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PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is based on
technical information and experience currently available from members of the Compressed Gas Association, Inc.
and others. However, the Association or its members, jointly or severally, make no guarantee of the results and
assume no liability or responsibility in connection with the information or suggestions herein contained. Moreover,
it should not be assumed that every acceptable commodity grade, test or safety procedure or method, precaution,
equipment or device is contained within, or that abnormal or unusual circumstances may not warrant or suggest
further requirements or additional procedure.

This document is subject to periodic review, and users are cautioned to obtain the latest edition. The Association
invites comments and suggestions for consideration. In connection with such review, any such comments or
suggestions will be fully reviewed by the Association after giving the party, upon request, a reasonable oppor-
tunity to be heard. Proposed changes may be submitted via the Internet at our web site, www.cganet.com.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations;
insurance requirements; or national safety codes. While the Association recommends reference to or use of this
document by government agencies and others, this document is purely voluntary and not binding unless adopted
by reference in regulations.

A listing of all publications, audiovisual programs, safety and technical bulletins, and safety posters is available
via the Internet at our website at www.cganet.com. For more information contact CGA at Phone: 703-788-2700,
ext. 799. E-mail: customerservice@cganet.com.

Work Item 21-022
Cylinder Specifications Committee

NOTE—Appendix A (Informative) is for information only.

NOTE—No technical information has been changed from the 2004 edition. This reaffirmed edition may include
minor editorial changes.

REAFFIRMED: 2022

REAFFIRMED: 2018

REAFFIRMED: 2008

FIRST EDITION: 2004

© 2004 The Compressed Gas Association, Inc. All rights reserved.

All materials contained in this work are protected by United States and international copyright laws. No part of this work may be
reproduced or transmitted in any form or by any means, electronic or mechanical including photocopying, recording, or any information
storage and retrieval system without permission in writing from The Compressed Gas Association, Inc. All requests for
permission to reproduce material from this work should be directed to The Compressed Gas Association, Inc., 8484 Westpark Drive,
Suite 220, McLean VA 22102. You may not alter or remove any trademark, copyright or other notice from this work.



CGA TR-2—2004 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page
S 11 e To [8 e 110 o ORI 2
S Yoo o 1= Y 2
3 DEFINILIONS. ... bbbt e e et e e e e e e b e e e ee s 2
Z/ N = 7= Tod (o [ 10T To BT o o] 4 g =1 o o 1SR RERRN 4
4.1 Basic considerations of CYlINAEr A@SIGN.......c.cueiiiiiiiiiiiieee e 4
4.2  Basis for the DOT-3A cylinder specifiCation .............coiiiiiiiiiiiiiiii e e e 6
4.3  Basis for the DOT-3AA cylinder SpecCifiCation...........c.cooiiiiiiiiiiiiiie e 7
4.4  Summary of the background of cylinder design specifications.............cccceeeviiiiiiiiee e 7
5 Review of existing cylinder SpecCifiCations ............cooi i 8
5.1  DOT-3A specification (49 CFR Part 178.36) .......c.ceiiuiiiiiiiiiieiiee e 8
5.2  DOT-3AA specification (49 CFR Part 178.37) ....ooi it 9

5.3 IS0 9809-3:2000, Gas cylinders—Refillable seamless steel gas cylinders—Design,
construction, and testing—~Part 3: Normalized steel CYliNAErs ..............cccovuueeeiieiiiiiiiiiieiee e 10

5.4 IS0 9809-1:1999, Gas cylinders—Refillable seamless steel gas cylinders—Design,
construction, and testing—~Part 1: Quenched and tempered steel cylinders with tensile strength

