed. The arrangement shall be substantially shown
as in Figure TS-100.

TS-130.3 VERIFICATION OF NAMEPLATE DATA

If the nameplate is marked and the Certification Mark
applied before it is affixed to the vessel, the Manufacturer
and the Inspector shall verify that the nameplate markings
are correct for the vessel to which it will be attached.

(25)
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ARTICLE TS-2
OBTAINING AND APPLYING CERTIFICATION MARKS TO
TRANSPORT TANKS

TS-200 CERTIFICATION MARKS

A Certificate of Authorization to apply the Certification
Mark with T or PRT XII Designator shown in Figure TS-100
to completed tanks and/or parts will be granted by the
Society pursuant to the provisions of the following para-
graphs. Stamps for applying the Certification Mark shall be
in accordance with ASME CA-1.

TS-200.1 APPLICATION FOR AUTHORIZATION

Any organization desiring a Certificate of Authorization
shall apply to the ASME in accordance with the certifica-
tion process of ASME CA-1. Application for a Certificate of
Authorization shall comply with ASME CA-1.

TS-200.2 ISSUANCE OF AUTHORIZATION

Issuance of authorization shall be in accordance with
ASME CA-1. Authorization to use Certification Marks
may be granted, renewed, suspended, or withdrawn_as
specified in ASME CA-1 (see Nonmandatory Appendix D).

TS-200.3 INSPECTION AGREEMENT: DESIGNATED
OVERSIGHT

The Manufacturer shall comply with\the requirements
of ASME CA-1 for designated oversightby use of the appro-
priate Inspection entity as defined in TG-430.

TS-200.4 QUALITY CONTROL SYSTEM

The Quality Control System shall be prepared to comply
with the requirements of Mandatory Appendix [ and ASME
CA-1.

TS-200.5 EVALUATION FOR AUTHORIZATION
AND SUBSEQUENT RENEWALS

(a)-Before issuance or renewal of a Certificate of
Authorization, the Manufacturer’s facilities and organiza-
tion are subject to a joint review in accordance with ASME
CA-1. A written description or checklist of the Quality
Control System, which identifies what documents and
what procedures the Manufacturer will use to produce

(b) Certificates of Authorization shall be in-accordance
with ASME CA-1 and state the scope of dctivities author-
ized, including tank class(es). Authorization may include
field operations if the review team détermines that these
operations are adequately described'in the Quality Control
Manual, and this determinatign is’accepted by the Society.

(c) The purpose of the review is to evaluate the appli-
cant’s Quality Control Sylstem and its implementation. The
applicant shall demonstrate sufficient administrative and
fabrication functions-of the system to demonstrate suffi-
cient knowledge and capabilities to produce the Code
items coveredby the intended Certificate of Authorization.
Fabricatienfunctions may be demonstrated using current
work,-a_mockup, or a combination of the two.

(d)>The Manufacturer may at any time make changes in
the, Quality Control System, concerning the methods of
achieving results, subject to acceptance by the Authorized
Inspector for Classes 1, 2, and 3 vessels, the Qualified
Inspector for Classes 2 and 3 vessels, and the ASME
Designee for Class 3 vessels.

(e) For those areas where there is no competent
authority, or where a competent authority does not
choose to select an ASME Designee to review a vessel
or vessel parts Manufacturer’s facility, that function
shall be performed by an ASME Designee selected by
ASME. Where the competent authority is the Manufac-
turer’s inspection agency, the joint review and joint
report shall be made by the competent authority and
an ASME Designee selected by ASME.

TS-200.6 CODE CONSTRUCTION BEFORE RECEIPT
OF CERTIFICATE OF AUTHORIZATION

Code construction before receipt of a Certificate of
Authorization shall be in accordance with ASME CA-1.

TS-200.7 MULTIPLE, DUPLICATE PRESSURE
VESSELS

Manufacturers must possess Section XII, Class 1 or Class
2 Certificates of Authorization to fabricate multiple, dupli-
cate pressure vessels. When such fabrication makes it
impracticable for the Inspector to personally perform
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forth, in complete detail, the method by which the require-
ments'? of this Section will be maintained. This procedure

out by an Inspector in the employ of that Inspection
Agency. Any changes in this inspection and quality

shall be included 1n the Manufacturer’s written Quality
Control System. This procedure shall be submitted to
and shall receive the acceptance of the Inspection
Agency. It shall then be submitted by the Inspection
Agency for written acceptance by the competent authority
concerned and by an ASME Designee. Joint reviews shall
include an ASME Designee. The inspection procedure shall
be used in the plant of the named Manufacturer by the
Inspection Agency submitting it and shall be carried

control procedure that atfect the requirements of this
Section are subject to review and acceptance by the
parties required for a joint review. The Data Report
for such a vessel shall include under “Remarks” the state-
ment: “Constructed under the provisions of TS-200.7.”
Such certificate will identify the Certification Mark to
be used and the type of shop and/or field oper@tions
for which authorization is granted (see Nonmandatory
Appendix D).
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ARTICLE TS-3
REPORT FORMS AND RECORD MAINTENANCE

TS-300 MANUFACTURER’S DATA REPORTS

A Manufacturer’s Data Report, Form T-1A, Form T-1B,
or Form T-1C, or Manufacturer’s Partial Data Report shall
be completed and signed by the Manufacturer and signed
by the Inspector for each tank or part to be marked with
the Certification Mark. For sample Data Report Forms and
guidance in preparing Data Reports, see Nonmandatory
Appendix C.

TS-300.1 DISTRIBUTION OF MANUFACTURER’S
DATA REPORTS

(a) The Manufacturer shall
(1) furnish a copy of the Manufacturer’s Data Report
to the User, Assembler and, upon request, to the Inspector
(2) submit a copy of the Manufacturer’s Data Report
to the appropriate enforcement authority
(3) keep acopy ofthe Manufacturer’s Data Report on
file for a minimum of 10 yr
(b) In lieu of (a)(2) or (a)(3), the vessel may be regisy
tered with The National Board of Boiler and Pressure
Vessel Inspectors, which will maintain the required,Mahu-
facturer’s Data Report.

TS-310 PARTIAL DATA REPORTS

(a) The parts Manufacturer shall indicate under
“Remarks” the organization respensible for the design
of the part. For guidance in-preparing Partial Data
Reports, see Nonmandatogy ‘Appendix C.

(b) Partial Data Reports for tank parts requiring
inspection under this Section, which are furnished by
other than the shop of the Manufacturer responsible
for the completed tank, shall be completed by the
parts Manufacturer and the Inspector in accordance
with the requirements of this«S€éetion and shall be
forwarded, in duplicate, to the:Manufacturer of the
complete tank (see TG-320.2). These Partial Data
Reports, together with a finakinspection of the completed
tank, shall be sufficientfor-the Inspector to authorize and
witness the application of a Certification Mark to the tank
(see TS-120). When\Form T-2A, Form T-2B, or Form T-2C
isused, it shallbelattached to the Form T-1A, Form T-1B, or
Form T-1C prepared by the Manufacturer of the completed
tank.

(c) Data Reports for those parts of a tank that are furn-
ished’by a parts Manufacturer to the User of an existing
Gode tank as replacement of repair parts, shall be executed
on Form T-2A, Form T-2B, or Form T-2C by the parts
Manufacturer and the Inspector in accordance with the
requirements of this Section. A copy of the parts Manu-
facturer’s Partial Data Report shall be furnished to the
User or the User’s designated agent and a copy shall
be maintained in accordance with TS-300.1.
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ARTICLE TS-4
SPECIAL REQUIREMENTS

TS-400 GENERAL

Tanks subject to the requirements of Modal Appendices
shall meet the additional stamping requirements given in
Articles TS-1 through TS-3, in addition to the require-
ments of the applicable Modal Appendix.
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PART TP

REQUIREMENTS FOR REPAIR, ALTERATION,
TESTING, AND INSPECTION FOR CONTINUED
SERVICE

ARTICLE TP-1
GENERAL REQUIREMENTS AND RESPONSIBILITIES

TP-100 GENERAL

(a) The rules of this Article shall apply when it is nec-
essary or desirable to repair or alter the pressure vessel of
a transport tank within the scope of this Section. See
Article TG-1 for the geometric scope for pressure
boundary determination.

(b) Therules of this Article, supplemented by the Modal
Appendices for a particular transport tank specification,
describe the required compliance intervals, inspections
and tests for continued service of a pressure vessel.

(c) The Owner shall have the responsibility\for
performing the required inspections and tests for
continued service of a pressure vessel.

(d) The Owner/User/Inspector may perform these
inspections for repairs, alterations, and-tests, provided
the requirements of TG-440(c) are met:

(e) Inspections shall be performed by the Inspector
specified in TG-430.

(f) Continued senVice'inspections made by Users shall
comply with the requirements of TG-440(b) or TG-440(c).

(g) Markings«tequired to signify completion and accep-
tance of continued service inspections and tests may be as
required bythe competent authority. See TG-100.3.

TP-100.1 DEFINITIONS

alteration: any change to the original design and construc-
tion of a pressure vessel that affects its structural integrity
or pressure-containing capability. This includes rerating
for pressure or temperature.

corrosive: any lading that meets jurisdictional require-
ments for corrosive service or is shown through experi-
ence to be corrosive to the vessel.

repair: any welding done on a pressure vessel to return it
to its original design and construction specification.
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ARTICLE TP-2
REQUIREMENTS FOR REPAIRS AND ALTERATIONS

TP-200 GENERAL REQUIREMENTS

(a) All repairs and alterations to the pressure vessel of
a transport tank shall be performed by organizations
holding a National Board “R” Certificate of Authorization
or the equivalent recognized by the competent authority
and be in possession of the appropriate National Board
Code Symbol Stamp or the equivalent recognized by
the competent authority. Alternatively, organizations
employing Owner/User/Inspectors and in possession
of a valid Owner/User Certificate of Authorization
issued by the National Board of Boiler and Pressure

Vessel Inspectors or the equivalent recognizéd by the
competent authority may repair and perform alterations
on transport tanks owned and operated-by the Owner/
User Certificate of Authorization hoélder. See TG-440(c).

(b) All repairs and alterations'Shall be performed in
accordance with the National{Board Inspection Code
(ANSI/NB-23) or the equivalent recognized by the compe-
tent authority (see TG-130):

(c) Where another_competent authority has jurisdic-
tion, see TG-100.3-
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ARTICLE TP-3
REQUIREMENTS FOR TESTS AND INSPECTIONS

TP-300 GENERAL REQUIREMENTS

(a) A pressure vessel of a transport tank shall be
subject to the tests and inspections prescribed in (b)
through (e) prior to use

(1) if it shows evidence of leakage, internal or
external corrosion, or any other condition that would
render the vessel unsafe, including accident damage to
the pressure boundary.

(2) if it is repaired or altered.

(3) ifithasreached the end of its periodic inspection
interval. (The inspection interval is defined in the appro-
priate Modal Appendix.)

(b) A pressure vessel for which a test or inspection
required is due may not be filled and offered for transport
until the test or inspection has been successfully

completed. This does not apply to vessels filled‘prior
to the test or inspection due date.

(c) Apressure vessel shall meet the acceptarice criteria
for the required tests and inspections,

(d) A pressure vessel meeting the acéeptance criteria
for the required tests and inspections’shall be marked as
required in TP-100.

(e) A pressure vessel that'fails to meet the acceptance
criteria of a required test orinspections specified in (a)
shall be repaired and retested or be removed from service
and the nameplate pearing the ASME Certification Mark
removed.
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ARTICLE TP-4
TESTS AND INSPECTIONS

TP-400 GENERAL

(a) This Article defines the types of inspections and
tests required by this Article for pressure vessels that
have been repaired, altered, or for continuation in service.

(b) The Owner or User shall be responsible for
performing these inspections and tests.

TP-410 TYPES OF TESTS AND INSPECTIONS
TP-410.1 VISUAL INSPECTION

(a) External Visual Inspection. An external visual
inspection shall include as a minimum the following:
(1) tank pressure boundary items for corroded or
abraded areas, dents, distortions, and defects in welds
and leakage
(2) all markings required by this Section
(3) thickness test for corroded or abraded areas
(4) results recorded as specified in this Article
(b) Internal Visual Inspection. An internal visual inspéc-
tion shall include as a minimum the following:
(1) see (a)(1)
(2) lining inspections as specified in_this Article
(3) thickness test for corroded or abraded areas
(c) Lining Inspection. Alining inspeefion shall include as
a minimum the following:
(1) lining tests shall be performed in accordance
with TT-400
(2) degraded or defective linings shall be removed
and the tank wall visially inspected for corrosion and
the thickness tested
(3) results ofinspection recorded as specified in this
Article

TP-410.2_THICKNESS TESTING

Thickness testing shall include the following require-
ments:

{a) Personnel performing the thickness testing shall be
trained in the use of the equipment.

(b) Measurements shall be made using a device capable
of measuring thickness to a tolerance of #0.05 mm
(¢¥0.002 in.)

(c) Thickness testing shall be performed in the

(2) high shell stress areas, such as the bottom center
of the tank

(3) around openings

(4) areas around weld joints

(5) areas around shell reinfotecements

(6) areas around appurtedance attachments

(7) areas near coupler and suspension attachments

(8) known thin areas

(9) connectingsstructures joining multiple cargo
tanks of carbon steel in a self-supporting cargo tank
motor vehicle

(d) The results of thickness tests shall be recorded as

specified inhis Article.

TP-410.3 PRESSURE TESTS

Each pressure vessel shall be pressure tested as follows
Wwhen arepair or alteration is performed or when retesting
is required (see TP-300).

(a) Prior to applying pressure the following must be
performed:

(1) internal and external inspection of tank

(2) the internal inspection is waived if no manway is
provided in the tank

(3) reclosing pressure relief devices must be
removed and tested for set pressure and reseating or
replaced

(4) the upper coupler assembly must be removed
and the area covered inspected for defects, wear, and
corrosion, and repaired if needed

(5) pressure vessels constructed of ferritic steels
heat treated to enhance tensile properties and subject
to stress corrosion cracking, such as those in anhydrous
ammonia or propane service, shall be examined internally
using the wet fluorescent magnetic particle method of
NDE

(b) Each pressure vessel shall be hydrostatically tested
in accordance with Part TT and the Modal Appendices;
however, when a hydrostatic test is not practical or
possible due to contamination of the tank or its contents,
another test medium may be used. The hold time at test
pressure shall be a minimum of 10 min.

(c) When the test pressure exceeds the set pressure of a
pressure relief device, the device shall be removed or

following areas of the transport tank wall, as a minimum:
(1) shell and heads
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prepared for the pressure test as recommended Dy the
device Manufacturer.
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(d) Insulation jackets need not be removed for pres-
sure testing if the required test pressure can be

(2) An MC 331 cargo tank in dedicated liquefied
petroleum gas service or in dedicated anhydrous

reached and maintained.
(e) Results of the tests shall be recorded as specified in
this Article.

TP-410.4 LEAK TEST

(a) Each transport tank shall be tested for leaks at the
frequency specified in the applicable Modal Appendix.

(b) The leak test shall include product piping with all
valves and accessories in place and operative, except that
any venting devices set to discharge at less than the
leakage test pressure shall be removed or rendered inop-
erative during the test. All internal and external self-
closing valves shall be tested for leak tightness. Each
cargo tank of a multicargo tank motor vehicle must be
tested with the adjacent cargo tanks empty and at atmo-
spheric pressure.

(c) The test pressure shall be maintained for 5 min or
longer.

(d) Transport tanks may be leak tested with the haz-
ardous materials contained in the tank during the test.

(e) Transporttanksinliquefied compressed gasservice
shall be externally inspected for leaks during the leak test.

(f) Leak tests shall be conducted at a pressure not less
than 80% of the MAWP as marked on the nameplate,
except as follows:

(1) A transport tank with a MAWP of 690 kPa
(100 psi) or more may be leak tested at its maximum
normal operating pressure, provided it is in dedicatéd
service or services.

ammonia service may be leak tested at not less than
414 kPa (60 psi) .

(3) Cargo tanks used to transport petroleum distil-
late fuels equipped with vapor collection equipment may
be leak tested in accordance with the Environmental
Protection Agency’s “Method 27 — Determination of
Vapor Tightness of Gasoline Delivery Tank Using Pre€s3
sure-Vacuum” as set forth in Appendix A to 40CCFR
Part 63. This test method, if used, shall be perférmed
with air. The hydrostatic alternative in Method 27 is
not permitted.

(g) On MC 331 cargo tanks, the hoSe assembly and
piping system shall be visually inspécted while under
leak test pressure. Delivery hose a$se€mblies not perma-
nently attached to the cargo tank motor vehicle may be
tested and inspected separatély-ffom the cargo tank motor
vehicle. The internal selfclosing stop valves on MC 331
cargo tanks shall be tested for leak tightness using a meter
creep test.

(h) A transport.tank that fails to retain the leak test
pressure shallmot be returned to service as a specification
cargo tankrsunléss repaired, retested, and inspected. See
TP-300(e)for other requirements.

(i) The Inspector shall record the results of the leak test
as redquired in TP-600.
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ARTICLE TP-5
CRITERIA FOR TESTS AND INSPECTIONS

TP-500 GENERAL

The following rules shall be applied. However, the
competent authority may impose additional requirements
(see TG-100.3).

(a) Forcorroded areas, the remaining thickness may be
evaluated as an local thin area (LTA) using the method
given in (b).

(b) LTAs may be evaluated in accordance with the
procedures in API Recommended Practice 579 (see
TG-130) or equivalent method. The remaining strength
factor (RSF) shall be not less than 0.90.

(c) Dents in the pressure boundary that include welds
shall not exceed a depth of 13 mm (*/4 in.). For other dents
away from welds, the maximum allowable depth is */; of

greatest dimension of the dent but in no case shall exceed
25 mm (1 in.).

(d) Gouges may be repaired by blending’so the width of
the blending is at least three times‘the maximum depth
around the full periphery of the gouge. Gouges may then be
evaluated as an LTA in accorddnce with (b).

(e) Weld defects such ascracks, pinholes, orincomplete
fusion are not acceptableyand shall be repaired prior to
placing in service.

(f) Any defect in/liner integrity is not acceptable and
shall be repaired in'accordance with industry standards.

(g) Any pressure vessel that fails the required pressure
test or shews permanent distortion shall be repaired and
retested.
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ARTICLE TP-6
REPORTS AND RECORDS

TP-600 REPORTS AND RECORDS

The Owner shall maintain a record of each test and
inspection that includes the following:

(a) type oftest orinspection performed and a list of the
items tested and inspected

(b) Manufacturer’s serial number or National Board
number of the pressure vessel

(c) tank designation (e.g., DOT 406, etc.)

(d) test date

(e) location of defects found and repair method for each
pressure vessel

(f) results and evaluations of tests and_inspections

(g) name and credential of Inspectof

(h) disposition statement

(i) ASME Manufacturer’s Data Report

The Owner/User shall maintainthese records on file for
a minimum of 5 yr unless othérwise required by the
competent authority.
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MODAIL APPENDIX 1

CARGO TANKS

ARTICLE 1
GENERAL

1-1.1 SCOPE

This Appendix applies to cargo tanks carrying hazard-
ous materials with MAWPs not exceeding 34.5
bar (500 psi). There are five categories of tanks under
this classification, which are circular in cross section
except as noted, as follows:

(a) Category 406 is for tanks with circular or noncir-
cular cross section subject to MAWPs not exceeding 0.276
bar (4 psi). The minimum design pressure shall be 0.183
bar (2.65 psi). These tanks are not allowed for external
pressure loading. All Category 406 tanks are Class 3 tanks.
Article 2 covers specific requirements for these tanks.

(b) Category 407 is for tanks subject to MAWPs not
exceeding 6.90 bar (100 psi). These tanks shall'be
designed for a minimum MAWP of 1.72 bar (25 psi)
and, if subject to vacuum loading, shall be designed for
at least 1.03 bar (15 psi) external pressuré.'Category
407 tanks with MAWP over 2.41 bar (35-psi) are Class
1 tanks. All others are Class 3 tanks, Article 2 covers
the specific requirements for these tanks.

(c) Category 412 is for tanks subjéect to MAWPs up to
6.90 bar (100 psi) with a minimum MAWP of 0.345 bar (5
psi). These tanks are of cireular’cross section except that,
for MAWPs <1.03 bar (15-psi), they may be of noncircular
cross section. Category)412 tanks >1.03 bar (15 psi)
MAWP are Class 1 tanks, and those <1.03 bar (15 psi)
MAWP are Class 3:tanks. Article 2 covers the specific re-
quirements for-these tanks.

(d) Category 331 is for tanks primarily for transporta-
tion of compressed gases at MAWPs not exceeding 34.5
bar (500si). These tanks shall be designed for minimum
MAWPs of at least 6.90 bar (100 psi) . All Category 331
tanks are Class 1 tanks. Article 3 covers the specific re-
quirements for these tanks.

(e) Category 338 is for vacuum insulated tanks for
products requiring MAWPs not exceeding 34.5
bar (500 psi). The minimum design MAWP shall be at
least 1.75 bar (25.3 psi). These tanks are enclosed in

requirements for these tanksyRaragraphs 1-1.3 through
1-1.11 shall not be used for Category 338 tanks.

1-1.2 DEFINITIONS

appurtenance: any cargo tank accessory attachment that
has no lading\retention or containment function and
provides ng structural support to the cargo tank.

baffle: non~liquid-tight transverse partition device that
defletts,checks, or regulates fluid motion in a tank.

bulkhead: liquid-tight transverse closure at the ends or
between cargo tanks.

cargo tank: bulk packaging, namely a tank intended
primarily for the carriage of liquids or gases. It includes
appurtenances, reinforcements, fittings, and closures to a
tank permanently attached to or forming a part of a motor
vehicle. Because of its size, construction, or attachment to
a motor vehicle, it is loaded or unloaded without being
removed from the motor vehicle and is not fabricated
under another specification. A cargo tank is a highway
transport tank.

cargo tank manufacturer: entity that manufactures the
primary lading retention structure of a cargo tank
intended to transport hazardous materials.

cargo tank motor vehicle: motor vehicle with one or more
cargo tanks permanently attached to or forming an inte-
gral part of the motor vehicle.

cargo tank motor vehicle intermediate manufacturer:
entity who performs any functions that a CTMVM
performs that require certification and supplies the
CTMVM with certification required of the work it
performed.

cargo tank motor vehicle manufacturer (CTMVM): entity
that is engaged in the manufacture of the completed
cargo tank motor vehicle who is responsible for certifying
that it meets the requirements of the competent authority
and includes the remount of an existing tank on a motor
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cargo tank wall: those parts of a cargo tank that make up
the primary lading retention structure including the shell,

emergency discharge control: means the ability to stop a
cargo tank from unloading in the event of an unintentional

bulkheads, and fittings that, when closed during transport
of lading, yields the minimum volume of the cargo tank
assembly.

charging line: a hose, tube, pipe, or similar device used to
pressurize a tank with material other than the lading.

companion flange: one of two mating flanges where the
flange faces are in contact or separated by a thin leak
sealing gasket and secured to each other by bolts or
clamps.

connecting structure: the structure joining two cargo
tanks.

construction thickness: the thickness of the cargo tank as
actually built.

cryogenic cargo tank: a bulk tank used for transport of
refrigerated liquids as listed in Article 4.

defined incident loading: aloading caused by a catastrophic
occurrence such as an incident in which a cargo tank can
be damaged even irreparably but will be considered to
retain substantially its contents under the assumption
that the stresses and deformations of the tank under
such loadings do not exceed specified limits. This is
based on the assumption of elastic or elastic-plastic beha-
vior or qualification by certified test or analysis.

design certifying engineer: a qualified person approved as
such by a competent authority to prepare, review, and
certify cargo tank designs as meeting the requirements
of said competent authority.

design type: one or more cargo tanks that are made

(a) by the same manufacturer

(b) to the same engineering drawings and calculations
except for minor variations in piping that-de not affect the
lading retention capability of the cargo‘tank

(c) of the same materials of construction except for
minor non-stress-bearing parts

(d) to the same cross sectional dimensions

(e) toalength including'volume not varying more than
5%

(f) for Category-~338 tanks only, with insulation
providing the same-er better thermal performance

(g) to the samgspecification

dump body: tank designed for hauling highly viscous
lading orsemisolids like emulsions or gels thatare difficult
to unload by pressure or gravity alone. These tanks are
designed such that one end of the tank may be lifted via a
hydraulic cylinder or similar device that is mounted to the
chassis frame or subframe, if applicable, and the other end
ofthe tankis secured by a hinge. The tank may be designed
to be unloaded by pressure or gravity so that the tank is

malL

product release.

exceptional inspection and test: inspections and tests nec-
essary when a cargo tank shows evidence of damage,
corroded areas, leakage, or other conditions indicating
a deficiency that could affect the integrity of the cargo
tank [i.e., the tank has been in an accident and
damaged to an extent that may adversely affect its
product retention capability, the tank has been outefhaz-
ardous materials transport service for 1 yr or lenger, or
the tank has been modified from its previous design speci-
fications (see Article TP-2) or as otherwise directed by the
competent authority]. The extent of the‘\inspection and
test shall depend on the amount of/dantage or deteriora-
tion of the cargo tank. It shall includeatleast the inspection
and a pressure test as required{or periodic testing. Pres-
sure relief devices need not be tested or replaced unless
there is reason to believe\the relief devices have been
affected by the damage|or deterioration.

excess flow valve,.integral excess flow valve, or excess flow
feature: valve that will close automatically if the flow rate
of the product through the valve reaches or exceeds the
rated flow.of product specified by the original valve manu-
facturer.

extreme dynamic loading: maximum single-acting loading
a~cargo tank might experience during its expected life
excluding defined incident loadings.

flammable gases: gases that, at 20°C (68°F) and a standard
pressure of 1.02 bar (14.7 psi), are ignitable when in a
mixture of 13% or less by volume with air; or have a flam-
mable range with air of at least 12 percentage points
regardless of the lower flammable limit. (Flammability
shall be determined by tests or by calculations in accor-
dance with methods adopted by ISO 10156.)

gross vehicle weight (GVW): maximum loaded weight of a
tank trailer with a hitch and front wheels or a fifth wheel
mounted tank and its permanently attached running gear
plus appurtenances without consideration of the tractor
weight. The GVW of a truck mounted tank shall be the
entire weight of the vehicle plus the loaded tank and
its appurtenances.

inspection pressure: pressure used for leak testing.
lading: hazardous material contained in a cargo tank.

loading/unloading connection: fitting in the unloading line
farthest from the loading/unloading outlet to which the
loading/unloading hose or device is attached.

loading/unloading outlet: tank outlet used for normal
loading/unloading operations.

loading/unloading stop-valve: stop-valve farthest from the

notfull while beinghoisted-The hingeandlift devices

ety
be the devices securing the tank to the chassis.
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tank loading/unloading outlet to which the loading/
unloading connection is attached.
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local stress: stress induced by alocal load around the point
of application and confined to that area.

leave the remaining piping and its attachment to the tank
intact and capable of retaining lading.

minimum thickness: the greater of either of the following:
(a) the specified minimum thickness as mandated by
these rules
(b) the required thickness (design thickness) deter-
mined from required loads and allowable stresses.

multi-specification cargo tank motor vehicle: cargo tank
motor vehicle equipped with two or more cargo tanks
fabricated to more than one cargo tank specification.

normal operating loading: loading a cargo tank may be
expected to experience routinely in operation.

nozzle: subassembly consisting of a pipe or tubular section
with or without a welded or forged flange on one end.

outlet: any opening in the shell or head of a tank (including
the means for attaching a closure), except that the
following are not outlets: a threaded opening securely
closed with a threaded plug or threaded cap; a flanged
opening securely closed during transportation with a
bolted or welded blank flange, a manhole, or gauging
devices; thermometer wells; and safety relief devices.

outlet stop-valve: stop-valve at the tank loading/unloading
outlet.

periodic inspection and test: those inspections and tests
conducted at intervals specified by the competent
authority and include internal (unless exempted) and
external examination and, unless exempted, a pressure
test as specified in this definition. The pressure tést
may be hydrostatic or pneumatic using an inett gas to
a pressure not less than the test pressure on‘the specifi-
cation plate. The test shall be performed _ivjaccordance
with Part TT of this section. During test, réclosing pressure
relief devices, except line safeties, shall*be removed from
the tank and tested separately unless'they can be tested
while installed on the cargo tank.

periodic test pressure: the pressure at which the cargo tank
shall be tested at intervals’specified by the competent
authority.

pipe coupling: a fitting with internal threads on both ends.

rear underride’structure designed to prevent a vehicle or
object from underriding the rear of a motor vehicle.

rear-end-\tank protection device: structure designed to
protéct @ cargo tank and any lading retention piping or
devices in case of a rear-end collision.

refrigerated liquid: a material that has a boiling point not
less than -90°C (-130°F) at atmospheric pressure.

sacrificial device: an element, such as a shear section
designed to fail under load in order to prevent damage
to any lading retention part or device. The device must

self-closing stop-valve: stop valve held in the closed posi-
tion by means of self-stored energy, which opens only by
application of an external force and which closes when the
external force is removed. When designated as external;
the self-closing energy source is located outside the tank
and the welded flange. When designated as internal, the
stop-valve is designed so the self-stored energy source is
located inside the tank or tank sump or within the' welded
flange, and the valve seat is located within“the tank or
within 1 in. of the external face of the welded flange
or sump of the tank.

shear section: sacrificial devicéfabricated in such a
manner as to reduce abruptly‘the wall thickness of the
adjacent piping or valve material by at least 30%.

shell: pressure-retaining\pertion of the tank exclusive of
heads and attachments.

sump: protrusion from the bottom of a tank shell designed
to facilitate complete loading and unloading of lading.

tank vessel‘support structure: structure attached directly
or through pads to the tank wall for the primary purpose of
providing static or dynamic load bearing support of the
tanks

vacuum tank: tank that is loaded by reducing the pressure
in the tank to below atmospheric pressure.

variable specification cargo tank: cargo tank that is
constructed in accordance with one specification, but
that may be altered to meet another specification by chan-
ging relief devices, closures, lading discharge devices, and
other lading retention devices.

1-1.3 MATERIALS

The materials allowed in the construction of the lading
retention parts of tanks built under this specification are
listed in Part TM. Except where otherwise required in this
Modal Appendix or Mandatory Appendix II of this Section,
the use of materials listed in Table TM-130.2-6 shall
conform to the requirements of TM-180, TM-260,
TW-130.7, TF-6, and TF-740 except that

(a) stiffeners, structures, or appurtenances welded
directly to a tank wall constructed of SA-517 plate mate-
rial; or SA-592 flange or forged materials shall be
constructed of either of these materials, but pad material
shall be SA-517 material of thickness no less than 6
mm (%, in.) and not greater than the thickness of the
tank wall to which it is attached.

(b) all type 1 joints shall be designed and inspected
according to the requirements of TW-130.4 of this Section.

(c) tank vessels shall be postweld heat treated to the

£TR 7 of +lhic C = Lot o 1
T 1T 7 Or s otttror— oot iir it~ CasSCtT1CSS

break under strain at no more than /0% ol the strength
of the weakest piping element between the tank and the
sacrificial device. Operation of the sacrificial device must
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than 566°C (1,050°F). All materials exposed to the lading
shall be compatible with the lading.
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1-1.4 DESIGN REQUIREMENTS COMMON TO
MORE THAN ONE CATEGORY

that permitted by Section II, Part D or that permitted
by the Figure 1-1.4(a)-1.

1-1.4.1 CARGO TANK EVALUATION

(a) Each category of DOT 400 cargo tank shall conform
to the design conditions outlined in this Section. The sum
of the calculated stresses due to pressure, weight, and
other sustained loadings shall be evaluated in accordance
with allowable stresses given in TD-210 and Section II,
Part D, Subpart 1, Table 1A or those obtained from the
alternate criteria summarized in this Appendix. Rollover
and transport g loadings need not be considered as acting
concurrently. Allowable stress levels shall be based on one
of the following:

(1) The maximum allowable stresses obtained from
TD-210 for materials listed in Part TM.

(2) The specified yield stress and tensile stress
obtained from Section II, Part D, Subpart 1, Table 1A
for a Part TM material and the methods for establishing
the allowable stresses given in the following sections.

(3) The actual material properties for the material
used in each cargo tank may be established by a Material
Test Report from the material Manufacturer as defined in
[1I-2, and the methods for establishing the allowable
stresses given in (4) through (8) below.

(4) Allowable stresses, both membrane and bending,
for accident-loading conditions are defined in 1-1.6.

For pressure design using materials listed in TM-130,
only allowable stresses listed in TD-210 are permitted
except for the alternative criteria permitted in TD-440
for compressive stresses and this Modal Appendix.
These alternative criteria apply to tanks having.D,/t
ratios over 450 and length between supports’greater
than 7(D,).

(5) When the Section II, Part D, Subpart 1, Table 1A
tensile strength and yield strengths areuséd as the deter-
mining criterion for design temperatures equal to or
colder than 66°C (150°F), the lower of the following
shall be used:

(-a) the specified minimum tensile strength at
room temperature divided by 3.5

(-b) two-thirds\of the specified minimum yield
strength at room_temperature
If (-a) is the lower/'number, then tensile strength is the
determining_ ¢riterion; if (-b) is the lower number, then
yield strength' is the determining criterion.

(6)\For Categories 406, 407, and 412 Class 3 tanks,
wherg tensile strength is the determining criterion, the
tensile strength used in the design shall not exceed

(7) Categories 406, 407, and 412 Class 3 tank shells
not designed for external pressure and at design tempera-
tures of 66°C (150°F) and below and having circumferen-
tial stiffeners spaced up to 1520 mm (60 in.) can be
designed to the rules of TD-440. When using the
TD-440 rules, the allowable compressive design stress
shall not exceed that permitted by Figure 1-1.4(a)t2
yield strength limits.

For noncircular tanks with flat areas subject.té lon-
gitudinal compressive stresses where there isno fadius of
shell curvature, use the allowable tensile.stress with an
effective width of flat shell of 20T on each side of a lon-
gitudinal stiffener or circumferentially curved shell
section as effective bending where\T'is'the shell thickness.
Longitudinal stiffeners or locally.thicker shell can be used
in high stress areas provided thélength of such reinforced
construction is sufficientte Keep stresses at or below their
allowable values.

