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ABSTRACT

Tools and Technology, Body and World:

an Exploration of Technology Transfer

by

John Edward Breshears

The tools we choose to perform a given task affect not only the result of the
task but also how it is conceived. An examination of tools, tasks, and
interdisciplinary technology transfer suggests that new ways of thinking,
rather than increased efficiency, are the primary means of technological
advancement. The history of the relationship of the human body to
architecture can be seen as a progression from embodiment to projection to a
new paradigm of extension, or prosthesis. These ideas, together with surveys
of bridge types and prosthetic technology, lead to the design of a pedestrian
bridge linking two existing buildings. The bridge is conceived and designed
using the tools of medical prosthetics and orthotics. Human and animal
vertebrae suggest structural principles from which a light-weight, articulated

bridge form is deveoped to satisfy the requisite conditions.
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Chapter 1

INTRODUCTION



A tool is defined as anything used to accomplish a definite task. Technology
is defined as the practical application of knowledge. The question arises of the
relationship between the object (the tool), the definition (the task) and the
knowledge applied to and received from the process. The common view is
that the human in interaction with the world experiences it through the
mediation of technics ( i.e. tools) which are arranged into patterns as
techniques (processes) and then formulated into thought of action
(technology). The common element throughout is the human, but whether
it is he who acts as medium between tool and task, or whether it is the object
which is actually the medium between body and world is a matter worthy of

examination.

Sartre suggests that it is the instrumentality of things which reveal our body
to us. ! Yet, in the same essay he suggests that, “we do not use this
instrument, for we are it "2 Again the question of the configuration of
relationships arises. Is the body revealed to us through tools, or is it in itself a
tool - a medium between us and the world? The ways we choose and use
implements to deal with a given problem may affect not only the outcome of
the task, but even the way in which we conceive of the problem itself. Our

tools affect our experience of the world.

This thesis will explore the idea that new ways of thinking, rather than
increased efficiency, are the primary means of technological advancement.
The design portion of the the project involves the development of a two-

level pedestrian bridge in the Texas Medical Center using the tools and

1Jean Paul Sartre, Being and Nothingness, (New York: Washington Square
Press, 1956) 428.
2ibid. 427.



technology of medical prosthetics and orthotics. The research preceding this
exercise comprises chapters on the nature and means of transfer of
technology, the relationship of architecture to the body, a survey of bridge
types (both structural and visual), and a brief survey of some methods and

devices used in current medical practice.
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Chapter 2

TECHNOLOGY: BEGGING THE QUESTION



...the lesson of the airplane lies in the logic which governed the enunciation
of the problem and which led to its successful realization. When a problem is
properly stated, in our epoch, it inevitably finds its solution.1

A deterministic attitude toward technology in the Modern Movement is
embodied in Le Corbusier's terse statement. The idea of the inevitability of a
solution to a technological problem suggests a convergent, pre-ordained
course of development. This is analogous to the direct correspondence
between form and function, as suggested in Louis Sullivan's phrase. A direct
correspondence between specific problem and unique solution or between

task and tool, however, raises questions about the nature of tools and of

technological change.

Technology is defined as the practical application of knowledge, and it was
clearly advanced in the field of aeronautics by 1930 when Le Corbusier wrote
his statement.2 A tool is defined as anything used to accomplish a definite
purpose. 3 The implementation of a technological solution then, by
definition, must involve tools of some form. Furthermore, a tool is defined
by its use. Anything can become a tool, and the occupants of the tool box can
just as easily shed their identity and become objects. For the most
part,however, tools used to perform new and different tasks are adapted from

pre-existing tools.# Technological change could be seen as analogous to a

11Le Corbusier, Towards a New Architecture; (London: John Rodker, 1931) 110.
2joel Stein, ed, The Random House Dictionary, (New York: Random House
Inc., 1978).

3ibid.