18SS Than TT00 MPQ ..ottt e e e s anee e 11

5.5 Present worldwide use of DOT-3A type CYIINAEr .........ooi i 12

(G B T~ UE= -1 ] PP PPP PR 14

6.1 Review and summary of the Taylor-Wharton letter and report..........ccccccveeii i 14

6.2  Occurrence and control of cylinder fragmentation..............ccooiiiiiiiiiienii e 16

6.3  Service experience With DOT-3A type CYINAErS .....c..eveiiiiiee e 20

6.4  Single flaw fracture propagation MOE ...........cocuiiiiiiiiiii e 22

6.5  Multiple flaw fracture propagation MOGE...........coeiiiiiiiiiiiiiie e e e e e e e sneaaeeeas 25

6.6 Fracture iNItIAtiON ..o 26

6.7  Fracture control by StreSS IEVEL...........oeiii i e 34

6.8  Current design StANAAIAS .........oiiiiiiiiii e 34

6.9  EIGA eSSt data ..o et e e e et e e e e neeeeeanes 35

6.10  GENEIal dISCUSSION .......etiiiiieiete ettt ettt e bbbt e e et e e s b et e e s bt e e s eab et e e saneeeeennneeeeaans 35

6.11 Cylinder failure mode under pneumatic l0adiNg ........c.coeeiiiiiiiiie e 35

A © o Vo 1013 (o o T S O UES 36

G Y (Y =Y o oSS UEST 37
Figures

Figure 1—DOT-3AA cylinder in-SErviCe rUPIUMEd...........coii i a e e s e e e 22

Figure 2—INOICh GEOMEIIY ... ...t e st e e e e e e e e e e e s nnnreeeeeeeeaas 22

Figure 3—Flawed tested 3A CYIINAEr (NO. 1) ..o e s e e e e s s anbaeeeeeeens 23

Figure 4—Flawed tested 3A CYIINAEI (N0. 2) ... i et e e et e e e ea e e e enee e e e eeee e e e emeeeeennneeeean 24

Figure 5—Flawed tested 3A CYlINAEr (NO. 3) ..ccii i e a e e s s s nrreeeeeeeas 24

Figure 6—Flawed tested 3A CYIINAEE (N0. 4) . ..iii et e et e e et e e e e nee e e e eeee e e e emeeeaeannneeean 25

Figure 7—Fracture surface where multiple Cracks eXisStS ... 25

Figure 8—Cylinder surface showing Multiple Cracks ............ccoiioiiiioiie e 26

Figure 9— Flawed cylinder burst test results for A-1 material ... 27

Figure 10—Flawed cylinder burst test results for A-2 material ... 28

Figure 11—Flawed cylinder burst test results for B-3 material ..., 29

Figure 12—Flawed cylinder burst test results for B-6 material .............ccccoiiiiiiiiiiii e 30

Figure 13—Flawed cylinder burst test results for B-9 material ... 31

Figure 14—Fracture performances of 3A and 3AA CYIINAEIS..........ooi i 32

Figure 15—Burst pressure versus percent flaw depth of 3A and 3AA cylinders.........ccccooviiiiiiieiiieiiiiiieieee e, 34



PAGE iv COMPRESSED GAS ASSOCIATION, INC. CGA TR-2—2004

Tables

Table 1—Results of fracture mode of flawed 3A cylinder testS. ..o 23
Table 2—Results of flawed CylINAEr tESTS ......ooi e e e e e e 33
Table 3—Cylinder failure mode under pneumatic 10adiNg ........cccuviiiiiiiiiiie e 36
Appendix

Appendix A—BASIC CONSIDERATIONS OF CYLINDER DESIGN (Informative)..........ccccoeeioieiiiiiniienieecnee 38



CGA TR-2—2004 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

Summary

Taylor-Wharton issued a report warning of the potential fragmentation hazard associated with “first generation”
cylinders defined as carbon steel cylinders made from 1902 to approximately 1930. “First generation” cylinders
are still in service and may be designated as 3A type cylinders.

This CGA technical report presents the results of extensive studies on fracture performance of DOT-3A type
cylinders (including ICC-3 and 3A cylinders made since 1902). Data on service failures of DOT-3A type and
DOT-3AA type cylinders are also compiled and analyzed.