(8) Nonmandatory examples of methods for estab-
lishing allowable stresses:

(-a) Neimenclature

San = .controlling stress to be used in design, ksi
Sy & minimum specified tensile strength from Section
I, Part D, Subpart 1, Table 1A, ksi
Syr = tensile strength at room temperature from Mate-
rial Test Report, ksi
Sy = minimum specified yield strength from Section II,
Part D, Subpart 1, Table 1A, ksi
Syr = yield strength at room temperature from Material

Test Report, ksi

EXAMPLES:
(1) Allowable stress based on TD-210 and Section
I, Part D, Subpart 1, Table 1A values:
Given:
- Tank shell material is SA-240, Type 304
Section I, Part D, Table 1A: Sy = 75 ksi, Sy = 30 ksi

Problem: 1s 5 or S, or the determining criterion for
design temperatures equal to or colder than 150°F?
[75/3.5 = 21.43 ksi and 2/3(30) = 20 ksi.]

Solution: From Figure 1-1.4(a)-2, E,, = 20 ksi/20 ksi
=1.00 and therefore D, = 1.00 and S, = 20 ksi. Therefore,
the yield strength is the controlling stress and S,y = 20 ksi.
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(2) Allowable stress based on Material Test Report
values:

shells, heads, and baffles shall be not less than 2.5 mm
(0.100 in.) for steel and 3.8 mm (0.151 in.) for aluminum.

Given:

Tank shell material is SA-240, Type 304
Section II, Part D, Table 1A: S;;= 75 ksi and Sy =30

ksi
- Values from Material Test Report: Syr = 90 ksi and
SYR = 39 ksi

Problem: Is Sy or Syor the determining criterion for
design temperatures equal to or colder than 150°F?
Solution:

Material Test Report tensile strength=E,=90/75 =
Sur/Svu = 1.2; and from Figure 1-1.4(a)-1, D, = 1.2
and Suy = (D) (Sy/3.5) = 1.2(75/3.5) = 25.7 ksi
Material Test Report yield strength = E, = 34/30 =
1.13;and from Figure 1-1.4(a)-2,D,=1.13 and S;; =
D,(Sy/1.5) = 1.13(30/1.5) = 22.6 ksi.

Therefore, the yield is the controlling stress and S,; = 22.6
ksi

(3) Allowable stress based on Material Test Report
values:

Given:

Tank shell material is SA-240, Type 304
Section II, Part D, Table 1A: S;= 75 ksiand Sy =30

ksi
- Values from Material Test Report: Syr = 81 ksitand
SYR = 44 Kksi

Problem: Is Sy or Syor the determining criterion for
design temperatures equal to or colder than 150°F?
Solution:

Material Test Reporttensilestrength=E,=81/75=
Sur/Sy=1.08; and from Figure 1-1.4(a)-1, D,=1.08
and Sy, = (Dg)(Sy/3:5).= 1.08 (75/3.5) = 23.1 ksi
Material Test Reportyield strength = E, = 44/30 =
Syr/Sy=1.47; andffrom Figure 1-1.4(a)-2, D, = 1.32
and Sy = Dy(Sy/1.5) = 1.32 (30/1.5) = 26.4 ksi.

Therefore, the(tensile is the controlling stress and S, =
23.1 Kksi.

NOTE: Eireumferential and longitudinal compressive stresses
wherebuekling is a design factor will result in lower allowable
stresses than those determined by the methods above. See
Article TD-2 and TD-440.

(b) Pressure Design. For tanks of circular cross section
(all categories of tanks), including openings and reinforce-
ments, the design rules of Part TD are applicable. For
noncircular tanks (406 and 412 tanks only), the rules
and limitations of Mandatory Appendix VIII are applicable.

(c) Loading Conditions. The loading conditions to be
considered for Category 331, 406, 407, and 412 tanks
shall be as indicated in Figure 1-1.4. Where high shear
stresses and high normal stresses exist together, the
maximum principal stresses shall not exceed the allow-
ables of TD-210 as determined by the equations-for
maximum principal stresses that are as follows:

1
2 2]/2
Ssmax = [0.25(sx - y) + 55}

Smax = O.S(sx + sy) + Ssmax
where
Smax = principal normal stress
ss = shear stress in x and y planes
Ssmax = prineipal shear stress
s, = nenmal stress in x direction
s, =<pgrmal stress in y direction

In addition to the loading conditions listed above, there
are.emergency loading and energy absorption conditions
that must be met by tanks of all categories. The load condi-
tions to be considered are described in (1) through (6).
[For all load cases, evaluation shall include both internal
MAWP and external MAWP (even if zero) conditions. Shell
torsion and shear stresses shall be evaluated for trans-
verse loads.]

(1) Static Load Condition A: the stationary tank fully
loaded with lading subject to MAWP and supported by
running gear. The loading condition for multicompart-
ment tanks and single compartment tanks shall be
those that cause the maximum shell bending moments
as well as the maximum shear forces at supports. The
weight of appurtenances attached to the tank shall be
allowed for as well as the nonuniform weight distribution
from a variable cross-section tank such as a double conical
tank. The weight of the running gear need not be included
in the load applied to bend the tank.

(2) Dynamic Load Condition B: the worst case loading
condition of a fully loaded tank at MAWP subject to an
incremental change in the vertical and longitudinal
forces of +35% of the tank weight +20% of the tank
weight in the transverse direction uniformly distributed.
The longitudinal force shall be applied as a decelerative
force (Condition B1) and as an accelerative force (Condi-
tion B2). The accelerative force will be applied at the fifth
wheel, and the decelerative force will be applied entirely at
the rear wheels (Condition Bla) and at the fifth wheel
(Condition B1b). For truck mounted tanks, the longitudi-

Noncircular tanks may be qualified by testing in accor-
dance with Article TT-3. Minimum thicknesses for
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Figure 1-1.4(a)-1
Maximum Range for Tensile Strength Properties, for Categories 406, 407, and 412 Class 3 Tanks Where

owable Tensile Strength s the Determining Criterion for Allowable Tensile, and COmpressive,
Stresses, When Buckling (Article TD-4) Is Not Controlling

1.25

1.20 ¢

E;= 1.5 max.

D,

1.05

1.00

1.0 1.1 1.2 13 1.5

Legend:
D, = (Design tensile strength)/(Section II, Part D tensile strength)
E, = (Material Test Report tensile strength)/(Section II, Part D tensile strength)

GENERAL NOTES:

(a) Determine E, then detemine D, from this Figure.

(b) Design tensile strength = D, (Section II, Part D tensile strength).
() 1.0<E,<12: D, =E; 1.2 <E, < 15: D, = 1.20 max.
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Figure 1-1.4(a)-2
Maximum Range for Tensile Strength Properties, for Categories 406, 407, and 412 Class 3 Tanks Where

Yield Strength Is the Determining Criterion for owable Tensile or Compressive Stresses per 1D-440

1.4

1.35

1.3

1.25

)

1.15

1.1

E, =133

1.05

Legend:
D, = (Design yield strength)/(Section II, Part D tensile strength)
E, = (Material Test Report yield strength)/(Section II, Part D yield

GENERAL NOTES:
(a) Determine E,, then detemine D, from this Figure.
(b) Design yield strength = D, (Section II, Part D tensile strength).

1.3 1.4 1.5 1.6

strength)

() 1.0<E, <12:D,=E,; 12 < E, < 1.33: D, = 1.20; 1.33 < E, < 1.5; D§ = 0.9E,. If E,> 1.5, then D, = 1.35 max.

(3) Dynamic Load Condition C: the worst case lo6ading
of a fully loaded tank, subject to a 70% vertical load
increase (1.7 g total) in combination with MAWP,
maximum allowable external working preSstre, or atmo-
spheric pressure (whichever results in\ highest stress at
location considered). For Categories;406, 407, and 412
tanks, a vertical load increase-ef 42% (1.42 g total)
may be used.

(4) Dynamic Load Condition D: the worst case condi-
tion for a fully loaded tank'subject to alongitudinal force of
70% of the gross vehicle’'weight (GVW) in both accelera-
tive and decelerative ‘directions and applied at the fifth
wheel (Condition,D1) and the rear wheels (Condition D2)

(5) Dynamic Load Condition E: a fully loaded tank
subject to a «uniform transverse force of 0.4G applied
at the tertical center of gravity of the tank and resisted
by the front and rear supports.

(6) Extreme Load Condition F: a fully loaded tank at
MAWP subject to a decelerative force of twice the gross
vehicle weight (GVW) applied to the front head and, for
406,407, and 412 tanks only, reduced by 25% of the GVW
for each baffle or interior bulkhead up to a total of four
such units. The allowable design stress for this condition

(d) Special Provisions

(1) Category 406, 407, and 412 tanks of shell thick-
nesses less than 9.5 mm (0.375 in.) shall have circumfer-
ential reinforcement or stiffening at a maximum spacing of
150 cm (60 in.) unless designed per TD-210 for full
vacuum (1.01 bar or 14.7 psi). Such reinforcement or stif-
fening shall not cover any circumferential shell joint
except for doubler plates and knuckle pads and shall
be continuous around the perimeter and welded to the
shell with spaced welds for at least half the perimeter.
The minimum values of stiffener section modulus shall
be I/c = KwL, where I/c = section modulus in cubic centi-
meters (cubic inches), K = 0.000686 (SI units for steel),
0.00119 (SI units for aluminum), 0.00027 (U.S. Customary
for steel), and 0.00047 (U.S. Customary for aluminum),
w = tank width (or diameter) in centimeters (inches),
and L = stiffener tributary spacing in centimeters
(inches). In computing the effective section modulus, a
portion of the tank shell between the stiffener legs
attached to the tank plus 20 times the shell thickness
on each welded side of the stiffener may be included
as effective. Hat-shaped or open-channel ring stiffeners
that prevent visual inspection of the tank shell are prohib-

shall be 759% of the ultimate tensile cﬁ'pngfh
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Figure 1-1.4

Loading Conditions (Cont’d)
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(f) Extreme Load Condition F
Legend:

F;, = reaction force at the kingpin support
F, = reaction force at the undercarriage support

H, = height of vessel centerline from kingpin support
H, = height of vessel centerline from ground
Ly = length from front to kingpin support
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Figure 1-1.4
Loading Conditions (Cont’d)

(Cont'd)
Ly, = length from kingpin support to undercarriage support
L, = overall length of vessel
L, = length from rear to undercarriage support
P = MAWP
W, = weight of the kingpin supports
Wy = distributed weight of vessel and payload, including weight of all equipment
W, = weight of the undercarriage supports

The unwelded portions of length shall be no greater
than the following:

Number of
Times the
Shell
Unwelded Portion of Length Thickness
For stiffening rings over a heat panel or similar 300
structure that provides additional stiffness to
the shell, and is welded to a plate over the
unwelded portion, provided the plate used in
place of the shell to compute section modulus
provides 75% of the section modulus required
above.
For openings in internal baffles 100
Other unwelded portions 40

(2) Tanks over 1.51 m® (53.5 ft*) in capacity, except
for Category 331 and 338 tanks, shall have a manholé
complying with the requirements of TD-690(c)(1). for
accessibility. See Article 3 for manhole requirenients
for 331 tanks and Article 4 for 338 tanks. For GCategory
406, 407, and 412 tanks, each manhole, fill*opening,
and washout assembly must structurally.be capable of
withstanding, without leakage or permanént deformation
that would affect its structural integrity, a static internal
fluid pressure of at least 2.48 bar*(36 psi), or cargo tank
testpressure, whichever is greater-The manhole assembly
manufacturer shall verify compliance with this require-
ment by hydrostatically testing at least 1% (or one
manhole closure, whichever is greater) of all manhole
closures of each type ‘produced every three months, as
follows:

(-a) The ‘manhole, fill opening, or washout
assembly mmust be tested with the venting devices
blockedsAny leakage or deformation that would adversely
affect,the product retention capability shall constitute a
failure.

(-b) If the manhole, fill opening, or washout
assembly fails, then five more covers from the same
lot must be tested. If one of these covers fails, then all
covers in the lot from which the test covers were selected

are-to-be 1009% tested-or v'ajnrfnd for service.

(-c) Each manhole, filler, and washout cover must
be fitted with a safety device that prevents the cover from
opening fully when internal pressure iS present.

(-d) Each manhole and fill coVer must be secured
with fastenings that will preventopening of the coversasa
result of vibration under naormal transport conditions or
shock impact due to a rollover accident on the roadway or
shoulder where the fill cover is not struck by a substantial
obstacle.

(-e) Eachhmanhole cover must be permanently
marked by stamping or other means with the manufac-
turer’s natwe, the test pressure in suitable units, and
with a statement certifying that the device meets the re-
quirements of this article.

(-f) Allfittings and devices mounted on a manhole
cover coming in contact with the lading must withstand
the same static internal fluid pressure and contain the
same permanent compliance markings as that required
for the manhole cover. The fitting or device manufacturer
shall verify compliance using the same test procedure and
frequency of testing as noted above.

(3) Tanks to which supports and appurtenances are
attached shall be designed to limit the stresses in the tank
to required values of this Section for the tank. All supports
and appurtenances that are a necessary part of the pres-
sure retention system of the tank shall be included in the
design of the tank. Such devices that are not necessary
parts of the pressure retention system shall not be
subject to these stress limits even though they may contri-
bute to the pressure retention capability of the tank.

(4) Variable category tanks are permitted provided
separate nameplates are provided for each category with
only one of them, the one under which the tank is oper-
ating, being displayed.

(5) A cargo tank motor vehicle may be composed of
more than one cargo tank made to the same specification
or, for 406,407, and 412 tanks, of different specifications.
Any void within the connecting structure must be vented
to atmosphere and have a drain located at the bottom
centerline, the drain being accessible and kept open at
all times. The drain in any void within the connecting
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may be either a single drain 25 mm (1.0 in.)
minimum diameter nominal pipe size (NPS) or two or
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more drains 12.5 mm (0.5 in.) minimum diameter (NPS)
located a maximum of 15 cm (6 in.) apart, with one drain at

the greater of 1.2 times the minimum yield strength
from Section II, Part D or 0.9 times the reported yield

the bottom centerline of the tank.

(6) Vacuum relief devices are not required for tanks
designed to withstand full vacuum [with vacuum condi-
tion included in dynamic conditions in (c)].

(-a) A tank may be designed to be loaded by
vacuum but transported under a relieved vacuum condi-
tion if the cargo tank is provided with a vacuum relief
system that limits the vacuum to less than 80% of the
design vacuum capability in the dynamic conditions in
(c). In this case, the dynamic conditions in (c) are not ap-
plicable when considering the loading case but shall be
considered the relieved condition. The maximum
design external pressure for both static and dynamic
conditions shall be included on the nameplate with
“(LOADING ONLY)” and “(TRANSPORT)” amended,
respectively.

(-b) Vacuum relief systems, when installed, shall
limit the vacuum to less than 80% of the design vacuum
capability of the cargo tank. If pressure loading or
unloading devices are provided, the relief system shall
have adequate vapor and liquid capacity to limit the
tank pressure to the cargo tank test pressure at
maximum loading or unloading rate, and these rates
shall be noted on the metal specification plate.

(7) Local stresses in tension, bending, and torsion
that occur at pads or cradles or other supports shall
be considered in the design.

(8) For Category 406, 407, and 412 tanks,\the
knuckle radius and dish radius vs. diameter limitations
of TD-310.5 do not apply, provided

(-a) knuckle radii of flanged heads are‘at least 3
times the material nominal thickness and(in no case less
than 13 mm (0.5 in.)

(-b) tank MAWP does not excéed 1.03 bar (15 psi)
for Category 412 tanks, and 2.41 bar (35 psi) for Category
407 tanks

(9) Thebuttweld in atwe piece head can have a joint
efficiency of 85% for pressure load if not nondestructive
tested. The head shall be'formed after welding the plates
together.

(10) For Gategory 406,407, and 412 cargo tanks, the
minimum allowed thicknesses are as specified in (b).
Equivalent thickness rules of Mandatory Appendix XIII
do notfapply to these tanks.

(11) Category 406, 407, and 412 tank shells not
designed for external pressure and having circumferential
stiffeners spaced 1 520 mm (60 in.) maximum with section
modulus meeting the requirements of (1) can be designed
according to the rules of Article TD-4. When using the
Article TD-4 rules, the allowable membrane tensile and
longitudinal compressive stresses may be increased by

stress from the material test reports can be used.

For noncircular tanks with flat areas subject to
compressive stress where there is no radius of shell curva-
ture, use the allowable tensile stress with an effective
width of shell of 20t on each side of a longitudinal stiffener
or a circumferentially curved shell section, where t is.the
shell thickness. Longitudinal stiffeners or locally.thicker
shell can be used in high stress areas, provided the'length
of such reinforced construction is sufficient to keep
stresses at or below their allowables.

1-1.4.2 CARGO STANK SECUREMENT OR
ATTACHMENT

(a) Securement of a highway transport tank to its
vehicle chassis (for a.véhicle with a frame) or to
vehicle suspension and _coupler components where the
tank forms all or amintegral part of the vehicle frame
shall be designed tolwithstand static loading of 1Wyinde-
pendently applied in the vertical-up and vertical-down
directions{2W+r in longitudinal direction (direction of
travel), and 0.5Wr in the transverse (lateral) direction,
where{Wr is the weight of the tank including the
maximum lading weight and all tank-mounted acces-
sories, and the loading is considered about the center
of gravity of the tank. W7 does not include the tare
weight of the vehicle chassis or undercarriage. Allowable
design stress shall not exceed 0.6 times the minimum
specified yield strength of the materials used for secure-
ment.

(b) Atankthatisnotanintegral partofavehicle chassis
(such as some in dump bodies as defined in 1-1.2 where
the tank is mounted on a subframe while the subframe is
mounted on the vehicle chassis frame or trailer frame)
shall be secured by components that prevent separation
ofthe tank from the frame. Anchors, stops, or other compo-
nents shall restrict relative motion between the tank and
the vehicle chassis, except as required to absorb normal
chassis flex when the vehicle is in operation. Such compo-
nents shall be readily accessible for inspection and main-
tenance, except that insulation and jacketing may cover
them. The design requirements specified above shall
apply for these components also.

(c) The designer shall ensure that appropriate and
conservative loading is considered for the securement
devices. The designer may apply free-body methods if
found more appropriate. In no case shall the load
value on the individual devices be less than the
average load value, assuming the weight, W, is uniformly
and equally distributed to the number of securement
devices installed on the tank vehicle unit. There is no
restriction on the number of these devices on a cargo

20%per1-1-4-Inadditionthe reportedrield point
stress from the certified material test reports may be
used in lieu of that listed in Section II, Part D, where
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tank motor vehicle. Designers are cautioned to ensure
that excessive stiffness may introduce cracks in the
device or on the tank support structure that is involved
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in the tank vehicle attachment due to flexure in the vehicle
chassis or trailer frame.

or otherwise be shaped to minimize stress concentrations
and be welded to the wall all around except for a small gap

(d) When the W cannot be distributed uniformly for
any reason (e.g., because the configuration of the acces-
sories mounted on the tank are nonuniform), then the
loads that are experienced by the individual device(s)
need to be determined before applying the aforemen-
tioned design criteria.

(e) These loads, allowable stresses, and design margin
are for structural components of securement devices,
while the parameters specified in 1-1.4.1(a) are for the
pressure boundary. In the case of dump bodies, where
the lifting devices are attached to either the tank head
or the shell, the stresses in the areas where these cylinders
are attached shall not exceed the allowable stresses speci-
fied in 1-1.4.1(a).

1-1.5 SPECIAL REQUIREMENTS

(a) Appurtenances, attachments, and protective
devices that depend on the strength of pressure-retaining
parts of the tank to function properly shall have such pres-
sure-retaining parts designed to accommodate the
applied loads into the tank using stress levels and defor-
mations compatible with the nature of such loads. For
example, where loads are catastrophic in nature such
as in collision or overturning provisions, stresses and
deformations as permitted for accident protection shall
be used rather than normal code allowable stresses
(see 1-1.3). Appurtenances, attachments, and protectiyé
devicesthat donotdepend on the pressure-retaining parts
of the tank for their function such as rear-end tank pretec-
tion devices are not specifically covered by this Code and
shall be designed according to rules established by other
authorities having jurisdiction over such itents.

(b) Appurtenances and other accessories to cargo
tanks must, where practicable, be installed on suspension
subframes, accident protection, oréxternal rings. A light-
weight attachment to a cargo tahk, such as a conduit or
brakeline clip, skirting structure; lamp mounting bracket,
or placard holder, shall be-of a construction of lesser
strength than the cargo tank wall materials and may
not be more than 72% of the thickness of the material
to which it is attached and may be directly attached to
the tank. Structural members may be welded directly
to the tank’wall if considered in the design. Except as
described previously, the welding of any appurtenance
to theteargo tank shall be made by attachment of a
meunting pad, so there will be no adverse effect upon
the-lading retention integrity of the cargo tank if any
force less than prescribed by 1-1.6(a)(2) is applied
from any direction. The mounting pad thickness shall
be between 100% and 150% of the local wall thickness
but shall not required to be over 5 mm (0.187 in.). Pads

at the lowest point for draining. Weepholes or telltale
holes, if used, shall be installed in the pad before
welding to the tank wall.

(c) The distance between the ground and every part of
the loaded cargo tank, including any appurtenance,
protective device, or structure (exclusive of wheel assem-
blies, mudflaps, and other equipment for undercarriagé)
shall be no less than %, of the distance between adjacent
axlesbutinno caselessthan 254 mm (10 in.). The'déesigner
is advised to review jurisdictional requirements. Compe-
tent authority requirements shall be reviewed to deter-
mine if they are more restrictive than‘the rules of this
Section.

1-1.6 PROTECTION AGAINST DEFINED
INCIDENT LOADS

(a) Category 406, 407 and 412 Tanks

(1) Domes, manways, washouts, inlets, outlets, and
fittings that retain lading, pressure, or both shall be
constructed tothe same standards of strength and tough-
ness, as the tank shell is required to withstand under
defined.incident load conditions, and of thicknesses at
least @s)great as the minimum specified thickness for
the tank wall in 1-1.4(b), provided they extend beyond
the*following limits from the tank wall:

(-a) For the lower one-third of the tank shell peri-
meter, more than half the fitting diameter or 10 cm (4 in.),
whichever is less.

(-b) Fortheuppertwo-thirds ofthe tank shell peri-
meter, more than one-fourth of the fitting diameter or 5
cm (2 in.), whichever is less.

(2) Fittings exceeding the above limits shall be
protected by an external device or be 25% stronger
than required for an external device where the stress
in pressure-retaining parts is limited to 0.75 UTS and
in non-pressure-retaining parts to UTS under the speci-
fied defined incident loads. Bottom damage protection
devices will be required to protect pressure-retaining
devices in the bottom one-third of the tank and shall
be designed to resist loads of 70 200 kg (155,000 1b)
acting independently in longitudinal and transverse direc-
tions. The 50% increase in allowable design stress for
bending across the thickness is not allowed where
such stresses are greater than yield point stress or ulti-
mate stress when such stresses are permitted for design
loads.

(3) Rollover protective devices shall be designed to
resist a total load of twice the gross vehicle weight acting
vertically toward the center of the tank as well as longi-
tudinally and transversely, each acting independently.
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must extend atleast 50 mm (2 in.) in any direction from the
point of appurtenance attachment, have rounded corners

200

za-da L d
T pPre- oo ver—protectve—aevieeassSe o es—aha, o

fittings can be used to resist the specified loads but
each such assembly or fitting shall be designed to
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resist at least 25% of the total specified load. Where
external pressure-retaining fittings are used to resist roll-

(-b) When provided by the requirements of this
paragraph, cargo tanks may be equipped with a

over loads, they shall be designed for at least 125% of the
loads specified for non-pressure-retaining device(s).

(4) The bottom damage protection device loads shall
be distributed over each surface of the device not to exceed
5574 cm? (6 ft?) in area and not to exceed 1.8 m (6 ft) in
width.

(5) A lading discharge opening equipped with an
internal self-closing stop valve does not require external
protection provided it is protected so as reasonably to
ensure against accidental loss of lading. Piping extending
beyond protective devices shall have a stop valve with a
sacrificial section in the piping outboard of the stop valve,
and inboard of the protective device(s), having a break-
away capacity no more than 70% of the load that would
cause loss of lading from the tank through the piping up to
the stop valve.

1-1.7 FABRICATION AND EXAMINATION

Fabrication and examination requirements are
contained in Parts TF, TE, TT, and TW. However, for
noncircular Category 406 and 412 tanks with MAWPs
of 1.03 bar (15 psi) or less, the prerolling requirement
of TF-120.1(b) does notapply as long as all other tolerance
and fabrication requirements of those parts are main-
tained.

1-1.8 PRESSURE RELIEF DEVICES

(a) Category 406, 407, and 412 Tanks
(1) Eachcargo tank shall be equipped to relieve pres-
sure and vacuum conditions in conformance with
Article TOP-1, Section XIII, and the applicable individual
tank category section. The pressure-and vacuum relief
system shall be designed to operate and have sufficient
capacity to prevent tank ruptureyor collapse due to over-
pressurization or vacuum resulting from loading,
unloading, or from heatingsand cooling of lading. Tanks
specifically designed toybe loaded by vacuum or built
to withstand full yacuum do not require vacuum relief
devices.
(2) Typesand Construction of Relief Systems and
Devices
(a)”Each cargo tank shall be provided with a
primaxy ‘pressure relief system consisting of one or
mere feclosing pressure relief valves. A secondary pres-
sure relief system consisting of another pressure relief
valve in parallel with the primary pressure relief
system may be used to augment the total venting capacity
of the cargo tank. Nonreclosing pressure relief devices are
not allowed in any cargo tank except when in series with a
reclosing pressure relief device. Gravity actuated

normal vent. Such vents shall be set to open at not
less than 0.07 bar (1 psig) and shall be designed to
prevent loss of lading through the device in case of over-
turn. The MAWP of the cargo tank shall be equal to or
greater than the largest pressure obtained under the
following conditions:

(-1) The maximum pressure during loading or
unloading.

(-2) For tanks with a 0.07 bar (1psig) normal
vent, the sum of the static head plus 0.07/bar(1 psig) plus
any pressure exerted by the gas padding:

(-3) The vapor pressure of gasoline lading at
42°C (115°F) shall not exceed 0.07bar (1 psig) according
to the following table based on‘the lading volatility class
(LVC) of ASTM D439, the Reid vapor pressure (RVP), and
the maximum lading ambjent temperature (MLAT) based
on 0.07 bar (1 psig) lading pressure at the top of the tank:

LVC RVP, bar (psia) MLAT, °C (°F)
A 0.62 (9) 55 (131)
B 0.69 (10) 51 (124)
C 0.79 (11.5) 47 (116)
D 0.93 (13.5) 42 (107)
E 1.0 (15) 38 (100)

(-c) Each pressure relief system and device shall
be designed to withstand dynamic pressure surge
reaching 2.07 bar (30 psig) above the design set pressure
and sustained above the set pressure for at least 60 ms
with a total volume ofliquid released not exceeding 1 L (61
in.%) before the relief valve closes to a leak tight condition.
This requirement shall be met regardless of vehicle orien-
tation and shall be demonstrated by suitable testing.

(-d) Each reclosing pressure relief system shall be
constructed and installed in such a manner so as to
prevent unauthorized adjustment of the relief valve
setting.

(-e) No shutoff valve or other device that could
prevent venting through the pressure relief system
shall be installed in a pressure relief system.

(-f) The pressure relief system shall be mounted,
shielded, and drainable so as to minimize the accumula-
tion of material that could impair the operation or
disharge capability of the system by freezing, corrosion,
or blockage.

(-g) Eachpressurereliefdevice shall communicate
with the vapor space above the lading as near as practic-
able to the center of the vapor space as the tank is in its
operating attitude either pitched forward or aft. The
discharge from any device shall be unrestricted. Protec-
tive devices that deflect the flow of vapor are permissible

reclosing valves are not allowed in any cargo tank.
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(-h) The set pressure of the pressure relief system
is the pressure at which it starts to open, allowing

Table 1-1.8
Minimum Emergency Vent Capacity

discharge. The set pressure of the primary relief valve
shall be not less than 120% of the MAWP and not
more than 132% of MAWP. The valve shall reclose at
not less than 108% of MAWP and remain closed at
lower pressures. The set pressure of each secondary
relief valve shall be not less than 120% of MAWP. The
venting capacity of the pressure relief system (primary
and secondary including any piping) shall have sufficient
venting capacity to limit the tank internal pressure to not
more than the tank test pressure. The total venting capac-
ity, rated at not more than the tank test pressure, shall be
atleast that specified in Tables 1-1.8 and 1-1.8M except as
allowed for 406, 407, and 412 tanks in Article 2.

(-i) Unless otherwise specified in the applicable
individual specification in Article 2, the primary relief
system shall have a minimum venting capacity of
1 120 SCMH per 10.6 SQM (12,000 SCFH per 300 ft%)
of exposed tank area, but in any case, at least one-
fourth the required total venting capacity of the cargo
tank.

(-j) If the primary pressure relief system does not
provide the required total venting capacity, sufficient
additional capacity shall be provided by a secondary pres-
sure relief system.

(-k) The manufacturer of any pressure relief
device, including valves, frangible (rupture) disks,
vacuum vents, and combination devices, shall certify
that the device model was designed and tested in accor:
dance with Part TOP, Section XIII, and the appropgriate
cargo tank specification in Article 2.

(-) Each pressure relief device model-shall be
successfully flow capacity certificationytested per
Section XIII, Part 9.

(-m) Pressure relief device (PRD) ) manufacturers
shall make available recommended practices for cleaning
and/or servicing their PRDs. Thesepractices may include
limited disassembly such that the-pressure setting is not
altered or modified, and requirements for testing, person-
nel performing the work, and documentation.

(-n) If pressuretloading or unloading devices are
provided, the reliefSystem shall have sufficient vapor and
liquid capacity to{limit the tank pressure to the cargo tank
test pressure at maximum loading or unloading rate. The
maximum loading rates shall be included on a specifica-
tion plate.attached to the tank or the vehicle.

(b} €ategory 331 and 338 Tanks. Category 331 and 338
tank pressure relief and venting requirements are speci-
fied'in 1-3.7 and 1-4.6.

(Interpolation Allowed)

Exposed Area, ft* SCFH
20 15,800
30 23,700
40 31,600
50 39,500
60 47,400
70 554300
80 63,300
90 71,200

100 79,100
120 94,900
140 110,700
160 126,500
180 142,300
200 158,100
225 191,300
250 203,100
275 214,300
300 225,100
350 245,700
400 365,000
450 283,200
500 300,000
550 317,300
600 333,300
650 348,800
700 363,700
750 378,200
800 392,200
850 405,900
900 419,300
950 432,300
1,000 445,000

GENERAL NOTE: Values are in cubic feet/hour of free air at 60°F and
one atmosphere (SCFH).
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Table 1-1.8M
Minimum Emergency Vent Capacity

1-1.9 OPERATIONS, MAINTENANCE, AND
INSPECTION

(Interpolation Allowed)

Exposed Area, m> SCMH
0.71 1480
1.06 2220
1.41 3380
1.77 3690
2.12 4430
2.47 5170
2.83 5920
3.18 6660
3.53 7400
4.24 8880
494 10350
5.65 11830
6.36 13310
7.06 14790
7.95 17890
8.83 18990
9.71 20040

10.53 21050
12.36 22580
14.13 24760
15.89 26760
17.66 28860
19.42 29670
21.19 31170
22.55 32620
24.72 34010
26.49 35370
28.25 36680
30.02 37360
31.78 39210
33.55 40430
35.31 41620

GENERAL NOTE: Values are in cubic meters/hour of free air at 15.5°C
and.onhe atmosphere (SCMH).

(a) General. Cargo tanks shall be inspected and tested
periodically at intervals required by this Code as detailed
below and further described in Parts TP, TT, and TE and
the competent authority. Periodic tests and inspections,
and exceptional tests and inspections are defined in 1<1.2
of this Appendix. The requirements for exceptional test
and inspection shall be applied when any conditions speci-
fied in the definition have been met. A_cargo tank
constructed in accordance with this Modal Appendix,
for which a test or inspection has-become due, may
not be filled with product and offered for transportation
or transported until the tests or inspections have been
successfully completed. Except.during a pressure test,
a cargo tank may not pbe’sSubjected to a pressure
greater than the MAWP stamped on its nameplate.

(1) Table 1-1.9 specifies the type and frequency of
inspections and-tests required for all cargo tanks
described in this Modal Appendix.

(2) The-test pressure for each tank specification
listed shall.be that noted on the specification plate.

(3), Inspections and tests are to be witnessed and
accepted by an Inspector defined in Article TG-4 and
TR-1'00. Markings, as required by TP-100(g), shall be
applied to the cargo tank.

(4) Repairs or alterations requiring the use of
welding shall be performed using qualified welders
and qualified procedures and shall be accomplished
and documented in accordance with Part TP.

(5) Acargo tank that fails a prescribed test or inspec-
tion shall be repaired and retested or else removed from
service. If scrapped, the ASME and specification plates
shall be destroyed. A rerated tank shall have the ASME
nameplate and specification plate made in accordance
with the new rating.

(6) Only manufacturing or repair facilities registered
with the competent authority and accredited as required
by Part TP may perform and certify repairs and alterations
to the cargo tank. If required by the competent authority,
the facilities performing in-service testing and inspection
shall be registered with the competent authority.

(b) Specific Requirements and Exemptions

(1) Where accessible, tanks shall be tested and
inspected in accordance with Article TP-4, Table 1-1.9,
and this Article unless exempted for a specific inspection
or test.

(2) Where no manway or inspection openings are
provided on a cargo tank, or the design precludes an
internal inspection, a pressure test is required in lieu
of the internal inspection.

(3) Where insulation, lining, or coating on the exte-
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inspection, or the design does not permit a full or
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Table 1-1.9
Periodic Inspection and Test Frequencies

welded around their peripheries so as to prevent corro-
sion from occurring underneath the attachmentand there-

Specification, Configuration,

Inspection/Test and Service Frequency
Ext Visual Insp All cargo tanks designed to be 6 months
vacuum loaded with full opening
in the rear head
All other cargo tanks 1yr
Int Visual Insp All insulated tanks except 331 and 1 yr
338
All cargo tanks transporting lading 1 yr
corrosive to the tank
All other cargo tanks except 338 5yr
Lining Insp All lined cargo tanks transporting 1 yr
lading corrosive to the tank
Leakage Test 331 tanks in chlorine service 2yr
All other cargo tanks except 338 1yr
338 cargo tanks 2.5 yr
Pressure Test All cargo tanks that are insulated 1yr
[Notes (1), (2)] with no manhole or are insulated
and lined except 338
All cargo tanks designed to be 2yr
loaded by full vacuum with full
opening in rear head
331 tanks in chlorine service 2yr
All other cargo tanks except 338 5yr
Operation of All 338 tanks (90% of MAWP) 2.5 yr
Service
Equipment
NOTES:

(1) Pressuretestingisnotrequired for 331 tanks in dedicated sodium
metal service.

