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Influence and Intercultural Exchange: Engineers, Engineering Schools and
Engineering Works in the Nineteenth Century

Gregory K. Dreicer

Jorge Luis Borges made the observation that Kafka's work influenced all
the writers who preceded him. Borges wrote: "Each writer creates his
precursors. His work modifies our conception of the past, as it modifies
the future."1 The same is true of designers of objects deemed
"technological." When a new object is developed, our conception of
apparently related objects is transformed; this change permits us to
understand the make-up and origins of the new, to place it within a
context. We notice aspects of existing objects and contexts that we
never noticed before.

During my ongoing study of the development of the long-span framedbeam bridge, it became evident that the determinant innovations of civil
engineering took shape through intercultural exchange. A large number
of persons, including technologists, entrepreneurs, and statesmen,
exchanged "technological" and "non-technological" ideas and objects of
various types and of many perceived origins. The exchanging parties may
have been part of an officially recognized institution; or they may have
had indirect contact through publications and hearsay. In any case,
interaction between technologists who worked in many countries was
both deliberate and decisive. Most of the key civil engineers of the the
nineteenth century possessed an international outlook.2
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During the early decades of the nineteenth century, several of the
predominantly agricultural countries of Western Europe, as well as the
United States, began to transform themselves into industrial powers. The
exchange of information, spurred by cooperation and competition
between governments, public and private institutions, and individuals
working within various countries, allowed a scale of technological
development which could not have occurred in one country alone. Which
is to say: there was a lot of influence being exerted and felt. This type of
activity has been described as "idea-" or "stimulus diffusion" by
anthropologist A.L. Kroeber, who viewed it as a "process [that] combines
development within a culture with influence from outside." He noted that
such diffusion "will ordinarily leave a minimum of historical evidence": "the
specific items of cultural content, upon which historians ordinarily rely in
proving connection, are likely to be few or even wholly absent."3 In other
words, ideas are spread, but we often can't see them or their traces. If
we can't see them, can we understand the intercultural web of artifacts,
ideas, and methods that we call technology?

In order to begin to understand how a technological result was achieved, I
have been trying to detect relationships and understand their governing
biases.

In this article, I investigate the role of influence in the

development and selection of a particular system of construction: the
lattice bridge (figs. 1 and 2). I must emphasize that I make a distinction
between the official presentation and what occurred behind the façade.
This means that I highlight, rather than ignore, gaps in our knowledge.
The following is a brief discussion of technological influence.
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Under the Sign of the Engineer

I will begin with Wilhelm Nordling (Stuttgart, 1821-Paris, 1908), an
engineer who studied as an auditeur externe in the Ecole polytechnique
and Ecole des ponts et chaussées at the beginning of the 1840s. Was he
influential?

Nordling became a chief engineer on the Orléans Railroad and one of the
most eminent designers of lattice railroad viaducts in Europe during the
nineteenth century. He contributed to or was responsible for the design
of various structures, including the Grandfey Viaduct (1857-62), built
over the Sarine at Freiburg in Switzerland by the French firm Schneider
(fig. 3). Thanks to Nordling, who was in charge of the design and
construction of four viaducts on the Orléans Railroad, building contractor
Gustave Eiffel erected in 1868 and 1869 his first towers: the iron piers
that supported two of the viaducts. Nordling awarded the contract to
Eiffel, who later wrote of the importance of Nordling's pier design in his
subsequent projects.4 Nordling worked in France for at least thirty years.
He wrote articles that appeared in the Annales des ponts et chaussées on
the design of his bridges.5 He was appointed grand officier of the Legion
of Honor; a decree of Napoleon III made him a French citizen in 1870.
Although he participated in the construction of several French railway
lines, and reached the grade of ingénieur en chef, he did not promote
himself as Eiffel did. While Eiffel for the most part built the designs of
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other engineers, it seems that Nordling designed several of the most
well-known long-span frame structures of his time.6

The name Nordling has been virtually forgotten. Considering the relatively
unexamined state of the history of building technology, perhaps
historians' treatment of Nordling should not be considered surprising; yet
surprise is appropriate, because Nordling was involved in a series of largescale works, the kind historians traditionally have focussed on. While
Bernard Marrey's recent bridges-of-France anthology takes brief note of
Nordling's contribution, this is an exception. Eda Kranakis presents
Wilhelm Nordeling [sic] as an example of someone who left France
because of "[frustration] with a system that offered . . . no possibility for
advancement."

