


statics: An essay in the history of civil engineering [Heyman, 1972/1] was
not only lending a new emphasis to the treatment and interpretation of
historical sources, but was also showing how practical engineering can
profit from historical knowledge. This was followed nine years later by
Edoardo Benvenuto’s universal work La scienza delle costruzioni e il suo
sviluppo storico [Benvenuto, 1981], the English edition of which - in
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a much abridged form - did not appear until 10 years later [Benvenuto,
1991]. Heyman’s later monographs [Heyman, 1982, 1995/1, 1998/1] in
particular demonstrate that the history of theory of structures is able to
advance the scientific development of structural analysis. Many of Hey-
man’s books have been published in Spanish in the Textos sobre teoria e
historia de las construcciones series founded and edited by Santiago Huerta
(see, for example, Fig. 1-6).

In 1993 Benvenuto initiated the series of international conferences
under the title of Between Mechanics and Architecture together with the

Belgian science historian Patricia Radelet-de Grave. The conferences
FIGURE 1-6 gradually became the programme for a school and after Benvenuto’s early

Dust cover of the Spanish edition of death were continued by the Edoardo Benvenuto Association headed
Heyman's Structural analysis. A historical

approach [Heyman. 2004] by its honorary president Jacques Heyman. Only six results of this pro-

gramme will be mentioned here:

- The first volume in this series edited by Benvenuto and Radelet-de
Grave and entitled Entre Mécanique et Architecture. Between
Mechanics and Architecture [Benvenuto & Radelet-de Grave, 1995].

- The compendium Towards a History of Construction edited by Becchi,
Corradi, Foce and Pedemonte [Becchi et al., 2002].

- Degli archi e delle volte [Becchi & Foce, 2002], a bibliography of struc-
tural and geometrical analysis of masonry arches past and present
with an expert commentary by Becchi and Foce.

- The volume of essays on the history of mechanics edited by Becchi,
Corradi, Foce and Pedemonte (Fig. 1-7) [Becchi et al., 2003].

- The compendium on the status of the history of construction engin-

FIGURE 1-7 eering edited by Becchi, Corradi, Foce and Pedemonte Construction

Cover of the volume of essays History. Research Perspectives in Europe [Becchi et al., 2004/2].
on the history of mechanics

(Becchi et al., 2003] - The reprint of Edoardo Benvenuto’s principal work La scienza delle

costruzioni e il suo sviluppo storico made available by Becchi, Corradi

and Foce [Benvenuto, 2006].
Erhard Scholz has investigated the development of graphical statics in his
habilitation thesis [Scholz, 1989] from the viewpoint of the mathematics
historian. Dieter Herbert’s dissertation [Herbert, 1991] analyses the ori-
gins of tensor calculus from the beginnings of elastic theory with Cauchy
(1827) to its use in shell theory by Green and Zerna at the end of the con-
solidation period of structural theory (1900 - 50).
Essays on the History In the past two decades, we have seen a slowly accelerating upswing
of Mechanics in working through the backlog in the history of modern structural
LSRG e mechanics by specialists. The development of modern numerical en-
gineering methods was the subject of a conference held in Princeton by
the Association for Computing Machinery (ACM) in May 1987 [Crane,
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1987]. Ekkehard Ramm provides a fine insight into the second half of the
consolidation period (1900-50) and the subsequent integration period
of structural theory (1950 to date) [Ramm, 2000]. As a professor at the
Institute of Theory of Structures at the University of Stuttgart, Ramm su-
pervised Bertram Maurer’s dissertation Karl Culmann und die graphische
Statik (Karl Culmann and graphical statics) [Maurer, 1998]. And Malinin’s
book Kto jest’ kto v soprotivlenii materialov (who's who in strength of ma-
terials) [Malinin, 2000] continued the biographical tradition popular in
the Soviet history of mechanics.