4This view is supported in many sources. A good argument for the case is
made in episode #360 of The Engines of Our Ingenuity, ]. Lienhard, KUHF,
University of Houston.
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coral reef wherein tools live out their usefulness and die by giving a platform

for another, more useful tool to be born.

The possibility of a transposition of the Modernist dictum presents itself in
this view. The tool or solution does not necessarily become the inevitable
response to a correctly posed question, but instead a tool may be posited as an

answer which begs the question. Siegfreid Giedion writes

Tools and objects are outgrowths of fundamental attitudes to the world.

These attitudes set the course followed by thought and action. Every problem,
every picture, every intervention, is founded on a specific attitude, without
which it would never have come into being. The performer is led by outward
impulses - money, fame, power - but behind him, unbeknown, is the
particular problem, that particular form.1

Here again the attitude to the world, or the statement of the problem,
determines the thought, action, and solution to the problem. However, if we
can read Giedion to place tools and objects in the same group, then their
equivalence and implicit interchangeability suggest a non-deterministic idea
of technology. Fundamental attitudes to the world could, at least in part, be
outgrowths of tools and objects instead of the hierarchy that Giedion would
have us believe. An evaluation of tools available, or at least conceivable, and
the possible ways in which they might be used can suggest alternate ways of
thinking about the problem, if not new problems altogether. This idea is that
new ways of thinking, and not simply increased eficiency, are the primary

means of technological change.

1Siegfried Giedion, Mechanization Takes Command, (Oxford: Oxford
University Press, 1948) 3.




Robert Maillart throughout his long career designed three-hinged arch
bridges in reinforced concrete. He chose this bridge form because he had the
tools to analyze it and did not have the tools to analyze the structurally
indeterminate forms of a two-hinged or fixed arch.] These tools of graphic
analysis led him to ask questions about the form and resolution of forces
which eventually produced the Salginatobel and Schwandbach bridges, the
masterworks of his oeuvre.2 In a similar way, the very words we choose to
describe the tools can effect the task at hand and the way it is considered. The
example of a bow-string truss is appropriate. Calling it a beam stresses the
structural behavior. Calling it an arch stresses the form. Calling it a
suspension system stresses the method of assembly.Yet, all of these

interpretations and descriptions are correct3

Choisy was another strong advocate of the idea that architectural form is the
logical consequence of technique. His dictum "La question posee, la solution
etait indiquee" (The question posed, the solution indicated) was transposed in

a recent presentation made by the renowned engineer J. Schlaich;

We can see that if the engineer has a strong aesthetic preference, he can
utilize his professional background to find a technical justification for it. I
have often observed that the stronger the visual superiority of a certain
solution, the easier it is to find an honest technical support for it. Of course, it
is desirable that such an iterative process not be necessary, but that both the
visual and the technical satisfaction emerge simultaneously.

1For a more detailed account see David Billington, Robert Maillart's Bridges,
(New York: Princeton University Press, 1979)

2see Figure 3.5

3This example is taken from an address given by Tom Peters. See Deborah
Gans,ed., Bridging the Gap, Rethinking the Relationship of Architect and
Engineer, (New York: Van Nostrand Reinhold, 1991) 92.

4ibid. 116.



Here Schlaich was speaking in reference to the cooling towers at
Schmehausen, Germany. His past experience and aesthetic preferences led
him to propose a fabric membrane structure for the cooling towers with a
cable-net placed on the outside to provide a visual order. The proposal
begged the question of the optimum hyperbolic profile and the insulation of
structural steel from the corrosive gases inside the stack. It also caused
reflection on the nature of a cooling tower itself as simply a tube to guide
exhaust gases in the correct direction without the need of structural capacity

beyond supporting its own weight.

The non-deterministic view of technology allows for a human presence in
the process as well. Acknowledgement that there is choice involved in the
process and that most tools do not perform their functions automatically
allows and requires the presence of a human medium between tool and task.
Even Le Corbusier who, as a strict Modernist, propounded the direct relation
of form to function, admitted the necessity of choice, although he

presupposed a bias in the process.