Nordling did in fact go to Austria-Hungary, where he

remained nine years, rising to the position of Austrian Railway Director;
due to political and technological differences, he resigned and and
returned to France, where he spent most of his life and was apparently
highly esteemed. Considering his rank, activities, and the honors
bestowed on him, it seems that Kranakis deemed Nordling "frustrated," in
order to fit him into a schema of national "engineering cultures," that is,
enclosed areas of influence. In fact, Nordling's career and work is a
strong indication of the tenuousness of the national character concept.
David P. Billington wants to substitute Eiffel, a "great artist" who towered
above the influences that surrounded him, for Nordling. He observes
correctly that "little if anything has been written on Nordling's . . .
designs," and presents this as proof that Nordling was not a significant
designer; Billington does not cite Nordling's numerous publications and
credits Eiffel with a tower design that Eiffel explicitly attributed to
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Nordling. Billington claims "that a work of structural art comes from the
mind of a single artist." Finally, Antoine Picon, writing of the "influence of
the Ecole des ponts et chaussées " cites Nordling as an example of a
"foreign" student who left France for a "brilliant career" abroad: per
Picon, Nordling was "the Wurtemburger who became director of the
Tisza-Pest Railroad." But this foreigner was also French -- and brilliantly
so.7

Nordling represents a hidden influence; that is, an engineer who worked
within a team, perhaps with limited political and economic power, perhaps
outside of the reigning institutions. He may move easily within several
countries and may be considered a foreigner in some or all of them -- and
thus be considered unworthy of attention by a historian with a
nationalistic mindset. The hidden influence may not promote himself, and
so it is likely that he has neither hagiographer nor fans to keep his name
alive. His contribution disappears without a trace.

Should we care about people such as Nordling? In terms of Great Works
and Great Men, both of which loom large in popular and scholarly histories
of engineering, we must. But we must also wonder: were the Great Men
more influential than the Little People? Most historians will hope not, as
identifying Little People is even more difficult than finding overlooked
Great Men. Yet it takes a constellation of technologists to design a bridge
and to design a construction method. The greatest influence may not
rest with the brightest star.
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A Bridge's Sway

The type of bridge Nordling built, the lattice, provides us with a
documentable case of influence. Prior to 1820, when engineer-architect
Ithiel Town (1784-1844) of New Haven, Connecticut, registered his
patent, such a bridge system did not exist. In brief, the original Town
patent described a bridge supported by rectangular frameworks that
contained multiple diagonally intersecting members (fig. 1). In other
words, a latticework was connected at the top and bottom by horizontal
beams. The wooden planks were pinned together at the intersections
with wooden pegs. Town's second patent (1835) retained the basic
design, while doubling the lattice in each framework (fig. 2).8

As a beam-like framed structure intended to bridge long spans, conceived
without vertical members and without the support of an arch, the bridge
was highly unusual, if not unique.9 It was a systematic, repetitive scheme
based on ease of construction and maintenance, intended for use where
skilled labor was scarce. Town's intention was not to design a single
bridge; he wanted to create a "general mode of constructing" which could
be carried out on a mass scale.10

In addition to demonstrating the power and potential of a lattice
structure, Town's bridge spread the idea that a horizontal beam made of
relatively small parts could bridge long spans. While the former concept
was of great import, the possibilites suggested by the latter were even
greater. Both were a stimulus to bridge builders at many points on the
globe. Descriptions and images of the lattice bridge were diffused to
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such an extent during the nineteenth century -- through books,
newspapers, journals, lithographs, and models, as well as the bridges
themselves -- that it would be impossible for a civil engineer not to have
been familiar with it.11

The lattice bridge, the springpoint for many bridges labelled "American" in
Europe for over fifty years, became a fundamental long-span structure in
modern construction.12 The system astonished engineers who saw it for
the first time. It was a light and rigid and could be rapidly constructed; it
was considered inexpensive and beautiful.

