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by Felix Samuely, have to be of considerable
depth to counteract deflection. There is no
shear at the centre. Foundations are concen-

“trated in a narrow strip at the centre

The hinge in this model of a beam is placed
where the bending moment is positive

Here the hinge is placed in the position where
the bending moment is negative

The hinge is place at the point of contraflexure
where the bending moment is zero

between pp. 100 and 101

The infilling joists in the ceiling of Thaxted
Church are lying on their sides

The lantern of Ely Cathedral is a ‘space
structure’ conceived in three dimensions

Jacing p. 109

The concept of ‘spread’ is illustrated by a tube
of thin paper, kept in shape by cardbeard
diaphragms. It is capable of supporting sub-
stantial weight

Without the spread the same amount of paper
is incapable of supporting any weight

Jacing p. 139

The idea of ‘spread’ of structural matter illus-
trated by shell truss elements

The curved diagrid of Nervi’s great hangar at
Orvieto meets all transverse stresses occurring
in a shell as well as the beam action. The
thrust is met by a lattice edge beam

The roof and wall of the hall at the Unesco
building in Paris is based on the principle of the
folded slab '

between pp. 144 and 145



22

23

24

25

26

27

28

29

30

The Cinephone cinema in Birmingham, designed
by the author, shows a ‘wall beam’ forming the
windowless wall of the top storey. Being a long
beam it is given additional work in supporting
the roof as well as the floor of the second storey
(Consulting engineer: Lawrence Kenchington)

Long spans and light loads are supported with
structural economy on these built-up beams by

Dexion Lid.

Further illustration of the principle of ‘spread’
showing the ‘expanding’ of a ‘Castella’ beam

The ‘Castella’ beam applied to support light
loads over long spans

Further long spans and light loads. Open web
beams are shown here in use. Note the solid
ends to meet shear stresses

The exhibition ‘tents’ in Berlin show an
intelligent use of ‘space slabs’ carried on
spreading supports

between pp. 190 and 191

In this ‘Vierendeel’ girder (designed by F.
Samuely) an architectural feature has been
made from the necessity of strengthening the
junctions of the vertical members to meet shear
forces

Columns in Nervi’s Olympic Stadium are
tapered offering the greatest resistance to
buckling

Jacing p. 250

Clay models showing effect of eccentric pressure :

Load on the edge of the ‘Kern’ which is here
at the middle third. The impression is a
triangular prism (b, top)

xii




31

32

33

34

e [

Load outside middle third, resulting in ‘ten-
sion’ (up-lift) on the opposite side. (see im-
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In this Victorian design theneed fora‘lead-over’
was felt and expressed in the cast-iron brackets,
although the actual stresses involved are low

Henry Moore’s sculpture is the inspired inter-
pretation of the rhythmical flow of form

Photo-elasticity allows us to actually see the
‘flow”’ of stresses. An abrupt change of direction
leads to high stress concentrations, accompanied
by ‘eddies’, a gentle ‘lead-over’ results in an

easy ‘flow’ of stresses
between pp. 344 and 345

Interior of the Pirelli Building by Ponti and
Nervi. Note flare out of ceiling beams at ends

Buckminster Fuller’s geodesic dome shows one
concept of homogeneity in the joint action of
light components assembled to form a three-
dimensional entity

At Idlewild airport Saarinen has used the plastic
properties of concrete to express continuity and
homogeneity of structure

These portal frames show the lightness and
elegance which can be achieved by basing
design on the ‘plastic theory’

between pp. 346 and 347




foreword

Z. S. Makowski
Ph.D., D.1.C., AM.I.C.E,
Senior Lecturer
Imperial College of Science
& Technology London

During recent years great changes can be observed in archi-
tectural education. These, no doubt, have been influenced by
various industrial and technological developments, which
have a far-reaching effect upon contemporary architecture.

The general trend, not only in this country, but also abroad,
is to put a proper emphasis on architectural science.

Although intuition to visualise the shape, and ability to feel
and express in a correct way the relationship between the
environment and the structure is very important to the
architect, and an enquiring mind essential in his search for
the ideal solution, yet he must also have a clear idea of the
behaviour of the structure he is designing.

The process of visualising a structure is certainly an art. There
must, however, also be a close integration between the
functional and structural requirements.

Nowadays, the design of any large structure is the work of a
team ; and normally the architect acts as co-ordinator between
the various specialists advising him on diverse aspects of the
design.

As a rule, it is the architect who decides on the shape of the
structure and in the early stages of the design has to make
structural decisions. He must, therefore, have a broad overall
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knowledge of the various problems involved and must
"understand the fundamental principles of the behavour of his
structure under the loading.

It is true that the detailed analysis will be carried out by a
structural consultant, and, owing to the complexity of
available architectural forms, such an analysis may become
very involved, but the architect must himself arrive, at least
at the beginning of his concept, at certain useful approxima-
tions.

Some engineers state that it is far easier for them (though it
takes much more time) to carry out a long, ‘precise’ analysis
than to produce an approximate, but reliable answer in a
short time.

This shows, I think, how important it is to develop this
particular sense of being able to judge the problem, to see
through it, to simplify it and to note only the essential parts.
There are not many people who know how to do this and there
are very few books on structural analysis which teach how
one is to get into this particular frame of mind whereby only
the important aspects of the problem may be seen. There is
no doubt that this book belongs in this category.

