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Preface

Pressurised equipment is required in a wide range of industrial plant for
storage and manufacturing processes. The size and geometric form of
the ‘vessels’ used varies greatly from the large cylindrical vessels required
for high-pressure gas storage to the small purpose-built vessels used in the
aeronautics industry. Petrochemical plant and offshore oil and gas rigs
bristle with pressure vessels. In each case the vessels have to be carefully
designed to cope with the operating temperatures and pressures. Plant
safety and integrity are paramount and depend initially on the adequacy
of the design methods.

Over the last century the design of equipment has developed in a pro-
gressive way. In the early days many components were designed on the
basis of a ‘stress concentration factor’ (SCF) applied to the basic mem-
brane stress. The technical basis of this SCF was often somewhat inade-
quate — perhaps a few strain gauge results or the avoidance of gross
distortion of a critical region. At times one could be forgiven in thinking
that the SCF was a ‘fudge factor’.
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A considerable boost was provided to the understanding of the basic
behaviour of these components following the development of the nuclear
power programme both in the USA and in Europe in the late 1950s and
early 1960s. Minds were ‘concentrated wonderfully’. A wide range of
applied mechanics problems were solved at this time many of which
were relevant to pressure vessel design. Terms such as ‘limit analysis’
and ‘shakedown’ became part of the design vocabulary. In time, these con-
cepts were incorporated into the design philosophy of many pressure
vessel standards. However, their inclusion was somewhat piecemeal and
with the passage of time to some extent were shrouded in mystery.

More recently, with the advent of increased service demands, quality
requirements and safety legislation it has become more important for
engineers to understand the fundamental principles underlying the
methodologies within the standards.

Partly with this in mind in 1986 the Pressurised Systems Group of the
Institution of Mechanical Engineers, London, UK, with the support of
the British Standards Institution (BSI) and in collaboration with the
University of Strathclyde, planned a series of seminars and a course
related to pressure vessel design. The course was held at the Department
of Mechanical Engineering, University of Strathclyde, Glasgow, UK, in
June 1986. The respective chairmen of the BSI Specialist Working Parties
of the PVE/-/5 Pressure Vessel Design Committee were invited to speak at
the course (and the seminars). The course numbers were restricted to
approximately 50 but the course was oversubscribed and an overflow
course was therefore held in September of the same year. The pattern of
seminars and course(s) established in 1986 has been repeated each year.
While a different theme has been selected for the seminars in London,
the basic philosophy course has been held each year, with a full comple-
ment of delegates.

In response to industrial demand the range of courses has been extended
progressively to cover basic and advanced examples, piping design, the use
of finite elements in pressure vessel design and GRP pipes and vessels. To
date, the original philosophy course has been held eight times in Glasgow
and, also variants thereof, in Singapore, Poland, Brazil, the Republic of
South Africa, Australia and Egypt with a total attendance approaching
1000 delegates. It is considered that a key element in the continuing suc-
cess of the course is that the lecturers are drawn primarily from the appro-
priate BSI Pressure Vessel Design Committee. The delegates, therefore,
had the advantage of listening to and questioning the Standard writers
face to face. The interaction with the large number of participants has pro-
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vided an excellent opportunity for constantly revising and updating the
contents of the course. For example, a section on the European scene
was introduced in 1991, in an effort to prepare the industry for a more
active entry into Europe from 1993.

Over the years it has been our pleasure to host these courses at
Strathclyde and to meet the many delegates who have spent a few days
with us. The lecturing team has remained the same since the beginning.
Throughout, they have given their time and efforts unstintingly and the
editors would like to record their indebtedness to them. It has been, and
continues to be, a pleasure and a stimulating experience to work together
with them on this endeavour.

With our educational background in engineering we have always
believed that knowledge was best transferred in the atmosphere of open
discussion. The course suited that concept. In view of this we were initi-
ally somewhat reluctant to provide the course notes to anyone other
than the delegates or to provide the material in book form. However, it
has become apparent that many colleagues would welcome a book on
this topic. Each author has, therefore, completely revised and rewritten
their contributions in a format more suitable for book form. While the
British Standard (BS 5500) has been used extensively in the text, the con-
cepts and principles are appropriate to other national standards. The
move to develop a European Standard, referred to in Chapter 12, means
that changes will take place in the approach used to design various com-
ponents. It is the hope of the editors that the fundamental philosophy,
which is outlined herein, will not only assist those engineers currently
involved in design but will also help provide a solid base to understand
the alternative design approaches which will no doubt appear in the
next decade.

This book will be of interest to the designers and fabricators, to users
and plant operators, to inspection bodies, academics, senior students
and researchers who are involved with pressurised systems. We trust
that both newcomers to the field and experienced practitioners will find
this book stimulating and rewarding.

J. Spence and A.S. Tooth, 1992
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1.1 Preamble

Engineering design usually means design to ensure fitness for service. In
the pressure vessel industry this will almost always involve strength con-
siderations. What follows here is therefore not concerned with general
or ‘total design’ which is a topic with far reaching ramifications; rather