Publications by Samuelsson and Zienkiewicz [Samuelsson & Zienkie-
wicz, 2006] plus Kurrer [Kurrer, 2003] have appeared on the history of the
displacement method. Carlos A. Felippa deals with the development of
matrix methods in structural mechanics [Felippa, 2001] and the theory of
the shear-flexible beam [Felippa, 2005]. On the other hand, the pioneers
of the finite element method (FEM) Zienkiewicz [Zienkiewicz, 1995 &
2004] and Clough [Clough, 2004] concentrate on describing the history
of FEM. It seems that a comprehensive presentation of the evolution of
modern structural mechanics is necessary. Only then could the history of
theory of structures make a contribution to a historical engineering sci-
ence in general and a historical theory of structures in particular, both of
which are still awaiting development.

1.2 Practical engineering tasks
Every structure moves in space and time. The question regarding the
causes of this movement is the question regarding the history of the struc-
ture, its genesis, utilisation and nature. Whereas the first dimension of the
historicity of structures consists of the planning and building process, the
second dimension extends over the life of the structure and its interaction
with the environment. The historicity of the knowledge about structures
and their theories plus its influence on the history of the structure form
the third dimension of the historicity of structures. In truth, the history of
the genesis, usage and nature of the structure form a whole. Nevertheless,
the historicity of structures is always broken down into its three dimen-
sions. Whereas historicity in the first dimension is typically reduced to
the timetable parameters of the participants in the case of new structures,
understanding the second dimension is an object of history of building,
preservation of monuments and construction research plus the evolving
history of construction engineering and structural design. One vital task
of the history of theory of structures would be to help develop the third
dimension, e.g. through preparing, adapting and re-interpreting historical
masonry arch theories. Its task in practical engineering is not limited to
the province of the expanding volume of work among the historical build-
ing stock. The knowledge gleaned from the history of theory of structures
could become a functional element in the modern construction process
because the unity of the three-dimensionality in the historicity of struc-
tures is an intrinsic anticipation in this; for the engineering science the-
ory formation and the research trials, the conception, the calculation and
the design as well as the fabrication, erection and usage can no longer be
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separated from the conversion, preservation and upkeep of the building
stock. The task of the history of theory of structures lies not only in feed-
ing the planning process with ideas from its historical knowledge database,
but also in introducing its experiences from work on historical structures
Building: into the modern construction process. In this sense, the history of theory
3000 Years of of structures could be further developed into a productive energy in engin-
Design eering.
Engineering When engineers conceive a building, they have to be sure, even before
and the design process begins, that it will function exactly as envisaged and
COI"IStI‘U_CtiOh planned. That applies today and it also applied just the same to engineers
Bill Addis in Roman times, in the Middle Ages, in the Renaissance and in the 19th
century. All that has changed is the methods with which engineers achieve
this peace of mind. Bill Addis has written a history of design engineering

and construction which focuses on the development of design methods
FIGURE 1-8 for buildings (Fig. 1-8).

Cover of the new book by Bill Addis Bill Addis looks into the development of graphical and numerical
Building: 3000 Years of Design

Engineering and Construction . ) . .
[Addis, 2007] also shows which methods engineers employ to convey their designs. To

methods plus the use of models for analysing physical phenomena, but

illustrate this, he uses examples from structural engineering, building
services, acoustics and lighting engineering drawn from 3000 years of
construction engineering history. Consequently, the knowledge gleaned
from the history of theory of structures serves as one of the cornerstones
in his evolution of the design methods used by structural engineers.
Roberto Gargiani pursues an artefact-based approach in his collec-
tion of essays on columns [Gargiani, 2008] (Fig. 1-9), which are presented
from the history of building, history of art, history of construction engi-
neering, history of science and history of structural theory perspectives.
The discipline-oriented straightforwardness of the history of theory of
structures is especially evident here.
Didactic tasks 13
The work of the American Society for Engineering Education (ASEE),

FIGURE 1-9 . Lo . . , .