(2) Pressure testing is not required for uninsulated lined cargo tanks
with a design pressure or MAWP of 15 psi (100 kPa) or less, which
successfully passed an external visual inspection and lining
inspection at least once a year.

partial external inspection, an internal inspection is
required. Those~dreas on a cargo tank available for
external inspeection shall be inspected and recorded. If
the internalinspection is precluded because of an internal
lining, a pressure test is required.

(4).\The pressure test may be waived for an uninsu-
lateddined cargo tank with MAWP of 1.03 bar (15 psi) or
less if an annual external inspection and internal lining
inspection are performed.

(5) Aninsulated cargo tank with manways or inspec-
tion openings may either be internally and externally
inspected or hydrostatically or pneumatically tested.

fore donotallow an external inspection, must be thickness
tested in accordance with Article TP-410.2 every 2 yr as a
minimum. At least four symmetrically distributed read-
ings must be taken of the shell or head adjacent to the
stiffener ring or appurtenance to establish an average
thickness. If any thickness reading is less than the
average thickness by more than 10%, thickness testifig
of this section of the shell or head must be condugcted
from inside the tank on the area of wall coyveréed by
the stiffener ring or appurtenance.

(7) Corroded or abraded sections of-thecargo tank
wall must be thickness tested in atcordance with
Article TP-410.2.

(c) Pressure Relief Devices

(1) All reclosing pressure.relief devices shall be
externally inspected for abwcorrosion, damage, or
tampering that might prevent proper operation of the
device. All reclosing pressure relief devices on cargo
tanks carrying lading corrosive to the valve must be
removed from-<the cargo tank for inspection and
testing. Each/nétlosing pressure relief device required
to be remoyed and tested shall open at the required
set pressure and reseat to a tight condition at 90% of
the set-to-discharge pressure or the pressure prescribed
for theapplicable cargo tank specification. See Section XIII,
Rart 3 for testing requirements for Manufacturers and
Assemblers.

(2) When a pressure test of a cargo tank is
performed, all reclosing pressure relief devices, including
emergency relief vents and normal vents, shall be
removed from the cargo tank for inspection and
testing. The pressure relief devices shall be inspected
and tested as required in (1) above. Normal vents
[0.07 bar (1.0 psi) vents] shall be tested according to
testing criteria established by the valve manufacturer.

(3) Reclosing pressure relief devices unable to meet
the test acceptance criteria in (1) above shall be repaired
or replaced.

(d) Inspection and Acceptance Criteria. For visual
internal and external inspections, lining inspections, pres-
sure and leak testing, and minimum thickness tests and for
evaluating damaged areas of the tank, the requirements of
Article TP-5 shall be met.

1-1.10 ASME NAMEPLATE REQUIREMENTS

The ASME nameplate shall comply with Part TS of this
specification and, if the vessel is designed for full vacuum,
that will be noted on the nameplate.

1-1.11 JURISDICTIONAL MARKINGS

(6) Ring stiffeners or other appurtenances attached
to the shell or head of a cargo tank constructed of mild steel
or high strength, low alloy steel that are not completely
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Specification plate and marking requirements in addi-
tion to the Certification Mark with T Designator are speci-
fied by the competent authority.
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1-1.12 DESIGN CERTIFICATION

E(}l\,}l cdal BU ‘Cau}\ C‘lcoisu t_leC D}la}} llJC CC1 tlflCC‘l ill LUllfUl
mance with the design requirements included herein in
accordance with Part TS. The competent authority may
impose additional certification requirements by its regu-
lations.
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ARTICLE 2
CATEGORY 406, 407, AND 412 CARGO TANKS

1-2.1 CATEGORY 406 SPECIAL DESIGN
REQUIREMENTS

(a) Vacuum loaded cargo tanks are not allowed under
this category.

(b) Each vacuum relief system shall have sufficient ca-
pacity to limit the vacuum to 0.07 bar (1 psi).

(c) The venting requirements of 1-1.8(a) are applica-
ble, except that the set pressure limits defined in
1-1.8(a)(2)(-h) shall be as follows:

(1) Thesetpressure of each primary relief valve shall
be not less than 110% of the MAWP or 0.23 bar (3.3 psi),
whichever is greater, and not more than 138% of the
MAWP. The valve must close at not less than the
MAWP and remain closed at lower pressures. A
vacuum relief device is required and must be set to
open at no more than 15 cm (6 in.) water vacuum. The
primary pressure relief valve shall have a venting capacity
of at least 560 SCMH (6,000 SCFH), rated at not greater
than 125% of the tank test pressure and not greater than
0.21 bar (3 psi) above the MAWP. The venting capacity
required in 1-1.8 may be rated at these same pressures.

(d) Pressure relief system shall include a normal vent
per 1-1.8(a)(2)(-b).

1-2.2 CATEGORY 407 SPECIAL DESIGN
REQUIREMENTS

(a) Manhole assemblies must be capable of with-
standing cargo tank test préssiires or 2.48 bar (36 psi),
whichever is greater.

(b) A vacuum relief\system shall limit the vacuum to
less than 80% of thie design vacuum capability of the
cargo tank.

1-2.3 CATEGORY 412 SPECIAL DESIGN
REQUIREMENTS

(a) Cargo tanks used in dedicated service for materials
classed as corrosive material, with no‘Secondary hazard,
may have a total venting capacity.lé€ss than required by
1-1.8, provided they meet theirequirements of the
following equation:

Q= BA°'82{ZT}0'5 {rc} {m*}

where

exposed surface of tank shell in square meters
fsquare feet)

B 5 660 000 (SI units) and 3,798,000 (U.S.
Customary)

C = 315

L = latent heat of vaporization of lading in calories/
gram (Btu/lb)

M = molecular weight of vapor

Q = total required venting capacity in cubic meters
(cubic feet) per hour at 15.6°C and 1.01 bar
(60°F and 14.7 psia)

T = absolute temperature of the vapor at venting condi-
tions, K (°R)

Z = vapor compressibility factor (use 1.00 if unknown)

(b) A vacuum relief system shall limit the vacuum to
less than 80% of the design vacuum capability of the
cargo tank.
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ARTICLE 3
CATEGORY 331 CARGO TANKS

1-3.1 SCOPE

This Article contains specifications and minimum re-
quirements for construction of Category 331 cargo
tank vessels, the scope of which is defined in 1-1.1 of
this Modal Appendix. This Article also contains additional
construction requirements and restrictions for Category
331 tank vessels that transport certain hazardous ladings.
Except when more stringent requirements of the compe-
tent authority are mandated, rules of this Article are suffi-
cient for design and construction of Category 331 tank
vessels.

1-3.2 DEFINITIONS

Definitions of terms relevant to the meaning of the rules
in this Article are listed in Article 1 of this Modal Appendix
or in Mandatory Appendix IIL

1-3.3 GENERAL REQUIREMENTS

(a) General Configuration Requirements. Tank vessels
shall be
(1) of welded or seamless construction
(2) constructed according to the rules.of this Section
(3) constructed of steel or aluminum, except that if
constructed of aluminum, tanks'shall be insulated
according to the requirements of the competent authority
and the tank lading shall be cempatible with aluminum
(4) covered with a steeljacket if the tank is insulated
and one of the following:
(-a) the tank.lading is defined by the competent
authority to be flammable
(-b) if otherwise required by the competent
authority
[See (&) below for insulation requirements.]
(b)-~Lower and Upper Limits for Maximum Allowable
Working Pressure
(1) Lower Limits. Tank vessels shall have a maximum
allowable working pressure no less than the largest value
of the following pressures:
(-a) the minimum value of the pressure range for
Category 331 tanks specified in 1-1.4 of this Modal Appen-
dix

AL

(-c) the least value for maximum'@llowable
working pressure specified by the competernt authority

(-d) where required by 1-3.11.1'ofthis Article, the
leastallowable pressure required fof.the applicable lading
transported

(2) Upper Limits. The maximum allowable working
pressure shall not be marked, nor shall safety relief
devices be set for a pressure greater than the largest
value for pressure range for Category 331 tanks
allowed by 1-1.4-o0f this Modal Appendix, or a lower
maximum pressure value limit set by the competent
authority.

(c) Tank{Openings

(1), ExXcept as provided in 1-3.11.1(a)(5) of this
Articley/pressure relief valves shall be located in the
tap-of the shell or heads.

(2) Additional requirements and restrictions for
openings in Category 331 tanks specified in 1-3.11.1 of
this Article shall be met if the tanks are used to transport
ladings applicable to those requirements.

(d) Reflective Outer Surface. Tanks permanently
attached to a motor vehicle, unless covered with a
jacket made of bright nontarnishing material, shall be
painted white, aluminum, or a similar reflecting color
on the upper two-thirds area of the tank vessel.

(e) Insulation and Jacketing. Design, material, and
thermal performance specifications for insulation of
tanks shall meet the more stringent and restrictive re-
quirements of the competent authority, or the insulation
and jacket requirements in 1-3.11.1 of this Article appli-
cable to specific tank ladings. Materials used for insulation
that is in direct contact with the tank vessel shall not
promote corrosion to the tank vessel, either as installed
or when wet.

1-3.4 MATERIAL

(a) General
(1) Material specifications shall comply with the re-
quirements of 1-1.3 of this Modal Appendix.
(2) Impact tests in accordance with Article TM-2 are
required for material used in tanks constructed to the re-
quirements of Article TF-6 of this Section.

=bjexceptas providedm =3t o2 and
1-3.11.1(e)(2) of this Article, the vapor pressure of the
tank lading at a temperature of 46°C (115°F)
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(3) Identification of Material
(-a) From the time of receipt of material until

(-2) for purposes of defined incident loads
transferred through tank vessel support structures, a

completion of fabrication of tank vessels, material used
for pressure parts shall be identified as required by
the rules of TF-110.2 of this Section.

(-b) Unless exempted by the competent authority,
the tank vessel manufacturer shall record the plate mate-
rial heat and slab numbers (or heat and plate numbers)
and the certified Charpy impact values [where required by
(2) above] for each plate used on a sketch showing the
location of each plate in the shell or heads of the tank
vessel. Copies of the sketch shall be furnished to the
tank user and be retained for a period specified by,
and made available to, the competent authority. The
use of coded markings as permitted by TF-110.2(a)(2)
are not permitted for this purpose.

(4) Material Plate Orientation. The direction of final
rolling of plates used in the shell of tank vessels shall be in
the circumferential direction.

(b) Material Requirements for Tanks Transporting
Special Ladings. Use of construction materials that are
otherwise allowed by this Article shall be restricted or
limited for construction of tanks to transport special
ladings as required by the rules in 1-3.11.1 applicable
to tank vessels intended for transport of those ladings.

1-3.5 DESIGN REQUIREMENTS
1-3.5.1 STRUCTURAL INTEGRITY

(a) General Requirements, Allowable Stress Values, and
Required Loadings
(1) Maximum Allowable Stress Values

(-a) Except as allowed in (-b) for defined‘ncident
loading conditions, maximum allowable stress values in
any part of the tank vessel wall, the gepinetric scope of
which is defined by TG-110 of this Séction, shall be no
greater than the values allowed’in 1-1.4(a) of this
Modal Appendix.

(-b) The maximum allowable stress induced in the
shell and heads of the tank'vessel from all loads including
defined incident loadings transferred into the tank vessel
shall be the lesser value of the yield strength or 75% of the
ultimate strengthof-the material used. Except when the
competent authority shall establish higher values, for the
purposes of this subparagraph, and for all cases where
design cansideration of such loads shall be required by
this Article, the minimum design value of defined incident
loads/shall be no less than the values listed below corre-
sponding to the following conditions:

(-1) for purposes of structural integrity require-
ments in this Article, the load required by 1-1.4(c)(6) of
this Modal Appendix for the condition of liquid surge in a
defined load incident. See Figure 1-1.4 of this Modal

load equal to twice the static support reaction at any
tank vessel support structure. See 1-3.5.5 of this Article.

(-3) a load equal to twice the gross vehicle
weight transmitted into the tank through a tank vessel
structure, the weight of which is supported by the tank
vessel. See 1-3.5.6 of this Article.

(-4) stress in the vessel wall due to a load equal
to the static weight of the filled vessel transmitted thronigh
structures described in (-3) above, or equal to the.sapport
reaction loads of structures described in (-2) above for
static loads, normal operating conditions) or extreme
dynamic load conditions, shall not exeeed the values
allowed in 1-1.4(a) of this Modal Appendix.

(2) The values of yield strength.and ultimate tensile
strength shall be no greater than“the relevant material
properties and the limitatién of use described in
1-1.4(a) of this Modal Appendix.

(3) Maximum stress shall be determined from
consideration of thé design loading conditions required
in 1-1.4(b) and 1~144(c) of this Modal Appendix.

(4) Minimum thickness of shells and heads shall be
the greater of‘the required minimum thickness or the
thickness'determined from specified loads and allowable
stresses)(design thickness).

(b)~Static Design and Construction

(1) Static design of tank vessels shall conform to
Part TD of this Section and 1-1.4(a), 1-1.4(b), and
1-1.4(c)(1) of this Modal Appendix, and to requirements
and restrictions of 1-3.11.1 of this Article applicable to the
ladings transported. Static design shall include considera-
tion of stresses due to the effect of temperature gradients
caused by differences of lading and ambient temperature
extremes. Where applicable, thermal coefficients of
dissimilar materials shall be used to determine tempera-
ture loads and stresses as required by TD-120 of this
Section.

(2) Vessel walllocal stress concentrations in tension,
bending, or torsion occurring at pads or attachments of
support structures shall be analyzed according to
guidance of Nonmandatory Appendix A of this Section,
or by alternate methods that are accurate and verifiable.

(c) Shell Design. Stresses shall be determined for the
normal operating and extreme dynamic loading condi-
tions specified in (1) and (2) below. Where applicable
to the tank vessel support configuration, these stresses
shall be combined as required in 1-1.4(c) of this Modal
Appendix. The magnitudes, locations, and combinations
ofloading conditions for which stresses shall be calculated
for all parts of the tank vessel shell are as follows:

(1) the normal operating loadings, as shown in illus-
trations (a) and (b) of Figure 1-1.4 of this Modal Appendix

Appendix.
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(d) Allowable stress values in the tank vessel wall for
the liquid surge defined incident condition, shown in illus-

(3) Appurtenances, support structures, or pads
welded to tank vessels constructed of SA-517 steel

tration (f) of Figure 1-1.4 of this Modal Appendix, shall not
exceed the value given in (a)(1)(-b) above.

(e) Tank Vessel Stresses at Support Structure Attach-
ments. Stresses induced in the tank vessel wall by and
through attachment of vessel support structures shall
not exceed the maximum allowable values in (a) that
correspond to the type of loadings specified therein.

(f) Corrosion allowance thickness shall not be included
to satisfy any of the tank vessel structural design require-
ments of (a) through (e) or 1-3.5.5 and 1-3.5.6 of this
Article.

(g) Tank Vessel Minimum Construction Thickness Re-
quirements. The thickness of tank vessels shall be no
less than the greater of the minimum values determined
by the rules of (1), (2), and (3).

(1) Minimum Thickness Values for All Category 331
Tank Vessels

(-a) Steelvessel construction thickness shall be no
less than 4.75 mm (0.1875 in.).

(-b) Aluminum vessel construction thickness shall
be no less than 6.86 mm (0.270 in.).

(-c) Construction thickness of tank vessels that
contain hazardous ladings listed in 1-3.11.1(a)(1) of
this Article shall be no less than the construction thickness
values, relevant to the tank lading, required by 1-3.11.1(b)
through 1-3.11.1(f) of this Article.

(2) Minimum Thickness of All Category 331 Tank
Vessels Determined by Vessel Design Loading Criter{a./In
no case shall the design thickness of any tank vessel
be less than the greatest calculated thicknéss value
required to comply with the maximum stress criteria
for the load conditions and restrictions of{a) through (f).

(3) Minimum Thickness of Tank Vessels That Contain
Special Hazardous Ladings [See 1:8711.1(a)(1)]. Design
thickness values shall be no less than values determined
by design criteria in 1-3.11.1(b)-through 1-3.11.1(f) rele-
vant to the tank ladings listed in 1-3.11.1(a)(1) of this
Article.

(h) Attachments of Structures and Appurtenances to
Tank Vessels

(1) Exceptas otherwise required in (2) and (3)
below, attachments to tank vessels shall conform to
the requirements of 1-1.5(b) of this Modal Appendix,
except(that pads of 6.0 mm (0.25 in.) thickness may be
used\for attachment to a tank wall of 6.0 mm (0.25 in.)
thickness or greater.

(2) Welded attachment of appurtenances and
support structures to tank vessels constructed according
to Article TF-6 of this Section shall be made to pads welded
to the vessel wall. Except as required in (3) below, any
material, including pads, welded directly to any pres-

shall conform to the requirements of 1-1.3(a) of this
Modal Appendix.
(i) Fatigue Analysis

(1) Except as provided in (4) below, design of tank
vessels constructed by the rules of this Article shall take
into account the effect of cyclicloads on the vessel wall-due
to either of two load conditions:

(-a) the nonstatic mechanical loads required by
1-1.4(c)(2) through 1-1.4(c)(5) (Load Conditions B, C,
D, and E) of this Modal Appendix

(-b) the cyclic load variations dueto any variation
of internal pressure equal to or gréater than 20% of the
sum of the value of the vessel’s\maximum allowable
working pressure plus the valtie of the static liquid
head of a vessel filled to its.design weight of lading

(2) Load conditions>for (1)(-a) and (1)(-b) above
shall not be required, to-be considered simultaneously.
However, in fatigue'evaluation of any vessel part designed
to withstand more than one combination of loadings due
to the load,cenditions described in (1)(-a) and (1)(-b)
above, the fnaximum loadings in each direction from
all appljcable load combinations for that load condition
shall be“considered to act simultaneously in determining
tHe-magnitude of alternating stresses. Fatigue life analysis
shall be in accordance with Section VIII, Division 2, Part 5,
5.5, using 8 x 10° cycles for loading specified in (1)(-a)
above and 10° cycles for the loading specified in
(1)(-b) above. The Usage Factor shall not exceed 1.0.

(3) Modification of the severity of stress at any point
in the vessel wall due to distribution of harmonics of the
required variable loads in (1)(-a) above may be consid-
ered, provided that empirical acceleration datarelevant to
the specific design type, wall thickness and material,
natural frequency of the tank vessel, and support
system can be shown to be applicable to the vessel
under consideration and to the stress modification consid-
ered.

(4) Except as otherwise required in (-c) below,
consideration of cyclic loads listed in (1) above shall
not be included as a minimum requirement of this subpar-
agraph under either of the following conditions, (-a) or
(-b):

(-a) Except for maximum values allowed in (b),
1-3.5.5 and 1-3.5.6 of this Article for the sum of all stresses
including secondary stresses that occur in defined load
conditions, the maximum allowable values for primary
membrane stress conditions including the stresses
induced in the vessel wall by pressure or gravity
loading shall not exceed the lesser of the following:

(-1) values allowed by this Article
(-2) one-fourth of the minimum specified ulti-

sura.rataininanart ofthavaocca
SHe-ret paFtoitheess

that conform to the requirements of TM-180.2 of this
Section.

I shallbemadeofmaterials
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(-b) Vessels shall be constructed to all of the
following design criteria:

(-4) vessels constructed for ladings that are
known to adversely affect the materials of tank construc-

(-1) Vessels shall have a volume smaller than 19
m?® (5,000 gal).

(-2) Vessels shall be supported by rails parallel
to the longitudinal vessel axis that are anchored so that
each support rail is in continuous contact, along its entire
length, to each frame of a truck chassis frame, provided

(+a) the support rails shall be continuously
welded to vessel mounting pads conforming to the
minimum material and thickness requirements of (h)
above, the pads having a width and length sufficient
that each pad edge, not including fillet welds to the
vessel, shall be no closer than 50 mm (2 in.) from the
center of the support rail attached to the pad

(+b) mounting pads shall extend the length of
the vessel shell to within 100 mm (4 in.) of each head-to-
shell girth seam

(+c) mounting pads and the support rails to
which they are attached shall be designed so that reaction
loads and consequent stresses induced in the vessel wall
do not exceed the value limitations of 1-3.5.6

(-3) Vessels shall be constructed with the
number and size of nozzles and internal standpipes
into the vapor space above the design level of liquid
lading, that are necessary for full vapor exchange,
commensurate to the larger value of outlet flow capacity
of the largest liquid drain nozzle or the capacity of a tank-
installed outlet pump that can be connected to the largest
outlet drain or pump flange during liquid lading transfer
into or out of the vessel.

(-4) Fillet welds connecting any pads, nozzl€; or
nozzle reinforcement pad to the vessel wall shall be
ground to a slight concave radius and all sharp edges
that will provide a source of stress intensification shall
be removed, except that after grinding, the throat dimen-
sion of all fillet welds shall be of sufficient value to provide
the original design shear load capacity used in fillet weld
and nozzle calculations.

(-c) Except for vessels designed to the more
conservative maximum allowable stress values specified
in (-a) above, vessels that shall not be exempt from design
consideration of cyclic*loads listed in (1)(-a) and (1)(-b)
above shall include

(-1) (vessels not meeting the exemption condi-
tions in (-a) or (-b) above

(-2) vessels constructed of materials listed in
Table,FM-130.2-3 or Table TM-130.2-6 that are designed
tormaximum allowable stress values no lower than the
values allowed in TD-210

(-3) vessels constructed for transportation of
anhydrous ammonia, petroleum ladings that contain
hydrogen sulfide, or any lading that is known to be asso-

tion, to the extent of compromising the pressure or lading
retention integrity of the tank, whether the ladings are in
their normal transportable condition, or are likely to be
contaminated or improperly mixed; vessels constructed
for ladings designated by the competent authority or
specified by the user to be “corrosive to the tank”; or
vessels required by the competent authority or specified
by the user to be constructed with additional wall thick-
ness for a “corrosion allowance”

(-5) vessels constructed for ladings that are
designated by the competent authority-as “poisonous
by inhalation”

(-6) vessels required by<the competent
authority to be designed to considér/cyclic loads

1-3.5.2 BULKHEADS AND RING STIFFENERS

Except for design requirements of vessel baffle and ring
stiffeners in tank vessels designed for external pressure
according to Article TD-4 of this Section, there is nothing in
this Article requiring the use of bulkheads, baffles, or ring
stiffeners.

1-3.5.3. MANHOLES

(a)~Except as provided in (c) below, tank vessels shall
be equipped with a manhole that conforms with the re-
quirements of TD-690(c)(1) of this Section, except that a
tank vessel with a volume capacity of 13 250 L (3,500 gal)
or less thatis not constructed to the rules of Article TF-6 of
this Section may be equipped with an inspection opening
that conforms to the requirements of TD-690 of this
Section.

(b) Manholes shall not be located in the front head of a
tank vessel.

(c) Additional requirements or restrictions for instal-
lation of manholes applicable to the tank lading are ap-
plicable to tanks constructed to the requirements of
1-3.11.1 of this Article. [See 1-3.11.1(d)(4).]

1-3.5.4 TANK VESSEL OPENINGS AND INTEGRAL
HEAT TRANSFER DEVICES

(a) General Requirements. Except as otherwise
required in (b) of this Article, openings in tank vessels
shall meet the following requirements:

(1) An opening shall be provided in each tank vessel
used for transportation of liquefied materials to provide
complete drainage.

(2) Except for openings used for gauging devices,
thermometer wells, pressure relief valves, manhole open-
ings, and liquid and vapor openings for inlets and outlets
for tank lading, the configuration of tank vessel openings

ciatad sazith ctrace carracian craclring
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shall be such that they can be closed with a plug, cap, or
bolted flange.
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(b) Design and construction of openings, inlets, and
outlets applicable to the transportation of special

strength required for design of the safety relief maximum
allowable stress values for materials found in Section II,

ladings shall conform to the rules in 1-3.11.1 of this
Article that are applicable to those ladings.

(c) Marking of Inlets and Outlets. Except for tank vessel
nozzles used for gauging devices, thermometers, and pres-
sure relief devices, or except when restricted by 1-3.11.1
of this Article, inlet and outlet nozzles shall be marked
“liquid” or “vapor” to designate whether they communi-
cate with liquid or vapor when the tank is filled to its
maximum allowed filling density, except that a filling
line communicating with vapor may be marked “spray fill.”

(d) Refrigeration and heating coils or devices integral
to or attached by welding to the tank vessel wall shall be
designed, constructed, installed, and tested according to
the rules of this Section and this Article where applicable.
Where liquid or the vapor condensate used in such devices
is subject to freezing, a method for complete drainage shall
be provided.

1-3.5.5 TANK VESSEL ATTACHMENT
REQUIREMENTS FOR DAMAGE
PROTECTION DEVICES

(a) Exceptfor devices required for impact protection of
safety pressure relief valves, design of collision impact
devices is not within the scope of this Section.
However, the loads transferred into the tank vessel by
damage protection devices and the resulting stresses
shall be considered according to the maximum allowable
stress design criteria of 1-3.5.1 of this Article. The‘sum of
all stresses in the tank vessel wall, for all types of loads,
including the stress due to the transfer of loads’through
protective devices, shall not exceed the valueg‘of maximum
stress values allowed in 1-3.5.1(a)(1)(-b) of this Modal
Appendix, that corresponds to the type of loads specified
in 1-3.5.1(a)(1)(-b)(-3). Damage protection devices
attached to the tank vessel shall not induce stresses in
the tank vessel wall exceeding the values specified in
1-3.5.1(a)(1)(-a) of this\Axticle under static load condi-
tions specified in 1-3.5.1(a)(1)(-b)(-4)."?

(b) Protection of Safety Pressure Relief Valves. Safety
pressure relief-valves shall be protected from damage
resulting from>eollision with other vehicles or objects,
trailer jackknifing, or overturn, and shall be protected
so thatrin-the event of an overturn of the tank onto a
hard/surtface, their opening will not be prevented and
theirdischarge will not be obstructed. Attachment to
tlre tank vessel of protective devices through pads is
required and shall meet the requirements of 1-3.5.1(h)
of this Modal Appendix.

(1) Safety relief protection devices shall be designed
to withstand a collision defined incidentloading of magni-
tude required in 1-3.5.1(a)(1)(-b)(-4) of this Article,

Part D applicable to this Section.

(2) Total stress induced in the tank vessel wall shall
not exceed the maximum value allowed in
1-3.5.1(a)(1)(-b) of this Article when loads required by
1-3.5.1(a)(1) are transmitted into the tank vessel
through the relief valve collision protection device,

(c) Other Protective Devices Attached to Tank Vessels.
Tank vessel design for attachment and installation of
other defined incident damage protection"dévices (not
installed for protection of safety relief ydlves) to the
tank vessel wall through vessel pads.shall meet the re-
quirements of 1-3.5.1(h) of this Modal Appendix.

(1) Design requirements for ‘other defined incident
damage protection devices, nat protecting pressure relief
devices, are beyond the scgpe of this Section and shall be
established by the competént authority.

(2) Total stress.induced in the tank vessel from
transfer of loads-through attachments of collision
damage proteCtion devices, not protecting pressure
relief devices) shall not exceed the maximum value
allowed in1-3.5.1(a)(1)(-b) of this Article when loads
required by 1-3.5.1(a)(1)(-b)(-3) are transmitted into
the tank'vessel through attachment of collision protection
device.

1-3.5.6 ATTACHMENT REQUIREMENTS FOR
SUPPORTING AND ANCHORING DEVICES

Design details of supporting and anchoring systems are
beyond the scope of this Section, except that attachment to
the tank vessel wall of support and anchoring devices,
directly or through pads, shall conform to the require-
ments of 1-3.5.1(h) of this Modal Appendix. Total stresses
in the tank vessel wall, including the stress induced
therein by the transfer of loads specified in Figure
1-1.4 of this Modal Appendix shall not exceed the
values specified by 1-3.5.1(a)(1)(-a) of this Article.
Total stresses induced in the vessel wall by defined inci-
dentloads specified by 1-3.5.1(a)(1)(-b) (-2) of this Article
shall not exceed the values specified in 1-3.5.1(a)(1)(-b).

1-3.6 FABRICATION AND EXAMINATION
1-3.6.1 TANK VESSEL JOINTS

(a) Except as required in (b) of this paragraph, tank
vessel joints shall be designed, prepared, and welded
according to those requirements of Parts TW and TF
of this Section that are applicable to the material compo-
sition of the parts to be welded. All undercutting in tank
wall material shall be repaired as specified therein.

(b) All longitudinal welds in the tank vessel shell shall

prorated according to the number of devices, using
design margins required by the competent authority,
butin no case shall the design margin be based on ultimate
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1-3.6.2 TESTING

ture range, and pressure settings applicable to the ladings
as required by that Article.

fe—Inspections-and-Festsinspeetion-of materials-used
in construction of the tank vessel shall be performed
according to the requirements of Part TM of this
Section. New tank vessels shall be pressure tested
according to the requirements of Article TT-2 of this
Section, except that test pressure for new tanks
constructed to the rules of Article TF-6 of this Section
shall be no less than required by the competent authority.

(b) Weld Testing and Inspection

(1) Each tankvessel constructed according to the re-
quirements of Article TF-6 of this Section shall be
subjected, after postweld heat treatment and hydrostatic
tests, to a wet fluorescent magnetic particle inspection of
all welds in, or on the tank shell and heads, inside and out.
The inspection method shall conform to requirements of
TE-240.5(a) and to Mandatory Appendix V of this Section,
except that permanent magnets shall not be used.

(2) For tanks not described in (1) above and that are
larger than 13250 L (3,500 gal) and that are not fully
radiographed, tests shall be made of all welds in or on
the shell and heads both inside and outside by either
the wet fluorescent magnetic particle method in accor-
dance with Mandatory Appendix V of this Section, the
liquid dye penetrant method in accordance with
Mandatory Appendix VI of this Section, or ultrasonic
testing in accordance with Mandatory Appendix IX of
this Section, and in accordance with relevant paragraphs
of Part TE of this Section.

(c) All defects discovered by the weld inspections
required in (b) above shall be repaired, and the tank
vessel shall again be postweld heat treated, if.such
heat treatment was previously performed;@nd the
repaired area shall again be tested.

1-3.6.3 POSTWELD HEAT TREATMENT

Postweld heat treatment of tank«vessels is required for
tank vessels constructed to the-trules of this Article under
the following conditions:

(a) when required by the’competent authority

(b) where required by 1-3.11.1 of this Article

(c) whentanksareconstructed according to the rules of
Article TF-6 of this)Section

Postweld heat treatment of tank vessels shall be
performed(as required by Article TF-7 of this Section
and 1-3:11,1 of this Article, where required.

1<3.7 SAFETY RELIEF DEVICES

Tanks constructed to the rules of this Article shall be
equipped with pressure relief device(s) and shall conform
to the requirements of Part TOP of this Section.

(a) Relief valves installed in tank vessels designed to

(b) Pressurerelief valves shall be designed constructed
and marked for pressure not less than the tank vessel
maximum allowable working pressure at the temperature
expected to be encountered by the user, or the tempera-
ture required by the competent authority nor more than
110% of that value.

1-3.8 ASME NAMEPLATE REQUIREMENTS

Each tank vessel shall have an ASME nameplate-hade of
stainless steel or other corrosion resisting metal
conforming to marking and installatien' requirements
of Part TS of this Section. If the tank ‘vessel is insulated,
a duplicate shall be installed on thé\guter jacket in accor-
dance with the rules of Part TS.and any relevant require-
ments of the competent authority. Nameplate markings
for tank vessels designed to operate in a vacuum condition
shall conform to 1-1.10 of this Modal Appendix.

1-3.9 JURISDICTIONAL MARKINGS AND
CERTIFICATION

(a) Cettification of compliance of the rules of this
Section-shall consist of completion and availability of
doctiménts according to the requirements of TS-3 of
this. Section.

(b) Thecompetentauthority shall provide its ownrules
for compliance certification of its regulations and require-
ments.

1-3.10 OPERATION, MAINTENANCE, AND
INSPECTIONS

(a) Inspections and Tests. Except as otherwise required
in (b) below, tank vessels constructed according to the
rules of this Article shall be inspected and tested according
to the most stringent requirements for types and intervals
of in service inspections and tests required by 1-1.9 of this
Modal Appendix, the competent authority, or the manda-
tory requirements of the National Board Inspection Code.

(b) Tank vessels constructed of materials listed in
Table TM-130.2-6 of this Section shall receive internal
inspections and pressure tests at intervals required by
Table 1-1.9 for Category 331 tanks, as follows:

(1) Magnetic particle inspections described in
1-3.6.2(b)(1) of this Article shall be performed in accor-
dance with publication P-26 (formerly TB-2) of the
Compressed Gas Association.

(2) Pressure tests shall be performed according to
the requirements of 1-1.9 of this Section, except that
test pressure for new tanks constructed to the rules of
Article TF-6 of this Section shall be no less than required

the additional requirements of 1-3.11.1 of this Article shall
meetthe specifications for type, design, capacity, tempera-
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(c) Inservice Repairs. Except as permitted in (d) below,
defects discovered by inspections required in this para-

be constructed to all of the rules of this Modal Appendix
pertaining to Category 331 tanks.

graph shall be repaired according to the requirements 1n
Part TP of this Section and the National Board Inspection
Code.

(d) Alternative Method for Inservice Repair of Cracks
Detected by Internal and External Inspections. The
following alternative method applies only to tank
vessels constructed of SA-517 material:

(1) Cracks discovered during the inservice testing
required by (b)(1) may be repaired according to publica-
tion P-26 (formerly TB-2) of the Compressed Gas Associa-
tion, provided the competent authority allows the repair
and the conditions listed in (2) are met.

(2) Conditions required for alternative repair
methods allowed by (1) above shall be as follows:

(-a) Welding procedures for repairs shall be qual-
ified according to Part 111, 2.5.3.2, “Welding Method 2” of
the current National Board Inspection Code with the
concurrence of an Authorized Inspector of a pressure
vessel repair facility holding a current R stamp.

