BUILDING MYTHS:
THE ‘EVOLUTION’ FROM WOOD TO IRON IN THE CONSTRUCTLOMN
OF BRIDGES AND NATIONS e
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The complete knowledge of a machine as an

object tells us nothing about it as a machine.

Michael Polanyi, Personal Bewledge (1958)
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Engineers and historians have constructed our
understandings of structural design out of ‘great
divides': practice versus theory, wood versus
iron, unsophisticated versus advanced, Europe
versus the United States. ‘Practice,” ‘wooden,’
‘unsophisticated,” and ‘American’ represented
one side of a mythical divide that helped propel
personal, institutional, and industrial competi-
tion in the nineteenth century. This became his-
torical explanation in the twentieth. With a
better understanding of the divides, architects
and engineers will have a sharper picture of the
forces that continue to drive design and the
justifications made for design decisions.

We need a bridge, not a divide, to under-
stand a history that includes the full gamut of
cultural and physical forces, including national-
ist fervor, creative genius, capitalist greed, a
yearning for professional prestige, and tension
and compression. Examining the effect of these
forces on bridge design will reveal much about
the origins of the frameworks that undergird our
world. It will also give us a better idea of what a
culture is and isn’t: what it means for a thing or
a person, or a group of things or a group of
people, to be labeled ‘theoretical,’ ‘iron," ‘sophis-
ticated,” and ‘European.’

Using a nineteenth-century structure, the
lattice bridge, as a touchstone, I will examine
three interlocking myths held dear by histori-
ans of building: evolutionary theory as explana-
tory device, the hierarchy of wood and iron,

and the influences of nations on the develop-
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Connecticut River Bridge. Springfield, Massachusetts. Charles Hilton (1874)

Cologne Bridge. Cologne. Germany Hermann Lohse (18565 -58)

UNNATURAL SELECTION
Construction has rarely been considered cultur-
ally significant, so most records of nineteenth
and twentieth century building have been tossed
into the garbage. Engineers’ histories typically
consist of anecdotes leavened by a belief in nat-
ural selection - a belief adopted by the profes-
sional historians who read their writings. Today,
to the extent that there is any prevailing theory
of development of civil engineering structures
such as bridges, it is evolutionary. The term ‘evo-
lution’ often surfaces in the titles and introduc-
tions that establish the theoretical foundations
of these histories.” While evolution appears
merely to create an orderly history out of disor-
derly reality, it is more than an ordering device.
It is like a great work of science (really, technol-
ogy) fiction, within which structures and build-
ing processes are causally connected from the
beginning to the end of time.

Engineers used evolutionary theory to
defend practices, hide uncertainties, and legit-
imize mistakes. For example, Theodore Cooper
(1839-1919), an engineer known as the author
of standard bridge specifications, and the

If an engineer builds a structure which breaks,
that is a mischief, but one of a limited and
isolated kind, and the accident itself forces him
to avoid a repetition of the blunder. But an
engineer who from deficiency of scientific knowl-
edge builds structures which don’t break

down, but which stand, and in which the material
is clumsily wasted, commits blunders of a

most insidious kind.

William Cawthorne Unwin, Professor of Hydraulic
and Mechanical Engineering, Royal Indian Civil

Engineering College (c. 1889)

designer of a bridge that collapsed catastrophi-
cally during construction, believed that:

The intelligent investigator does not decide upon the

merits of any developed system by the failures which

are necessary steps in its development. Without
variations and failures there would be no evolution
or survival of the fittest.”

Herbert Spencer's widely read philosophy
and his phrase ‘survival of the fittest,” so mean-
ingful to late nineteenth century industrialists,
seemed to allow engineers to justify the death of
train passengers in bridge collapses, if that’s
what it took for the ‘fittest’ bridge system to
‘evolve." A bridge type must be fit to survive, but
evolution-minded engineers rarely noted that
the meaning of ‘fit’ can vary enormously accord-
ing to context and whom you ask. It may depend
on the price of labor, the width of a river, or the
decision of a king.*

Historians of technology have produced a
body of work that supports nineteenth century
engineers' self image as agents of evolutionary
progress. Swiss engineering professor Jules
Gaudard began his 1892 text on bridge construc-

tion by stating, ‘Under the hand of man, things




seem to come to life, join with his aspirations,
and, like him, struggle for existence.” When
writing his 1979 dissertation on the ‘evolution of
truss bridge design,” George Danko stated, ‘The
early railroad systems were, in fact, experimen-
tal laboratories in which the simple truss was
allowed to develop. Different models were tried
and the most successful design survived.’
Engineer Henry Petroski recently claimed that
‘with the increasing production and application
of iron in the nineteenth century, trusses natu-
rally evolved into a plethora of types and styles
employing the new material.’ To building histo-
rians, Darwinism was a Siren, and they headed
toward the rocks.®

Natural history cannot explain the networks
of people, ideas, and artifacts behind an engi-
neering structure. The history of the lattice
bridge reveals a decidedly unnatural creation.’