The lattice swayed many engineers. Those who would subsequently
conceive of framed beam bridges became familiar with the Town bridge
through publications and travel, and referred to it when explaining the
superiority of their conceptions. Stephen H. Long took extra care to
distinguish his system from the lattice, which was the patent against
which he and his contemporaries had to measure and distinguish
themselves, if they were to get patents of their own. William Howe, in
1840, took the bridge and put the lattice members into compression by
introducing vertical iron tension rods: a system that attracted much
attention in Europe. An article accompanying an illustration of Howe's
bridge (fig. 4) concluded: "The writer will add his conviction, that . . . the
peculiar truss above described, will be found superior in strength,
stiffness, and durability, to . . . Town's double lattice plan." Johann
Mohnié, in 1857, stated at the beginning of an article in which he
described his improved lattice bridge design, that he "had the opportunity
to be able to observe and investigate many iron Town lattice bridges."13
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The mid-nineteenth century theoreticians of framed structures would also
develop their theories and methods in response to the lattice bridge and
framed structures subsequently designed. Herman Haupt, West Point
graduate and railroad engineer and manager who distinguished himself in
the Civil War, studied lattice bridges before patenting his own lattice
bridge and publishing his book on bridge analysis. Karl Culmann, a
professor and eventually head of the Bauschule at the polytechnical
school of Zurich, gained reknown as the developer of graphic statics; his
first major publication in 1851-52 analyzed bridge building in the United
States and England. Culmann emphasized his belief that the lattice bridge
was a theoretical and practical failure. D.J. Jourawski in Russia, Franz
Maschek in Prague, and William Thomas Doyne and William Bindon Blood in
England would also employ the lattice as an object in the development of
their methods of analysis.14

The lines of influence led to wherever bridges were being built in great
number. But how had Ithiel Town come up with his idea? We will never
know exactly, because the patent system is a guarantee that the inventor
will try to hide his influences. Town had access to libraries containing a
very large number of books on construction; that is, he had access to
many of the same publications as builders in Europe and he was
undoubtedly familiar with internationally-known structures such as Hans
Ulrich Grubenmann's Schaffhausen Bridge over the Rhine in Switzerland
(1757) and Philibert de l'Orme's structural system (conceived c. 1561).15
Was Town subject to "European" influence? And did all civil engineers
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who worked in Europe and knew of the Town bridge bear the "American"
brand on their work?

Town was a United States citizen. He worked in the United States. His
bridges were known (outside of America) as "American." But neither the
ideas nor the structures that influenced Town, nor the influences tht
emanated from the ideas and structures that Town developed and built,
can be shoved into national ghettos. A perceived national origin may give
force to influence, but the contents of that influence are not bound to a
single point of origin.

Influence in Print

Engineering books and journals are the bearers of influence. Their words
and images operate on the impressionable minds of young engineers.
How do they influence? Does a book have one particular influence, or
several contradictory ones?

Textbooks published in France were used in engineering instruction in the
United States; for example, professor of civil engineering Joseph-Mathieu
Sganzin's (1750-1837) text, long a part of instruction at the Ecole

polytechnique as well as the Ecole des ponts et chaussées, was translated
into English and used at West Point.16 Concerning bridges, Sganzin
explained:
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[Wooden frame bridges] are grouped into two principal
classes.

In the first, the paving stones are supported by a deck
erected on horizontal beams; these are held up at their ends
by points of support which rest on the ground.

The second is a frame system in which the points of support
are placed at the bottom of the arc of a circle [i.e. an arch] .
..

The first is applicable only for small spans.

The second is for larger spans.17

I cite this explanation, which appeared in the French editions of 1809 and
1821, because in 1820, Town filed the lattice patent. Town's bridge was
a horizontal beam -- that is, class number one -- but it was a long span
structure. Sganzin did not know that his text was no longer valid. This
was becoming apparent when the translation of Sganzin's text appeared
in the United States in 1827.