(-b) The repair welding procedure qualification
shallinclude Charpy V-notch impact tests ata temperature
no higher than the minimum design metal temperature
marked on the tank vessel appropriate to procedure quali-
fication test criteria for new construction of vessels of the
same material specification and thickness, design pres-
sure, design type, and operating conditions. The impact
test acceptance criteria shall be in accordance with_the
minimum required value adopted either in the edition
of the Code in effect when the vessel was built‘or in
the edition of the Code in effect when the vesselissepaired.

(-¢) The maximum depth of cracks allowed to be
repaired according to this paragraph shall*be no deeper
than one-half of the tank vessel wall material at the loca-
tion of any part of the crack.

(-d) No part of a crack to be‘repaired according to
this paragraph shall be locatedin-vessel wall material with
construction thickness exceeding 14.7 mm (0.58 in.).

(-e) Tank vessgls.for which crack repair proce-
dures described in this’paragraph are allowable shall
be limited to vessels ‘that have transported anhydrous
ammonia or liquefied petroleum gas or other petroleum
ladings.

1-3.11. ADDITIONAL REQUIREMENTS

1;3:11.1 CONSTRUCTION REQUIREMENTS FOR
CARGO TANK VESSELS USED TO
TRANSPORT SPECIFIC HAZARDOUS
MATERIALS

(a) Scope and General Requirements. Except where

(1) This paragraph contains rules for the construc-
tion of highway tanks used for transportation of

(-a) anhydrous ammonia, carbon dioxide oxide
refrigerated liquid, chlorine, nitrous oxide refrigerated
liquid, and sulfur dioxide

(-b) otherunspecified refrigerated liquids allowed
by the competent authority to be transported in category
331 tanks

(2) Except as provided in (4) below(or<étherwise
specified in this paragraph, tank vessels shall'be designed
and constructed, and be equipped with pressure relief
valves, for the value of maximum allowable working pres-
surerequired by 1-3.3(b) of this Artiele, butin no case shall
be less than the values listedvasfollows:

(-a) anhydrous ammonia: 18.3 bar (265 psi)

(-b) carbon dioXjd€ oxide refrigerated liquid:
13.80 bar (200 psi)rexcept as provided in (4) below

(-c) chlorine15.5 bar (225 psi)

(-d) nitfous oxide refrigerated liquid: 13.80
bar (200 psi)

(-e)-sulfur dioxide: tank vessel capacity not more
than 4/500'L (1,200 gal), 10.3 bar (150 psi)

(4f) sulfur dioxide: tank vessel capacity exceeding
4(5Q0 L (1,200 gal), 8.62 bar (125 psi)

(-g) unspecified refrigerated liquids: maximum
allowable working pressure and minimum required by
competent authority

(3) Each cargo tank vessel used to transport ladings
listed in (1) above, except tanks for transport of anhydrous
ammonia, shall be covered with a suitable insulation of
such thickness that the overall thermal conductance is
not more than the conductance values listed in (-a)
and (-b) below. Conductance values shall be measured
at 15.6°C (60°F).

(-a) Except for additional restrictions in (d)(6) of
this paragraph, the conductance required for insulation
for tanks that are used to transport carbon dioxide refri-
gerated liquid, chlorine, or nitrous oxide refrigerated
liquid shall be no greater than 1 600 J/m?/°C differential
(0.08 Btu/ft*/°F/hr).

(-b) The conductance required for insulation for
tanks that are used to transport sulfur dioxide shall be
no greater than 1 500 J/m?/°C (0.075 Btu/ft*/°F/hr).

(-c) The conductance required for insulation for
tanks that are used to transport other refrigerated
liquids not otherwise specified shall be as required by
the competent authority, or by the user. The competent
authority or the user may require or specify temperature
holding time and pressure rise criteria that will require
more stringent insulation conductance specifications than
required by (-b) or (-c) above.

otherwise reguired-in this naragrapnh tank vessels
1 r t=] ) Sfialtd

used to transport the ladings listed in (1) below shall

vessels used for transportation of refrigerated liquids may
be designed for alternative values of maximum allowable
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working pressure no lower than the minimum value of the
pressure range for Category 331 tanks [see

(4) Repair of cracks discovered by inspections
required for continued service of tank vessels constructed

1-3.5(b)(1)(-a)], provided

(-a) the tank is insulated according to the
minimum requirements and criteria of (3)(-a) above

(-b) the alternative maximum allowable working
pressure value is permitted by the competent authority

(-c) the tank vessel is constructed and marked for
a minimum design metal temperature no higher than the
coincident temperature of the lading at the alternative
maximum allowable working pressure, according to
the requirements of Article TM-2 of this Section, or in
the alternative

(-d) the minimum design metal temperature is set
by the competent authority (or the user) ata value equal to
or higher than the vapor temperature of the lading at the
least pressure allowed by 1-3.3(b)(1)(-a) of this Article,
and the maximum allowable working pressure value is set
by the competent authority (or the user) as equal to or
incrementally higher than the vapor pressure at the
minimum design metal temperature

(5) Reliefvalves shall be installed and located so that
the cooling effect of the tank lading will not prevent the
effective operation of the device. Pressure relief valves
installed in insulated tanks that are designed for transport
of refrigerated liquids, and that are equipped with
manways, may be installed in protected locations to
prevent obstruction or disablement of relief valves
from icing, provided that the inlet port of the relief
valve communicates with the vapor space of the vessel
in its normal operating position through a pipe or tube
of sufficient size to prevent restriction of flow or pressure
drop below the full flow rating of the relief valve-Pipes or
tubes that connect the vapor space of the tankyessel to the
intake port of the relief valves shall be\braced and
connected and be of sufficient stiffness(@nd strength to
prevent damage from road vibration and shock, including
leakage into the liquid spac¢e-of the tank (see
Nonmandatory Appendix B of'this Section). Design of
connecting pipes and tubes.shall include a means to
test for damage that results’in leakage of liquid to the
inlet port of the relief ‘valve.

(b) Additional Réquirements for Construction of Anhy-
drous Ammonia Cargo Tank Vessels. Cargo tank vessels
used to transpost anhydrous ammonia shall be designed
and constructed to the rules of this Article and as required
in this sitbparagraph.

F19>Tank vessels shall be constructed to the
maximum allowable working pressure required by
(aJ(2)(-a) above.

(2) Tank vessels shall be constructed of steel. Use of
copper, silver, zinc, or their alloys is prohibited.

(3) Tank vessels shall be postweld heat treated

of SA-517 shall be performed according to the rules in
1-3.10 of this Article.

(c) Additional Requirements for Construction of Carbon
Dioxide Refrigerated Liquid Cargo Tank Vessels

(1) Except as provided in (2) below, tank vessels
shall be constructed to the maximum allowable
working pressure no less than the value required.by
(a)(2)(-b) above.

(2) Carbon dioxide refrigerated liquid tank-¥éssels
may be designed to an alternative maximum allowable
working pressure no lower than the minimum value of
the pressure range for Category 331 tanks required in
1-3.3(b)(1)(-a) of this Article provided the tank is
constructed to requirements of (a)(4) above.

(3) Reliefvalves shall be installed and located so that
the cooling effect of the tanklading will not prevent the
effective operation of the.device. One or more pressure
control devices may be-used in addition to the safety
relief valves requiréd by 1-3.7.

(d) Additional\Requirements for Construction of
Chlorine CargoyTank Vessels

(1) Tank“vessels shall be constructed to the
maximum allowable working pressure value required
by (a){2)(-c) above.

(2) Material used to construct vessel shell, heads, the
manway, and attachment and support pads shall be steel
as follows:

(-a) Material shall conform to minimum require-
ments of specification SA-516 Grade 65 or 70, normalized,
or specification SA-612 normalized.

(-b) Material plate impact specimens shall meet
Charpy V-notch test requirements of SA-20.

(-¢) Material plate impact test specimens shall
meet the requirements of 1-3.4(a)(2) of this Article,
except that the minimum impact shall be no less than
40 ] (30 ft-1b) in the longitudinal direction, and 27 ]
(20 ft-1b) in transverse direction of final rolling of
plate at an impact test temperature no warmer than
-40°C (-40°F).

(3) Minimum thickness of vessel heads and shells
and other pressure-retaining parts shall be no less
than 15.9 mm (0.625 in.), including corrosion allowance,
which shall be the smaller value of 20% of the construction
thickness, or 2.5 mm (0.10 in.).

(4) Tank vessels shall have only one opening that
shall be in the top of the tank vessel, and be fitted
with a nozzle that is protected with a manway cover
that conforms to the standard of The Chlorine Institute,
Inc. drawing 103-4 dated September 1, 1971.

(5) Tank vessels shall be

(-a) fully radiographed according to the require-

but in no case at a metal temperature less than 566°C
(1,050°F).
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(-b) postweld heat treated as a unit after comple-
tion of all welding to the tank vessel wall, according to the

(2) Corrosion allowance of shell, heads, and other
pressure retention parts of tank vessels shall be the

requirements of 1-3.6.5 of this Article

(6) Tank insulation shall have a conductance no less
thanrequiredin (a)(2)(-a) above, and be constructed of no
less than 100 mm (4 in.) of corkboard, or 100 mm (4 in.) of
polyurethane foam, or 50 mm (2 in.) of ceramic fiber/
fiberglass of 6.4 x 107 kg/mm?® (4 1b/ft*) minimum
density, covered by 50 mm (2 in.) minimum thickness
of fiber.

(e) Additional Requirements for Construction of Nitrous
Oxide Refrigerated Liquid Cargo Tank Vessels

(1) Except as provided in (2) below, tank vessels
shall be constructed to the maximum allowable
working pressure required by (a)(2)(-d) above.

(2) Nitrous oxide refrigerated liquid tank vessels
may be designed to an alternative maximum allowable
working pressure no lower than the minimum value of
the pressure range for Category 331 tanks required in
1-3.3(b)(1)(-a) of this Article provided the tank is
constructed to requirements of (a)(4) above.

(3) Reliefvalves shall be installed and located so that
the cooling effect of the tank lading will not prevent the
effective operation of the device. One or more pressure
control devices may be used in addition to the safety
relief valves required by 1-3.7 of this Article.

(4) Minimum thickness of shell, heads, and other
pressure retention parts of tank vessels shall be the
greatest of the values determined as follows:

(-a) Tank vessel wall thickness shall be ne\less
than required to meet the stress and load requirements
of 1-3.5.1, 1-3.5.5, and 1-3.5.6 of this Article:

(-b) Shells and heads of tanks excluding inter-
mediate heads shall be constru€ted of 7.62
mm (0.30 in.) minimum SA-240 Type 304 stainless
steel; or suitable steel of equivalentthickness, eq, calcu-
lated as required by 1-3.11.2 of“this Article, where the
properties of SA-240 Type 304sstdinless steel are specified
in Section II. The properties'afthe actual material used, 4;
(percent elongation) and\R,,; (minimum ultimate tensile
strength), shall be determined from the specified proper-
ties of the actual material in Section II.

(f) Additional\Requirements for Construction of Sulfur
Dioxide Cargo Tank Vessels

(1) Tankvesselsshallbe designed and constructed to
amaximum allowable working pressure equal to the value
required by (a)(2)(-e) or (a)(2)(-f) above thatis applicable
tethe tank vessel volume.

smaller value of 20% of the construction thickness, or
2.5 mm (0.10 in.), and shall be exclusive of the greatest
value of minimum thickness required in this subpara-
graph.

(3) Minimum thickness of shell, heads, and other
pressure retention parts of tank vessels shall be-the
greatest of the values determined as follows:

(-a) Tank vessel wall thickness shall bg;no less
than required to meet the stress and load equirements
of 1-3.5.1, 1-3.5.5, and 1-3.5.6.

(-b) Shells and heads of tanks\excluding inter-
mediate heads shall be constructed of 6.35
mm (0.25 in.) minimum SA-240.Type 304 stainless
steel; or suitable steel of equivalént thickness, e, calcu-
lated as required by 1-3.11.2 of this Article, where the
properties of SA-240 Type:304 stainless steel are specified
in Section II. The properties of the actual material used, 4;
(percent elongation)-and R,,; (minimum ultimate tensile
strength), shall(beydetermined from the specified proper-
ties of the actual material in Section II.

(g) Additional Requirements for Construction of Refri-
gerated, Liquid Cargo Tank Vessels Transporting Other
Compressed Gases Not Specified Herein

(1) Tank vessel shall be insulated to the minimum
réquirements and performance criteria of (a)(3)(-c)
above.

(2) Minimum design metal temperature and
maximum allowable working pressure shall be deter-
mined as required in (a)(4) above.

(3) Reliefvalves shall be installed and located so that
the cooling effect of the tank lading will not prevent the
effective operation of the device. Where allowed by the
competent authority, one or more pressure control
devices may be used in addition to the safety relief
valves required by 1-3.7.

1-3.11.2 EQUIVALENT MATERIAL THICKNESS

Where allowed in this Article, when a minimum thick-
ness of a specified material is given, the equivalent thick-
ness of the actual material used shall be determined
according to Mandatory Appendix XIII, Method B.

215



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

ARTICLE 4

CATEGORY 338, VACUUM INSULATED CARGO TANKS FOR

1-4.1 SCOPE

(a) This Appendix provides the minimum require-
ments for design, construction, and continued service

TRANSPORTING REFRIGERATED FLUIDS

(b) Cargo tanks meeting the requirerhents of this
Appendix shall be designated and stamiped as T, Class
1, in accordance with the rules of this/Section.

(c) For the purpose of this Modal Appendix, refriger-

for vacuum insulated cargo tanks tran_sportir?g. refriger- ated fluids are listed in Table 154"
ated fluids. These requirements are in addition to all
other applicable requirements of this Section. In addition,
all requirements of the competent authority shall be met.

Table 1-4.1
Refrigerated Nontoxic Gases

Item and Group

Identification Number,"Name, and Description [Note (1)]

3A

30

3F

Asphyxiant Gases

UN 1913 neon, refrigerated liquid

UN 1951 argon, refrigerated liquid

UN 1963 helium, refrigerated\liquid

UN 1970 krypton, refrigetated liquid

UN 1977 nitrogen, refrigerated liquid

UN 2187 carbon dioxide, refrigerated liquid

UN 2591 xenon, refrigerated liquid

UN 3136 trifluoromethane, refrigerated liquid
UN 3158 gas, refrigerated liquid, NOS [Note (2)]

Oxidizing Gases

UN 1003 air, refrigerated liquid

UN 1073 oxygen, refrigerated liquid

UN 2201 nitrous oxide, refrigerated liquid, oxidizing

UN 3311 gas, refrigerated liquid, oxidizing, NOS [Note (2)]

Flammable Gases

UN 1038 ethylene, refrigerated liquid

UN 1961 ethane, refrigerated liquid

UN 1966 hydrogen, refrigerated liquid

UN 1972 methane, refrigerated liquid; or natural gas, refrigerated liquid, with high methane content

UN 3138 ethylene, acetylene, and propylene mixture, refrigerated liquid, containing at least 71.5% ethylene
with not more than 22.5% acetylene and not more than 6% propylene

UN 3312 gas, refrigerated liguid, Flammable, NOS [Note (2)]

NOTES:

(1) Identification (UN) number, name, and description according to UN Recommendations on Transport of Dangerous Goods, Modal Regulations
(2) NOS = Not otherwise specified
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1-4.2 GENERAL REQUIREMENTS

(o) I

(c) Any part of the tank, including fittings, gaskets, and
piping, which may come in contact with the cryogenic

te)—Eacheargotanishallconsistofoneormorestitably
supported welded pressure vessels enclosed within an
outer vacuum jacket with insulation between the inner
vessel and outer shell or jacket and having piping,
valves, supports, and other appurtenances. (See
Nonmandatory Appendix E.)

(b) Design and construction details of the tank interior
shall be such that collection and retention of cleaning
materials or contaminants will not occur. To preclude
the entrapment of foreign material, the design and
construction of the tank must allow washing of all interior
surfaces by the normal surging of the lading during trans-
portation. The inner vessel shall be cleaned for the
intended service.

(c) All applicable packaging requirements of the
competent authority shall be met.

(d) The maximum allowable working pressure of the
tank must be at least 1.74 bar gauge (25.3 psig) but not
more than 34.5 bar gauge (500 psig).

(e) The material and the protection of the surfaces
exposed to the atmosphere shall be suitable for the
intended service surroundings.

(f) Thermal Conditions. The following thermal condi-
tions shall be taken into account in the design and selec-
tion of materials:

(1) fortheinnervessel and its associated equipment,
the full range of temperature expected in normal opera-
tion

(2) forthe outerjacketand equipment thereoffother
than equipment covered in (1) above]

(-a) a minimum design metal temperature of
-20°C (-4°F)

(-b) a maximum design temperature of
50°C (122°F)

If the jacket is designed for a lowertemperature, it shall
be marked on the nameplate,

1-4.3 MATERIALS

Materials of construction shall be as specified in 1-3.4.
The jacket is not pattofthe pressure vessel. Cast materials
are not permitted, except for valves.

(a) Thejacket covering the insulation shall be of steel if
the refrigerated fluid is to be transported by water or ifitis
oxygen‘or a flammable fluid.

(b)Mn choosing the materials for all parts of the cargo
tank, consideration shall be given to avoidance of brittle
fracture at the minimum design temperature, resistance to
impact loads, and to hydrogen embrittlement and stress
corrosion cracking if applicable. Nonmetallic materials
may be used for the attachments and supports
between the shell and jacket, provided their properties

tluid, shall be compatible with that cryogenic fluid.

(d) Valves, fittings, pumps, compressors, or controls
made of aluminum or aluminum alloys with internal
rubbing or abrading aluminum or aluminum alloy
parts that may come in contact with oxygen or refrigerated
fluid shall not be used on cargo tanks for oxygen service.
Design of the pressure vessel interior and its internal
fixtures shall also exclude any rubbing or @brading
aluminum or aluminum alloy parts for oxygeh service.
Aluminum or aluminum alloy valves, pip€, or fittings
external to the jacket that retain theoxygen lading
during transportation shall not be used.

(e) Materials that may react with oxygen or oxygen-
enriched atmospheres in a darigérous manner shall not
be used in cargo tanks intended for the transport of cryo-
genic liquid having a boiling point of -198°C (-325°F) or
colder.

1-4.4 DESIGN REQUIREMENTS

Design ofthe inner vessel and outer jacket shall meet all
applicable requirements of this Appendix and of
Nonmandatory Appendix E.

{a)" General

(1) In the event of an increase in at least one of the
following parameters, the initial design process shall be
repeated to take account of the modifications:

(-a) maximum allowable pressure

(-b) density of the fluid for which the vessel is
designed

(-c) maximum tare weight of the inner vessel

(-d) nominal diameter of the inner vessel

(-e) an increase of more than 5% of the nominal
length of the inner vessel

(2) Or if any change relative to the following param-
eters occurs, the initial design process shall be repeated to
take account of the modifications:

(-a) the type or grade of material

(-b) the fundamental shape

(-c) the decrease in the minimum mechanical
properties of the material being used

(-d) to the modification of the design of an
assembly method concerning any part under stress, parti-
cularly as far as the support systems between the inner
vessel and the outer jacket or the inner vessel itself or the
protective frame, if any, are concerned

(b) Design Specification

(1) The following details shall be defined for the
design of any cargo tank:

(-a) maximum allowable pressure
(-b) fluids intended to be contained
(-c) gross volume of the inner vessel

(25)

at the design pressure and minimum design temperature
are proven to be suitable for the intended service.
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Table 1-4.4-1
Design Load Factors for Normal Operations in Specified Transportation Modes

Load Factors

Transportation Modes Load Case Forward, F; Backward, F; Up, F; Down, F; Lateral, F;
Road and water 1 2.0 1.0
2 2.0 1.0
3 1.5
4 2.0
5 1.0 1.5

(-e) location of attachment points and loads allow-
able on these points

(-f) filling and emptying rate

(-g) range of ambient temperature

(-h) transportation mode

(2) A design document in the form of drawings with
text, if any, shall be prepared, and it shall contain the in-
formation given above plus the following where applica-
ble:

(-a) drawings with dimensions and thicknesses of
the tank components

(-b) specification of all load bearing materials
including grade, class, temper, testing, etc., as relevant

(-c) applicable material test certificates

(-d) calculations to verify compliance with this
Part

(-e) design test program

(-f) nondestructive testing requirements

(-g) pressure test requirements

(-h) piping configuration including type, size,Jand
location of all valves and relief devices

(-i) details of supports and attachments

(-j) diagram showing heat numbefs and Charpy
impact values of the plates used fef’the pressure
vessel construction and their location on the pressure
vessel

(c) Design Analysis. The pressure vessel shall be able to

withstand safely the meChahical and thermal loads
encountered during pressure test and normal operation.
The static forces used:shall be obtained as required in (1)
and (2) below when the pressure vessel is fully supported
within the vacuum/jacket by structural members.

(1) The'pressure vessel, its attachments, and
supports,shall be designed for the static forces obtained
by multiplying the load factors applicable for the trans-
portation modes given in Table 1-4.4-1 with the maximum
weight imposed on the pressure vessel in addition to the
design pressure. The maximum weight imposed on the
inner vessel shall include the weights of the inner
vessel, its fastenings and supports, maximum permissible
content, piping, insulation, and any other item supported

equivalent to the dynamic loads experienced during
normal operation of the cargo tank.

(2) The outer jacket, its attachments, and supports
shall be designed for the static forces obtained by multi-
plying the load factors applicdble'for the transportation
modes given in Table 1-4.4;1¢with the maximum weight
imposed on the outer jacket in addition to 2 bar (29 psi)
external pressure. The ntaximum weight imposed on the
outer jacket shall include the weights of the outer jacket,
with all its enclesures including inner vessel filled to the
maximum pepmissible capacity and the weights of all
items fastened to or supported from/to the outer
jacket such as piping, controls, cabinets, etc. Each load
case.shall be considered separately, but all forces in a
load¥case shall be considered acting simultaneously.
The static forces obtained are equivalent to the
dynamic loads experienced during normal operation of
the cargo tank.

(3) A cargo tank mounted on a motor vehicle frame
must be supported to the frame by external cradles, load
rings, or longitudinal members. If cradles are used, they
must subtend at least 120 deg of the cargo tank circum-
ference. The design calculations for the supports and load
bearing tank or jacket, and the support attachments must
include beam stress, shear stress, torsion stress, bending
moment, and acceleration stress for the loaded vehicle asa
unit. The effects of fatigue must also be considered in the
calculations.

(4) Load rings in the jacket used for supporting the
inner vessel shall be designed to carry the fully loaded
inner vessel at the specified static and dynamic loadings
and external pressure.

(d) Fatigue Analysis. The design shall take into account
the effect of cyclic loads on the inner vessel and its attach-
ments during normal conditions of operation from
mechanical loads obtained from the load factors specified
in Table 1-4.4-2 and design pressure. The minimum
fatigue life shall meet the following requirements:

(1) 10° cycles for cyclic loads in Table 1-4.4-2

(2) 3% 10° cycles for actual pressure cycles but in no
case less than 10° cycles for full pressure cycles from 0

OT the pressure vessel. Each load case shall be considered
separately but all forces in a load case shall be considered
acting simultaneously. The static forces obtained are
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Table 1-4.4-2
Factors for Fatigue Analysis

Load Factors

Forward Backward Up Down Lateral
Transportation Modes Load Case Cyclic, F; Cyclic, F; Cyclic, F; Cyclic, F; Steady, F; Cyclic, Fy
Road and water 1 0.7 1.0
2 0.7 1.0
3 1.0
4 1.0 1.0
5 1.0 0.7

Fatigue life analysis shall be in accordance with Section
VIII, Division 2, Part 5, 5.5. The Usage Factor shall not
exceed 1.0. In fatigue evaluation of any item designed
to withstand more than one load case, the maximum load-
ings in each direction from all applicable load cases shall
be considered to act simultaneously in determining the
magnitude of alternating stresses.

(e) Maximum Allowable Stresses

(1) The inner vessel shall be designed for the design
pressure using the maximum allowable stress values
given in Section II, Part D, for the materials used [see
TM-130.2(b)].

(2) For the design loads specified in 1-4.4, the
maximum allowable membrane stress values at any
point in the vessel supports and in the vessel wall at
support attachments shall not exceed the lesser‘af
33% of the specified minimum tensile strength'and
67% of the specified minimum yield strength of the mate-
rials used (see Section II, Part D, Subpart 1, Tables)U and Y-
1). The local membrane plus bending styess shall not
exceed 75% ofthe applicable yield strength, For austenitic
stainless steels the 1% proof strength_(determined by the
1% offset method), determined in @¢cordance with the
applicable material specification,"may be used instead
of the values in Section II, Part-D, Subpart 1, Table Y-1,
when acceptable to the jutisdictional authorities (e.g.,
49 CFR 178.274).

When austenitic Stainless steels are used, higher
tensile strength, yield strength, or 1% proof strength
values, and up to 115% of the minimum specified
values in the japplicable material standards may be
used, provided these values are reported on the test
report,

(3) For nonpressure parts, the enhanced tensile
strength of the material at actual operating temperature
may be substituted for the tensile strength at ambient
temperature to the extent recognized by Section XII or
EN 10028-7.

(f) Design Criteria

(1) Vessels and outer jackets shall be of a circular

(2) Vessel shall be designed and<onstructed to with-
stand a test pressure not be lessgthan 1.3 times the MAWP.
For shells with vacuum insulation, the test pressure shall
not be less than 1.3 times’the sum of the MAWP and 1
bar (14.5 psi). Except\for-an accessory vessel used for
refrigerant (cooling.and-heating fluid) storage, the test
pressure shall notbe-less than 3 bar (44 psi) gauge pres-
sure.

(3) Forinetals exhibitinga clearly defined yield point
or characterized by a guaranteed proof strength, the
primary membrane stress, S, in the vessel shell shall
not.exceed 0.75R, or 0.43R,,, whichever is less, at the
tést)pressure where

R. = specified minimum yield strength, MPa (N/mm?)
(psi). [For austenitic stainless steel R, may be
determined by the 0.2% or the 1% offset
method, as appropriate, see 1-4.4(e)(2).]

R, = specified minimum tensile strength, MPa

(N/mm?) (psi)

(-a) The R,, and R, values used in the design shall
be the specified minimum values in accordance with the
applicable national or international materials standards.
For austenitic steels, the specified minimum R, and R,,
values in the applicable material standards may be
increased by up to 15% when greater values are reported
on the material inspection certificate (e.g., testreport). See
TF-410.3 for additional welding qualification require-
ments.

(-b) Steels that have an R,/R,, ratio greater than
0.85 are not permitted for the construction of welded
vessel shells. The values of R, and R,, to be used in deter-
mining this ratio shall be the specified minimum values in
the applicable material specification.

(-c) Steels used in the construction of vessels shall
have an elongation at fracture, in percent, not less than
10,000/R,,. The elongation shall not be less than 16% for
fine grain steels and 20% for other steels. Aluminum and
aluminum alloys used in the construction of vessels shall
have an elongation at fracture, in percent, not less than

"
CIUSS STULIUIL
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10,000/6R,,. The elongation shall not be less than 12% for
aluminum and aluminum alloys.

The surge plate shall cover at least 70% of the cross-
section of the vessel.

NOTE: The unitto be used for R,,, to compute the percent elonga-
tion shall be N/mm? (1 N/mm? =1 MPa = 145 psi).

(-d) Forsheetmetal, the tensile test specimen shall
be oriented at right angles (transverse) to the principal
direction rolling. The elongation at fracture shall be
measured on test specimens of rectangular cross
section in accordance with ISO 6892:1998, Metallic Mate-
rials —Tensile Testing, usinga 50 mm (2 in.) gauge length.

(g) Minimum Vessel Wall Thickness

(1) The minimum pressure vessel thickness shall be
the greater of the following:

(-a) the minimum thickness determined in accor-
dance with the requirements in (2) through (4) below

(-b) the minimum thickness determined in accor-
dance with (c)(1)

(2) Vessels of not more than 1.80 m (71.0 in.) in
diameter shall be not less than 5 mm (0.20 in.) thick
in the Reference material [see (6) below], or shall be
of equivalent thickness in the metal to be used. Vessels
of more than 1.80 m (71.0 in.) in diameter shall be not
less than 6 mm (0.24 in.) thick in the Reference material,
or of equivalent thickness in the metal to be used.

(3) Vessels of vacuum-insulated tanks of not more
than 1.80 m (71.0 in.) in diameter shall be not less
than 3 mm (0.12 in.) thick in the Reference material
[see (6) below] or of equivalent thickness in the metal
to be used. Such vessels of more than 1.80 m (71.0 in.)
in diameter shall be not less than 4 mm (0.16 in)
thick in the Reference material, or of equivalent thickness
in the metal to be used.

(4) Vesselsshallbenotlessthan 3 mm (0.124n.) thick
regardless of the material of construction.

(5) Forvacuum-insulated tanks, the.aggregate thick-
ness of the jacket and the vessel wall shall correspond to
the minimum thickness prescribeddn (2) above, and the
thickness of the vessel wall.ghall not less than the
minimum thickness prescribed_in (3) above.

(6) Evacuated jackets(for flammable fluids shall have
a minimum thickness of 6 mm (0.24 in.) in the reference
material.

(7) In no case.shall the vessel wall and/or jacket
thickness be less*than that required by (1) through (6)
above. The-minimum thickness shall be exclusive of
any corrgsion allowance.

(8).\The equivalent thickness of a material to the
refetence material thickness prescribed in (2), (3), and
(6)_above shall be determined according to Mandatory
Appendix XIII, Reference Material and Equivalent Thick-
ness.

(h) Surge Plates. The inner vessel shall be divided by
surge plates to provide stability and limit dynamicloads to

The volume between surge plates shall not exceed
10 500/s,4 L (2,790/s4 gal) where

S,

g = the specific gravity of the cryogenic fluid at 1 bar

saturation (14.5 psig)

Surge plates and their attachments to the shell shall bé
designed to resist the stresses caused by a pressure eyvehly
distributed across the area of the surge plate. The pressure
is calculated by considering the mass ofliquid between the
plates decelerating at 2 g (Table 1-4.1).

1-4.5 FABRICATION AND EXAMINATION

(a) All welded joints in the pressure vessel shall meet
the requirements of this Section)) except that butt welds
with one plate edge offset are not permitted [see
Figure TW-130.5-1, illustration (k)].

(b) All longitudinal welds in the pressure vessel must
be located so as not tointersect nozzles or supports other
than load rings¢and stiffening rings.

(c) All innér'yessel nozzle-to-shell and nozzle-to-head
welds shall/be full penetration welds.

(d) Prevision forinternal access shall be required for all
cargo_tanks transporting oxygen. Each inner vessel having
ankinternal access shall be

(1) provided with means of entrance and exit
through the jacket, or

(2) marked on its jacket to indicate the access loca-
tion on the inner vessel.

A manhole with a bolted closure may not be located on
the front head of the tank.

(e) The inlet to the liquid product discharge opening of
each pressure vessel intended for flammable lading shall
be at the bottom of the inner vessel.

(f) A tank for oxygen service shall be thoroughly
cleaned in accordance with industry standards (e.g.,
CGA G-4.1, Cleaning Equipment for Oxygen Service) to
remove foreign material that could react with the lading.

NOTE: The use of backing rings requires careful consideration of
cleanliness, product drainage, and materials for safe application
in oxygen service.

(g) Allbuttwelds in the pressure vessel shell and heads
subject to pressure shall be examined radiographically or
ultrasonically for their full length in accordance with
Article TE.

1-4.6 PRESSURE RELIEF DEVICES

(a) Every tank shall be provided with two independent
pressure relief systems that are not connected in series,
namely

the requirements of (c) above, unless it is to be filled equal
to or more than 80% of its capacity or nominally empty.
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(2) asecondary system of one or more frangible discs
or pressure relief valves

exceed the liquid flow capacity of the pressure relief
valves, rated at the test pressure of the inner vessel.

(b) A competent authority may require stricter safe-
guards than those specified in this part.

(c) Capacity and Set Pressure of Pressure Relief Devices

(1) Forthe primary system, the pressure reliefvalves
must have a set point not greater than 110% of the MAWP
and be fully open at a pressure not exceeding 121% of the
MAWP. These pressure relief valves must, after discharge,
close at a pressure not lower than the MAWP and must
remain closed at all lower pressures. The pressure relief
valves should be of the type that will resist dynamic forces,
including surge. The capacity for the pressure relief valves
for the primary system shall provide for loss of vacuum
and be sufficient so that the pressure inside the tank does
not exceed 121% of the MAWP.

(2) For the secondary system, both the primary and
secondary relieving devices, under complete fire engulf-
ment at a coincident temperature not exceeding 427°C
(800°F), shall be sufficient to limit the pressure in the
tank to the test pressure.

(3) The required capacity of the relief devices shall
be calculated in accordance with CGA S-1.2.

(d) Design and Construction. Each pressure relief valve
and frangible disc holder must be designed and
constructed for a pressure equal to or exceeding the
tank’s test pressure at the coldest temperature expected.
Pressure relief devices must be either spring-loaded pres-
sure relief valves or, for the secondary system, frangible
discs. Pressure relief valves must be of a type that-auto-
matically opens and closes at predetermined pressures.

(e) Optional Pressure Relief Devices and ‘Pressure
Control Valves. In addition to the required pressure
relief devices, a cargo tank in refrigerated liquid
service may be equipped with one or bath of the following:

(1) oneor more pressure controlvalves setata pres-
sure below the tank’s design pressure

(2) one or more frangible\discs set to function at a
pressure not less than the test-pressure or more than 1.75
times the maximum allowable working pressure of the
tank

(f) Type, Application, Testing, Marking, and Mainte-
nance Requirements. Unless otherwise specified in this
Section, the type, application, testing, marking, and main-
tenance réquirements for pressure relief devices shall be
as specified in CGA S-1.2.

(g Maximum Filling Rate

(1) For a tank used in oxygen and flammable refri-
gerated fluid service, the maximum rate at which the tank
is filled shall not exceed the liquid flow capacity of the
primary pressure relief system, rated at a pressure not
exceeding 121% of the tank’s design pressure. This
rate shall be included on the inner vessel plate.

This rate shall be included on the inner vessel nameplate.
(h) Arrangementand Location of Pressure Relief Devices
(1) The discharge from any pressure relief system
must be unobstructed to the outside of any protective
housing in such a manner as to prevent impingement
of gas upon the jacket or any structural part of-the
tank, or operating personnel. For oxygen and flanimable
refrigerated fluid service, the discharge must be directed
upward.