Cover to the collaction of essays founded in 1893, brought professionalism to issues of engineers’ education
on columns La colonne. Nouvelle in the USA and led to the formation of engineering pedagogy as a subdis-
histoire de la construction cipline of the pedagogic sciences. In the quarterly Journal of Engineering

[Gargiani, 2008]

Education, the publication of the ASEE, scientists and practitioners have
always reported on progress and discussions in the field of engineering
teaching. For example, the journal reprinted the famous Grinter Report
[Grinter, 1955; Harris et al., 1994, pp. 74 -94], which can be classed as a
classic of engineering pedagogy and which calls for the next generation
of engineers to devote 20 % of their study time on social sciences and the
humanities, e.g. history [Harris et al., 1994, p. 82]. Prior to L. E. Grinter,
another prominent civil engineering professor who contributed to the
debate about the education of engineers was G. F. Swain. In his book The
Young Man and Civil Engineering (Fig. 1-10), Swain links the training of
engineers with the history of civil engineering in the USA [Swain, 1922].
Nevertheless, students of the engineering sciences still experience

the division of their courses of study into foundation studies, basic spe-
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cialist studies and further studies as a separation between the basic sub-
jects and the specific engineering science disciplines, and the latter are
often presented only in the form of the applications of subjects such
as mathematics and mechanics. Even the applied mechanics obliga-
tory for many engineering science disciplines at the fundamental stage
are understood by many students as general collections of unshake-
able principles - illustrated by working through idealised technical arte-
facts. Closely related to this is the partition of the engineering sciences
in in-depth studies; they are not studied as a scientific system comprised
of specific internal relationships, for example, but rather as an amor-
phous assemblage of unconnected explicit disciplines whose object is
only a narrow range of technical artefacts. The integrative character
of the engineering sciences thus appears in the form of the additive as-
sembly of the most diverse individual scientific facts, with the result that
the fundamental engineering science disciplines are learned by the stu-

dents essentially in the nature of formulas. The task of a history of the-
ory of structures is to help eliminate the students’ formula-like acquisi- ¢, gyre 1-10
tion of theory of structures. In doing so, the separation of the teaching  Cover of Swain's The Young Man
of theory of structures into structural analysis for civil and structural and Civil Engineering [Swain, 1922]
engineers and structural engineering studies for architects presents a
challenge. Proposals for a historicised didactic approach to structural
engineering studies have been made by Rolf Gerhardt [Gerhardt, 1989].
Introducing the historical context into the teaching material of theory of
structures in the project studies in the form of a historic-genetic teach-
ing of structural theory could help the methods of structural engineering
to be understood, experienced and illustrated as a historico-logical devel-
opment product, and hence made more popular. The history of theory of
structures would thus expand significantly the knowledge database for a
future historic-genetic method of teaching for all those involved in the
building industry.
1.4 Cultural tasks

There is an elementary form of the scientist’s social responsibility: the
democratising of scientific knowledge through popularising; that is the FicuRE 1-11
scientist’s account of his work — and without it society as a whole would ~ Cover of the biography of Karl Culmann
. . . . R R [Lehmann & Maurer, 2006]
be impossible. Popular science presentations are not just there to provide
readers outside the disciplinary boundaries with the results of scientific
knowledge reflected in the social context of scientific work, but rather to
stimulate the social discussion about the means and the aims of the sci-
ences. Consequently, the history of theory of structures, too, possesses an
inherent cultural value. The author Christine Lehmann, together with her
partner the mathematics teacher Bertram Maurer, has written a biogra- I DS EF D (s e
phy of Karl Culmann (Fig. 1-11) based on Maurer’s dissertation [Maurer,
1998] in which the results of research into the history of theory of struc-
tures are presented to the layman in an understandable, narrative fashion
within an appealing literary framework.

