CGA C-14—2020

1 PROCEDURES FOR FIRE TESTING

OF DOT CYLINDER PRESSURE
RELIEF DEVICE SYSTEMS

FIFTH EDITION

Full document details: CGA C-14-2020



http://www.avadocuments.com/doc/cga-c-14-2020
http://www.avadocuments.com/doc/cga-c-14-2020

PAGE ii COMPRESSED GAS ASSOCIATION, INC. CGA C-14—2020

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 16-005
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NOTE—Technical changes from the previous edition are underlined.
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WARNING: When performing testing in accordance with this publication, the user shall be fully knowledgeable
of the specifics of cylinder design, cylinder failure modes, and operator safety precautions. Conducting tests as
described in this publication without the full understanding of the cylinder design, cylinder failure modes, and
operator safety precautions can result in property damage, personal injury, and/or death.

1 Introduction
1.1 United States
This publication provides procedures for fire testing of U.S. Department of Transportation (DOT) cylinder pres-

sure relief device (PRD) systems. The requirements of DOT regulations are addressed in Title 49 of the U.S.
Code of Federal Regulations (49 CFR) Parts 173.301 and 173.301b [1].

1.2 Canada

In Canada, CSA B340, Selection and use of cylinders, spheres, tubes, and other containers for the transportation
of dangerous goods, Class 2 and CSA B342, Selection and use of UN pressure receptacles, multiple-element
gas containers, and other pressure receptacles for the transport of dangerous goods, Class 2 require compliance
with the requirements of CGA S-1.1, Pressure Relief Device Standards—Part 1—Cylinders for Compressed
Gases and this standard except for certain specified exemptions [2, 3, 4].

1.3 Testing conditions

Although 49 CFR covers cylinders in transportation, the cylinder system (cylinder and PRD system) should be
fire tested, if required, in conditions representative of actual transportation and use. These conditions include:

normally charged;

cylinder orientation;

fully exposed to the fire; and

equipped as it would be for transportation and use.

2 Scope

This publication defines test equipment and procedures that are applicable for fire testing cylinder systems having
water capacities of 1000 Ib (454 kg) or less and provides sufficient test data to verify the capability of the cylinder
system to prevent rupture of a normally charged cylinder. For most cylinders, selection of the type and size of
PRD required to safely discharge the contents of a cylinder can be achieved by the use of the information con-
tained in CGA S-1.1 [4].

Fire testing is neither required nor recommended except as stipulated in Section 4.

3 Definitions

For the purpose of this publication, the following definitions apply.

3.1 Publication terminology

311 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.

' References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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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 Normally charged
Cylinder should be charged with the intended lading to the maximum service pressure (110% when permitted)
at 70 °F (21.1 °C) or the maximum filling density as specified by 49 CFR and CSA B340 [1, 2].

NOTE—If the intended lading presents an increased safety hazard during the test procedure (such as with the use of poison-
ous or flammable gas), the cylinder may be charged with a typical liquefied or nonliquefied gas. Gases with essentially similar

physical properties may be classified as typical. In the event that the normal charge of a particular lading is less than the
maximum service pressure or filling density allowed, the cylinder shall be tested in that condition.

3.2.2 Cylinder orientation
Cylinder should be tested in an orientation consistent with normal transportation and use.

NOTE—There are certain instances where cylinders are transported or used primarily in a horizontal position. In these in-
stances, it is appropriate to test units in a horizontal orientation.

3.23 Full exposure to the fire
Complete flame engulfment of the bonfire-tested cylinders.

3.24 Equipped as it would be for transportation and use
Cylinder system should be tested as it is normally shipped and used.

NOTE—The use of a valve protection cap, although not required, is recommended if it provides significant shielding of the
PRD from the effects of fire or heat exposure.

3.25 Rupture
Structural failure of a cylinder resulting in a rapid release of stored energy so that it poses a safety hazard to
people and property.

4 When fire testing is required
Previously authorized cylinder systems do not require fire testing. A fire test shall be conducted when:

o PRD with flow capacity less than that required by the formulas in CGA S-1.1 is used [4];

e Possible reduction in the effectiveness of the PRD(s) is foreseen such as when moving a PRD to a more
sheltered location;

¢ PROD thatis not recognized in CGA S-1.1 is used [4]; or
¢ Significant change in cylinder design is contemplated such as:
¢ Change in materials of cylinder construction
o Use of steel-tempering temperatures less than 850 °F (454 °C)
o Tensile properties of the material are achieved through cold working of the material

e Change in the processing of the cylinder that could reduce the effectiveness of the PRD(s)
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e Reduction in the insulating effectiveness of an insulated cylinder and

e New cylinder’s specification or exemption requires a fire test in compliance with this publication.
5 Selection of systems and methods for testing
The systems selected for testing including the cylinder, valve, and PRD(s) shall be representative of actual pro-
duction. The cylinder(s) selected for the fire test shall be the largest of the cylinders intended for use with the
PRD(s). The pressure rating or yielding temperature of the PRD shall be the maximum intended for the system

tested.

At least three systems shall be selected for testing, and each of the three systems shall be subjected to the
requirements of either the chimney test in Section 7 or the wood bonfire test in Section 8.