(2) Each pressure relief valve shall*he arranged or
protected to prevent accumulation of\foreign material
between the relief valve and the atmospheric discharge
opening in any relief piping.,The’arrangement must
not impede the flow throughtthe’ device.

(3) Each pressure reliefwalve shall be designed and
located to minimize the\possibility of tampering. If the
pressure setting or adjustment is external to the valve,
the valve shall be-sealed.

(4) Each pressure relief device shall have direct
communication with the vapor space of the inner
vessel at/thé mid length.

(5), Edch pressure relief device shall be installed and
located“So that the cooling effect of the contents during
veénting will not prevent the effective operation of the
device.

(i) Connections

(1) Each connection to a pressure relief device must
be of sufficient size to allow the required rate of discharge
through the pressure relief device. The inlet connection
must be not less than % in. nominal pipe size.

(2) A shut-off valve may be installed in a pressure
relief system only when the required relief capacity is
provided at all times.

(j) Markings

(1) The flow capacity and rating shall be verified and
marked by the Manufacturer of the safety relief valve in
accordance with the requirements of Section XIII, 3.9.

(2) In addition, the markings shall comply with the
applicable requirements of the competent authority.

1-4.7 ASME NAMEPLATE REQUIREMENTS

(a) All applicable nameplate and stamping require-
ments of this Section shall be met [see 1-4.1(b)]. A dupli-
cate nameplate [see TS-100.2(b)] for the inner vessel shall
be installed on the outer jacket.

(b) The outer jacket is not required to be stamped with
the Certification Mark with T Designator.

1-4.8 JURISDICTIONAL MARKINGS

Every cargo tank must be marked and labeled in accor-

(25)

£2) On-atapkusedin-helium and atmospheric gas
(except oxygen) refrigerated fluid service, the

maximum rate at which the tank is filled shall not
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1-4.9 OPERATION, MAINTENANCE, AND
INSPECTION

(2) the piping, valves, and gaskets are inspected for
corroded areas, defects, and other conditions, including

(a) Cargo tanks shall be tested and inspected periodi-
cally at intervals required by the competent authority (for
example, see 49 CFR, Part 180, Subpart E).

Vacuum jacketed cargo tanks used for dedicated trans-
portation of refrigerated liquefied gases are exempted
from the external inspection of the pressure vessel.
Unless the pressure vessel is fitted with inspection open-
ings on the pressure vessel, internal inspection of the pres-
sure vessel is also not required.

(b) The periodic inspection and test shall include those
inspections and tests for the intermediate periodic inspec-
tion, and an internal (unless exempted) and external
examination.

(c) An exceptional inspection and test is necessary
when a cargo tank shows evidence of damage or corroded
areas, leakage, or other conditions that indicate a defi-
ciency that could affect the integrity of the cargo tank:
the tank has been in an accident and has been
damaged to an extent that may adversely affect its reten-
tion capability; the tank has been out of service for a period
of 1 yr or longer; or the tank has been modified from its
original design specifications (see Article TP-2). The
extent of the exceptional inspection and test shall
depend on the amount of damage or deterioration of
the cargo tank. It shall include at least the inspection
and a pressure test. Pressure relief devices need not
be tested or replaced unless there is reason to belieye
the relief devices have been affected by the damage or
deterioration.

(d) The internal and external examinations“shall
ensure that

(1) theoutside of the vacuum jacketand — ifinternal
inspection is required — the inside of thépressure vessel
is inspected for pitting, corrosion, or-abrasions, dents,
distortions, defects in welds or ‘any other conditions,
including leakage, that might\render the cargo tank
unsafe for transportation.

leakage, that might render the portable tank unsate for
filling, discharge, or transportation.

(3) devices for tightening manhole covers are opera-
tive and there is no leakage at manhole covers or gaskets.

(4) missing or loose bolts or nuts on any flanged
connection or blank flange are replaced or tightened.

(5) all emergency devices and valves are free from
corrosion, distortion, and any damage or defect that could
prevent their normal operation. Remote closure.devices
and self closing stop-valves must be operated to"demon-
strate proper operation. Reclosable Pressure Relief
devices shall be removed from the tank*and tested sepa-
rately unless they can be tested while/installed on the
cargo tank.

(6) required markings onthe cargo tank are legible
and in accordance with the @pplicable requirements

(e) The leakage test for cargo tanks used for refriger-
ated liquefied gas shallibe performed at 90% of MAWP.
During each leakag¢ test the surface of all external unin-
sulated joints unden pressure during transportation must
be coated withra'Solution of soap and water or other mate-
rial suitable forthe purpose of detecting leaks. Alternately,
helium mass” spectrometer or ultrasonic leak detection
with preper sensitivity may be used for leak testing.
The pressure shall be held for a period of time sufficiently
long to ensure detection of leaks, but in no case less than 5
min. During the test, relief devices may be removed, butall
the closure fittings must be in place and the relief device
openings plugged.

(f) Inspection personnel shall be qualified as required
by Article TG-4.

(g) A cargo tank that fails a prescribed test or inspec-
tion shall be repaired and retested, or be removed from
service. If scrapped, the ASME nameplate and jurisdic-
tional nameplate shall be removed.

(h) Only manufacturing or repair facilities registered
with the competent authority and accredited as required
by Part TP may perform and certify repairs and alterations
to the cargo tank. If required by the competent authority,
the facility performing in-service testing and inspections
shall be registered with the competent authority.

222



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

MODAL APPENDIX 2
RAIL TANK CARS

In course of preparation.
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MODAI APPENDIX 3

PORTABLE TANKS

ARTICLE 1
PORTABLE TANKS FOR TRANSPORTING REFRIGERATED FLUIDS

3-1.1 SCOPE

(a) This Modal Appendix provides the minimum re-
quirements for design, construction, and continued
service for portable tanks transporting refrigerated
fluids. These requirements are in addition to all other ap-
plicable requirements of this Section. In addition, all re-
quirements of the competent authority shall be met.

(b) Portable tanks meeting the requirements of this
Modal Appendix shall be designated and stamped as T,
Class 1, in accordance with the rules of this Section.

(c) For the purpose of this Modal Appendix, cryogenic
fluids are listed in Table 3-1.1.

3-1.2 DEFINITIONS

design pressure: the pressure used in pressure vessel
design calculations required by this Section forideter-
mining the vessel thicknesses. This is equivalefit of the
MAWP as defined by TD-160 plus static head.of lading.
If the jacket is evacuated, the design pfessure is the
sum of the MAWP, 101 kPa (14.7 psia)&acket vacuum,
and the static head of lading.

design type: one or more portable tanks that are made

(a) by the same manufacturer

(b) tothe same engineering drawings and calculations,
except for minor variations in piping that do not affect the
lading retention capability of the portable tank

(c) of the same materials of construction except for
minor non-stress=bearing parts

(d) to the-same cross-sectional dimensions

(e) toalength varying by no more than 5%

(f) with'the volume varying by no more than 5% (due to
a chiange in length only)

(g) with insulation providing the same or better
thermal performance

flammable gases: gases that at 20°C (68°F) and a standard
pressure of 101 kPa (14.7 psi)

lfnj) are ighifnhln when in 2 mixture of 139% or less hy

(b) have a flammable range witlr air of at least 12
percentage points regardless-of the lower flammable
limit. Flammability shall beidetermined by tests or by
calculations in accordance~with methods adopted by
ISO (see ISO 10156).

NOTE: See Table 3-1\1 for examples of flammable gases.

jacket: either thé€ outer shell or insulation cover.

periodic test-pressure: the pressure at which the portable
tank shallbe'tested at intervals specified by the competent
authority.

portable tank for transporting refrigerated fluids: a multi-
modal tank having a capacity of more than 450 L (120 gal)
used for the transport of substances listed in Table 3-1.1.
The portable tank for transporting refrigerated fluids
includes a shell fitted with service equipment and struc-
tural equipment. The tank shall be capable of being filled
and discharged without the removal of its structural
equipment. It shall possess stabilizing members external
to the shell and shall be capable of being lifted full. It shall
be designed primarily to be loaded onto a transport
vehicle or ship and shall be equipped with skids, mount-
ings, or accessories to facilitate mechanical handling. Road
tank-vehicles, rail tank-wagons, nonmetallic tanks, and
intermediate bulk containers (IBCs) are not considered
to fall within the definition for portable tanks for trans-
porting refrigerated fluids.

3-1.3 GENERAL REQUIREMENTS

(a) Each portable tank shall consist of one or more
suitably supported welded pressure vessels enclosed
within an outer jacket with insulation between the
inner vessel and outer shell or jacket and having
piping, valves, supports, and other appurtenances (see
Nonmandatory Appendix E).

(b) Design and construction details of the tank interior
shall be such that collection and retention of cleaning

volume with air, or
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materials or contaminants will not occur. To preclude
the entrapment of foreign material, the design and
construction of the tank must allow washing of all interior
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Table 3-1.1
Refrigerated Nontoxic Gases

Item and Group

Identification Number, Name, and Description [Note (1)]

3A Asphyxiant Gases
UN 1913

UN 1951

UN 1963

UN 1970

UN 1977

UN 2187

UN 2591

UN 3136

UN 3158

30 Oxidizing Gases
UN 1003

UN 1073

UN 2201

UN 3311

3F Flammable Gases
UN 1038

UN 1961

UN 1966

UN 1972
content

UN 3138

Neon, refrigerated liquid

Argon, refrigerated liquid

Helium, refrigerated liquid

Krypton, refrigerated liquid
Nitrogen, refrigerated liquid

Carbon dioxide, refrigerated liquid
Xenon, refrigerated liquid
Trifluoromethane, refrigerated liquid
Gas, refrigerated liquid, NOS

Air, refrigerated liquid

Oxygen, refrigerated liquid

Nitrous oxide, refrigerated liquid, oxidizing
Gas, refrigerated liquid, oxidizing, NOS

Ethylene, refrigerated liquid
Ethane, refrigerated liquid
Hydrogen, refrigerated liquid

Methane, refrigetated liquid; or natural gas, refrigerated liquid, with high methane

Ethylene/acetylene and propylene mixture, refrigerated liquid, containing at least

71.5% ethylene with not more than 22.5% acetylene and not more than 6%
propylene

UN 3312

Gas, refrigerated liquid, flammable, NOS

Legend:

NOS = Not otherwise specified.

NOTE: (1) Identification (UN) number, name, and description according to UN Recommendations on Transport of Dangerous Goods - Model

Regulations.

surfaces by the normalsurging of the lading during trans-
portation.

(c) All applicable packaging requirements of the
competent authority shall be met.

3-1.4 MATERIALS

(a)} Materials of construction for the pressure vessel
shall be those allowed by this Section. The jacket is
not part of the pressure vessel. The jacket material
may be of materials permitted in this Section or ASTM-
or ISO-designated materials, provided they comply
with the applicable requirements of the competent
authority. Cast materials are not permitted, except for

(c) Nonmetallic materials may be used for the attach-
ments and supports between the shell and jacket,
provided their properties at the minimum design pressure
and temperature are proven to be suitable for the
intended service. In choosing the material, consideration
shall be given to avoidance of brittle fracture at the
minimum design temperature, resistance to impact
loads and to hydrogen embrittlement and stress corrosion
cracking.

(d) Any part of the tank, including fittings, gaskets, and
piping, which may come into contact with the cryogenic
fluid, shall be compatible with that cryogenic fluid.

(e) Materials that may react with oxygen or oxygen-
enriched atmospheres in a dangerous manner shall not

1
varvesy

(b) The jacket covering the insulation shall be of steel.
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beused im portable tanks intended for the transport of
cryogenic liquid having a boiling point of -198°C
(-325°F) or colder.
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Table 3-1.5-1
Design Load Factors for Normal Operations in Specified Transportation Modes

(25)

Load Factors

Transportation Modes Load Case Forward, F; Backward, F; Up, F; Down, F; Lateral, F;

Road and Water 1 2.0 1.0

2 2.0 1.0

3 1.0

4 2.0

5 [Note (1)] 1.0 10

5A [Note (1)] 1.0 20
Rail Without Cushioning Devices [Note (2)] 1 4.0 1.0

2 4.0 1.0

3 2.0

4 2.0

5 [Note (1)] 1.0 2.0

5A [Note (1)] 1.0 4.0
Rail With Cushioning Devices [Note (2)] 1 2.0 1.0

2 2.0 1.0

3 2.0

4 2.0

5 1.0 2.0

NOTES:

(1) Load case 5A shall be considered instead of load case 5, if the directien of travel is not known.
(2) The cushioning devices shall meet the requirements of 49 CFR 179.400%13.

(f) Aluminum and aluminum alloys that may come in
contact with cryogenic oxygen by internal rubbing or
abrading shall not be used. Aluminum or aluminum
alloy valves, pipe, or fittings external to thejacket that
retain the oxygen lading during transpextation shall
not be used.

3-1.5 DESIGN REQUIREMENTS

Design of the inner vesseland-outer jacket shall meet all
applicable requirements of this Appendix and of
Nonmandatory Appendix E.

(a) Design Loads-The pressure vessel shall be able to
withstand safely the mechanical and thermal loads
encountered during pressure test and normal operation.
The static fgrces used shall be obtained as specified in (1).

(1) dn addition to the design pressure, the pressure
vesseltand its attachments shall be designed for the static
forees obtained by multiplying the load factors applicable
for-the transportation modes given in Table 3-1.5-1 with
the maximum weight imposed on the pressure vessel. The
maximum weight imposed on the pressure vessel shall
include the weight of the pressure vessel, its fastenings
and supports, maximum permissible content, piping,insu-

but all forces in a load case shall be considered acting
simultaneously. The static forces obtained are equivalent
to the dynamic loads experienced during normal opera-
tion of the transport vessel.

(b) Fatigue Analysis. The design shall take into account
the effect of pressure, thermal and mechanical cyclic loads
on the inner vessel and its attachments. During normal
conditions of operation mechanical loads obtained
from the load factors specified in Table 3-1.5-2 shall
be used in the fatigue analysis. Fatigue life analysis
shall be based on 10° cycles, in accordance with
Section VIII, Division 2, Appendix 5. The Usage Factor
shall not exceed 1.0.

In fatigue evaluation of any item designed to withstand
more than one load case, the maximum loadings in each
direction from all applicable load cases shall be considered
to act simultaneously in determining the magnitude of
alternating stresses.

(c) Maximum Allowable Stresses

(1) The inner vessel shall be designed for the design
pressure using the maximum allowable stress values
given in Section II, Part D, for the materials used [see
TM-130.2(b)].

L2 T

lation, and any other item supported on the pressure
vessel. Each load case shall be considered separately,
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maximum allowable membrane stress values at any
point in the vessel supports and in the vessel wall at
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Table 3-1.5-2
Factors for Fatigue Analysis in Specified Transportation Modes

Load Factors

Down

Forward Backward Up Cyclic, Lateral
Transportation Modes Load Case Cyclic, F; Cyclic, F; F; Cyclic, F; Steady, F;  Cyclic, Fy
Road and Water 1 0.7 1.0
2 0.7 1.0
3 1.0
4 1.0 1.0
5 1.0 0.7
Rail Without Cushioning Devices 1 4.0 1.0
[Note (1)] 2 4.0 1.0
3 1.0
4 1.0 1.0
5 [Note (2)] 1.0 1.0
5A [Note (2)] 1.0 4.0
Rail With Cushioning Devices 1 2.0 1.0
[Note (1)] 2 2.0 1.0
3 1.0
4 1.0 1.0
5 [Note (2)] 1.0 1.0
5A [Note (2)] 1.0 2.0
NOTES:

(1) The cushioning devices shall meet the requirements of 49 CFR 179.400-13.
(2) Load case 5A shall be considered instead of load case 5, if.the direction of travel is not known.

support attachments shall not exceed the lessérof 33% of
the specified minimum tensile strength and,67% of the
specified minimum yield strength of the materials used
(see Section II, Part D, Subpart 1, Tables U and Y-1).
The local membrane plus bending stress shall not
exceed 75% of the applicable yield strength. For austenitic
stainless steels the 1% proof strength (determined by the
1% offset method), determined in accordance with the
applicable material specification, may be used instead
of the values in Sectiori’II, Part D, Subpart 1, Table Y-1,
when acceptable.te the competent authority (e.g., 49
CFR 178.274),

(-a) When austenitic stainless steels are used,
higher ténsile strength and yield strength values [or
1% proof’strength values, see (2)] may be used, provided
these\walues are reported on the test report and do not
exceed the specified minimum values by more than 15%.

(d) Design Criteria
(1) Vessels shall be of a circular cross-section.
(2) Vessel shall be designed and constructed to with-
stand a test pressure notless than 1.3 times the MAWP. For
shells with vacuum insulation the test pressure shall be

be less than 300 kPa (3 bar) (43.5 psi) gauge pressure. See
(e)(2) through (e)(7).

(3) Formetals exhibitinga clearly defined yield point
or characterized by a guaranteed proof strength, the
primary membrane stress, S in the vessel shell shall
not exceed 0.75R, or 0.50R,,, whichever is less, at the
test pressure, where

R. = specified minimum yield strength, MPa (N/mm?)
(psi). [For austenitic stainless steel R, may be
determined by the 0.2% or the 1% offset
method, as appropriate, see (c)(2).]

R, = specified minimum tensile strength, MPa

(N/mm?) (psi)

(-a) The R, and R, values used in the design shall
be the specified minimum values in accordance with the
applicable national or international materials standards.
For austenitic steels, the specified minimum R, and R,
values in the applicable material standards may be
increased by up to 15% when greater values are reported
on the material inspection certificate (e.g., testreport). See
TF-410.3 for additional welding qualification require-

ot tess tram -3 times the sunr of the MAWPamd—160
kPa (1 bar) (14.5 psi). In no case shall the test pressure
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(-b) Steels that have an R,/R,, ratio greater than
0.85 are not permitted for the construction of welded

(7) In no case shall the vessel wall thickness be less
than that required by (1) through (5). All vessel parts shall

vessel shells. The values of R, and R,,, to be used in deter-
mining this ratio shall be the specified minimum values in
the applicable material specification.

(-c) Steels used in the construction of vessels shall
have an elongation at fracture, in %, not less than 10 000/
R.,- The elongation shall not be less than 16% for fine grain
steels and 20% for other steels. Aluminum and aluminum
alloys used in the construction of vessels shall have an
elongation at fracture, in %, not less than 10 000/6R,,.
The elongation shall not be less than 12% for aluminum
and aluminum alloys.

NOTE: The unitto be used for R,,, to compute the percent elonga-
tion shall be N/mm?. (1 N/mm? =1 MPa = 145 psi.)

(-d) Forsheetmetal, the tensile test specimen shall
be oriented at right angles (transverse) to the principal
direction of rolling. The elongation at fracture shall be
measured on test specimens of rectangular cross
section in accordance with ISO 6892: 1998, Metallic Mate-
rials —Tensile Testing, usinga 50 mm (2 in.) gauge length.

(e) Minimum Vessel Wall Thickness

(1) The minimum vessel shell thickness shall be the
greater of

(-a) the minimum thickness determined in accor-
dance with the requirements in (2) through (7)

(-b) the minimum thickness determined in accor-
dance with this Section, including the requirements of (d)

(2) Vessels of not more than 1.80 m (71 in.) in
diameter shall be not less than 5 mm (0.197 in.) thick
in the Reference steel [see (6)], or shall be of equivalent
thicknessin the metal to be used. Vessels of more than-1.80
m (71 in.) in diameter shall be not less than 6 mm (0.236
in.) thick in the Reference steel, or of equivalent thickness
in the metal to be used.

(3) Vessels of vacuum-insulated_tanks of not more
than 1.80 m (71 in.) in diameter,_shall be not less than
3 mm (0.118 in.) thick in the Reference steel [see (6)]
or of equivalent thickness.in the metal to be used.
Such vessels of more than 1.80 m (71 in.) in diameter
shall be not less than 4mm (0.158 in.) thick in the Refer-
ence steel, or of equivalent thickness in the metal to be
used.

(4) Forvacuum-insulated tanks, the aggregate thick-
ness of the jacket and the vessel wall shall correspond to
the mininTum’ thickness prescribed in (2), and the thick-
ness of.the'vessel shell shall be not less than the minimum
thickness prescribed in (3).

(5) Vessels shall be not less than 3 mm (0.118 in.)
thick regardless of the material of construction.

(6) The equivalent thickness of a material to the
reference material thickness prescribed in (2), (3), and
(4) above shall be determined according to Mandatory

have a minimum thickness as determined by (1) through
(6). The thickness shall be exclusive of any corrosion
allowance.

3-1.6 FABRICATION AND EXAMINATION

(a) All welded joints in the pressure vessel shall meet
the requirements of this Section, except that butt welds
with one plate edge offset are not permitted. [See
Figure TW-130.5-1, sketch (k).]

(b) All longitudinal welds in the pressure ‘vessel must
be located so as not to intersect nozzles 6r'supports other
than load rings and stiffening rings,

(c) All inner vessel nozzle-to-shell.and nozzle-to-head
welds shall be full penetratiop~welds.

(d) Bolted manholes or inspéction openings are not
required.

(e) The inlet to the liquid product discharge opening of
each pressure vessel'intended for flammable lading shall
be at the bottom-of the inner vessel.

(f) A tankfof oxygen service shall be thoroughly
cleaned inraceordance with industry standards (e.g.,
CGA G-4.1,°Cleaning Equipment for Oxygen Service) to
remove-foreign material that could react with the lading.

NQTE: The use of backing rings requires careful consideration of
cleanliness, product drainage, and materials for safe application
in oxygen service.

(g) Allbuttwelds in the pressure vessel shell and heads
subject to pressure shall be examined radiographically or
ultrasonically for their full length in accordance with
Part TE.

3-1.7 PRESSURE RELIEF DEVICES

(a) Number of Pressure Relief Devices

(1) Every tank shall be provided with not less than
two independent spring-loaded reclosing pressure relief
devices. The pressure relief devices shall open automati-
cally at a pressure not less than the maximum allowable
working pressure (MAWP) and be fully open at a pressure
equal to 110% of the MAWP. These devices shall, after
discharge, close at a pressure not less than 10% below
MAWP, and shall remain closed at all lower pressures.
The pressure relief devices shall be of the type that
will resist dynamic forces, including surge.

(2) In the case of the loss of vacuum, an additional
reclosing pressure relief device, set at no more than 110%
of the MAWP, may be used, and the combined capacity of
all pressure relief devices installed shall be sufficient so
that the pressure (including accumulation) inside the
vessel does not exceed 120% of the MAWP. For nonflam-

Appendix XIII
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devices. Rupture discs shall rupture at a nominal pressure
equal to the test pressure.

(f) Markings
(1) The flow capacity and rating shall be verified and

(3) Under the circumstances describedn (1) and (2)
above, together with complete fire engulfment, the
combined capacity of all pressure relief devices shall
be sufficient to limit the pressure in the tank to the
test pressure.

(4) Pressure relief devices shall be designed to
prevent the entry of foreign matter, the leakage of gas,
and the development of any dangerous excess pressure.

(b) Capacity. The required capacity of the relief devices
shall be calculated in accordance with CGA S-1.2 or ISO
21013-3:2006. The pressure relief system shall be
sized so that the pressure drop during discharge does
not cause the valve to reseat instantly.

(c) Type, Application, Testing, Marking, and Mainte-
nance Requirements. Unless otherwise specified in this
Section, the type, application, testing, marking, and main-
tenance requirements for pressure relief devices shall be
as specified in CGA S-1.2.

(d) Maximum Filling Rate

(1) For a tank used in oxygen and flammable cryo-
genic service, the maximum rate at which the tank is filled
shall not exceed the liquid flow capacity of the primary
pressure relief system, rated at a pressure not exceeding
120% of the tank’s design pressure. This rate shall be
included on the inner vessel nameplate.

(2) On a tank used in helium and atmospheric gas
(except oxygen) cryogenic liquid service, the maximum
rate at which the tank is filled shall not exceed\the
liquid flow capacity of the pressure relief valyes‘rated
at test pressure for the inner vessel. This ratéyshall be
included on the inner vessel nameplate.

(e) Arrangementand Location of PressuteRelief Devices

(1) The discharge from any pressure relief system
must be unobstructed to the outside of any protective
housing in such a manner as to~prevent impingement
of gas upon the jacket or any’structural part of the
tank or operating personnél;-For oxygen and flammable
cryogenic service, the discharge must be directed upward.

(2) Each pressure-relief valve shall be arranged or
protected to prevent'accumulation of foreign material
between the relief valve and the atmospheric discharge
opening in @ny relief piping. The arrangement must
not impede;flow through the device.

(3). Each pressure relief valve shall be designed and
located to minimize the possibility of tampering. If the
pressure setting or adjustment is external to the valve,
the valve shall be sealed.

(4) Each pressure relief device shall have direct
communication with the vapor space of the inner
vessel at the mid length of the top centerline.

(5) Each pressure relief device shall be installed and

marked by the Manufacturer of the safety relief valve in

accordance with the requirements of Section XIII, 3.9.
(2) In addition, the markings shall comply with the

applicable requirements of the competent authority.

3-1.8 ASME NAMEPLATE REQUIREMENTS

(a) All applicable nameplate and stamping-trequire-
ments of this Section shall be met. A duplicatéqiameplate
[see TS-100.2(b)] for the inner vessel shall be“installed on
the outer jacket, if any. [See 3-1.1(b).]

(b) The outer jacket is not requiréd to be stamped with
the Certification Mark with T Desighator.

3-1.9 JURISDICTIONAL MARKINGS

(a) Everyportabletank mustbe fitted with a corrosion-
resistant metal nanieplate, in addition to the ASME name-
plate permanently’attached to the portable tank in a
conspicuous.pldacé and readily accessible for inspection.
Any of the‘following items not required to be marked
on the ASME nameplate shall be marked on this additional
nameplate by stamping or by another equivalent method:

(1) country of manufacture

(2) UN approval

(3) country approval number

(4) alternative arrangements, “‘AA” [e.g., see 49 CFR
178.274(a)(3)]

(5) Manufacturer’s name or mark

(6) Manufacturer’s serial number

(7) Approval Agency (authorized body for the design
approval)

(8) Owner’s registration number

(9) year of manufacture

(10) pressure vessel code to which the shell is
designed

(11) test pressure:_____bar (psi) gauge

(12) MAWP bar (psi) gauge

(13) minimum design metal temperature range
_____ °C (°F) to °C (°F). (For portable tanks used
for refrigerated liquefied gases, the minimum design
temperature must be marked.)

(14) water capacity at 20°C (68°F) L (ft))

(15) water capacity of each compartment at
20°C (68°F) __L

(16) initial pressure test date and witness identifica-

tion

(17) MAWP for heating/cooling system ___bar (psi)
gauge

(18) shell material(s) and material standard refer-
ence(s)

(19) equivalentthicknessinreference steel mm

venting will not prevent the effective operation of the
device.
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(in.)
(20) lining material (when applicable)
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(21) date and type of most recent periodic test(s).
Month Year

(2) Portable tanks used for dedicated transportation
of refrigerated liquefied gases that are not fitted with

(22) perlodic test pressure: bar (ps1) gauge

(23) stamp of approval agency that performed or
witnessed the most recent test

(24) for portable tanks used for refrigerated lique-
fied gases: Either “thermally insulated” or “vacuum insu-
lated” __

(25) effectiveness of the insulation system (heat
influx) watts (W)

(26) reference holding time days or hours and
initial pressure bar (kPa) gauge and degree of filling
______ in kg (lb) for each refrigerated liquefied gas
permitted for transportation

(b) The following information shall be marked either
on the portable tank itself or on a metal plate firmly
secured to the portable tank:

(1) name of the operator

(2) name of hazardous materials being transported
and maximum mean bulk temperature [except for refri-
gerated liquefied gases, the name and temperature are
only required when the maximum mean bulk temperature
is higher than 50°C (122°F)]

(3) maximum permissible gross mass (MPGM)
kg

(4) unladen (tare) mass ____kg

(5) maximum filling rate kg/h

(c) If a portable tank is designed and approved for
handling in open seas operations, such as offshore oil
exploration, in accordance with the IMDG Code, the
words “OFFSHORE PORTABLE TANK” shall be marked
on an identification plate.

(d) Transportation mode restrictions on the portable
tank shall be marked on both sides of the portdble tank in
10 cm (4 in.) high letters and on the namégplate.

(e) The next periodic inspection date (month and year)
shallbe marked in 75 mm (3 in.) high letters near the front,
on the left-hand side of the tank.

3-1.10 OPERATION, MAINTENANCE, AND
INSPECTION

(a) Portable tanks\shall be tested and inspected peri-
odically at intervals required by the competent authority
(e.g., see 49 CQFR, Part 180, Subpart G).

As a minimum, periodic inspections shall be performed
at leasteonce every 5 yr and an intermediate periodic
inspection and test at least every 2.5 yr following the
initial inspection and the last 5 yr periodic inspection
and test.

(1) The intermediate periodic inspection and test
shall include at least an internal and external examination
of the portable tank and its fittings, a leakage test, and a

Inspection openings are exempted from the internal
inspection requirements.

(3) The periodic inspection and test shall include
those inspections and tests for the intermediate periodic
inspection, an internal (unless exempted) and external
examination and, unless exempted, a pressure test as
specified in this paragraph. The pressure test can.beé
either hydrostatic or pneumatic using an inert gas; to a
pressure of not less than 1.3 times the MAWP¢Thé test
shall be performed in accordance with Part TT of this
Section. Reclosing pressure relief devices shall be
removed from the tank and tested séparately unless
they can be tested while installed on ‘the portable tank.
Portable tanks used for the transportation of refrigerated
liquified gases are exempt fromrthe requirements for
internal inspection and pressurétest during the 5-yr peri-
odic inspection and test,.if the portable tanks were pres-
sure tested to a minimum test pressure 1.3 times the
MAWP using an inért gas before putting the portable
tank into service.initially and after any exceptional inspec-
tions and tests.

(4) An exceptional inspection and test is necessary
when a_pertable tank shows evidence of damage or
corroded areas, or leakage, or other conditions that indi-
cate\a@-deficiency that could affect the integrity of the
portable tank.

(-a) Thetankhasbeenin anaccident and has been
damaged to an extent that may adversely affect its reten-
tion capability.

(-b) The tankhas been out of service for a period of
1 yr or longer.

(-c) The tank has been modified from its original
design specifications (see Article TP-2).

The extent of the exceptional inspection and test shall
depend on the amount of damage or deterioration of the
portable tank. It shall include at least the inspection and a
pressure testaccordingto (3). Pressurerelief devices need
not be tested or replaced unless there is reason to believe
the relief devices have been affected by the damage or
deterioration.

(b) The internal and external examinations shall
ensure that

(1) the shell is inspected for pitting, corrosion, abra-
sions, dents, distortions, defects in welds or any other
conditions, including leakage, that might render the
portable tank unsafe for transportation.

(2) the piping, valves, and gaskets are inspected for
corroded areas, defects, and other conditions, including
leakage, that might render the portable tank unsafe for
filling, discharge or transportation.

(3) devices for tightening manhole covers are opera-

tive andthereisne lnqlmrm atmanhole coversor n‘nc]}ofc
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(4) missing or loose bolts or nuts on any flanged
connection or blank flange are replaced or tightened.
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(5) all emergency devices and valves are free from
corrosion, distortion, and any damage or defect that could

rial suitable for the purpose of detecting leaks. The pres-
sure shall be held for a period of time sufficiently long to

prevent their normal operation. Remote closure devices
and self-closing stop-valves must be operated to demon-
strate proper operation.

(6) required markings on the portable tank are
legible and in accordance with the applicable require-
ments.

(7) the framework, the supports, and the arrange-
ments for lifting the portable tank are in satisfactory
condition.

(c) The leakage test for portable tanks used for refri-
gerated liquefied gas shall be performed at 90% of MAWP.
During each leakage test the surface of all external unin-
sulated joints under pressure during transportation must
be coated with a solution of soap and water or other mate-

ensure detection of leaks, but in no case less than 5 min.
During the test, relief devices may be removed, but all the
closure fittings must be in place and the relief device open-
ings plugged.

(d) Inspection personnel shall be qualified as requined
by Article TG-4.

(e) Aportable tank thatfails a prescribed test or.inspec-
tion shall be repaired and retested, or be remaved from
service.

(f) Only authorized manufacturing or-repair facilities
may perform and certify repairs and-alterations. If
required by the competent autherity, the facilities
performing in-service testing,and’inspection shall be
registered with the competent authority.
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MODAIL APPENDIX 4

CATEGORY 106A500-X, 106A800-X,

110A500-W, 110A600-W, 110A800-W,

110A1000-W, AND 110A2000-W TON
CONTAINERS

ARTICLE 1

4-1.1 SCOPE

This Modal Appendix provides the minimum require-
ments for the design, construction, and continued service
of ton containers intended to transport compressed gases
or liquids. These requirements are in addition to all other
applicable requirements of this Section. In addition, all
requirements of the competent authority shall be met:

Ton containers meeting the requirements of this Medal
Appendix shall be designated and stamped as T, Class)1, in
accordance with the rules of this Section.

For the purpose of this Modal Appendix,compressed
gases and liquids are defined by the competent authority.

4-1.2 DEFINITIONS

A ton container is a cylindricalsteel tank having a water
capacity of more than 680 L\(181 gal) but not more than
1180 L (313 gal). It shall notpossess stabilizing members
external to the shell, and shall be capable of being rolled
about its longitudimalNaxis with all openings protected
within the heads. It shall be capable of being lifted
filled with pyoduct. It shall be designed to be loaded
onto a traysport vehicle or container and so secured
that it can be shipped by road, rail, or sea.

4-1.3 PHYSICAL SCOPE
4-1.3.1 INTERNAL PRESSURE

Internal pressure shall be in the range from full vacuum
to 138 bar (2,000 psig).

4-1.3.2 MINIMUM DESIGN METAL TEMPERATURE
(MDMT)

(a) “For Category 106A tanks constructed of SA-285
Gradé A material, the MDMT shall be -20°C (-4°F).

(b) For Category 110A tanks constructed of SA-516
Grade 70 material, the MDMT shall be -40°C (-40°F).

(c) The MDMT may be colder than -40°C (-40°F) if
marked on the nameplate and the toughness require-
ments of Part TM are met.