The individual sciences physics, biology and even chemistry transcend

again and again the boundaries of their scientific communities. This may
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be due to their role as constituents of worldly conceptions and the close
bond with philosophy and history. But the same does not apply to the en-
gineering sciences; even fundamental engineering science disciplines find
it difficult to explain their disciplinary intent in the social context. The
fragmentation of the engineering sciences complicates the recognition of
their objective coherence, their position and function within the ensem-
ble of the scientific system and hence their relationship as a whole to the
society that gave birth to them and which surrounds them. This is cer-
tainly the reason why the presentations, papers and newspaper articles
of the emeritus professor of structural analysis Heinz Duddeck plead for
a paradigm change in the engineering sciences, which in essence would
result in a fusion between the engineering sciences and the humanities
[Duddeck, 1996]. As the history of theory of structures forms a disciplin-
ary union between structural analysis and applied mechanics with input
from the humanities (philosophy, general history, sociology, histories of
science, technology, industry and engineering), it is an element of that
fusion. It can therefore also assist in overcoming the “speechlessness of the
engineer” [Duddeck, 1999].
Aims 15
The aim of a history of theory of structures therefore consists of solving
the aforementioned scientific, practical engineering, didactic and cul-
tural tasks. This book, written from the didactic, scientific theory, con-
struction history, aesthetic, biographical and bibliographical perspectives
(Fig. 1-12), aims to provide assistance.
An invitation to a journey 1.6
through the history In Franz Kafka’s parable of the gatekeeper from the chapter entitled “In
of theory of structures  the Cathedral” in his novel The Trial published in 1925, Josef K. searches
in vain for a way to enter the law via a gate guarded by a gatekeeper.
Kafka’s protagonist Josef K. could be studying civil engineering or
architecture, history of science or history of technology - for him the
motives for acquiring the fundamentals of theory of structures were duly
spoiled: he would sit in front of the gate or exit the stage like an actor in a
theatre.

Dear Mr. Josef K.! There are various gates through which the laws of
structural analysis can be learned with joy (Fig. 1-12). You can consider,
dear Mr. Josef K., which phantasmagorical gatekeeper you can evade most
easily — but let me tell you this: the gatekeepers don't exist! Please get up,
open any gate and pass through it, and you will see the form in which
theory of structures appears to you. If you are inquisitive and wish to open
all seven gates, then you will be in possession of a picture of the history of
structural analysis — your picture. But never guard your picture jealously
as if it were your property because then at the final curtain the same will
happen to you as happened to your Kafkaesque namesake: you’ll be put on
trial without knowing who is prosecuting and why - perhaps you’ll even
prosecute yourself! You would be sentenced to life imprisonment, sitting
and waiting, hoping to be allowed in. The shadow cast by your property
would seem like the cool draught of your approaching death. So choose
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History of

science -'

FIGURE 1-12
Seven gates to the knowledge of
the history of theory of structures

instead - like Friedrich Holderlin recommended to his friend Christian
Landauer in 1801 [Der Gang aufs Land, Holderlin, 1992, p.102] - the path
to freedom:
... Und gefunden das Wort, und aufgegangen das Herz ist,

Und von trunkener Stirn hoher Besinnen entspringt,
Mit der unsern zugleich des Himmels Bliite beginnen,

Und dem offenen Blick offen der Leuchtende sein.

... That when found is the word, and joy releases our heartstrings,
And from drunken excitement higher reflection is born:

At such time of our blossom will heaven’s flowering begin too,
And, to opened eyes here, open that radiance be.

(The Path by Land, translation: Michael Loughridge)

If you take this path to freedom, then the gloomy shadows will disappear
not only in springtime, but in autumn, too.
So: Open the Black Box

Of the history of theory of structures,

Craving for the knowledge.

But I bid of you just one thing:

Do not be afraid of formulas!

With this in mind, I would like to invite you, dear reader, to join me in a
journey through the history of theory of structures. Experience the mo-

ment, make it your own and give it as a gift.
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