The results of this study indicate that:

e Prevention of cylinder fragmentation during service has always been a consideration in cylinder design spec-
ifications. Design and testing acceptance criteria have been in place since the first specifications for high
pressure seamless steel cylinders were written (before 1910);

e Regardless of age, there are few reported incidents of either DOT-3A or DOT-3AA cylinders in service that
fail by fragmentation. All known incidents were associated with multiple flaws in the cylinders;

o If either DOT-3A or DOT-3AA cylinders fail in service due to a single flaw, they will not fragment. The failure
mode at pressures higher than the test pressure is not considered in this report because industry standard
operating practices limit cylinder pressure. Thus, cylinders are not expected to be pressurized in-service
above the test pressure. The following table summarizes the failure modes of DOT-3A type and DOT-3AA
type cylinders under pneumatic loading;

Failure pressure Flaw DOT-3A failure mode DOT-3AA failure
mode
Single crack 1 to 3 pieces 1 to 3 pieces
Less than test
©ss than 1est pressure Multiple cracks (SCC) | Many pieces Many pieces
Single crack Many pieces One or many pieces
More than test pressure
P . Multiple cracks (SCC) | Many pieces Many pieces

e Both DOT-3A and DOT-3AA cylinders may fragment in service due to multiple cracks, e.g., stress corrosion
cracking (SCC);

e Both DOT-3A and DOT-3AA cylinders have equivalent fracture initiation performance during service. This
has been verified by extensive testing and analysis that is reported in the technical report ISO/TR 12391-2;

e The safety of DOT-3AA cylinders is obtained by stringent material property requirements that permit higher
working stresses (thinner cylinder wall) than for DOT-3A cylinders. The equivalent safety of DOT-3A cylin-
ders is obtained primarily by restricting the working stresses (thicker cylinder wall) to a lower level with less
stringent material property requirements than for DOT-3AA cylinders;

e Carbon steel cylinders are currently being manufactured under established national (e.g., DOT-3A) and in-
ternational (e.g., ISO 9809-3) cylinder specifications;

e DOT-3A cylinders are required to be requalified by periodic retesting in accordance with the rules specified
in 49 CFR Part 180. In addition to the safety controls specified for the design and manufacture of the cylin-
ders, the periodic requalification is required to ensure the safe use of DOT-3A type cylinders; and

e From an evaluation of cylinders similar to DOT-3A type cylinders, the European Industrial Gas Association
(EIGA) Position Paper 07-03, Lifetime of pre 1930 Steel Cylinders has concluded that such cylinders are
suitable for continuous service and are currently in use today.
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1 Introduction

In a letter entitled “A Century of Cylinders: An Open Letter to the Compressed Gas Industry (June 2002)” and
the supporting test report “A Century of Cylinders-Test Program (June 28, 2002)” that were published by Taylor-
Wharton, the compressed gas industry was warned of the potential fragmentation hazard associated with “first
generation” cylinders defined as carbon steel cylinders made from 1902 to approximately 1930 [1, 2, 3]."

This CGA technical report reviews the history of steel cylinder specifications and summarizes the procedures
used for fracture and fragmentation control since steel cylinders were first manufactured. In addition, a summary
and analysis of extensive studies of fracture control is presented to determine if DOT-3A cylinders are more likely
to fracture and fragment in service than DOT-3AA specification cylinders [3]. Data on service failures of DOT-3A
and DOT-3AA cylinder failures are also compiled and analyzed.

2 Scope

This report reviews the in-service performance of DOT-3A cylinders to determine their suitability for continued
use.

3 Definitions
For the purpose of this publication, the following definitions apply.
3.1 Publication terminology

3141 Shall
Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific recom-
mendations allows no deviation.

3.1.2 Should
Indicates that a procedure is recommended.

313 May
Indicates that the procedure is optional.

314 Will
Is used only to indicate the future, not a degree of requirement.

3.1.5 Can
Indicates a possibility or ability.

3.2 Technical definitions

3.21 3A type cylinder

Seamless steel cylinder having the material chemistry, tensile properties, and design wall stress similar to that
of the DOT-3A specification cylinder [3]. For example, cylinders meeting the requirements of ISO 9809-3:2000
are considered to be 3A type cylinders [4].

3.2.2 3AA type cylinder

Seamless steel cylinder having the material chemistry, tensile properties, and wall stress similar to that of the
DOT-3AA specification cylinder [3]. For example, cylinders meeting the requirements of ISO 9809-1:1999 are
considered to be DOT-3AA type cylinders [5].

3.23 Brittle fracture
Separation of a metal that occurs with little or no plastic deformation and results in rapid crack propagation
requiring little energy.

" References are shown by bracketed numbers and are listed in order of appearance in the reference section.