4-1.3.3 MAXIMUM DESIGN TEMPERATURE

The maximum design temperature shall be
65°C (149°F).

4-1.4 GENERAL REQUIREMENTS

(a) Tanks shall not be insulated.

(b) All openings, including openings for valves, shall be
in the heads. All service valves shall be protected by a
detachable protective housing that shall not project
beyond the end of the tank and shall be securely fastened
to the tank head.

(c) Each tank shall have skirts at both ends, extending
longitudinally outward from the tangent line of the head
sufficiently to protect the valve protective bonnets and
relief devices from mechanical damage. The outer end
of each skirt shall be curved radially inward so that its
diameter is atleast 2 in. smaller than the outside diameter
of the tank.

(d) Loading and unloading valves shall be made of
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metal not subject to rapid deterioration by lading and
shall withstand tank test pressure without leakage.
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Table 4-1.6.1-1
Minimum Thicknesses, Test Pressures, Start-to-Discharge or Burst Pressures, and Minimum

Vapor-Tlightness Pressures of Relief Devices

Category
Requirement 106A500-X 106A800-X 110A500-W 110A600-W 110A800-W 110A1000-W 110A2000-W
Min. required bursting [Note (1)] [Note (1)] 1,250 1,500 2,000 2,500 5,000
pressure, psig
Min. required bursting [Note (1)] [Note (1)] 8.6 10.3 13.8 17.2 34,5
pressure, MPa
Minimum thickness, shell, 3, Wie 7 A s %2 1%,
in.
Minimum thickness, shell, 10.3 17.5 8.7 9.5 119 15.1 26.2
mm
Test pressure, psig 500 800 500 600 800 1,000 2,000
Test pressure, MPa 3.5 5.5 3.5 41 5.5 6.9 13.8
Start-to-discharge or burst 375 600 375 450 600 700 1,500
max., psi
Start-to-discharge or burst 2.6 4.1 2.6 3.1 4.1 4.8 10.3
max., MPa
Vapor-tight, min., psig 300 480 300 360 480 650 [Note (2)]
Vapor-tight, min., MPa 2.1 33 2.1 2.5 33 45 [Note (2)]
NOTES:

(1) None specified.

(2) To be used only with frangible-disc devices. Vapor-tight pressure not applicable.

These valves shall be attached to one tank head:Provision
shall be made for closing outlet connectionsf the valves.

(e) Threads for openings shall be National Gas Taper
Threads (NGT), tapped to gage, clean cut, even, and
without checks, or other threads apptoved by the compe-
tent authority.

(f) The use of backing rings.is permitted on Category
110A tanks.'*

4-1.5 MATERIALS

Steel plate @aterial used to fabricate tanks must
conform to the following specifications: SA-240/240M
Type 304, 304L, 316, 316L, or 321; SA-285 Grade A, B,
or C; SA-515/515M Grade 65 or 70; or SA-516/516M
Grade 70.

€harpy impact testing is not required for Category
106A500-X and 106A800-X tanks constructed of SA-
285 Grade A material and 110A500-W, 110A600-W,
110A800-W, 110A1000-W, and 110A2000-W tanks
constructed of SA-516/516M Grade 70 material.

All appurtenances, including valves, fittings, and

4-1.6 DESIGN REQUIREMENTS

4-1.6.1 MINIMUM THICKNESSES, TEST
PRESSURES, START-TO-DISCHARGE OR
BURST PRESSURES, AND MINIMUM
VAPOR-TIGHTNESS PRESSURES OF
RELIEF DEVICES

See Table 4-1.6.1-1.

4-1.6.2 THICKNESS OF PLATES

(a) For Category 110A tanks, the wall thickness after
forming of the cylindrical portion of the tank shall not be
less than that specified in Table 4-1.6.1-1 nor less than that
calculated by the formula

t = Pd/2SE
where

d = inside diameter, mm (in.)

gaskate chall ha madao of matoriale comnatibla wwith
£a5%ets St B-e—e e—o+—HateHarS—compativre Wit

the gases and liquids to be transported.
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welded joint efficiency
1.0 for fully radiographed Type No. 1 welded joints
(see Table TW-130.4)
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P = minimum required bursting pressure (from They shall be fusion welded and of Type (1), (2), or
Table 4-1.6.1-1 ), MPa (psig) (3) of Table TW-130.4 on Category 110A tanks.

5 = minimum tensile strength of plate material, MPa
(psi)' as prescribed in Section II, Part D 4-1.6.4 INTERNAL PRESSURE DESIGN FOR

t = minimum thickness of plate material after forming, DIVISION 2.1 AND 2.2 GASES

mm (in.)

(b) For Category 106A tanks, the wall thickness of the
cylindrical portion of the tank shall not be less than that
specified in Table 4-1.6.1-1 and shall be such that at the
tank test pressure, the maximum fiber stress in the wall of
the tank will not exceed 108.6 MPa (15,750 psi) as calcu-
lated using the formula

s = p(13D> + o4d?)/(D* -

&)

where

D = outside diameter, mm (in.)

d = inside diameter, mm (in.)

p = tank test pressure, MPa (psig)
S = wall stress, MPa (psi)

(c) If plates are clad with material having tensile
strength at least equal to that of the base material, the
cladding may be considered to be a part of the base mate-
rial when determining the required thickness. If cladding
material does not have tensile strength at least equal to
that of the base material, the base plate material alone
shall meet the thickness requirements.

(d) Category 110A tanks shall have fusion-welded
heads formed concave to the pressure. The heads ‘shall
be 2:1 semielliptical in form. They shall bg, of one
piece, and hot formed in one heating cyclé\so as to
provide a straight flange at least 40 mm, (1'% in.) in
length. The thickness shall not be less thanthat calculated
by the formula

t = Pd/2SE

where symbols are as defined-in (a) above.

(e) Category 106A tanks shall have hot-pressure
welded (forge welded) heads, formed convex to pressure.
Heads for forge welding must be torispherical, with an
inside crown radius not greater than the inside diameter
ofthe shell and inside corner radii. They must be one piece
and hot formed in one heating cycle so as to provide a
straightyflange at least 2 in. long. The wall thickness of
the heads after forming must be sufficient to meet the
test\requirements of 4-1.9 and provide for adequate
threading of openings.

4-1.6.3 WELDING
Longitudinal (Category A) welds on both Category 106A

Tanks intended for the transport of Division 2.1 and 2.2
gases (see 49 CFR 173.115) shall be designed for an
internal pressure not less than the vapor pressure, at
50°C (122°F), of the gases to be transported.

4-1.6.5 INTERNAL PRESSURE DESIGN FOR
DIVISION 2.3 GASES

Tanks intended for the transport of Diyision 2.3 gases
(see 49 CFR 173.115) shall be desjgned for an internal
pressure not less than the wapor pressure, at
65°C (149°F), of the gases to be transported.

4-1.6.6 VACUUM DESIGN

All tanks shall be desigiied and stamped for full vacuum.

4-1.6.7 FATIGUE DESIGN

Specific desigh analysis or testing to account for pres-
sure cycling s not required for these tanks.

4-1.7-FABRICATION

After welding is complete, carbon steel tanks and all
appurtenances welded thereto shall be postweld heat
treated as a unit in accordance with Article TF-7.

Hot pressure welded (forge welded) joints shall be
made using a procedure conforming to the requirements
of Mandatory Appendix XIV. The heads must have a snug
drive fit into the shell for forge welding.

After welding is complete, the longitudinal weld seam in
Category 106A and 110A tanks shall be fully radiographi-
cally examined. The circumferential seams of Category
110A tanks 36 in. in diameter or greater shall be radio-
graphically examined; circumferential seams of Category
110A tanks smaller than 36 in. in diameter need not be
radiographically examined. Hot pressure welded (forge
welded) circumferential weld seams of Category 106A
tanks need not be radiographically examined.

4-1.8 PRESSURE RELIEF DEVICES

Unless otherwise directed by the competent authority
for a specific commodity, each tank shall be provided with
not less than three fusible plugs at each end. Each fusible
plug shall function at a temperature not warmer than 79°C
(175°F), and shall be vapor tight at a temperature not
colder than 54°C (130°F).

Spring-loaded relief devices are neither required nor

and Category 110A tanks shall be fusion welded and of
Type (1), (2), or (3) of Table TW-130.4. Head-to-shell
joints shall be forge welded on Category 106A tanks.
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All pressurerelief devices shall vent unimpeded directly
to the atmosphere. Unless prohibited by the competent

(a) jurisdictional specification number.
(b) material.

authority, tanks shall be equipped with one or more
relief devices made of metal not subject to rapid deteriora-
tion by the lading and screwed directly into tank heads, or
attached to tank heads by other methods approved by the
competent authority. The total discharge capacity shall be
sufficient to prevent building up pressure in the tank in
excess of 82.5% of the tank test pressure. When relief
devices of the fusible plug type are used, the required
discharge capacity shall be available in each head.

Pressure relief devices shall be set for start-to-
discharge, and rupture disks shall burst at a pressure
not exceeding that shown in Table 4-1.6.1-1.

4-1.9 TESTING

After postweld heat treatment, each tank shall be
subjected to pressure testing in accordance with
Table 4-1.6.1-1.

4-1.10 ASME NAMEPLATE REQUIREMENTS

All applicable nameplate and stamping requirements of
this Section shall be met. In addition, the markings
required under 4-1.11 shall be applied.

The nameplate shall be installed in such a manner as to
avoid being damaged during normal transportation and to
avoid corrosion between the nameplate and the tank. At
shall beinstalled on the formed head at the valve end of the
tank in such a manner that it is accessible for further
stamping of information regarding periodic testing as
required in 4-1.12.

4-1.11 MARKINGS REQUIRED BYTHE
COMPETENT AUTHORITY

In addition to the markings-required by 4-1.10, the
following shall be plainly and permanently stamped
onto the ASME nameplate] onto a secondary nameplate,
or onto the metal of thejvalve-end chime:

(c) Owner's or builder’s 1dentifying symbol and serial
number.

(d) Inspector’s official mark.

(e) date of original tank test (month and year; e.g., 1-
2004 for January 2004). This should be so placed that
dates of subsequent tests may be readily added.

(f) water capacity (kg and lb).

(g) tare weight (kg and 1b).

4-1.12 OPERATION, MAINTENANCE, AND
INSPECTION

Each tank shall undergo periodicinspection and testing
atintervals not exceeding 5 yryconsisting of the following:

(a) external and internal.visual examination in accor-
dance with Part TT.

(b) inspection of each-fusible plug removed from the
tank for damage or-deterioration, and replacement if nec-
essary

(c) hydrostatic pressure testing in accordance with
Part TT (thé hydrostatic pressure test may be waived
for tanks i'dedicated service for noncorrosive refrigerant
gases)

{d) upon completion of the periodicinspection and test,
the date of the inspection and retest and the Inspector’s
mark shall be stamped onto the ASME nameplate, onto a
secondary nameplate, or onto the metal of the valve-end
skirt extension

(e) upon completion of the periodicinspection and test,
a written record shall be prepared and retained by the
Owner or user of the tank for a period of at least 15 yr
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MANDATORY APPENDIX I
QUALITY CONTROL SYSTEM

25) 1-1 GENERAL

A Manufacturer, Repair or Relief Valve Recertification
Organization holding or applying for a Certificate of
Authorization shall demonstrate a quality control
program that meets ASME CA-1 and establishes that all
Code requirements, including material, design, fabrica-
tion, examination (by the Manufacturer, Repair, and
Relief Valve Recertification Organization), and for
vessels and vessel parts, inspection (by the Inspector),
will be met. Provided that Code requirements are suitably
identified, the system may include provisions for satis-
fying any requirements by the Manufacturer, or User,
which exceed minimum Code requirements and may
include provisions for quality control of non-Code
work. In such systems, the Manufacturer of vessels or
vessel parts may make changes in parts of the system
that do not affect the Code requirements without securing
acceptance by the Inspector.

The system that the Manufacturer uses to meet the res«
quirements of this Section must be one suitable for the
Manufacturer’s own circumstances. The necessary
scope and detail of the system shall depend ‘on’ the
complexity of the work'® performed and on‘the size
and complexity of the Manufacturer’s organization.'® A
written description of the system thesManufacturer
will use to produce a Code item shall*be available for
review. Depending upon the circunastances, the descrip-
tion may be brief or voluminous.

The written description may.contain information of a
proprietary nature relating to the Manufacturers or
processes. Therefore, the Code does not require any distri-
bution of this information except for the Inspector, ASME
Designee, or an ASME-~designated organization as covered
by 1-16(c) and-Section XIII, Mandatory Appendix III, III-
2.13. It is intended that information learned about the
system inyconnection with the evaluation will be
treated.as confidential and that all loaned descriptions
will'be-returned to the Manufacturer upon completion
of\thee evaluation.

-2 OUTLINE OF FEATURES TO BE INCLUDED
IN THE WRITTEN DESCRIPTION OF THE
QUALITY CONTROL SYSTEM

The following is a guide to some ofithe features that
should be covered in the written.description of the
Quality Control System and that'is equally applicable
to both shop and field work:

I-3 AUTHORITY AND RESPONSIBILITY

The authority andresponsibility of those in charge of
the Quality Control System shall be clearly established.
Persons performing quality control functions shall
have suffi¢iént and well-defined responsibility, the
authority, and the organizational freedom to identify
qualitycontrol problems and initiate, recommend, and
proyide solutions.

I-4 ORGANIZATION

An organization chart showing the relationships among
management and engineering, purchasing, manufac-
turing, construction, inspection, and quality control is
required to reflect the actual organization. The
purpose of this chart is to identify and associate the
various organizational groups with the particular function
for which they are responsible. The Code does not intend
to encroach on the Manufacturer’s right to establish, and
from time to time, to alter, whatever form of organization
the Manufacturer considers appropriate for its Code work.

I-5 DRAWINGS, DESIGN CALCULATIONS, AND
SPECIFICATION CONTROL

The Manufacturer’s or Assembler’s Quality Control
System shall provide procedures that will ensure that
the latest applicable drawings, design calculations, speci-
fications, and instructions required by the Code, as well as
authorized changes, are used for manufacture, examina-
tion, inspection, and testing.

For Manufacturers or Assemblers of parts who do not
perform or assume any design responsibility for the parts
they manufacture, the Quality Control System need only
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describe how design documents, including specifications,
drawings, and sketches, that are received from the
purchaser of the part are controlled, and how the
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parts are controlled while in the custody of the parts
Manufacturer or Assembler.

nated organization can verify that these Code heat treat-
ment requirements are met. This may be by review of

(25)

-6 MATERIAL CONTROL

The Manufacturer shall include a system of receiving
control that will ensure that the material received is prop-
erly identified and has documentation including required
Certificates of Compliance or Material Test Reports to
satisfy Code requirements as ordered. The required Certi-
ficates of Compliance or Material Test Reports may be
electronically transmitted from the material Manufac-
turer or Supplier to the Certificate Holder. The material
control system shall ensure that only the intended mate-
rial is used in Code construction.

I-7 EXAMINATION AND INSPECTION
PROGRAM

The Manufacturer’s Quality Control System shall
describe the fabrication operations, including examina-
tions, sufficiently to permit the Inspector, ASME Designee,
or an ASME-designated organization to determine at what
stages specific inspections are to be performed.

-8 CORRECTION OF NONCONFORMITIES

There shall be a system agreed upon with the Inspector
for correction of nonconformities. A nonconformity is any
condition that does not comply with the applicable rules,6f
this Section. Nonconformities must be corrected oxglimi-
nated in some way before the completed component can
be considered to comply with this Section.

1-9 WELDING

The Quality Control System shall.in¢lude provisions for
indicating that welding conforms to requirements of
Section X as supplemented by'this Section. Manufacturers
intending to use AWS Standard Welding Procedures shall
describe control measures used to ensure that welding
meets the requirements”of this Section and Section IX.

1-10 NONDESTRUCTIVE EXAMINATION

The Quality Control System shall include provisions for
identifying nondestructive examination procedures the
Manufacturer or Assembler will apply to conform with
the-requirements of this Section.

I1-11 HEAT TREATMENT

The Quality Control System shall provide controls to
ensure that heat treatments as required by the rules of
this Section are applied. Means shall be indicated by

furnace time-temperature records or by other methods
as appropriate.

1-12 CALIBRATION OF MEASUREMENT AND
TEST EQUIPMENT

The Manufacturer shall have a system for the calibration
of examination, measuring, and test equipment,used in
fulfillment of requirements of this Sectiony

I-13 RECORDS RETENTION

The Manufacturer shall have a‘system for the mainte-
nance of radiographs and Manufacturer’s Data Reports as
required by this Section.

1-14 CERTIFICATION

(a) Methods pther than written signature may be used
for indicating certifications, authorizations, and approvals
where allowed and as described elsewhere in this Section.

(b) Whepe other methods are employed, controls and
safeguiiatds must be provided and described in the Manu-
facturer’s Quality Control System to ensure the integrity of
the-certification, authorization, and approval.

I1-15 SAMPLE FORMS

The forms used in the Quality Control System and any
detailed procedures for their use shall be available for
review. The written description shall make necessary
references to these forms.

1-16 INSPECTION OF VESSELS AND VESSEL
PARTS

(a) Inspection of vessels and vessel parts shall be by the
Inspector as defined in Article TG-4.

(b) The written description of the Quality Control
System shall include reference to the Inspector.

(c) The Manufacturer shall make available to the
Inspector, at the Manufacturer’s plant or construction
site, a current copy of the written description of the
Quality Control System.

(d) The Manufacturer’s Quality Control System shall
provide for the Inspector at the Manufacturer’s plant
to have access to all drawings, calculations, specifications,
procedures, process sheets, repair procedures, records,
test results, and any other documents as necessary for
the Inspector to perform the Inspector’s duties in accor-
dance with this Section. The Manufacturer may provide
such access either to the Manufacturer’s own files of

(25)

which the Inspector, ASME Designee, or an ASME-desig-
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such documents or by providing copies to the Inspector.
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In course of preparation.

MANDATORY APPENDIX II
SPECIAL COMMODITIES
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MANDATORY APPENDIX 11l
DEFINITIONS FOR TRANSPORT TANKS

lll-1 INTRODUCTION

This Mandatory Appendix defines the terminology used
in this Section. Definitions relating to specific types of
transport tanks may be found in one of the Modal Appen-
dices.

llI-2 DEFINITIONS
bar: 1 bar = 100 kPa (14.5 psi).
C: Celsius or Centigrade.

cargo tank: a bulk packaging that

(a) is a tank intended primarily for the carriage of
liquids or gases and includes appurtenances, reinforce-
ments, fittings, and closures.

(b) is permanently attached to or forms a part of a
motor vehicle, or is not permanently attached to a
motor vehicle but which, by reason of its size, construc-
tion, or attachment to a motor vehicle is loaded ©or
unloaded without being removed from the motor vehicle.

(c) is not fabricated under a specification for cylinders,
portable tanks, tank cars, or multiunit tank car tanks.

cargo tank motor vehicle (CTMV): a motor vehicle with one
or more cargo tanks permanently attached to or forming
an integral part of the motor vehicle,

Certificate of Authorization: a document issued by the
Society that authorizes the usecof the ASME Certification
Mark and appropriate Designator for a specified time and
for a specified scope of.activity.

Certification Designator:/the symbol used in conjunction
with the Certification Mark for the scope of activity
described in a Mantifacturer’s Certificate of Authorization.

Certification'Mark: an ASME symbol identifying a product
as meeting Code requirements.

Certiffcation Mark Stamp: a stamp issued by the Society for
use \in“impressing the Certification Mark.

competent authority (CA): a national agency responsible
under its national law for the control or regulation of a
particular aspect of the transportation of hazardous mate-
rials (dangerous goods). The Appropriate Authority, as
used in the ICAO Technical Instructions (see Sec.
171.7), has the same meaning as competent authority

Associate Administrator of Hazardous Materials Safety
is the competent authority for the United States.

dangerous goods: substances or artieles classified and
subject to the United Nations Recommendations on the
Transport of Dangerous Goods:¥Model Regulations.
Included in this definition areshazardous materials that
are subject to the requiréments of the U.S. Department
of Transportation.

Designator: see Certification Designator.
DOT or Departmient: U.S. Department of Transportation.
F: Fahrenheif:

fine-graingractice: a steelmaking practice thatis intended
to produce a killed steel that is capable of meeting the
requirements for fine austenitic grain size.

fusible element: a nonreclosing pressure relief device that
isthermally activated and that provides protection against
excessive pressure buildup in the portable tank developed
by exposure to heat, such as from a fire.

gas: a material that has a vapor pressure greater than 300
kPa (43.5 psia) at 50°C (122°F) or is completely gaseous at
20°C (68°F) at a standard pressure of 101.3 kPa (14.7
psia).

hazardous material: a substance or material that has been
determined by the Secretary of Transportation to be
capable of posing an unreasonable risk to health,
safety, and property when transported in commerce,
and that has been so designated. The term includes
but is not limited to hazardous substances, hazardous
wastes, marine pollutants, and elevated-temperature
materials as defined in CFR, Title 49.

IMO: International Maritime Organization.

intermodal container: a freight container designed and
constructed to permit it to be used interchangeably in
two or more modes of transport.

intermodal (IM) portable tank: a specific class of portable
tanks designed primarily for international intermodal use.

international transportation: transportation

(a) between any place in the United States and any
place in a foreign country.

(h) hetween p]nrpc in the United States fhrmlgh a

For example, the U.S. Department of Transportation’s
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(c) between places in one or more foreign countries
through the United States.

mode: any of the following transportation methods: rail,
highway, air, or water.

liquid: a material, other than an elevated-temperature
material, with a melting point or initial melting point
of 20°C (68°F) or lower at a standard pressure of
101.3 kPa (14.7 psia). A viscous material for which a spe-
cific melting point cannot be determined must be
subjected to the procedures specified in ASTM D4359,
Standard Test Method for Determining Whether a Mate-
rial is Liquid or Solid.

Manufacturer: an organization in possession of an ASME
Certificate of Authorization to apply the Certification
Mark.

Material Test Report: a document in which the results of
tests, examinations, repairs, or treatments required by the
material specification to be reported are recorded,
including those of any supplementary requirements or
other requirements stated in the order for the material.
This document may be combined with a certificate of
compliance as a single document. When preparing a Mate-
rial Test Report, a material Manufacturer may transcribe
data produced by other organizations, provided the mate-
rial Manufacturer accepts responsibility for the accuracy
and authenticity of the data.

relief valve recertification organization: an organization
authorized by the competent authority to repair or
alter relief valves (e.g., NB “VR” certificate holders).

repair organization: an organization authorized by the
competent authority to repair or alter transport tanks
(e.g., NB “R” certificate holders).

SCF (standard cubic foot): one cubic foot of gas measuredat
60°F and 14.7 psia.

service equipment: measuring instruments and filling,
discharge, venting, safety, heating, cooling,ahd insulating
devices.

solid: a material that is neither a gas or a liquid.
UN: United Nations.

UN Hazard Classification: the\classification of Dangerous
Goods into Classes 2 through 6 meeting the criteria of Part
2 of the UN Recommefidations on the Transport of
Dangerous Goods.

UN Recommendations: the UN Recommendations on the
Transport of Dangerous Goods: Model Regulations.
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MANDATORY APPENDIX IV
ROUNDED INDICATION CHARTS, ACCEPTANCESTANDARDS FOR
RADIOGRAPHICALLY DETERMINED ROUNDED INDICATIONS<N
WELDS

IV-1 APPLICABILITY OF THESE STANDARDS

These standards are applicable to the materials
permitted by this Section.

IV-2 TERMINOLOGY

aligned indications: a sequence of four or more rounded
indications shall be considered to be aligned when they
touch a line parallel to the length of the weld drawn
through the center of the two outer rounded indications.

rounded indications: indications with a maximum length of
three times the width or less on the radiograph. These
indications may be circular, elliptical, conical, or irregular
in shape and may have tails. When evaluating the size of an
indication, the tail shall be included. The indication mayhé
from any imperfection in the weld, such as porosity;slag,
or tungsten.

thickness, t: thickness of the weld, excluding any'allowable
reinforcement. For a butt weld joining two members
having different thicknesses at the'weld, t is the
thinner of these two thicknesses. [f-a*full penetration
weld includes a fillet weld, the thickness of the throat
of the fillet shall be included int.

IV-3 ACCEPTANCE CRITERIA

(a) Image Density-Density within the image of the indi-
cation may vary-«and is not a criterion for acceptance or
rejection.

(b) Relevant'Indications. (See Table IV-3 for examples.)
Only those founded indications that exceed the following
dimensions shall be considered relevant:

(1) Yot for t less than 3.2 mm (% in.)

(2) 0.4mm (%,in.) for t from 3.2 mm to 6 mm (% in.
to Y, in.), incl.

(3) 0.8mm (Y%;in.) for t greater than 6 mmto 51 mm
(Y in. to 2 in.), incl.

(4) 1.6 mm (Y in.) for t greater than 51 mm (2 in.)

(c) Maximum Size of Rounded Indication. (See

rated from an adjacent indicatiopby 25 mm (1 in.) or
more may be “4t, or 6 mm (¥ in.), whichever is less.
For t greater than 51 mm (2 in.) the maximum permissible
size of an isolated indicatiofshall be increased to 10 mm
(%% in.).

(d) Aligned Rounded Indications. Aligned rounded indi-
cations are acceptable when the summation of the
diameters of the/indications is less than t in a length
of 12t. Se¢)Figure 1V-3-1. The length of groups of
aligned reunded indications and the spacing between
the grodps shall meet the requirements of Figure 1V-3-2.

{eé)>Spacing. The distance between adjacent rounded
indications is not a factor in determining acceptance or
rejection, except as required for isolated indications or
groups of aligned indications.

(f) Rounded Indication Charts. The rounded indications
characterized as imperfections shall not exceed that
shown in the charts. The charts in Figures IV-3-3
through IV-3-8 illustrate various types of assorted,
randomly dispersed and clustered rounded indications
for different weld thicknesses greater than 3.2 mm (%
in.). These charts represent the maximum acceptable
concentration limits for rounded indications. The
charts for each thickness range represent full-scale 152
mm (6 in.) radiographs, and shall not be enlarged or
reduced. The distributions shown are not necessarily
the patterns that may appear on the radiograph, but
are typical of the concentration and size of indications
permitted.

(g) Weld Thickness, t, Less Than 3.2 mm ( Y% in.). For t
less than 3.2 mm (% in.), the maximum number of rounded
indications shallnotexceed 12ina 152 mm (6 in.) length of
weld. A proportionally fewer number of indications shall
be permitted in welds less than 152 mm (6 in.) in length.

(h) Clustered Indications. The illustrations for clustered
indications show up to four times as many indications in a
local area, as that shown in the illustrations for random
indications. The length of an acceptable cluster shall not
exceed the lesser of 25 mm (1 in.) or 2t. Where more than
one cluster is present, the sum of the lengths of the clusters

Tabte 1V-3 for exampies.) The maximum permissibie
size of any indication shall be %, t, or 4 mm (%4 in.), which-
ever is smaller; except that an isolated indication sepa-
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Table IV-3
Acceptable Rounded Indications
SI Units
Maximum Size of Acceptable Rounded Indication, mm Maximum Size of Nonrelevant
Thickness t, mm Random Isolated Indication, mm
Less than 3 Yut Yt Yot
3 0.79 1.07 0.38
5 1.19 1.60 0.38
6 1.60 2.11 0.38
8 1.98 2.64 0.79
10 2.31 3.18 0,79
11 2.77 3.71 0,79
13 3.18 4.27 0.79
14 3.61 4.78 0.79
16 3.96 5.33 0.79
17 3.96 5.84 0.79
19.0 to 50, incl. 3.96 6.35 0.79
Over 50 3.96 9.53 1.60

U.S. Customary Units

Maximum Size of Acceptable Rounded:Indication, in. Maximum Size of Nonrelevant

Thickness ¢, in. Random Isolated Indication, in.
Less than % Yt Yt Yot
Ve 0.031 0.042 0.015
e 0.047 0.063 0.015
A 0.063 0.083 0.015
e 0.078 0.104 0.031
% 0.091 0.125 0.031
e 0.109 0.146 0.031
Y 0.125 0.168 0.031
%6 0.142 0.188 0.031
A 0.156 0.210 0.031
ie 0.156 0.230 0.031
%, to 2, incl. 0.156 0.250 0.031
Over 2 0.156 0.375 0.063

GENERAL NOTE{ This table contains examples only.
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Figure IV-3-1
Aligned Rounded Indications

-

NOTE: Sum of L; to L, shall be less than t in a length of 12¢t.
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Figure 1V-3-2

Groups of Aligned Rounded Indications

~>{ Ly | 3L, | Ly | 3l

3l3

Maximum Group Length

Minimum Group Spacing

L ="60m (Y% in.) for t less than 19 mm (%, in.)
L = tfot-t 19 mm (%, in.) to 57 mm (2% in.)
L =19 mm in.) for t greater than 57 mm (2%, in.)

NOTE: Sum of the group lengths shall be less than t in a/length of 12¢.

3L where L is the length of the
longest adjacent group being
evaluated.
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Figure IV-3-3
Charts for t Equal to 3.2 mm to 6.4 mm (% in. to % in.), Inclusive

v “ s
g 14 » **
N IS ‘\“v . s . . o N [
(a) Random Rounded Indications [See Note (1)]
- Pt \ » Vvie “ c:‘-:;.:l‘
» a v A e
‘ . N .. @ . . s { { :“."':’:‘.:..
‘ 25 mm (1in.) | | 25 mm (1in.)
= [ I =
(b) Isolated Indication [See Note (2)] (c) Cluster
NOTES:
(1) Typical concentration and size permitted in any 152 mm (6 in.) length of weld.
(2) Maximum size per Table IV-3.
Figure IV-3-4
Charts for t Over 6.4 mm to 9.5 mm Y% in. to % in.), Inclusive
. [
» v . . M 4 \ \ . . . . -
R . . ‘. E i O, 0 - : . . »
» . M > . . . . S . . . ’ PY
YK | y » . g . » - - L J
(a) Random Rounded Indications [See Note (1)]
. S L R BN
L . . - .-
[ 4 » . ‘ ’ . . W v .'. “ "‘ >
. L T .:\"_‘A,“~
25'mm(1in.) | 25 mm (1in.)
< 1
(b) Isolated Indication [See Note (2)] (c) Cluster
NOTES:

(1) Typical eoncentration and size permitted in any 152 mm (6 in.) length of weld.
(2) Maximum size per Table IV-3.
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Figure IV-3-5
Charts for t Over 9.5 mm to 19 mm (34 in. to %, in.), Inclusive

’ v N P R
Al v a
. t + N .. ’ ‘. . . » ) | 4 ‘4
» . N n‘ l.. . ° .“\ . P » »
o [ . ‘ . ‘.‘ . “ ‘;" ," t . N v & -,
(a) Random Rounded Indications [See Note (1)]
. » N S (4
s o L sNy e
voe [ 2 N, T '. ~
» . bohoe e o . ‘. Z ) ,\ ‘, »
[ ] » - < ) o o
‘ o . Vi et
L 4 A
25 mm (1in.) ‘ ‘ 25 mm (1in.)
1 I 1
(b) Isolated Indication [See Note (2)] (c) Cluster
NOTES:
(1) Typical concentration and size permitted in any 152 mm (6 in.) length of weld,
(2) Maximum size per Table IV-3.
Figure IV-3-6
Charts for t Over 19 mm t6,50'mm (3, in. to 2 in. ), Inclusive
> » Py y . A .
. < @ ) . . .
- 4 . .' . . ) . : . . . .. . . .‘ , . .
. q »
‘ ‘ ) ) » P . . . -'. . ’ . y o, »
. e . < ) . y ‘ ’
4 -
(a) Random Rounded Indications [See Note (1)]
. v, . P S -
N . .
- . - . v &
. . . . o R ,
- ; . o ‘ iu . . s 2 ‘ ‘
- » y . e a
kY

25 mm (1in.) | | 25 mm (1in.)

< > < >

(b) Isolated Indication [See Note (2)]
NOTES:

(1) Typical concentration and size permitted in any 152 mm (6 in.) length of weld

(c) Cluster

(2) Maximum size per Table IV-3.
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Figure IV-3-7
Charts for t Over 50 mm to 100 mm (2 in. to 4 in.), Inclusive
(] v ® » * 'Y [ 2 v ' » . “ » ’
| ~ [ ] . . » [
N . . ‘ d 4 d 1y ‘ N ',
\ b v » ~ [ [ 4 N - »
N [ ] » ' + o * » . . N v vy . []
» * ’ ! ¢ ’ o’ M
»
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(a) Random Rounded Indications [See Note (1)]
’ N . 4 e,
N - a R . R -
. ) . »
N " . ‘ U L -
A . N N » ) » N ’l ‘ W .0 "
r 4 . ' . N o I 4 ’ . ' ,
. & < - »
25 mm (1in.) ‘ ‘ 25 mm (1in.)
[ > [ >
(c) Cluster

(b) Isolated Indication [See Note (2)]

NOTES:
(1) Typical concentration and size permitted in any 152 mm (6 in.) length of weld.

(2) Maximum size per Table IV-3.
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Figure IV-3-8
Charts for t Over 100 mm (4 in.)
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(a) Random Rounded Indications [See Note (1)]
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’ ) ’
B 25 mm (1in.) ‘| |‘25 mm (1in.) .
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(b) Isolated Indication [See Note (2)] (c) Cluster
NOTES:

(1) Typical concentration and size permitted-indany 152 mm (6 in.) length of weld.
(2) Maximum size per Table IV-3.
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(25)

MANDATORY APPENDIX V
METHODS FOR MAGNETIC PARTICLE EXAMINATION (MT)

V-1 SCOPE

(a) This Appendix provides for procedures that shall be
followed whenever magnetic particle examination is
specified in this Section.

(b) Section V, Article 7 shall be applied for the detail
requirements in methods and procedures, and the addi-
tional requirements specified within this Appendix.

(c) Magnetic particle examination shall be performed
in accordance with a written procedure, certified by the
Manufacturer to be in accordance with the requirements
of Section V, Article 1, T-150.

V-2 CERTIFICATION OF COMPETENCY FOR
NONDESTRUCTIVE EXAMINATION
PERSONNEL

The Manufacturer shall certify that each magnetic
particle examiner meets the following requirements:

(a) The examiner has vision, with correction if néces-
sary, to enable the examiner to read a Jaeger TypeNo. 2
Standard Chart at a distance of not less than 305
mm (12 in.), and is capable of distinguishing and differ-
entiating contrast between colors used:These require-
ments shall be checked annually.