The engineer therefore has his own aesthetic, for he must, in making his
calculations, qualify some of the terms of his equation: and it is here that taste
intervenes. Now, in handling a mathematical problem, a man is regarding it
from a purely abstract point of view, and in such a state, his taste must follow
a sure and certain path.l

The late, renowned engineer Peter Rice stated this idea most eloquently in

his work, although he puts it into words as well:

1Le Corbusier, Towards A New Architecture, (London: John Rodker, 1931;
reprint ed. New York, Dover Publications, 1986) 15




..this brings to mind another myth about technology. The feeling that
technological choice is always the result of a predetermined logic. The feeling
that there is a correct solution to a technical problem is very common. But a
technical solution like any other decision is @ moment in time. It is not
definitive. The decision is the result of a complex process where a lot of
information is analyzed and examined and choices made on the evidence. It
is @ moment in time and place where the people, their background and their
talent is paramount. What is often missing is the evidence of human
intervention, the black box syndrome. So by looking at new materials in a
new way we change the rules. People become visible again.

In a recent address to the RI.B.A., Rice gave an account of the process he had
employed to realize the structure of the Centre Georges Pompidou in cast
steel, a process extremely uncommon at the time but now used widely in off-
shore drilling rig technology. Several months after the completion of the
building, he witnessed an elderly woman, dressed in black, who was standing
on the upper level of the building with her hand resting on the gerberette
(the large cantilever bracket). She remained there for almost an hour, he

reported, stroking the piece in silent contemplation.2

The Modern Movement's attitude toward the inevitability of technology was
grounded in an Enlightenment idea of the rationality and ultimate

comprehensibility of nature. Nature was the source of all technology.

lpeter Rice, Exploring Materials, (London: RIBA Press, 1992) 4.

This seems to be an attempt to get at what Heidegger calls 'ready to hand' and
'present to hand' technologies as discussed in Martin Heidegger, Being and
Time , trans. J. Macquarrie (New York: Harper & Row, 1962).

2ibid.
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Our engineers produce architecture, for they employ a mathematical

calculation which derives from natural law, and their works give us a feeling

of harmony.l

An examination of the history of innovation, however, reveals that this is
hardly the case. Nature in most instances is far too complex to be replicated.
In almost every case, an innovation based on an idea from the natural world
must be highly abstracted, and usually a process of selection of which
properties are to be replicated - what will be the actual function of the tool -
must occur. For example, most early attempts at aviation, before the successes
that Le Corbusier admired, were unsuccessful attempts to construct an
ornithopter. An imitation of the flapping motion of a bird's wing proved far
too complex. The property of lift had to be abstracted from that of propulsion
and selected as the function of the tool came to be known as the airfoil. It was
not until much later, with the invention of the helicopter, that the properties
of lift and propulsion were accomplished with the same tool, and it appeared
in a form unlike anything occurring in the natural world. Even in the task of
replicating the body itself a direct imitation of nature falls short. Attempts to
reproduce the body force the process of abstraction and selection, for nature is
far too complex and disorderly to be both comprehended and replicated. The
example of a prosthetic arm points this up: the two main types of prosthetic
arm available are the cosmetic and the functional. (Figure 2.1) In the
cosmetic, the visual appearance of the object is selected for replication at the
expense of the function. In the functional hand, the technological aspects,

albeit in a highly abstracted fashion, are reproduced.

1Le Corbusier, Towards A New Architecture, (London: John Rodker, 1931;
reprint ed. New York, Dover Publications, 1986) 15.
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Often the process of innovation results in a rejection or denial of nature in

the creation of a new tool. The wheel as we know it does not exist in nature.
Conversely, the method of propulsion we experience every day with the use
of our legs has never been successfully replicated with technological means. 1

Nature does not necessarily beget tools. Tools beget tools.

