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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization. 

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www​.iso​
.org/iso/foreword​.html.

This document was prepared by Technical Committee ISO/TC  58, Gas cylinders, Subcommittee SC  3, 
Cylinder design.

A list of all parts in the ISO 13086 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/members​.html.
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TECHNICAL REPORT� ISO/TR 13086-4:2019(E)

Gas cylinders — Guidance for design of composite 
cylinders —

Part 4: 
Cyclic fatigue of fibres and liners

1	 Scope

This document addresses the topic of cyclic fatigue of structural reinforcing fibres as used in composite 
cylinders, and cyclic fatigue of structural and non-structural liners in these cylinders. This document 
provides a basic level of understanding of these topics.

2	 Normative references

There are no normative references in this document.

3	 Terms and definitions

No terms and definitions are listed in this document.

NOTE	 Terms and definitions related to gas cylinders can be found in ISO 10286.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 IEC Electropedia: available at http:​//www​.electropedia​.org/

—	 ISO Online browsing platform: available at https:​//www​.iso​.org/obp

4	 Background

Composite cylinders began service in the 1950s, initially as rocket motor cases with glass fibre 
reinforcement. This soon led to glass fibre pressure vessels with rubber liners, and then to glass 
fibre pressure vessels with metal liners. Metal liners were typically either aluminium alloy or steel. 
Eventually, new structural fibres, such as aramid and carbon, came into use for reinforcing pressure 
vessels. Today, typical reinforcements for composite gas cylinders are glass and carbon, either 
individually or together as a hybrid. Typical liner materials are steel, aluminium alloy or polymers, for 
example, high-density polyethylene (HDPE) or polyamide (PA); other materials may be acceptable.

Each of these materials is subject to cyclic fatigue based on the type of service and the construction of 
the cylinder. Cylinders used in transport service generally see full range cycles, with a limited number 
of cycles per year. Cylinders used as fuel containers would typically see up to three pressure cycles 
per day for fleet vehicles, and less for private vehicles. Cylinders used in stationary applications such 
as refuelling cascades could see a very large number of partial cycles in a year. Some cylinders could 
see a combination of these conditions. Stationary cylinders used for fuel cells or emergency breathing 
applications could see a very limited number of cycles. Design working pressures for high pressure 
cylinders are typically in the range of 20 bar to 1 100 bar. Cylinders for liquified gases such as propane 
may operate at pressures up to 20 bar, and normally see fewer pressure cycles.

The different reinforcing fibres have different fatigue lives for a given stress or strain range. Liner 
materials will also have different fatigue lives for a given stress or strain range. The load-sharing 
characteristics of a liner material with a given reinforcement will affect their fatigue lives. An 
autofrettage cycle is used with metal lined cylinders to improve fatigue life. The low modulus of 
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