In 1834, engineer Guillaume Tell Poussin (1794-1876) published one of
the earliest descriptions of the Town bridge to appear in Europe; this
description was reproduced in the revised edition of the civil engineering
text of Sganzin in 1839.18 It also appeared with Poussin's detailed
illustrations in the brand-new Annales des ponts et chaussées.19 By
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1838, French state engineer Joseph Hyacinthe Garella (1807-1866),
grandson, son, and brother of state engineers, built the first of two
provisional Town bridges, over the Rhone in Lyon. Garella would later
complain to his superiors that he did not receive the technological
information from beyond France's borders quickly enough.20 During the
same period at West Point, American engineer Dennis H. Mahan published
his engineering text. Between 1826 and 1830, Mahan had toured Europe
and studied at the military school at Metz; he was apparently "under the
influence," because his textbook as late as 1839 made only a passing,
vague reference to U.S. bridges, while it lauded French theoreticianengineer Navier.21 One could imagine that West Point cadets read
"French" texts while crossing lattice bridges which should not have
existed, whereas in France, students and engineers began to study and
build "American" bridges.

I have to admit, however, that I am recounting this tale of engineering
textbooks without the conviction that their influence on the students
resulted in the conception of bridge structures. I want to look beyond
the text into the context, and into the context's context -- that is, I want
to know how the book, the school, and the nation functioned together to
influence thousands of students.

Schools of Influence

Historians concentrate on what some believe to be an irrefutable
influence: engineering schools. They consider these academies veritable
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molders of character. But the effect of education is not easy to gauge.
It is necessary to examine the institutions on many levels: textbooks;
courses; hierarchies; esprit de corps; mythology; and the relationship
between the school, the state, and the society. At each level there are
influences. And there are interactions between all levels.

We are told that many influential nineteenth-century engineers were
trained in France. The texts and instruction of the engineering
institutions must have been decisive for bridge design. For example,
Bavarian engineer-theoretician Karl Culmann, studied at Wissembourg and
Metz; and the American William Le Baron Jenny, so-called father of the
skyscraper, studied at the Ecole Centrale in Paris.22 French engineering
institutions would seem to have been very influential. In France, however,
it appears that few if any of the key designing, building, and
entrepreneurial engineers were part of the Ponts et chaussées hierarchy,
the bureaucratic bastion where even the marriages of the engineers had
to be approved. They were outsiders. The "outsiders" included Nordling,
the Seguin family, and Eugène Flachat, one of the key nineteenth-century
engineers in France, whose "professional school" consisted of "frequently
visiting English engineers." In this group, the industrialist engineers must
also be included: for example, Ernest Gouin, Jean-François Cail, Pierre
Schaken, Eugène Schneider.23

What has been described as a "gulf" and a "barrier" separated the state
engineers whose "functions . . . were almost totally lacking in scientific
and engineering content" from the designing engineers who created the
civil engineering industries based in France.24 While many studied in one
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or several engineering schools in France, they also carefully studied the
practices and models of other countries. This was true of administrators
and theorists inside and designers -- and industrialists outside -- the state
apparatus. In the case of the lattice and other framed beam bridges, this
meant scrutinizing "American" practices and models, where the railway
network was built with what was considered to be great rapidity and
economy. In other words, Town could easily be said to have founded his
own "school." He had many students. As did Flachat. Both are at least
as worthy of study as the most venerable of the technical institutions.

What does the study of these institutions tell us about their influence on
technological conception and method? At the Ecole Centrale, for
example, students selected one of four specialties in addition to general
courses: chemistry, metallurgy, mechanical or civil engineering. Yet the
choice of subject area did not always determine the direction of each
graduate's work. Eiffel is a well-known case: he studied chemistry. As
historian John Weiss has shown, social and economic factors were as
influential as the contents of the courses at the Ecole Centrale.25 While
the prominence of its alumni in industry can be traced to the the social
value of its diploma, this diploma cannot account for technolgical
development, because engineers studied within and without educational
institutions -- and within and without the country where they happened to
be born. The influence of engineering institutions on technological design
is therefore something to be considered only with extreme caution. As
Weiss explained at the beginning of his study of the Ecole Centrale:
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Graduates of Centrale, of course, went on to achieve great
things. But would they not have achieved just as much if
they had been trained in some other school? As will be
noted, engineers trained in "lesser" schools or merely by
apprenticeship made outstanding contributions to French
industrialization, a pattern that only the most recent
scholarship has begun to elucidate.26

Whether the name of a particular engineer is known today may have a lot
to do with his or her (perceived) nationality, and how close he or she was
with the official institutions which still today exert great political
influence.