Peter Rice gave an interesting example in the same address mentioned
earlier. The Pavillion of Future for the 1992 Exposition if Seville was inspired
by an unfinished seventeenth century palace in Lisbon which comprised a
very long and tall structural masonry wall. Utilizing current precision stone-
cutting technology developed to produce stone veneers with tolerances to 1/2
millimeter, and the fixing principles developed to mount structural glass, the
pavillion was realized in load-bearing masonry. Ironically, the tools used to
formulate and realize the problem were themselves the result of the tool

progression in the industrial revolution which made load-bearing masonry

'obsolete.'2

There is a long tradition of the transfer of marine tools and marine

engineering techniques to land-locked uses, many of them applications in

1This example was taken form Dr. John Lienhard, The Engines of Our
Ingenuity. no. 465, KUHF, University of Houston
2peter Rice, Exploring Materials, (London: RIBA Press, 1992) 25.
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13
architecture. The deck beams of ships were applied to large-scale industrial

projects during the 19th century. Unaltered wrought and cast-iron beams
were used in the formation of jack arches for early industrial buildings. Ship
deck houses were used as prototypes for military huts during the Crimean
and American Civil wars. These ship cabins were demountable in order to
enable the loading and unloading of deck cargo, and they inspired a series of

portable, panellized wooden construction shelters.1

Most recently, Richard Horden made use of off-the-shelf, pre-fabricated yacht
masts and spars to construct the structural frame for a house in 1985. This
system suggested a modulor as well as panellized construction which also
utilized pre-fabricated boat parts. Reminiscent of the kit-of-parts-assembled
Eames house in California, this project is interesting because its tools have
been found in another discipline and used to perform a task which has an
entirely different result. Each of these three examples start from a radically
different aspect of marine engineering, the first with the structure of the hull,
the second concerning deck-mounted superstructures, and the third related to
the rigging of sailing vessels. In each of these examples, the proposition of

the tool has affected the conception of the problem and, hence, the result.

These examples fall under the heading of 'technology transfer." The term was
first defined some twentyfive years ago as the process whereby the techniques

and materials developed in one creative field, industry, or culture are adapted

lyames Strike, Construction Into Design: the Influence of New Methods of
Construction on Architectural Design, (Boston: Butterworth Architecture,

1991) 223.
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to serve in other creative fields, industries, or cultures.] In view of the prior

discussion of technology, this phenomenon of tool innnovation is particular
only in its self-conscious exploitation of multiple disciplines as potential

sources of tools.

Mr. Robert Cunningham of the Department of Mechanical Engineering at
Rice University is currently involved with cross-disciplinary technology
transfer.2 The initial desire to provide a better prosthetic hip implant has led
him and a group of his students to draw on his extensive experiences in the
field of petroleum engineering. This knowledge has led to a definition of the
problem of fixing an implant into the bone in terms of producing an
internally-locking shaft which, after installation, may be be adjusted to bring
the collet-butt into compression. The problem is analogous to the fixing of
the drilling tool onto the packer rod as used in oil drilling rigs, and these are

the tools which have been adopted to formulate the task in realizable terms.

Contemplation of the post-loading requirement of the task led the group to
propose a second solution based on reversing the principle of the child's toy
known as the Chinese Finger Cuff. In this case, the tools of weaving, the way
the warp and weft of a fabric are joined to produce the bias of the fabric, are
exploited. An axial contraction in the cylindrical cuff occurs when it is

radially expanded through the injection of a self-hardening plastic.3

1Charles Kimball, "Technology Transfer," Applied Science and Technological
Progress, National Academy of Sciences (1967).

2Interviews with Robert Cunningham, Department of Mechanical
Engineering, Rice University, Houston Texas, October - November, 1992.
3The author is indebted to Mr. Cunningham and his group of students for
sharing their ideas and thoiught processes in this exercise in technology
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Tools are defined by their uses and, most of the time, new tools, or their new
uses, are descended from other tools. The obvious implication is that the
larger the body of tools one has to draw upon, the wider the range of possible
approaches to a task. This idea is embodied in the term technology transfer,
which implies a cross-disciplinary search for new tools with which to
formulate and solve tasks. Inherent also in the term is the potential for new
tools to affect our thought processes and, hence, our understanding of the

world.

transfer. For reasons of Copyright, the details of these projects must be left
deliberately vague in this thesis.