(b) The examiner is competent in¢he techniques of the
magnetic particle examination method for which the
examiner is certified, including.making the examination
and interpreting and evaludting the results, except that
where the examination\method consists of more than
one operation, the examiner may be certified as being
qualified only for one’ or more of these operations.

V-3 EVALUATION OF INDICATIONS

Indications will be revealed by retention of magnetic
particles”All such indications are not necessarily imper-
fections; however, since excessive surface roughness,
magnetic permeability variations (such as at the edge
of heat-affected zones), etc., may produce similar indica-
tions. An indication of an imperfection may be larger than
the imperfection that causes it; however, the size of the
indication is the basis for acceptance evaluation. Only indi-
cations that have any dimension greater than 1.5

(b) A rounded indication is one of circular ¥ elliptical
shape with a length equal to or less than three times its
width.

(c) Any questionable or doubtfuldndications shall be
reexamined to determine whethef,or not they are rele-
vant.

V-4 ACCEPTANCE STANDARDS

These acceptance‘standards shall apply unless other
more restrictive-standards are specified for specific mate-
rials or applications within this Section.

All surfaces to be examined shall be free of

(a) releéyant linear indications

(b xelevant rounded indications greater than 5
mm\(V;¢ in.)

{¢) four or more relevant rounded indications in a line
separated by 1.5 mm (%, in.) or less, edge to edge

V-5 REPAIR REQUIREMENTS

The defect shall be removed or reduced to an imperfec-
tion of acceptable size. Whenever an imperfection is
removed by chipping or grinding and subsequent
repair by welding is not required, the excavated area
shall be blended into the surrounding surface so as to
avoid sharp notches, crevices, or corners. Where
welding is required after removal of an imperfection,
the area shall be cleaned and welding performed in accor-
dance with a qualified welding procedure.

(a) Treatment of Indications Believed Nonrelevant. Any
indication that is believed to be nonrelevant shall be
regarded as an imperfection unless it is shown by reex-
amination by the same method or by the use of other
nondestructive methods and/or by surface conditioning
that no unacceptable imperfection is present.

(b) Examination of Areas From Which Imperfections
Have Been Removed. After a defect is thought to have
been removed and prior to making weld repairs, the
area shall be examined by suitable methods to ensure
it has been removed or reduced to an acceptably sized
imperfection.

(c) Reexamination of Repair Areas. After repairs have
been made, the repaired area shall be blended into the

mm (/6 in.) shall be considered relevant.
(a) A linear indication is one having a length greater
than three times the width.
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were originally required for the affected area, except that,
when the depth of repair is less than the radiographic

sensitivity required, reradiography may be omitted.
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(25)

MANDATORY APPENDIX VI
METHODS FOR LIQUID-PENETRANT EXAMINATION (PT)

Vi-1 SCOPE

(a) This Mandatory Appendix describes methods that
shall be employed whenever liquid-penetrant examina-
tion is specified in this Section.'”

(b) Section V, Article 6 shall be applied for detail re-
quirements in methods, procedures, and qualifications,
unless specified within this Appendix.

(c) Liquid-penetrant examination shall be performed
in accordance with a written procedure, certified by
the Manufacturer to be in accordance with the require-
ments of Section V, Article 1, T-150.

VI-2 CERTIFICATION OF COMPETENCY OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

The manufacturer shall certify that each liquid-pene-
trant examiner meets the following requirements:

(a) The examiner has vision, with correction if néces-
sary, to enable the examiner to read a Jaeger TypeNo. 2
Standard Chart at a distance of not less than,12in. (305
mm), and is capable of distinguishing and differentiating
contrast between colors used. These requirements shall
be checked annually.

(b) The examiner is competent inthe techniques of the
liquid-penetrant examination method for which he is
certified, including making the examination and inter-
preting and evaluating thelresults, except that, where
the examination method\consists of more than one opera-
tion, the examiner maybe certified as being qualified only
for one or more of.these operations.

VI-3 EVALUATION OF INDICATIONS

An indication of an imperfection may be larger than the
impeffection that causes it; however, the size of the indi-
cation‘is the basis for acceptance evaluation. Only indica-
tions with major dimensions greater than 1.5 mm (% in.)
shall be considered relevant.

(a) A linear indication is one having a length greater
than three times the width.

(b) A rounded indication is one of circular or elliptical
shape with the length equal to or less than three times the

(c) Any questionable or doubtful indications shall be
reexamined to determine whether or net they are rele-
vant.

ViI-4 ACCEPTANCE STANDARDS

These acceptance standatrds'shall apply unless other
more restrictive standards are specified for specific mate-
rials or applications within this Section.

All surfaces to bé ‘examined shall be free of

(a) relevant }inear indications

(b) relevant-rounded indications greater than 5
mm (3/16 in.)

(c) four er more relevant rounded indications in a line
separated by 1.5 mm (%, in.) or less (edge to edge)

VI-5 REPAIR REQUIREMENTS

Unacceptable imperfections shall be repaired and reex-
amination made to ensure removal or reduction to an ac-
ceptable size. Whenever an imperfection is repaired by
chipping or grinding and subsequent repair by welding
is not required, the excavated area shall be blended
into the surrounding surface so as to avoid sharp
notches, crevices, or corners. Where welding is required
after repair of an imperfection, the area shall be cleaned
and welding performed in accordance with a qualified
welding procedure.

(a) Treatment of Indications Believed Nonrelevant. Any
indication that is believed to be nonrelevant shall be
regarded as an imperfection unless it is shown by reex-
amination by the same method or by the use of other
nondestructive methods and/or by surface conditioning
that no unacceptable imperfection is present.

(b) Examination of Areas From Which Defects Have Been
Removed. After a defect is thought to have been removed
and prior to making weld repairs, the area shall be exam-
ined by suitable methods to ensure ithas been removed or
reduced to an acceptably sized imperfection.

(c) Reexamination of Repair Areas. After repairs have
been made, the repaired area shall be blended into the
surrounding surface so as to avoid sharp notches, crevices,
or corners and reexamined by the liquid-penetrant
method and by all other methods of examination that

width.
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were originally required for the alfected area, except
that, when the depth of repair is less than the radiographic
sensitivity required, reradiography may be omitted.



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

MANDATORY APPENDIX Vil
LOW PRESSURE TANK DESIGN

Viil-1 SCOPE

This Mandatory Appendix provides requirements for
transport tanks with design pressures and temperatures
less than 1.03 bar (15 psi) and 260°C (500°F) for tanks of
circular and noncircular cross section.

Vill-2 DESIGN REQUIREMENTS

(a) General. Theloads and operating conditions for low
pressure transport tanks shall be as specified in the appro-
priate modal appendix applicable to the tank service. The
operating conditions to be checked in design will always
include one in which the tank is fully loaded under
maximum internal pressure supported as a static
object by its normal underpinnings. Design stresses
shall be as specified in Section II, Part D. These rules
apply when the tank cross sectional area divided by
the product of tank perimeter times minimum shell thick-
ness is between 3 and 120 for aluminum and 5 and 160 for
steel. Configurations of tank shapes shall be limited<4o
ratios of maximum width (height) to minimum height
(width) no greater than 2.5. Design for defined incident
loadings is covered in the applicable modal appendix.

(b) Nomenclature. The terms not definéd here are
uniquely defined in the sections in whichithey are first
used.

I

I

Ky

Ly

Ltrib

Mbot =
Mside =

membrane force in bottom of tank
membrane force in side of tank

effective height of baffle where“baffle is in
compression and shell is in tehsion; H = 80Kt
effective height of baffle Where baffle is in
tension and shell is in comiptression h = 120Kt
section moment of-inertia where shell is in
tension

section moment of inertia when shell is in
compression

ratio of corner radius of rectangular or bulged
tank toe-half of minor overall dimension, k=r/a
effective height factor for baffle material;
K, =71.67 for steel and 1.00 for aluminum
héad radius of curvature in short direction
(minimum)

head radius of curvature in long direction
(maximum)

tributary tank length associated with a parti-
cular shell/stiffener combination
circumferential bending moment in tank at
location n

maximum bending moment in tank bottom
maximum bending moment in tank side
location of bending moment on a non-circular
tank shell as noted on Figure VIII-2-2

design pressure at bottom of tank including
static head of contents

A f ;aril; CFOSS 1ect1f)nal & 1 di . f q = area coefficient for bulged rectangular tanks
a = hall ol tan mInQsverat dimension (, or R; = radius normal to minor axis for bulged rectan-
example, half minor diameter of an elliptical gular tanks
, tank) . . . R, = radius normal to major axis for bulged rectan-
a’ = halfoftankminor overall dimension for bulged gular tanks
rectangular tank§ . ) r = corner radius of rectangular type tank with
b = half of-tank major overall dimension (for rounded corners
example, half of major diameter of an elliptical r' = corner radius of bulged rectangular type tank
b ;ar;;()ft K mai 1di ion for buleed S, = head stress in short direction (maximum)
="half of tank major overall dimension for bulge . . . .
rectangular tanks Sp head.stress in l.ong direction (minimum)
B, = effective shell breadth where shell is in tension Sobbor = bending stress in baffle/head at bottom
1 o ) . Sbbot = total stress in baffle/head at bottom = S0 +
and baffle is in compression (50¢; each side of s
. bbbot
By = :tflfif:gstre)breadth where shell is in compression Sopside = bending stress in baffle/head at side
2 - d baffle is in tensi 20t }11) de of Sbsbot = bending stress in tank shell at bottom
ar? altle 1s 1n tension ( s On each side o Sheide total stressin hnfﬂp’/hpnd atside=S botEStbside
stiffener) . . . Sbsside = bending stress in tank shell at side
¢, = moment coefficient for circumferential shell .
n Smbot = Mmembrane stress in tank bottom

moment at location n
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allowed and may be attached to shells with a suitable
fillet weld. Notwithstanding the rules and procedures

Smside = Membrane stress in tank side
Ssbot = total stress in tank shell at bottom = S0 +
Sbsbot
Ssside = total stressin tank shell at side = S;sige + Sbsside
t, = baffle thickness less corrosion allowance
t, = head thickness less corrosion allowance
t, = tank shell thickness less corrosion allowance
X = neutral axis distance from shell where shell is
in tension
x = neutral axis distance from shell where shell is
in compression
Z1p = section modulus of baffle where shell is in
tension
Zis = section modulus of shell where shell is in
tension
Z,, = section modulus of baffle where shell is in
compression
Z,s = section modulus of shell where shell is in
compression

(c) Design Pressure. For cylindrical tanks and heads for
cylindrical transport tanks, the internal pressure design
equations shall be those of such tanks subject to pressures
over 15 psi as noted in Articles TD-3 and TD-5. For noncy-
lindrical transport tanks, the pressure design equations
shall be as specified in Figures VIII-2-1, VIII-2-2, and
VIII-2-3 of this Appendix and will apply to loads tributary
to the heads, bulkheads, stiffeners, or internal baffles
installed in the tanks. The membrane stresses due to pres-
sure are taken by the tank shell, and the bending moments
are taken by a portion of the shell acting in conjunction
with baffles, bulkheads, heads, and internal or\external
stiffeners to forma girder [see (d) below]. The léngitudinal
stresses due to internal pressure and bending between
supports in noncylindrical tanks areassumed to be
membrane stresses alone. The design“pressure for the
tank shall be the MAWP plus the-static head at the
bottom of the tank. The hydrostatic test pressure for
the tank shall be 1.50 times the design pressure. The
maximum spacing of heads, bulkheads, stiffeners, and
baffles for any nonc{lindrical tank shall not exceed
1500 mm (60 in.). The following weld joint efficiencies
shall be permittéd:

(1) ForJdongitudinal shell welds within 6 times the
shell thickness of calculated circumferential bending
moment-points, use 70% of the allowable weld design
stregsy For aluminum, the allowable design stress at
welds"is for the O temper.

(2) For circumferential welds, the lower of 70% or
the O temper allowable stress shall be used. For noncy-
lindrical vessels, the head stresses are as follows: in the
short direction, S, = P/[t, (1/Lq + La/Ly?)], and in the long
direction, S, = SyLq/Lp.

For heads of low pressure tanks, the knuckle radius

outlined above, the thicknesses of tank shells, heads, bulk-
heads, and baffles shall not be lower than indicated in the
applicable modal appendix for the particular tank spec-
ification.

(d) Shell and Stiffener Properties. Shell and stiffener
properties shall be determined by the following prece-
dures and are illustrated in Figure VIII-2-4:

(1) A shell/baffle combination acts as a(girder in
bending with section properties deterfiined by
whether the shell is in tension or compreSsion due to
bending moment using values noted-in, (b) above.

(2) Ashell/stiffener combination has section proper-
ties calculated with the stiffenerandassociated shell as an
effective tee section using an effeetive breadth beyond the
stiffener of 20¢t; on each sidewhere the shell isin compres-
sion and 50t on each sidé where the shell isin tension. The
effective baffle depthis given in Figure VIII-2-4 for where
the baffle is in compression or tension.

(3) For mémbrane stresses use Pa/ts for top and
bottom and.-Phyt, for sides, both in tension.

(e) Opepings. Openings in low pressure cylindrical
transport tanks shall be reinforced as required for pres-
sure tanks taking into consideration the lower pressures.
Noncylindrical transport tanks shall have openings
located preferably outside the effective shell width on
each side of baffles, bulkheads, or stiffeners (stiffening
elements) used in determining the section properties
for circumferential tank wall stresses. The openings
need not be reinforced unless the tributary membrane
stress calculated by deducting the shell cut away by
the opening from the shell tributary to the stiffening
element exceeds the allowable stress for the shell mate-
rial.

(f) Special Design Details. Pressure-retaining heads and
bulkheads in low pressure transport tanks can be inserted
into the tank shell and fillet welded from one side, and each
such pressure-retaining part may have a formed flange
providing a faying surface to the shell. The single fillet
weld shall be made on the end of the formed flange.
Heads, bulkheads, baffles, and non-pressure-retaining
elements can be installed without formed flanges but
such tanks shall require an annual inspection of the
shell welds to them to verify their integrity if made
from one side only. Circumferential shell welds in noncir-
cular tanks with shell plates running longitudinally shall
be staggered so that no more than one-third of the circum-
ference of the tank contains a circumferential weld seam
located within 8 times the thickness longitudinally of
another circumferential weld seam. The one-third circum-
ference containing a weld seam need not be continuous
but may be made up of several sections spaced atleast 100

shall be the greater of 12.7 mm (0.5 in.) or 3 times the
nominal thickness of the plate from which the head
was formed. Stuffed (inserted) heads and baffles are
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(g) Proof Testing. Proof testing of low pressure trans-
port tanks, in accordance with Part TT, is permitted if not

flexural stresses. Forming of materials shall be done to
avoid sharp blows, peening type deformations, and exces-

calculable by the rules in this Appendix.

(h) Minimum Thickness Requirements. Minimum thick-
ness requirements are stated in the applicable Modal
Appendices.

VilI-3 FABRICATION AND WELDING

(a) Piping, Valves, Openings, and Covers. Piping, valves,
openings, and covers shall be designed to meet their in-
dividual pressure requirements. Piping shall be supported
at intervals not exceeding 24 times the pipe diameter.
Access openings and covers shall be designed for resisting
36 psig test pressures and can also be designed to with-
stand defined incident loads at the option of the manu-
facturer.

(b) Fabrication Requirements. Low pressure transport
tanks shall be fabricated using practices applicable to
pressure tanks under the applicable modal appendix.
Welding procedures shall be qualified, and materials
and weld filler metal shall be as required for pressure
tanks under the applicable modal appendix. Since noncir-
cular tanks have significant shell bending stresses that
differ markedly at different points on the tank circumfer-
ence, longitudinal shell welds in those tanks shall be
located in areas where shell bending stresses are less
than 50% of maximum, and welds made from one side
shall be made so that side is the one subject to compressive

sive work hardening of local areas. Knuckle inside radil
shall be more than 3 times the original plate thickness
before forming. Where heat-treated material is fabricated
into tanks, the forming, assembly, and welding processes
used shall be as required elsewhere in this Code for the
particular materials used.

(c) Inspection Requirements. Low pressure transport
tanks shall be considered as Class 3 vessels per
TG-430 and are subject to inspection by manufacturers,
tank owners, and inspection agencies to a leyel commen-
surate with the service expected of the tank and the public
danger associated with the tank contedts escaping or
reacting with the outside atmosphere:

(d) Safety Devices. All low pressute transport tanks
shall have relief devices to ensure that design pressures
are not exceeded in the tran§port condition as well as in
the loading and unloading cenditions.

(e) Examination Requiréments. All examinations of low
pressure transport tanks shall be in accordance with
Part TE and any additional requirements of the applicable
modal appendix¢

(f) PressureTest Requirements. Low pressure transport
tanks shall.be pressure tested according to the test re-
quirements of Article TT-2 and the additional require-
ments-of the applicable modal appendix.
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Figure VIII-2-1
Types of Tanks: Design Moments and Bending Stresses

(a) Elliptical

(b) Obround

(™

MAWP

Y]

MAWP

P

(c) Rectangular With Radius Corners

Multi-Circular Tanks

MAWP

MAWP

(e) Double Elliptical Tanks

(f)  Bulged Rectangle Radius‘Corner Tank

BMAWP
B\AAWP
P

Use elliptical coefficients.

Use obround coefficients.

Use rectangular with radius
corner coefficients.

Use elliptical coefficients.

Use elliptical tank coefficients
using a,,/b for top moment and
(8top + @pot)/2b for bottom and side
moments.

Design as Case (c), but using adjusted
a and b as follows:

J A
9=\ (2+a") + (2eb') = 2+ (4 - m)
a=q+*a b=q*b r=q-°r

Use design pressure based on full tank depth.
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Figure VIII-2-2
Bending Moments in Noncircular Shells

C
o !
) :
b
G, c, & G
c o G
Ellipse Obround Rectangle With
Rounded Corners
Shape Coeffi-
p cient a/b =1.0 a/b =0.9 a/b =0.8 a/b =0.7 a/b = 0.6 a/b = 0.5 a/b = 0.4
Ellipse c 0 -0.057 -0.133 -0.237 -0.391 -0.629 -1.049
Ellipse c 0 0.060 0.148 0.283 0.498 0.870 1.576
Obround c 0 -0.072 -0.166 -0.293 -0.476 -0.759 -1.247
Obround [ 0 0.045 0.116 0.227 0,413 0.741 1.378
Rectangle k = 1.0 [} -0.050 -0.123 -0.218 -0.347 -0.534 -0.824 -1.323
Rectangle k = 1.0 c -0.050 -0.005 0.064 0.173 0.355 0.676 1.302
Rectangle k = 1.0 c3 -0.030 0.015 0.084 0.193 0.375 0.696 1.322
Rectangle k = 1.0 [ -0.030 -0.074 -0.116 #0.150 -0.159 -0.104 0.122
Rectangle k = 1.0 Cs 0.036 0.062 0.118 0.218 0.393 0.709 1.331
Rectangle k = 0.6 c -0.091 -0.164 -0.261 -0.393 -0.584 -0.880 -1.390
Rectangle k = 0.6 c -0.091 -0.047 0.020 0.127 0.305 0.620 1.235
Rectangle k = 0.6 c3 -0.011 0.033 0.100 0.207 0.385 0.700 1.315
Rectangle k = 0.6 [ -0.011 -0.03%4 -0.050 -0.050 -0.015 0.100 0.415
Rectangle k = 0.6 Cs 0.088 0.316 0.168 0.262 0.468 0.734 1.340
Rectangle k = 0.4 c -0.124 -0.198 -0.296 -0.431 -0.625 -0.928 -1.449
Rectangle k = 0.4 cz -0.124 -0.081 -0.015 0.090 0.264 0.572 1.176
Rectangle k = 0.4 C3 0:056 0.099 0.165 0.270 0.444 0.752 1.356
Rectangle k = 0.4 [ 0:056 0.055 0.065 0.098 0.177 0.352 0.756
Rectangle k = 0.4 Cs 0.156 0.187 0.241 0.335 0.498 0.796 1.390
Rectangle k = 0.2 c1 -0.149 -0.224 -0.324 -0.460 -0.659 -0.968 -1.499
Rectangle k = 0.2 [ -0.149 -0.107 -0.042 0.060 0.230 0.532 1.126
Rectangle k = 0.2 c3 0.171 0.213 0.278 0.380 0.550 0.852 1.446
Rectangle k =02 [N 0.171 0.191 0.228 0.294 0.417 0.652 1.146
Rectangle k =)0.2 Cs 0.237 0.273 0.332 0.427 0.591 0.886 1.473
Rectangle<k = 0.0 c -0.167 -0.243 -0.344 -0.483 -0.685 -1.000 -1.542
Rectangle k = 0.0 [ -0.167 -0.126 -0.063 0.037 0.204 0.500 1.083
Rectangle k = 0.0 c3 0.333 0.374 0.438 0.537 0.704 1.000 1.583
Rectangle k = 0.0 C4, Cs 0.333 0.374 0.438 0.537 0.704 1.000 1.583

GENERAL NOQTES:

(a) Maximum values are underlined.
(b) Moment at point n is M, = C, a® PLyy,, where C,, is a coefficient from Figure VIII-2-2 and P is the design pressure (at bottom of tank).
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Figure VIII-2-3
Noncircular Cargo Tank Structural Properties

b | Ly |
MAWP ! - ! - !
h (L2 | L2 2 L I\

| ! | [ ! [ [

,’l /l Heads
P AN AN
Cross Section L Heads or baffles
Elevation
Tributary Lengths: For end head Ly, = Ly/2. For interior Ly, = (Lq + Ly)/2

See definition of L in
TD-400.1 for further

Stiffener Diagram clarification and application.

1
—1— }—BjorB, ttb"“
|t
|
Horh 1
X 1 T
1
Horh
v l

<~—— BjorB,

GENERAL NOTE: For a typical noncircular tank with af interior baffle (elliptical as an example), the

stresses are determined as follows:
T Pb Lyip
Mside (
(a) Membrane stress: S, = Palts (tension)  S;.qqe = Pb/t; (tension)
(b) Bending stress: Spsbot = MystlZ4s (shell tension)  Spppot = Mpot/Z4p (baffle compression) 7‘ > Pa Ly
Mbot

Spsside™ Msige!Zos (shell compression)  Sppcige = Msige/Zop (baffle tension)

(c) Combine membrane‘and bending stresses to obtain total stress.
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Figure VIII-2-4
Noncircular Tank

N —
N N a = (minimum diameter)/2

\ P b = (maximum diameter)/2

, B ‘ R = radius of cylinder tank of same

. ! N~ circumference as noncircular tank
/,’\ // l "

End head
Bulkhead, baffle, g Tfs

or stiffener

(a) Where bending moment causes compression in the baffle, use the following effective stiffener section:
ty —|—

effective breadth = 100t 7

) HELH
1 _ I1:B1TSX +th 2 t+ 2*X
X = H?t,/[2(Bjty+ Hip)l
H=380Kt, Zyp = L/(H=, X)

r ts Z1s =AX
1 T T

’—50ts e 50ts“

I B, 1

(b) Where bending moment causes tension in the baffle, use‘the following effective stiffener section:

tb—><—

effective breadth = 40t h2 i h )
l, = Byt;x% + hty [1—2+(5— x) ]
- B2
h = 120Kst5 x = h°t,/12(B,ts + htp)]
ZZb = lz/(h - X)
ZZS = I2/X

t,

S
— :
‘- 20t, —L— 201, ‘(
I Bz 1

(c) For end heads;efféctive breadth is half that of interior locations. Tributary length for ends is L,/2 and
for interior is (Ly"+ L,)/2. See definition of L in TD-400.1 for further clarification and application.

(d) For héads or internal bulkheads, membrane stress due to pressure should be added algebraically to

baffle stress. Bending moment varies around shell from positive to negative with 4 areas of high
fmoment and 4 areas of low moment.

Bending moment curve
Shell */;\
Zone of low moment

(+) MOM

(—) MOM
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MANDATORY APPENDIX IX
ULTRASONIC EXAMINATION OF WELDS (UT)

IX-1 SCOPE

(a) This Appendix describes methods that shall be
employed when ultrasonic examination of welds is speci-
fied in this Section.

(b) Section V, Article 5 shall be applied for detail re-
quirements in methods, procedures, and qualifications,
unless otherwise specified in this Appendix.

(c) Ultrasonic examination shall be performed in accor-
dance with a written procedure, certified by the Manufac-
turer to be in accordance with the requirements of Section
V, Article 1, T-150.

IX-2 CERTIFICATION OF COMPETENCE OF
NONDESTRUCTIVE EXAMINER

The Manufacturer shall certify that personnel
performing and evaluating ultrasonic examinations
required by this Section have been qualified and certified
inaccordance with their employer’s written practice. SNiT-
TC-1A"® shall be used as a guideline for emploers to
establish their written practice for qualification and certi-
fication of their personnel. Alternatively, the ASNT Central
Certification Program (ACCP) *® or CP-189*%may be used
to fulfill the examination and demonstration require-
ments of SNT-TC-1A and the Employer's written practice.
Provisions for training, experience, qualification, and
certification of NDE personnel(Shall be described in the
Manufacturer’s Quality Control System (see Mandatory
Appendix I).

IX-3 ACCEPTANCE/REJECTION STANDARDS

These standards shall apply unless other standards are
specified for'specific applications within this Section.

Imperfections that produce a response-gréater than
20% of the reference level shall be inyestigated to the
extent that the operator can determine the-Shape, identity,
and location of all such imperfection$and evaluate them in
terms of the acceptance standards, given in (a) and (b).

(a) Indications characterized as cracks, lack of fusion,
or incomplete penetrationare unacceptable regardless of
length.

(b) Other imperfections are unacceptable if the indica-
tions exceed the-reference level amplitude and have
lengths that exceed

(1) 6 mm)\ (% in.) for t up to 19 mm (%, in.)

(2) Ytdor t from 19 mm (%, in.) to 57 mm (2% in.)

(3), 19'mm (¥, in.) for t over 57 mm (2%, in.)
where #4s the thickness of the weld excluding any allow-
able reinforcement. For a butt weld joining two members
having different thicknesses at the weld, t is the thinner of
these two thicknesses. Ifa full-penetration weld includes a
fillet weld, the thickness of the throat of the fillet shall be
included in t.

IX-4 REPORT OF EXAMINATION

The Manufacturer shall prepare a report of the ultra-
sonic examination and a copy of this report shall be
retained by the Manufacturer until the Manufacturer’s
Data Report has been signed by the Inspector. The
report shall contain the information required by
Section V. In addition, a record of repaired areas shall
be noted as well as the results of the reexamination of
the repaired areas. The Manufacturer shall also maintain
a record of all reflections from uncorrected areas having
responses that exceed 50% of the reference level. This
record shall locate each area, response level, dimensions,
depth below the surface, and classification.
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(25)

MANDATORY APPENDIX X
EXAMINATION OF STEEL CASTINGS

X-1 SCOPE

This Mandatory Appendix covers examination require-
ments that shall be observed for all steel castings to which
a 100% quality factor is to be applied in accordance with
TM-190(a)(5). Except for fluids defined in TW-100.1(a),
steel castings made to an accepted standard, such as ASME
B16.5, are not required to comply with the provisions of
this Appendix (see Table TG-130).

X-2 EXAMINATION TECHNIQUES

Examination techniques shall be carried out in accor-
dance with the following:

(a) Magnetic particle examinations shall be per
Mandatory Appendix V, except that acceptance standards
shall be as given in X-3(a)(3) of this Appendix.

(b) Liquid-penetrant examinations shall be per Manda-
tory Appendix VI, except that acceptance standards shall
be as given in X-3(a)(4) of this Appendix.

(c) Radiographic examinations shall be per SectionVj,
Article 2 with acceptance standards as given in X-3(a)(1)
or X-3(b)(3) of this Appendix.

(1) Awritten radiographic examination procedure is
not required. Demonstration of density and image quality
indicator (IQI) image requirements on production or tech-
nique radiographs shall be consideréd satisfactory
evidence of compliance with Section, V, Article 2.

(2) The requirements of Sectien V, Article 2, T-285
are to be used only as a guide.(Final acceptance of radio-
graphs shall be based on tlie ability to see the prescribed
IQIimage and the specified hole or the designated wire ora
wire 1QI.

(d) Ultrasonic examinations shall be per Section V,
Article 5 with‘acceptance standards as given in
X-3(b)(3) of-this Appendix.

X-3 EXAMINATION REQUIREMENTS

All'steel castings shall be examined in accordance with
(@) or (b) as applicable.

(a) All castings having a maximum body thickness less
than 114 mm (4% in.) shall be examined as follows:

(1) All critical sections® shall be radiographed. For
castings having radiographed thicknesses up to“50 mm
(2 in.), the radiographs shall be compared*to those in
ASTM E446, Standard Reference Radiographs for Steel
Castings Up to 50 mm (2 in.) in<FPhickness. The
maximum acceptable severity levels for imperfections
shall be as specified as follows:

Maximum Severity Level

Thicknesses Thicknesses

Imperfection Category <1 in. 1 in. to <2 in.
A — Gas porosity 1 2
B — Sand and slag 2 3
C — Shrinkage (four types) 1 3
D — Cracks 0 0
E — Hotytears 0 0
F¢—\Inserts 0 0
G — Mottling 0 0

For castings having radiographed thicknesses from
50 mm to 114 mm (2 in. to 4% in.), the radiographs
shall be compared to those in ASTM E186, Standard Refer-
ence Radiographs for Heavy-Walled [50 mm to 114 mm (2
in. to 4% in.)] Steel Castings. The maximum acceptable
severity levels for imperfections shall be as follows:

Imperfection Category Maximum Severity Level

A — Gas porosity 2
B — Sand and slag inclusions 2
C — Shrinkage
Type 1 1
Type 2 2
Type 3 3
D — Cracks 0
E — Hot tear 0
F — Inserts 0

(2) All surfaces including machined gasket seating
surfaces shall be examined by the magnetic particle or
the liquid-penetrant method. When the casting specifica-
tion requires heat treatment, these examinations shall be
conducted after that heat treatment.
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(3) Surface indications determined by magnetic
particle examination shall be compared with those indi-

(2) All parts of castings up to 300 mm (12 in.) in
thickness shall be subjected to radiographic examination

cated in ASTM E125, Standard Reference Photographs for
Magnetic Particle Indications on Ferrous Castings, and shall
be removed if they exceed the following limits:

Type Degree
I. Linear discontinuities (hot All
tears and cracks)
II.  Shrinkage 2
III.  Inclusions 3
IV. Chills and chaplets 1
V. Porosity 1

(4) Surface indications determined by liquid-pene-
trant examination are unacceptable if they exceed the
following limits:

(-a) all cracks and hot tears

(-b) any group of more than six linear indications
other than those in (a) in any rectangular area of 38 mm x
150 mm (1% in. x 6 in.) or less, or any circular area having
a diameter of 89 mm (3% in.) or less, these areas being
taken in the most unfavorable location relative to the indi-
cations being evaluated

(-c) other linear indications more than 6
mm (%, in.) long for thicknesses up to 19 mm (%, in.) inclu-
sive, more than one-third of the thickness in length for
thicknesses from 19 mm to 57 mm (% in. to 2%, in.),
and more than 19 mm (%, in.) long for thicknesses
over 57 mm (2% in.) (aligned acceptable imperfeetiohs
separated from one another by a distance equal to the
length of the longer imperfection are acceptable)

(-d) allindications of nonlinear imperfections that
have any dimension exceeding 5 mm (% in.)

(5) When more than one casting of a particular
design is produced, each of the first five shall be examined
to the full extent prescribed herein? When more than five
castings are being produced, é&xaminations as prescribed
shall be performed on the first five and on one additional
casting for each additionalfive castings produced. If any of
these additional castings’ proves to be unacceptable, each
of the remaining four castings of that group shall be exam-
ined fully.

(b) All castings having maximum body thickness 114
mm (4% (n.)‘and greater and castings of lesser thickness
that aré intended for severe service applications' shall be
examined as follows:

(1) Each casting shall be subjected to 100% visual
examination and to complete surface examination by
either the magnetic particle or the liquid-penetrant
method. When the casting specification requires heat
treatment, these examinations shall be conducted after

thatheat treatment. Acceptability limits for surface imper-
d 4N

and the radiographs compared to those given in ASTM
E280, Standard Reference Radiographs for Heavy-
Walled [114 mm to 300 mm (4% in. to 12 in.)] Steel Cast-
ings. The maximum acceptable severity levels for imper-
fections shall be as follows:

Imperfection Category Maximum Severity, Level

A — Gas porosity 2
B — Sand and slag inclusions 2
C — Shrinkage
Type 1 2
Type 2 2
Type 3 2
D — Cracks 0
E — Hot tears 0
F — Inserts 0

(3) For castings having a maximum thickness in
excess of 300mm (12 in.), all thicknesses that are
less than 300 mm (12 in.) shall be examined radiographi-
callyinac€ordance with the preceding paragraph. All parts
of such{castings having thicknesses in excess of 300 mm
(12%n.) shall be examined ultrasonically in accordance
with Section V, Article 5. Any imperfections that do not
produce indications exceeding 20% of the straight
beam back reflection or do not reduce the height of
the back reflection by more than 30% during a total move-
ment of the transducer of 50 mm (2 in.) in any direction
shall be considered acceptable. Imperfections exceeding
these limits shall be repaired unless proved to be accept-
able by other examination methods.

X-4 REPAIRS

(a) Whenever an imperfection is repaired, the exca-
vated areas shall be examined by the magnetic particle
or liquid-penetrant method to ensure it has been
removed or reduced to an acceptable size.

(b) Whenever a surface imperfection is repaired by
removing less than 5% of the intended thickness of
metal at that location, welding need not be employed
in making repairs. Where this is the case, the excavated
area shall be blended into the surrounding surface so as to
avoid any sharp contours.

(c) Castings of nonweldable materials (see TM-150.1)
that contain imperfections in excess of acceptable limits as
given in X-3 shall be rejected.

(d) For any type of defect, if the repair will entail
removal of more than 75% of the thickness or a length
in any direction of 150 mm (6 in.) or more, approval
of the purchaser of the casting shall be obtained prior

foot: Lall L H : )
ICCLIVUIIS S1Tdll Ut do EIVCII IIT LGJLJJ dalr
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(e) The finished surface of all repair welds shall be
examined by the magnetic particle or liquid-penetrant

(h) All welding shall be performed using procedure
qualifications in accordance with Section IX. The proce-

method. When subsequent heat treatment 1s required,
this examination of the repaired area shall be conducted
after heat treatment.