An ‘improvement in the construction of
wood and iron bridges’ was registered with the
US. Patent Office in 1820 by Ithiel Town
(1784 -1844), an architect, bridge engineer, and
builder. His invention, consisting of frameworks

of diagonally intersecting planks, became a pro-

totype for the long-span truss systems developed
during the nineteenth century. Over waterways
and valleys, from Alabama to Bavaria to Russia,
builders erected what came to be known as
‘American bridges.” Compared to existing frame
systems, the lattice possessed a uniformity and
rectilinear clarity that made it one of the earliest
engineering pinups of the railway age.

The lattice bridge, designed for quantity pro-
duction, became the Model T of industrial struc-
tures. It inspired engineers to create the wood
and metal truss frameworks that became funda-
mental engineering structures. Theorists conse-
quently developed standard methods of analysis.?

Natura non facit saltum (‘nature makes no
jumps’} was a favorite Latin saw of Charles
Darwin.® Gradual bit-by-bit emergence is central
to his theory. Does it hold for building? Was the
lattice bridge just a small step? It appeared to be
a long jump to most observers. It meant a switch
from massive stone arch construction as well as
wood and iron translations. It challenged funda-
mental beliefs about building materials, redun-
dancy, durability, safety, appearance, and time.

It was apparently conceived by combining struc-
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tures, ideas, and processes that could be found in
a fence, a ship frame, or a garden trellis. Yet the
amalgamation was startlingly novel in both con-
ception and physical form.

When Darwin wrote, ‘almost every part of
every organic being is so beautifully related to
its complex conditions of life that it seems as
improbable that any part should have been sud-
denly produced perfect, as that a complex machine
should have been invented by man in a perfect
state,” he implied what many now believe about
technological objects — that they become perfected
through evolution.” Darwin’s analogy points to the
decidedly technological character of evolution,
whose mechanical processes of variation and
selection are often noted. Evolution proceeds
autonomously: nature’s slow-going assembly lines
deliver species.” In clarifying a natural process,
evolution made biology ‘mechanical’ and thereby
scientific. When the analogy was then re-applied
to its source — human activity - it made technolog-
ical development mystical: individual designers
had reasons for their actions, but as a group

they became agents of autonomous progress.
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Iron bridge, Coalbrookdale. England
Abraham Darby Ill, iron founder (1779)

Sigfried Giedion observed fifty years ago that
‘evolution is now used interchangeably with
progress,” and this is still true.” Bridges and
buildings are always becoming more sophisti-
cated; steel is superior to iron, which is superior
to wood. The social Darwinist conception of evo-
lution presupposes that the evolving object or
system is heading toward a goal of improve-
ment.” It reinforces popular belief in the
autonomy and inevitability of technological
development - a history in which things keep
getting better.

But there is no ideal building or bridge
design;
Designers must confront a technological (also

there are always many choices.
known as a cultural, physical, economic, politi-
cal) environment that they interpret and manip-
ulate to make an invention succeed. For an
architect, it is a matter, as Le Corbusier pointed

out, of first formulating the question.™
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Bridge near Canestota Station. New York, Charles Hilton (1864)

THE NATURELESSNESS OF MATERIALS
In order to explain bridge development, histori-
ans have classified bridges by appearance: by
types of forces (tension or compression); b
designer (hero-genius); by location; by size (the
bigger the better); by chronology (in which “firsts’
are all-important); and by material. The ideas
behind these classifications are rarely examined.
Size and scale are only two of many measures of
significance, and chronology may reveal little
about kinship. Grouping by material, a practice
taken from engineering textbooks, may result in
skewed conclusions: one finds pronouncements
such as, ‘the iron truss came soon after the iron
arch.” An examination of design conceptions
rather than material manufacture reveals that the
relationship between an iron arch bridge and an
iron truss bridge was not direct. Before chaining
systems together, one must understand the rea-
sons behind their emergence.