6 Preparation of systems for testing

6.1 Carbon steel and aluminum alloy cylinders

Systems should be prepared for testing using the following steps:
a) Install the valve into the cylinder in a manner consistent with normal industry practice;
b) Verify proper installation of the PRD(s) before charging;

c) Fill the cylinders to the maximum authorized for the lading. In the case where the normal charge is less than
the maximum authorized, fill and test the cylinder accordingly;

d) Record pertinent information for each system tested. This information should include, as a minimum:
e Cylinder type, cylinder size, and serial number
e Valve type and manufacturer
e PRD type and rating
e PRD location and orientation
e Date of test
¢ Identification of lading
e Normal charge at 70 °F (21.1 °C) in Ib or psi (kg or kPa)?
e Cylinder orientation (vertical, horizontal, or inverted)
e Ambient temperature
o Estimated wind condition/direction
e Names of witnesses
e Pressure/temperature readings;

e) Position cylinder skin temperature indicating devices such as thermocouples or equivalent in the following
manner:

e One sensor near each end of the cylinder for cylinders less than 12 in (30.5 cm) in length

2 kPa shall indicate gauge pressure unless otherwise noted as (kPa, abs) for absolute pressure or (kPa, differential) for differ-
ential pressure. All kPa values are rounded off per CGA P-11, Guideline for Metric Practice in the Compressed Gas Industry [5].
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e One sensor near each end of the cylinder and one at the midpoint for cylinders greater than
12in (30.5 cm) in length

e Thermocouple wires, if used, should be secured by band-type clamps or heat-resisting tape and be
properly insulated to ensure against grounding

e Thermocouples, if used, shall be connected to a suitable instrument capable of indicating temperatures
attained during testing

f) Connect a pressure-indicating gauge or other suitable device to the valve outlet via standard connections to
permit remote monitoring and recording of attained pressure levels in the cylinder. For cylinder designs that
preclude such a connection, pressure monitoring shall not be required;

g) Install a manual valve into the pressure monitoring system to allow venting of the cylinder contents in the
event of a test equipment or system malfunction;

h) Use PRD shielding to lessen direct flame impingement to the PRD; and

i) Install cylinder valve protection caps and other protective devices on the cylinder before testing.

6.2 Acetylene cylinders

The following information shall be recorded and maintained in a file covering each new cylinder design and each
design change in the filler or different process. Sufficient detail shall be provided to permit cylinders of that model
or design to be identified.

e Description of the filler including the following, as a minimum:

e Nature of ingredients

e Method of inserting filling material into shell

e Design
e Porosity range

e Actual porosity determined by tests on a completed cylinder

e List of the manufacturer's maximum clearance limits between the filler and shell for each cylinder size;

e Drawings of the cylinder giving full details including the following, as a minimum:

e Inside diameter
e Wall thickness

e Length
e Manufacturer's rated gas capacity when charged to 250 psi at 70 °F (1723 kPa at 21.1 °C)

e Interior shell volume in Ibs water capacity (maximum and minimum)

e Tare weight of the cylinder (maximum and minimum)

e Weight of solvent to be added (maximum and minimum)

e Core hole size

e |f used, core hole packing, material, size, and quantity; and

e Additional information to be included is:

e Cylinder type, material size, and identification mark

e Valve type and manufacturer
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e PRD type and rating

e PRD location and orientation

e Normal charge at 70 °F (21.1 °C) (Ib [kq] or psi [kPa])

e Cylinder orientation (vertical or horizontal)

e Ambient temperature; and

e Estimated wind condition/direction.

Systems should be prepared for testing using the following steps:

e Position cylinder skin temperature indicating devices such as thermocouples or equivalent in the following
manner:

e One sensor near each end of the cylinder for cylinders less than 12 in (30.5 cm) in length

e One sensor near each end of the cylinder and one at the midpoint for cylinders greater than
12 in (30.5 cm) in length

e Thermocouple wires, if used, should be secured by band-type clamps or heat-resisting tape and be
properly insulated to ensure against grounding

e Thermocouples, if used, shall be connected to a suitable instrument capable of indicating temperatures
attained during testing;

e Connect a pressure-indicating gauge or other suitable device to the valve outlet via standard connections to
permit remote monitoring and recording of attained pressure levels in the cylinder. For cylinder designs that
preclude such a connection, pressure monitoring shall not be required;

e Install a manual valve into the pressure monitoring system to allow venting of the cylinder contents in the
event of a test equipment or system malfunction;

e Use PRD shielding to lessen direct flame impingement to the PRD; and

e Install cylinder valve protection caps and other protective devices on the cylinder before testing.

7 Chimney test method

The basic intent of the chimney test method is to provide a controlled and reproducible rate of heat input without
localized overheating. See Appendix A for descriptive figures.

71 Equipment capabilities

The chimney test equipment shall be capable of enveloping the cylinder system in an environment having a
temperature of approximately 1200 °F (649 °C) within 5 minutes.

7.2 Typical apparatus

A typical chimney test apparatus for vertical testing is shown in Figures A-1 through A-13. These are provided
as construction drawings. In addition, Figures A-14 through A-19 are provided to show the apparatus in various
stages of assembly.

7.3 Recording of design and performance characteristics

The design and performance characteristics (time, temperatures, rate of fuel input) of the chimney test equipment
shall be recorded. If the equipment is not the same design as shown in Figures A-1 through A-13, the records

shall show:

e construction details;
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