Textbooks and schools cannot be automatically considered decisive in the
conception of engineering systems. Their influence must be carefully
investigated. University courses, like the displays of the universal
exhibitions, reflected the status quo of engineering knowledge, something
already known by active, creative engineers. Much or some of what was
taught may have been ignored or quickly forgotten. Each engineer may
actually have studied in many "schools." It is not immediately apparent
which had the greatest effect.

The National Zodiac

Can one then speak of a French or an American or a German influence?
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Engineers such as Nordling, who designed new bridges, redesigned
existing ones, or were responsible for choosing bridges for construction in
France, selected types that did not necessarily issue from the theoreticalhierarchic system of France. In the United States, the wooden lattice
bridge was rejected by most railway engineers by 1850, just when this
type was adopted, in iron, in Europe, as a preferred system for long
spans. Thousands were constructed.27 In the United States, on the other
hand, alternative types were designed. These were systems that could be
easily analyzed -- which was not the case with the statically indeterminate
lattice bridge. In these alterntive systems, members worked either in
tension or compression, but not both. The type which apparently enjoyed
the greatest popularity in the U.S. during the 1850's was the Fink bridge.
Albert Fink was an American engineer, that is, born and trained in
Darmstadt; his system resembled that of French engineer Polonceau.28
The Fink bridge was therefore extremely "American," that is, conceived
by a German, possibly after a French model that may have been
conceived as a result of an American influence.

In France, systems were used which were not developed with a
"sophisticated" knowledge of mathematics; thus one has to ask about the
influence of "theory" in the conception and decision-making processes -and wonder at length about the influences which operate on historians
who claim that mathematics and science were paramount. One must be
especially careful, since "the evidence suggests that claims that the
technical quality and duration of formal schooling constitute the principal
determinants of job performance spring not so much from
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methodologically convincing tests of such propositions as from the needs
of educators to justify their activities."29

It is not at all obvious that the graduates of the grandes écoles who
conceived technological systems depended more on "theory" than the
non-institutionalized "practical" engineers. Nor is it obvious that their
designs and choices will be imbued with a "theoretical" character. Nor are
the most "sophisticated" designs dependent on mathematical theory.
While knowledge of engineering theory may have been important for
career advancement, there is no proof that this knowledge was required
for engineering creativity, that is, for the design of bridges and their
construction processes.30 The case of the suspension-bridge deck
designs of the "empirical" industrialist Seguin, with his light deck, and the
theoretician Navier, with his heavy deck, is a good example. So is the
design of Robert Maillart's reinforced concrete structures.31

Although some historians and sociologists support a worldview of
"theory" and "practice" contained within national borders and
perpetuated by national educational institutions, what we know of
technological design practices does not seem to confirm this view.
Engineers in both the United States and France, for example, have made
statements in which they placed theory at the highest level. The
similarity between the statements of Navier and Eiffel is pointed out by
Kranakis: Eiffel is said to have "assimilated the approach of the corps
engineers."32 This "corps approach," however, was as "American" as it
was "French"; look, for example, at the statements of Town and
prominent U.S. bridge engineer Theodore Cooper (1839-1919). Town,
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like theorist Culmann, advocated a theoretically precise strucure: Town
stated that each plank should bear "either a tension or pulling strain, or a
thrust or pushing strain." Cooper, in an enumeration of the "essential
characteristics" of "the typical American railroad bridge," gave as
characteristic number one: "So formed as to reduce all ambiguity of
strains [i.e. stresses] to a minimum." Theoretical clarity and precision -which mean different things to different engineers -- are not the property
of one nation or institution. Nor are the influences that result in an
engineer's paying tribute to "theory." Similar influences probably spurred
Town and Eiffel to make their statements -- and these influences were not
based in any single nation or culture.33

Technologists' pronouncements may tell us nothing about how they
designed: the influence of rhetoric on design (and vice-versa) is a
question that demands attention. But the lack of study in this area
presents a problem for historians who attempt to identify the key
designing engineers, show how they worked, and then explain how an
educational system influenced them. The influence of education on
students is, nevertheless, a crucial question, because, for example, as
historian Theodore Zeldin has written, "in the history of France . . .
education became almost a substitute for religion." (Yet, as Zeldin, points
out, this religion could reward memory and stifle creativity.) Moreover,
education served as "one of the greatest stimulants of national
uniformity": it was an attempt to create "Frenchness" within a nation that
was anything but culturally unified.34 It is necessary therefore to examine
the totality of the results of this national/technological construction
process. Did individual designing civil engineers in each country really
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operate differently?