The fact that a bridge was 100 percent iron is

not necessarily significant for the history of

When we no longer look at an organic being
as a savage looks at a ship, as something
wholly beyond his comprehension; when we
regard every production of nature as one
which has had a long history; when we con-
template every complex structure and
instinct as the summing up of many con-
trivances, each useful to the possessor, in
the same way as any great mechanical
invention is the summing up of the labour,

, and even the

the experi
blunders of numerous workmen; when we

thus view each organic being, how far more
interesting — I sp
the study of natural history become!

, ther
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Charles Darwin, Origin of the Species (1859)

structures. In fact, the first ‘all-iron’ bridges
may be considered the least interesting, because
they were imitations of existing structures. The
so-called first (cast-)iron bridge, built in
Coalbrookdale, England, around 1779, was based
on stone construction, with details that dupli-
cated wood connection technology. Yet this
‘first' has been trumpeted as a remarkable
British achievement and major advance in
bridge building for two hundred years. While it
may have served as an inspiration, this was an
advance in some respects similar to the substitu-
tion of metal for wood in doorknob manufac-
ture. Coalbrookdale is a monument to the belief
that iron made civil engineering modern.'

But here is a shock: a critical selling point of
the lattice bridge was that no iron was used.
Although Town stated that the whole bridge
could be built in iron, he deliberately invented
and built bridges that included no iron. It was
made of uniform size parts: plank and wooden

pegs. Iron was considered a disadvantage rather
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The first crude stone missile begat the spear,
which begat the arrow and then the bolt,

the bullet, and so on to Star Wars. Human voli-
tion seems to have less to do with this develop-
ment than do the potentialities inherent in the
objects themselves.

Mihaly Csikszentmihalyi, Why We Need Things (1993}
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Lattice bridge, Europe (location unknown)
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than something positive — it was expensive,
difficult to manufacture, it failed without warn-
ing, and it rusted. An essential part of the
solution to early-nineteenth-century bridge
deficiencies and a key to the modernization of
bridge building lay in the development of a
structural system - in wood.

The lattice system, moreover, was greater
than the sum of its wooden parts: the sides of
the bridge could be built on land and subse-
quently moved into position. This prefabrication
saved time and money not just in the building
of one bridge, but in the construction and main-
tenance of thousands. The lattice bridge as an
epochal industrial structural design, however,
went unrecognized by historians. An important
reason for its dismissal was its material. In the
iron age, a ‘wooden bridge’ was a species low on
the evolutionary scale of engineering. It hardly
merited mention:

The construction of the first railroads greatly

affected the development of strength of materials by

presenting a series of new problems (especially in
bridge engineering) which had to be solved. The
materials used for building bridges were then stone
and cast iron.

So began a discussion of iron tubular bridges
by Stephen P. Timoshenko, professor of engi-
neering mechanics at Stanford University when
he wrote History of Strength of Materials (1953),
a standard reference on the subject. Yet thou-
sands of railroad bridges were built of wood.
Timoshenko represents wood as a material of
the past, the stuff of craft, provisional and cheap,
although he does note that early metal bridges
were ‘similar’ to existing wooden ones.'

The classifications ‘wooden’ and ‘iron’ in
this context require re-examination, because
many of the most well-known ‘wooden bridges’
of the eighteenth and nineteenth centuries
had tons, literally tons, of iron, in the form of
critical parts such as bolts, straps, and suspen-

sion rods. Iron played an integral role in

these bridges, just as wood was central to the
design of ‘all-iron’ bridges.

Builders seesawed between wood and iron.
Around mid-century, the New York and Erie
Railroad decided to replace its iron bridges with
wooden ones after the collapse of an iron bridge
patented by Nathaniel Rider; it seems that the
railroad owners' financial interest in wood had
something to do with it.” In a mirror-image
action, the Compagnie de 1'0uest in France
replaced its wooden arch bridges with cast-iron
arches, in order to secure them against sabotage.
(The oak and pine arch bridge at Asniéres [1836],
which carried three important rail lines to Paris,
required major reinforcing and was burned
during political upheaval of 1848.)* These were
local movements in which ‘evolution’ encoun-
tered politics and not infrequently stalled or
went into reverse. By 1854, wood had been
banned for railways in the German states,
although some engineers continued to use it,
and by 1863, both wood and cast iron had
been ‘removed from the field of investigation:
the former by negation, and the latter
by direct condemnation.” Inflammability and
maintenance issues were ‘obvious’ reasons to
reject wood, although only as obvious as local
conditions; one historian reports that wooden
railway bridges were common in the United
States until the 1890s.”