(f) Except as provided in (1) and (2), all weld repairs
shall be examined by radiography.

(1) Where the depth of repair is less than 25
mm (1 in.) or 20% of the section thickness, whichever
is the lesser, and where the repaired section cannot be
radiographed effectively, the first layer of each 6 mm
(% in.) thickness of deposited weld metal shall be exam-
ined by the magnetic particle or the liquid-penetrant
method.

(2) Weld repairs that are made as a result of ultra-
sonic examination shall be reexamined by the same
method when completed.

(g) When repair welding is done after the casting has
been heat treated and when required by either the rules of
this Section or the requirements of the casting specifica-
tion, the repaired casting shall be postweld heat treated.

dure qualification shall be performed on a test specimen
of the same P-Number and same group as the production
casting. The test specimen shall be subjected to the same
heat treatment both before and after welding as will be
applied to the production casting. All welders and opera-
tors performing this welding shall be qualified in accor;
dance with Section IX.

X-5 IDENTIFICATION AND MARKING

Each casting shall be marked with the Manufacturer’s
name and casting identification, including the applicable
casting quality factor and material idéntification. The
Manufacturer shall furnish reports<of the chemical and
mechanical properties and,certification that each
casting conforms to all applicable requirements of this
Appendix. The certification for castings for lethal
service shall indicate the“nature, location, and extent of
any repairs.
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MANDATORY APPENDIX XI
ADHESIVE ATTACHMENT OF NAMEPLATES

XI-1 SCOPE

The rules in this Appendix cover minimum require-
ments for the use of adhesive systems for the attachment
of nameplates, limited to

(a) the use of pressure-sensitive acrylic adhesives
which have been preapplied by the nameplate manufac-
turer to a nominal thickness of atleast 0.13 mm (0.005 in.)
and which are protected with a moisture-stable liner

(b) The nameplate has a nominal thickness not less
than 0.5 mm (0.020 in.)

(c) use for vessels with design temperatures within the
range of -40°C to 149°C (-40°F to 300°F), inclusive

(d) application to clean, bare metal surfaces, with
attention being given to removal of antiweld spatter
compound that may contain silicone

(e) use of prequalified application procedures as
outlined in XI-2

(f) use of the preapplied adhesive within an interval.of
2 yr after adhesive application

XI-2 NAMEPLATE APPLICATION PROCEDURE
QUALIFICATION

(a) The Manufacturer’s Quality Contrel System (see
TG-320) shall define that written precedures, acceptable
to the Inspector, for the applicationh of adhesive-backed
nameplates shall be prepared and qualified.

(b) The application procedure qualification shall
include the following essehtial variables, using the adhe-
sive and nameplate Manhufacturers’ recommendations
where applicable:

(1) description of the pressure-sensitive acrylic
adhesive systemy’employed, including generic composi-
tion.

(2) the qualified temperature range [the cold box test
temperature shall be -40°C (-40°F) for,all applications].
(3) materials of nameplate and substrate when the
mean coefficient of expansion at design temperature of
one material is less than 85% of that for the other material.
(4) finish of the nameplaté and substrate surfaces.

(5) the nominal thickness and modulus of elasticity
at application temperature.of the nameplate when name-
plate preforming is empleyed. A change of more than 25%
in the quantity [(nameplate nominal thickness) x name-
plate modulus (©f ,elasticity at application temperature]
will require requalification.

(6) thedqualified range of preformed nameplate and
companion substrate contour combinations when
preforining is employed.

(7) cleaning requirements for the substrate.

(8) application temperature range and application
pressure technique.

(9) application steps and safeguards.

(c) Each procedure used for nameplate attachment by
pressure-sensitive acrylic adhesive systems shall be qual-
ified for outdoor exposure in accordance with Standard
UL-969, Marking and Labeling Systems, with the following
additional requirements (see TG-130):

(1) Width of nameplate test strip shall be not less
than 25 mm (1 in.).

(2) Nameplates shallhave anaverage adhesion ofnot
less than 1.4 N/mm (8 1b/in.) of width after all exposure
conditions, including low temperature.

(d) Any change in (b) shall require requalification.

(e) Eachlotorpackage of nameplates shall be identified
with the adhesive application date.

263



https://asmenormdoc.com/api2/?name=ASME BPVC.XII (ASME BPVC Section 12) 2025.pdf

ASME BPVCXII-2025

MANDATORY APPENDIX XII
STANDARD UNITS FOR USE IN EQUATIONS

Table XlI-1
Units for Use in Equations

U.S. Customary Units

SL. Units

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

Section modulus

Moment of inertia of section

Mass (weight)

Force (load)

Bending moment

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

Absolute temperature

Fracture toughness

Angle

Boiler capacity

inches (in.)

square inches (in.%)

cubic inches (in.?)

cubic inches (in.*)

inches* (in.")

pounds mass (lbm)

pounds force (Ibf)
inch-pounds (in.-1b)

pounds per squate itich (psi)
foot-pounds«(ft:1b)

degrees Falirenheit (°F)
Rankine (°R)

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

Btu/hr

millimeters,(mm)
squaresmillimeters (mm?)
cubi¢millimeters (mm?)
cubic millimeters (mm®)
millimeters* (mm™)
kilograms (kg)

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

joules (J)

degrees Celsius (°C)

kelvin (K)

MPa square root meters (MPa+/m)
degrees or radians

watts (W)
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MANDATORY APPENDIX XIil
REFERENCE MATERIAL AND EQUIVALENT THICKNESS

XilI-1 INTRODUCTION

The equivalent thickness shall be calculated using
Method A or Method B, depending on how the
minimum thickness is specified by the competent
authority. If the value of v is not specified, use v = 0.3.

XIll-2 METHOD A
The required minimum equivalent thickness shall be

calculated as follows:

(51 Units)
1300eq

Y BniRmiAL

€1

(U.S. Customary Units)
35,896¢(

Y BniRmiAr

where
A1 = specified minimum elongation at ftacture of the
material to be used, in accordange with the ap-
plicable national or internatighal standard, %
modulus of elasticity of the actual material to be
used, MPa (psi)
required minimum thickness of the actual mate-
rial to be used, mm-(in.)
minimum required thickness of the Reference
Material specified, mm (in.)
Ey(1/5p3(1/v)” — 1]
spe€ified minimum tensile strength of the actual
material to be used, MPa (psi). Where a minimum
and maximum are specified for tensile strength in
specifications, the actual value indicated in the
material test results may be used up to the
maximum allowed by the specifications.
Poisson’s ratio of the actual material to be used

€1

€o

le

Vi

The thicknesses ey and e; shall be exclusive-ofany allow-

ances for chemical or physical actions that can influence
the thicknesses, e.g., corrosion, erosion, and forming (thin-
ning).
NOTE: For hazardous materials tanks for which a minimum
reference material thickness oft8mm (0.315 in.) or higher
is specified by competent authorities or Modal Appendices,
the required thickness is Based on a shell diameter of 1.8 m.
When the shell has a diameter of more than 1.8 m, the equivalent
minimum thickness_obtained from the conversion equations
shall be multiplied by d,/1.8, where d; is the actual diameter
of the shell in meters but not less than 1.8 m, to obtain the
minimum required thickness.

X11-2:1 EXAMPLE 1

Specified minimum thickness is 6 mm in Reference
Material. What is the required thickness for SA-240
Type 304 material?

A1 = 40%
eo = 6 mm (0.236 in.)
E; = 190 344.8 MPa (27.6 x 10° psi)
Rn1 = 515 MPa (75,000 psi) from Section I, Part A, for
SA-240 Type 304
vy = 0.305
(51 Units)
L \2
190344.8(—)
By = — 5 = 209868 MPa
(63s)
0.305
1300(6
€] 30006) = 4.79 mm

3/(209 868) (515) (40)

(U.S. Customary Units)

265

2
27.6 X 106(@)
B, = — = 3043 x 10° psi
(5aas) 1
0.305
35,896(0.236 )
e = — ( ) = 0.188 in.
3] g
V(30.43 X 10 )(75, ooo)(40)
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X1l1-2.2 EXAMPLE 2

pacifiadgadninaina thiclnacc 1o Q2 o 1 Dafarancon
<

1/3
_ ( PmsRmsAs ]
€l = &

PR A
oot

o P et t T o e e e S S TS T T I e e e e

Material (eg = 3 mm = 0.118 in.). What is the required
minimum thickness for SB-209 6061-T6?

From Section II, Part B, SB-209 alloy 6061 is heat trea-
table. Therefore, R,;;; =290 MPa (42,000 psi) and A; =35%
if the welded vessel is heat treated to T6 temper. If the
welded vessel is not heat treated to T6 temper, R,,,; = 207
MPa (30,000 psi) and A1 = 16%, which are the values for O
temper. E; = 68 965.5 MPa (10 x 10° psi) and v; = 0.332.

For a welded vessel heat treated to T6 temper:

(SI Units)
L \2
68 965.5<m)
By =———75—— = 77509 MPa
(53) -
0.332
1300(3)

= 4.22 mm

4= 3/(77 509)(290)(35)

(U.S. Customary Units)

By = 77,509 X 145 = 11.238805 x 10° psi

35,896(0.118 _
e = ( ) = 0.166 in.

3{/(11.238805 X 106) (42,000) (35)

For a welded vessel not heat treated to T6 temper:

(SI Units)
1300(3)
1 = = mm
3/(77 509)(207)(16)
(U.S. Customary Units)
35,896(0.118) )
e = = 0.242 in.

3{/(11.238805 x 106)(30,000)(16>

XllI-3 METHOD B, EQUIVALENT THICKNESS

Where a material.dnd its minimum required thickness
are specified, the-minimum required thickness of any
other material-shall be calculated as follows:

where

A; = specified minimum elongation at fracture of the
material to be used, in accordance with the ap-
plicable national or international standard, %

A = specified minimum elongation at fracture of:the
specified material, in accordance with thesappli-
cable national or international standard,) %

E; = modulus of elasticity of material to,be used, MPa
(psi)

E; = modulus of elasticity of specified material, MPa
(psi)

e; = required minimum thickness of the actual mate-
rial to be used, mm,_(in.)

e; = minimum required ‘thickness of the specified
material, mm (in.)

Pm1 = Ex (1/v1)*/H(1/v1)? - 1]

Pms = Es (1/v*fL0/ve)* - 1]

R,1 = specified minimum tensile strength of the actual
matérial to be used, in accordance with the ap-
plicable national or international standard, MPa
{psi).

Rpis=/specified minimum tensile strength of the speci-
fied material, in accordance with the applicable
national or international standard, MPa (psi).
Where a minimum and maximum are specified
for tensile strength in specifications, the actual
value indicated in the material test results
may be used up to the maximum allowed by
the specifications.

v, = Poisson’s ratio of material to be used

vy = Poisson’s ratio of specified material

The thicknesses e, and e; shall be exclusive of any allow-
ances for chemical or physical actions that can influence
the thicknesses, e.g., corrosion, erosion, and forming (thin-
ning).
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MANDATORY APPENDIX XIV
HOT PRESSURE WELDED JOINT FOR HEAD-TO-SHELL WELDS OF
TON CONTAINERS

XIV-1 GENERAL

The ton container and its head and shell are described in
Modal Appendix 4. The head-to-shell weld of a ton
container that is made using hot pressure welding
(commercially known as forge welding) shall meet the
following requirements in addition to the requirements
of Modal Appendix 4.

XIV-2 DESIGN

The heads shall be convex to the pressure. They shall be
torispherical, with an inside radius not greater than the
inside diameter of the shell. They shall be made of one
piece and hot formed so as to provide a straight flange
at least 2 in. in length. The thickness of the heads after
forming shall be not less than ¥4 in., nor greater than
7 in. The heads shall fit snugly when inserted into.the
shell.

XIV-3 MATERIALS

The material for the shell and heads.of‘the container
shall be ASME SA-285 Grade A steel.

XIV-4 FABRICATION

The head and shell surfaces to'be joined shall be cleaned
before assembly as requiréd by the WPS. Before hot pres-
sure welding, the head and shell shall be joined at the
open-end interface.of the head and shell with an intermit-
tent or continupus:weld made by arc welding, following a
WPS that has been qualified in accordance with ASME
Section IX- Electric induction shall be used to heat the
assembledhead and shell in the region where the hot pres-
suredveld is to be made to between 1 260°C (2,300°F ) and
1340°C (2,450°F). The container shall be rotated during
thre entire heating and forging operation. Pressure welding
and crimping of each head as shown in Modal Appendix 4
shall be accomplished by rolling of the joint between pres-
sure rollers in one continuous heating and forming cycle.
The straight flanges of the heads shall be crimped radially
inward at least 1 in. toward the centerline of the container

The combined thickness of each weld after forge
welding shall be an average of 15/16 in. +% in. around
the circumference.

XIV-5 ESSENTIAL VARIABLES FOR
PROCEDURE'QUALIFICATION

The welding pro¢edure qualification test shall be a lap
joint configuratien that duplicates the joint configuration
to be used in production. Requalification of the WPS is
required if.the production joint exceeds the following
from that{qualified:

(a).dchange in thickness of either member greater than
10%

{b) an increase in the gap between parts prior to
forging

(c) a change in the overlap length of the parts greater
than 10%

(d) achange in the starting diameter of either cylinder
greater than 10%

(e) a decrease in the percentage of reduction in the
thickness of the sum of the members being joined by
more than 10%

(f) adecrease in the length of the forged portion of the
joint (i.e., upset length)

(g) the deletion, or reduction in the frequency or
length, of tack welding of parts prior to forging

(h) addition, deletion, or a change in the nature of the
atmosphere around the parts being joined (air, inert gas,
reducing gas, etc.) during welding

(i) achange in the type or model of the welding equip-
ment, in the major dimensions of the parts used for
forging, or in the method of applying forging force
(mechanical, hydraulic, etc.)

(j) deletion of PWHT

XIV-6 PROCEDURE QUALIFICATION TESTING

The test coupon shall consist of a head and shell produc-
tion part that has been heat treated. The joint shall be
assembled and welded as described in XIV-4. Two speci-
mens of the weld approximately 2 in. wide, cut transverse

during forming. The completed weld shall be allowed to
cool in still air. The completed vessel shall be heat treated
at 1,150°F + 50°F for 1 hr.
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to the weld length, shall be removed at four locations
approximately 90 deg apart around the joint.
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(a) One sample from each location shall be polished
and etched to reveal the bond line. The bond line shall

XIV-7 WELDING OPERATOR QUALIFICATION

be free of cracks and shall be of a length such that
when the measured cumulative lengths of lack of bond
and slag are subtracted, at least 11/4 in. of cumulative
bonding exists. The length of the bond line shall be
recorded and any flaws observed shall be characterized,
measured, and reported.

(b) The remaining four samples shall be wedged open
at one end and a cold chisel inserted into the opening. The
chisel shall be hammered into the opening in an attempt to
separate the members along the bond line. If the members
fail along the bond line, the test shall be considered to have
been failed.

X VVClulllS UPCI dlUl WIIU VWCIUS a le oltcuurc quauu\,a
tion test coupon that passes the testing required by XIV-6
is qualified to operate the type or model of welding equip-
ment and the method of applying forging force (mechan-
ical, hydraulic, etc.) used during the test. Other welding
operators shall weld a test coupon as required by XIV-6.
The coupon shall be tested as required by XIV-6(b).-A
successful test shall qualify that operator to operate
the type or model of welding equipment, and the
method of applying forging force (mechanical, hydraulic,
etc.) used during the test.
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MANDATORY APPENDIX XV
RULES FOR MASS PRODUCTION OF PRESSURE VESSELS

XV-1 INTRODUCTION

This Appendix provides detailed requirements for the
mass production of T-stamped pressure vessels at arate of
production that makes it impracticable for the Inspector
(see TG-410) to perform the duties normally assigned
under TG-330. The provisions of this Appendix allow
the Manufacturer to assume responsibility for carrying
out some of the Inspector’s normally assigned duties
by the development, acceptance, and implementation
of a detailed inspection and quality control procedure
as described in XV-4. The objective of such a procedure
isto ensure that Code compliance and pressure integrity of
mass-produced pressure vessels remain essentially iden-
tical to vessels constructed under TG-330. The Inspector
must be satisfied that the inspection and quality control
procedure and the Quality Control System are being fully
implemented, and completed vessels meet the applicable
requirements of this Section.?’

XV-2 SCOPE

This Appendix provides rules allowing the\Manufac-
turer of mass-produced T-stamped pressure vessels to
assume responsibility for carrying out some of the Inspec-
tor’s duties normally assigned under-TG-330, in addition
to the responsibilities normally assigred to the Manufac-
turer in TG-320. A mass-production program for pressure
vessel fabrication may be implemented when the require-
ments of this Appendix are,met.

XV-3 GENERAL

(a) Mass production is defined as the construction of
multiple pressure vessels at a rate of production that
makes it impracticable for the Inspector to perform all
of the'duties normally assigned under TG-330. The
Inspector and/or the Authorized Inspection Agency
(AIA) shall determine the acceptability of applying the
mass-production inspection and quality control proce-
dure to the construction of any vessel or series of vessels.

(b) Construction of two or more pressure vessels per
shiftatarate of production that affords the Inspector suffi-
cient opportunity to perform the required duties given in

oo aan

(c) Pressure vessels constructed under this’Appendix
shall be identical, except for differences infitting sizes and
locations, shell lengths, and the location'and configuration
of nonpressure attachments.

(d) The design and construction’ of pressure vessels
fabricated under this Appendi%/shall be reviewed and
accepted by the Inspector-iniaccordance with the Certi-
ficate Holder’s Quabity Control System (see
Mandatory Appendix.],I<5).

(e) There is no sizée'limitation on mass-produced pres-
sure vessels.

(f) Mass-produced pressure vessels meeting both (c)
above and the incremental requirements of
TE-230.1(b)(3) may be used to establish the 15 m (50
ft) linear weld increment requirements for spot radio-

graphy.

XV-4 QUALITY CONTROL PROCEDURES

(a) The Manufacturer and the Authorized Inspection
Agency (AIA) of record shall collaborate on the prepara-
tion of a detailed inspection and quality control procedure
describing how some of the duties of the Inspector will be
assumed by the Manufacturer. The inspection and quality
control procedure, along with the Quality Control System
Manual, shall be submitted to the AIA of record for review
and acceptance in writing prior to implementation. The
AIA of record shall submit the accepted inspection and
quality control procedure and the Quality Control
System Manual to the competent authority (see
TG-300), and to an ASME Designee for review and accep-
tance. The final approved version of the inspection and
quality control procedure shall be included in the Manu-
facturer’s written Quality Control System (see Mandatory
Appendix I, I-1).

(b) The inspection and quality control procedure shall
be implemented at the location of the Manufacturer
named on the Certificate of Authorization. An Inspector
employed and designated by the AIA of record shall be
assigned at each Manufacturer’s location where mass
production of pressure vessels is being performed. The
assigned Inspector shall perform the required duties,
including verification and oversight of implementation
of the inspection and quality control procedure, as

(25)
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stated in (c) below. A minimum of one full-time (40 h
per week) Inspector shall be present during mass produc-
tion operations to perform the required duties. The
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Inspector shall be present atall times during mass produc-
tion operations when operating less than 40 h per week.

(1) verifying that weld defects were acceptably
repaired (see TE-250.2)

When multiple-shift mass production operations are
taking place, the required Inspector presence beyond
the full-time requirement shall be a matter of agreement
between the AIA of record and the Manufacturer, as set
forth in the accepted inspection and quality control proce-
dure. Manufacturing personnel who implement the
inspection and quality control procedure shall be
trained and qualified for their assigned duties in accor-
dance with the Manufacturer’s Quality Control System.
All training and qualification documentation shall be
maintained in accordance with the Manufacturer’s
Quality Control System.

(c) The Inspector shall perform all duties specifically
assigned, and any necessary intermittent and unan-
nounced in-process inspections and other inspection
activities, required to ensure pressure vessels have
been designed and constructed in accordance with the
requirements of this Section prior to applying the Certi-
fication Mark. The Inspector’s duties shall, as a minimum,
include verifying that

(1) the Manufacturer has a valid Certificate of
Authorization (see TG-320) and is working to a Quality
Control System (see Mandatory Appendix I)

(2) the applicable design calculations are available
(see TG-320 and Mandatory Appendix I, I-5)

(3) materials used in the construction of the vessel
comply with the requirements of Part TM and Mandatory
Appendix I, I-6

(4) all welding and brazing procedures have beén
qualified (see Mandatory Appendix I, -9 and TF:210.2)

(5) all welders, welding operators, brazers, and
brazing operators have been qualified (see;Mandatory
Appendix I, [-9 and TF-210)

(6) the heat treatments, including RBWHT, have been
performed (see Article TF-7 and Mandatory Appendix I,
[-11)

(7) material imperfections-repaired by welding were
acceptably repaired (see Mandatory Appendix I, I-8 and
TF-110.3)

(8) required volumetric nondestructive examina-
tions, impact tests,@nd other tests have been performed
and that the results are acceptable (see Article TM-2,
Article TT-2, and*TE-230.1)

(9) thé inspection and quality control procedure is
being implemented effectively, by monitoring all aspects
of its~implementation completely each calendar year

{10) the vessel is in compliance with all the provi-
siors of this Section, to the best of the Inspector’s knowl-
edge and belief, prior to signing the Certificate of
Inspection on the Manufacturer's Data Report

(d) In addition to the responsibilities of the Manufac-

(2) making a visual examination of the vessel to
confirm that the material identification numbers have
been properly transferred (see TM-140)

(3) making a visual examination of the vessel to
confirm that there are no material or dimensional
defects (see TG-420; Mandatory Appendix I, I-16; and
Article TP-4)

(4) verifying that required surface nondestructive
examinations and other tests have been performéd and
that the results are acceptable (see Marndatory
Appendix I, I-10)

(5) performing internal and external examinations,
and verifying that the hydrostatic or,pnedmatic tests have
been performed (see Article TT-2)

(6) verifying that the required marking is provided
(see Article TS-1) and thatbany nameplate has been
attached to the proper vessel

(e) When the Manufacturer wishes to make changes to
the accepted inspection and quality control procedure
affecting compliance with the requirements of this
Section, the ghanges shall be subjected to review and
acceptanceprior toimplementation by all parties required
for a jointireview, including the AIA of record, the compe-
tent atithority, and an ASME Designee. The AIA of record
shallforward the accepted revisions to the inspection and
quality control procedure to the competent authority and
the ASME Designee for their written acceptance.

XV-5 DATA REPORTS

(a) Form T-1A, Form T-1B, or Form T-1C, prepared by
the Manufacturer for pressure vessels constructed under a
mass-production program, shall include under “Remarks”
the statement: “Constructed under the provisions of Man-
datory Appendix XV.” The Data Reports shall be certified
by the Manufacturer and Inspector when the completed
vessels are found to be in compliance with the require-
ments of this Section.

(b) Same-day construction of identical mass-produced
pressure vessels may be reported on a single Form T-1A,
Form T-1B, or Form T-1C when the requirements of Article
TS-3 are met.

XV-6 PNEUMATIC TESTING*

Mass-produced pressure vessels that otherwise qualify
for exemption from impact testing per TM-210 may be
pneumatically tested as follows, in lieu of the hydrostatic
test requirements of TT-210(a):

(a) The pneumatic testing shall comply with
TT-210(b).

(b) The maximum allowable working pressure to be

the following duties, as provided in the inspection and
quality control procedure described in (a) above:
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stamped on the vessel shall not exceed 3.5 MPa (500 psig).
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(c) Materials used for pressure-retaining portions of
the vessel, and for nonpressure parts attached to pressure

covers in a test fixture, and the corresponding bolted blind
flange closures pressure tested only on a quality control

parts by welds having a throat thickness greater than 6
mm (%, in.), shall be restricted to those listed in the notes
of Figure TM-240.1-1.

(d) The following thickness limitations apply:

(1) For butt joints, the nominal thickness at the
thickest welded joint shall not exceed 13 mm (% in.).

(2) For corner joints or lap welds, the thinner of the
two parts joined shall not exceed 13 mm (% in.).

(3) ASME B16.5 ferritic steel flanges used at design
metal temperatures no colder than -29 °C (-20°F ) may be
used without thickness limitation.

(e) The minimum metal temperature during the pneu-
matic test shall be maintained at least 18°C (30°F) above
thatgiven in Figure TM-240.1-1 for the governing material
classification and thickness combination in TM-240.1.

(f) The TE-240.1 NDE requirements are not applicable
for mass-produced pressure vessels.

(g) The pneumatic test pressure shall be at least equal
to 1.3 times the maximum allowable working pressure to
be stamped on the vessel, multiplied by the lowest ratio
(for the materials of which the vessel is constructed) of the
stress value S for the test temperature of the vessel to the
stress value S for the design temperature (see TD-150). In
no case shall the pneumatic test pressure exceed 1.3 times
the basis for calculated test pressure by more than 10%.
The pressure in the vessel shall be gradually increased to
not more than one-half of the test pressure. Thereafter, the
test pressure shall be increased in steps of approximately
one-tenth of the test pressure until the required testpres-
sure has been reached. Then the pressure shallbhereduced
to avalue equal to the test pressure divided by 1.3 and held
for a sufficient time to permit inspection ofithe vessel. This
inspection may be performed as a separate test. The visual
inspection of the vessel at the required test pressure
divided by 1.3 may be waived, provided

(1) a suitable gas leak test is applied

(2) substitution of the'gas leak test is by agreement
reached between Manufacturer and Inspector

(3) allwelded seam’s that will be hidden by assembly
are given a visual examination for workmanship prior to
assembly

XV-7 HYDROSTATIC TESTING

Sifigle-chamber pressure vessels constructed by a
Manufacturer under the provisions of this Appendix
may be pressure tested separately from their removable

basis, provided all of the following requirements are met:

(a) Only one end of the pressure vessel may consist of a
bolted flat blind flange closure. The bolted flat blind flange
closure and attachment flange shall comply with the
following requirements:

(1) All requirements of ASME B16.5 for bolted
flanges shall be met.

(2) As an alternative to (1), a fabricated flat blind
flange may be used, provided it is dimensiomnally identical
to an ASME B16.5 flange or designed inaccordance with
Section VIII, Division 1, Mandatory Appendix 2 and Article
TD-5. Aflange dimensionally identical'to ASME B16.5 shall
use the pressure-temperature rating for the flange
construction material and ¢lass. A cover and flange
designed in accordance with-Section VIII, Division 1, Man-
datory Appendix 2 and Article TD-5 shall be designed to
1.14 times the vesse\MAWP at the design temperature.
The vessel shell shall-not exceed 760 mm (30 in.) outside
diameter. In addition, the ASME B16.5 surface finish and
machining requirements shall be met.

(3) The. MAWP of the vessel shall not exceed 3.45
MPa (500%psi), and the maximum design temperature
shall ‘not exceed 343°C (650°F).

(4) No welding shall be permitted on the flat blind
flanges.

(b) The pressure vessel with open end shall be tested in
a fixture that will permit achieving the test pressure
required by Article TT-2. The vessel shall be mounted
to the test fixture in such a manner that the structural
integrity and leak tightness of the body flange is estab-
lished.

(c) One out of every 200 vessels, which selected at
random from each day’s production, shall be pressure
tested per Article TT-2, with its removable cover,
service gasket, and service bolting installed. If this
quality control vessel fails the test, then all vessels
produced in that day’s production shall be tested. All
vessels in the subject production lot shall consist of iden-
tical vessels and design conditions.

(d) The test fixture shall be designed such that the
stress developed in the vessel during the hydrostatic
test using the test fixture is the same as the stress devel-
oped in the vessel when tested with its removable cover.
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MANDATORY APPENDIX XVI
LOCALTHINAREAS IN CYLINDRICALSHELLS AND IN SPHERICAL
SEGMENTS OF SHELLS

XVI-1 SCOPE

The rules of this Appendix permit acceptable local thin
areas (LTAs) in cylindrical shells or spherical segments of
shells (such as spherical vessel, hemispherical heads, and
the spherical portion of torispherical and ellipsoidal
heads) under internal pressure to be less than the thick-
ness required by TD-100.1. Local thin areas on the inside
or outside of cylindrical shells or spherical segments of
shells designed for internal pressure are acceptable,
provided they meet the requirements in this Appendix.

XVI-2 GENERAL REQUIREMENTS

(a) The Manufacturer shall maintain records of the
calculations and the location and extent of all LTAs
that are evaluated using this Appendix, and provide
such information to the purchaser, User, or the User’s
designated agent if requested. This information shall
be documented in the design calculations made ‘o
meet the requirements of this Appendix.

(b) The provisions of this Appendix do not apply to
corrosion-resistant linings or overlays.

(c) All other applicable requirements of this Section
shall be met.

XVI-3 NOMENCLATURE

XVI-4 SINGLE LOCAL THIN AREAS IN
CYLINDRICAL SHELLS

(a) Single LTA shall satisfy the following equations:

LAY 1)

t

o< VRt (2)

C < 2JRt 3

3/ .
t— 1t < /16 in. )

(byAny edge of an LTA shall not be closer than 2.5 VRt
frem a structural discontinuity such as a head or stiffener.

(c) For openings meeting TD-600.3(c), the minimum
axial distance between the edge of the LTA and the
center of the opening shall be equal to or greater than
the inside diameter of the opening plus +/Rt.

(d) For openings not meeting TD-600.3(c), the
minimum axial distance between the edge of the LTA
and the reinforcement limit of the opening shall be
equal to or greater than /Rt.

(e) The blend between the LTA and the thicker surface
shall be with a taper length not less than three times the
LTA depth, as shown in Figure XVI-3-1, sketch (b). The
minimum bottom blend radius shall be equal to or
greater than two times the LTA depth, as shown in
Figure XVI-3-1, sketch (b).

(f) The longitudinal stresses on the LTA from mechan-
ical loads other than internal pressure shall not exceed
0.3S.

(g) The thickness at the LTA shall meet the require-
ments of TD-400 as applicable.

XVI-5 MULTIPLE LOCAL THIN AREAS IN
CYLINDRICAL SHELLS

(a) A pair of local areas with finished axial length, L,
and L, [see Figure XVI-3-1, sketch (c)] are acceptable if the

C = projected circumferential length of LTA in a cy-
lindrical shell, in.
D = per TD-310
D;, = maximum dimension of LTA in a spherical
segment, ifl.
K, = factof from Table TD-430
L = projected axial length of LTA ina cylindrical shell,
in,
LTA-="local thin area
R. = inside radius for cylindrical shell or spherical
segment, in.
= K,D for ellipsoidal heads
t = required thickness per Article TD-3, but not less
than thickness requirements of TD-100.1, in.
t = minimum thickness of LTA in
0 = see Figure XVI-3-1
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individuat LTASatisfies the requirements ot XvI-4 and one
of the following two conditions is met:
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(1) When 0 < 45 deg, the minimum axial separation
[see Figure XVI-3-1, sketch (c)] shall be the greater of

(e) A constant thickness junction between head and
cylindrical shell is not considered to be a structural discon-

(1.0 + 1.5cos0)(L; + Ly)
o
2

r 2t

(2) When 6 > 45 deg, both of the following shall be
met:
(-a) The minimum axial separation shall be equal
to or greater than
291cosO(L; + L,)
2

(-b) The minimum circumferential separation
shall be equal to or greater than 2t.
(b) Multiple pairs of LTA are acceptable, provided all
pairs meet the rules of a single pair specified in (a) above.
(c) Multiple local thin areas may be combined as a
single LTA. Theresultant single LTA is acceptable if it satis-
fies the rules of XVI-4.

XVI-6 SINGLE LOCAL THIN AREAS IN
SPHERICAL SEGMENTS OF SHELLS

(a) Thesingle LTA shall satisfy the following equations:

L3 o9 (5)
t

Dy < JRt (6)

t—t < 3/16in. (7

(b) For openings meeting TD-600.3(c)~the minimum
distance between the edge of the LTAand the center
of the opening shall be equal to erigreater than the
inside diameter of the opening pli1s V/Rt.

(c) For openings not meebting TD-600.3(c), the
minimum distance between the edge of the LTA and
the reinforcement limit:0f’the opening shall be equal
to or greater than +Rb

(d) The edges ofian LTA shall not be closer than 2.5 Rt
from a structural discontinuity.

tinuity for LTA rules.

(f) The blend between the LTA and the thicker surface
shall be with a taper length not less than three times the
LTA depth. The minimum bottom blend radius shall be
equal to or greater than two times the LTA depth. The
blend requirements are shown in Figure XVI;3-1,
sketch (b).

(g) The LTA for a torispherical head must li€ entirely
within the spherical portion of the head;-Sée Figure
XVI-6-1.

(h) The LTA for an ellipsoidal head\imust lie entirely
within a circle, the center of which/coincides with the
axis of the vessel and the diaméter of which is equal
to 80% of the shell inside diameter. See Figure XVI-6-2.

(i) The LTA for a hemispherical head is acceptable
within any portion of the head, except as limited by
(d) above. See Figure XVI-6-3.

(j) The thickness-at the LTA shall meet the require-
ments of TD-310,,as applicable.

(k) The provisions of this Appendix do not apply to the
torus portion of either a torispherical or ellipsoidal head,
to flat/heads, or to conical heads.

XVI-7 MULTIPLE LOCAL THIN AREAS IN
SPHERICAL SEGMENTS OF SHELLS

(a) Multiple LTAs may be combined and evaluated as a
single LTA. The encompassed areas of the combined LTAs
shall be within the D; dimension.

(b) Each LTA in the encompassed area shall meet the
rules of XVI-6.

(c) Multiple LTAs may be treated as single LTAs,

provided their edges are no closer than 2.5 +/Rt.

XVI-8 DATA REPORTS

When all the requirements of this Section and supple-
mental requirements of this Appendix have been met, the
following notation shall be entered on the Manufacturer’s
Data Report under “Remarks”: “Constructed in Confor-
mance With Appendix XVI, Local Thin Areas in Cylindrical
Shells and in Spherical Segments of Shells.”
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Figure XVI-3-1
Nomenclature

Figure XVI-6-1
Limits for Torispherical Head
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Figure XVI-6-3
Limits for Hemispherical Head

e LTAlimit ————————>
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(a) Constant Thickness Junction (b) Nonconstant Thickness Junction
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