The Theory of Structures is so often taught, especially in
architectural schools, as a very ‘scientific’, dry subject,
presented in a boring way and made thoroughly uninteresting.
The contrary, of course, is true. The study of the theory of
structures can be most fascinating, even for an architect, as

this book will show.

The structural principles influence the form and a logical
solution (often the most economical one, too) is always based
on a correct interpretation of these principles.

This volume is not a standard book on the mechanics of
engineering structures. It was never meant to be.

It is not a book for structural engineers either, and some
purists may even not agree with certain expressions or
approaches used by the author, though I suspect strongly
that many engineers will be caught with this book in their
hands.

The main purpose of this book is to develop a feeling for
structure and it will certainly help many an architect to take
the correct ‘structural decision’. And not only for simple
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structures. The author succeeds in proving in a very con-
vincing way that the basic fundamental principles are the
same even for highly complex systems—and what is more
important, he shows how to apply these principles in such
cases.

Z.S. M.



preface

The subject called Theory of Structure holds a curious
position in the education of the architect. To the engineer it
is a full-time study, and while it appears traditionally on the
curricula of schools of architecture all over the world, nobody
seems to know quite how far architects could go without
involving them to an extent indistinguishable from an
engineering course. The very reason for the subject is often
not clear, even to teachers, and, like Latin, it is considered in
some vague way ‘to do one good’.

The result is usually a hybrid course, stopping short of certain
essentials which are considered too ‘advanced’, there is too
much ‘theory’ and too little ‘structure’ so failing entirely to
put across the only thing that matters, namely to awaken in
the architect a structural sense, a ‘stress consciousness’.

Thus the gulf between the architect and the engineer, which-
is something we have inherited from Victorian days and which
in modern times, more than ever, should be narrowed, widens
as each profession tends to specialise more and more in what it
thinks is its particular sphere. Engineers, by their preoccupa-
tion with ‘theory’, have lost all sense of ‘design’ in the
artistic sense which was once strong in the days of Telford and
Brunel, while architects become more and more formalistic
because ‘anything can be made to stand up’.

In this country the situation is aggravated even more by the
strict separation of the courses and because of the fact that
mathematics at an advanced level is not a compulsory subject
for architects. This puts Britain in a position unique among
civilised nations.

While calculations do not produce good design, this fact
nevertheless tends to deprive the architect of the ability to
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grasp certain relationships which can be put across in a quick
and concise way and can, in the mathematically-minded,
conjure up structural images which entirely elude those to
whom a formula is merely so many figures and symbols, to be
‘swotted up’ for an examination and promptly forgotten soon
after. .

This attitude is assisted by the shape and form of presentation
of the subject in most textbooks, with their purely theoretical
derivation of long formulae and anaemic diagrams.

This book is therefore an attempt to bridge the gap between
the architect and the engineer by brihging out those aspects
of theory which have a real influence on form and, thereby,
the book is addressed also to the engineer who is apt to lose
sight of this vital aspect of theory among a host of theorems.

The aim has been to make this an essentially readable book,
remaining at the same time enough of a textbook in the
accepted sense to be of real help to the student who tries to
grasp the fundamentals of structural theory. Once these
fundamentals are really understood, there are many special-
ised books on the calculation of steel, concrete or timber.

This book does not specialise in any material. On the contrary,
it deals with the principles which are common to all materials
and which chiefly affect form and lay-out. In this context, for
instance, concepts like the moment of inertia, which are
usually regarded as particularly abstract and incomprehen-
sible, have been shown as some of the most vital aspects of
theory and, it is hoped, have been brought to life.

All the sketches are purposely free and rarely to a precise
scale. A ruler has only been used once for the graphic solution
of a truss (111-112) and neither this nor any other example
has been regarded as an end in itself, only as an illustration of
structural occurrences.

In spite of this there is enough factual information to carry
out simple calculations, often needed in practice for immedi-
ate dimensioning, and to carry out preliminaries for more
complex structures which enable the architect to present the
engineer with designs which are good and possible engineering.

Being readable, it is hoped that the book will appeal not only

to the student at college, but also to that ‘permanent student’
the practising architect, that it will open up a fresh approach
to design for the engineer, and perhaps be of help to the
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general reader who is interested in problems of building and
to whom an understanding of the basic principles of structure
will reveal new perspectives. It is hoped that the book will
assist in the appreciation of architecture in general and of the
new forms and methods of which the best of today’s architec-
ture is made up and towards an understanding of the real
meaning of the much-abused term of ‘functional design’, so
often regarded as a synonym for dull utilitarianism, when it
could be as exciting as a Gothic cathedral.

H. Werner Rosenthal
Amersham, Bucks
1962
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chapter |

introduction

he problem of the present age lies in its almost unlimited
Tpossibilities. These lead to doubts and uncertainties in all
walks of life, but are nowhere more apparent than in architec-
ture. Anything can be built and structural technique imposes
hardly any limits.

Form need no longer be dictated by structure and concepts
like ¢structural truth’ or ‘honesty of expression’ have already
become meaningless, at least in the narrower sense. Many
structural systems are available for the solution of identical
building problems and identical structural systems have
numerous applications. In view of this, a knowledge of
structural theory seems to be of little help to the architect and
too much of it, it has been argued, might even curtail his
imagination. Design cannot be based on numbers. Further-
more, advanced structural form seems too complex to be
understood by anyone other than the specialist, namely, the
structural engineer. Yet structure is the raw material of
building and the architect is the specialist in building. To use
structure without understanding its implications is amateurish
and results in meaningless formalism, quite apart from often
;avoidable expense.
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