Did differences remain uniform and constant? Or might the situation be
closer to what historian Peter Lundgreen described, when he observed
that his "analysis of the German system of organizing science and
technology [in technical schools] implies the need for some modification
of the notion that it has always possessed certain fundamental
characteristics. [. . .] A similar point could be made about France."35

If one wants to speak in terms of national influence, one must
immediately admit that, as often as not, the "American" influence is not
very strong in the United States, and that the "French" influence was not
very successful in France. Because, despite the heavy, professionally
conservative theory-drenched administration, French citizens used an
"American" system for long-spans. And practical Americans presented
themselves as theoretical fundamentalists.

While there may be an educational and professional "well-known major
divide between Continental Europe and England or the U.S.A.," this
"divide" may tell us little, perhaps nothing, when we want to know about
the way technologists thought when they designed or invented, and
about their influences -- whether "national" or otherwise.36

Adjectives such as French and American belong to the same category as
terms such as first, logical, practical, theoretical and (the most)

economical. Which is to say, at best, they have meaning within a limited
context: a short period of time, a circumscribed locality, or a single
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engineer. Their explanatory power diminishes as their scope is broadened.
Of course, we can interpret the work of an engineer who worked within a
constellation of "American" engineers so that it is "practical." Likewise,
we can interpret the behavior of a person born on January 17th as serious
and reflective, that is, as typically "Capricornian."

The Influence of Influence

There is no question that specific systems were employed during specific
periods by specific engineers whose influences stemmed from many
places, periods, and technologies. Their choices -- and the published
justifications of these choices -- have caused some historians to detect a
strong national scent. But the evocation of "national character" cannot
explain technology; on the contrary, technology helps us understand what
a nation or a culture is.37

Once an engineer is defined as "French," his influences are seen to be
"French" -- even his bridges are "French." Likewise, an object invented
within the North American continent is imbued with "Americanness." How
does this explain the popularity of the redesigned lattice bridge in
Europe? How does this explain Eiffel's typically "American"
entrepreneurial career? Or the fact that a technologist born in one nation
had a major role in others?

It is difficult to separate the influences claimed or denied during a
particular period, and the accounts of historians who subsequently echoed
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uncritically the period's debates and commentaries. It is tough to avoid
clichés and stereotypes, to disentangle rhetoric from actions and objects.
The histories produced by the institutions and technologists whose power
and prestige depended or depends on their influence weighs heavily on
our understanding of the history of technology.

When collaboration became competition, engineers often spoke of small
differences as if they were enormous, in order to deny their relationships
and influences. (They did this even though the differences within each
nation may have been as great as the differences between nations.) The
danger is that the historian will be duped by exaggerated claims of
influence, that she or he will see puny ephemeral "national" differences
instead of a supranational development where the influences are so dense
they can't be sorted out.

It's necessary to note that one is "influenced" by what one already has in
one's mind, and by the things that one desires; there is a preparation
before one seeks and chooses. In this sense, during much of the
nineteenth century, the United States served as an overwhelming
"influence" on technologists working in Europe and elsewhere. As soon as
attitudes toward the United States changed, however, the "American
influence" evaporated; one finds that it never even existed . . .38 And the
historical context shifts accordingly.

In any case, the claim that an influence has been at work must be backed
by a belief that two distinct entities really exist -- not just two elements
with different names. If not, in the end, it's only a question of auto-
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influence. Nations such as France and the United States were anything
but cultural monoliths during the period examined here. Yet historians,
profoundly influenced by a convenient notion of national difference as a
basis for examining influence, have avoided this fundamental issue.

Technological objects are developed through a process -- intercultural
exchange -- that is often hidden from the eyes of the observer. Most of
the engineers of the nineteenth- and twentieth-century engineers who
designed and built structures and founded civil engineering industries
have yet to be studied; we know a few of their names and a little about
their influences. Even if one is able to distinguish between engineering
activities on the basis of geographical or national borders -- those lines on
maps seem to some historians so impermeable and reassuring! -influences are difficult to detect. The search can become kafkaesque.
I
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