Chapter 3

BRIDGES
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...man’s will to union seems to be resisted not only by the passive separation

of space, but also by an active, specific configuration. by overcoming this
obstacle, the bridge symbolizes the expansion of the sphere of our will over
space. Only for us are the banks of the river not merely in different places, but
"divided.” If we did not link them together first in our aims, our needs and
our imagination, our concept of separation would have no meaning. ... the
bridge takes on an aesthetic value when it accomplishes a union of the
separate not just in reality and for the satisfaction of practical aims, but
renders it immediately visible. The bridge provides the same fixed point for
the eye, linking up parts of the landscape, as it does for physical bodies in
practical reality. ... To the eye the bridge stands in a much closer and less
haphazard relationship to the banks that it unites than does the house to its
land and foundations, which are hidden underneath it.1

The following is a survey of the structural types of bridges and their visual

implications.

ISimmel, G.; "Bridge and Door," in Lotus 47, ed P. Nicolin, (Milan, Electa
Periodici S.R.L., 1985) 53.
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THREE-HINGED ARCH ; THERE MAY BE NO
MOMENT OF ECCENTRICITY AT
ANY HINGE. THEREFORE, THE
LINE OF PRESSURE (RESOLUTION
OF FORCES PASSING THROUGH
THE ARCH AT ANY GIVEN POINT,
MUST PASS THROUGH ALL THREE
HINGES.

TWO-HINGED ARCH  TWO-HINGED AND
FIXED ARCHES ARE STIFFER THAN
THE THREE-HINGED ARCH,
ALTHOUGH INTERNALSTRESSES
DUE TO THERMALVARIATIONS
ARE HIGHER.

FIXED ARCH THE GENREAL RULE OF THUMB
FOR THESE TYPES OF ARCHES IS
THAT THE LINE OF PRESSURE
MUST REMAIN WITHIN THE
“MIDDLE-THIRD, OR 'KERN' OF
THE ARCH.

TIED ARCH THE THRUST OF THE ARCHIS
"TAKEN BY PLACING THE TIE
IN TENSION.

DECK-STIFFENED ARCH  THELOADIS

SHARED BETWEEN THE ARCH
AND THE DECK . THE STIFFER

THE DECK, THE HIGHER THE

PROPORTION OF THE LOAD

IT CARRIES.
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Figure 3.3

Bridge Across the Marne, Luzancy, France

1948-50, Eugene Freyssinet
One of a series of five bridges Freyssinet designed using his revolutionary

pre-stressed concrete/ post-tensioned steel method




Figure 3.4

Pont du Gard, Nimes, France
c. 50 B.C.
Fixed, continuous masonry arches. The lower spans are 20-25m.
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Figure 3.5
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Salginatobel Bridge, Graubunden, Switzerland

1929-30, Robert Maillart
90 m span. The bridge is a three-hinged arch of reinforced concrete with a

hollow-box deck.
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Figure 3.6

Garrabit Viaduct, St. Flour, France
1884, Gustav Eiffel
165m span. The bridge is a two-hinged arch of wrought iron.
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Figure 3.7  Project for a Bridge Over the Wisconsin River, Spring Green, WI
1947, Frank Lloyd Wright
60m span of reinforced concrete arches.




Figure 3.8 Europa Bridge, near Innsbruck, Austria

'WAAGNER -BIRO

SAAMCHAST BRAL

1964 Six-span continuous girder bridge with orthotropic deck comprising a

steel plate stiffened by flat ribs.
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Proposal for a Long-Span Highway Bridge
1948, Paolo Soleri
Folded slab of reinforced concrete.
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