As wooden bridges were rejected by the rail-
ways, the importance of the type of knowledge
required to build with wood diminished.
Because wood fails with forewarning, the car-
penter could learn through observing and repair-
ing his own work. The engineer using iron did
not ordinarily have this opportunity, because
iron breaks with no or little warning and does
not lend itself to direct evaluation. He became
more dependent on the manufacturer and math-
ematical calculation for the security of the
bridge. The manufacturer became responsible

for creating a material which met a specific stan-
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Bridge. Asniéres, France, Karl Etzel (1836: destroyed 1848)

dard; this standard was established by testing,
which usually was done independently of the
bridge designer. This ‘liberation’ of engineers
from the material was an important factor in
allowing the mass-construction of bridges.”

The professionalization of engineering coin-
cided with the development of structural
wrought iron.” Engineers imbued iron with the
aura of progress and science, and it was upon
iron and the methods of analysis developed at
the time of iron’s introduction that engineers
maintained their status. The ‘evolutionary’ sub-
stitution of iron for wood in structures was
accompanied by the lowering of the status of the
carpenter — and the raising of the station of the
iron engineer, who possessed a different kind
of knowledge. As historian Joachim Radkau
explains, craftsmanship and feeling for materi-
als were still important, before iron and indus-
trial building and after, but with iron ‘human
skill was pushed to the edge of the technologists’
consciousness.'” Engineers knew, in any case,
that to maintain their professional status, they
needed to distinguish themselves from the fabri-
cators and contractors whose participation in
iron construction was essential.*

Iron is considered the classic material of the
‘industrial revolution,” although lumber was no
less an industrialized product, no less the stuff

of ‘revolution.” Many considered wood suitable

the other side of the ‘great divide:’ for less com-
plex, less civilized societies. As historian Carl
Condit asserted: ‘Wherever wood was plentiful
and industrial techniques less advanced than

in Western Europe, timber construction was
bound to be the natural choice." For him, wood
framing belonged to a ‘vernacular tradition’ - it
was unscientific, practical.” From the evolution-
ary viewpoint, the wood-wielding inventors,
builders, and engineers who developed our

industrial technologies were primitives.

THE NATURE OF NATIONS
Technology was — and is — regarded as a defining
element of national culture. Observers from
Europe therefore examined ‘American’ technol-
ogy at least as carefully as they examined
American citizens. Like the naturalists and geol-
ogists who studied North American plants, ani-
mals, and rocks, engineers and entrepreneurs
came to the United States to explore technology
that could be of use to them. That a sparse popu-
lation had built an enormous infrastructure
within a few decades made the ‘new World' an
obligatory object of study. The missionaries of
industry who stalked the latest inventions were
as much technologists as promoters, politicians,
proselytizers, and prophets.

The political and economic importance of
transportation networks meant that many tech-
nological tourists scrutinized Town’'s lattice

There is generally sufficient evidenceto ||
warrant the view that the evolution of !
building techniques, like other inventive

and creative activities, is an organic

process. When the historian surveys the

past, all that he really sees is an ever-

branching continuity extending through all

the aspects of culture. Technical invention

reveals the same characteristic. It pro-

duces a series of mutations rather than a

few original creations...The nature of

invention in the nineteenth century and

the requirements which motivated it were

such as to exhibit to a striking degree the

organic interrelations with technical

processes and between such processes

and utilitarian demands.

Historian Carl Condit, American Building Art:

Nineteenth Century (1960)

Rider’s Bridge. advertisement (patented 1845)

Busseau d'Ahun Viaduct, Creuse, France. Wilhelm Nordling

(1863-656)




bridge and presented it to an international audi-
ence in professional books and journals. By the
late 1830s, engineers had begun to build lattice
bridges in France, England, Russia, Austria-
Hungary, Prussia, Holland, and Ireland.*

As the United States and the states of
Western Europe transformed themselves into
industrial powers, the exchange of ideas allowed
a scale of technological development that would
not have occurred in one country alone. Building

technologies flourished within a reciprocal rela-

'have seen more beautiful, graceful, and

convenient ploughs in positive use here [in the
United States], than are probably to be found in
the whole of Europe united. In this single fact
may be traced the history of the character of the

people, and the germ of their future greatness.

James Fenimore Cooper, Notions of the Americans:

Picked Up by a Traveling Bachelor (1828)

tionship: exchange of information in these
fields was essential for their development, and
their development helped exchange to occur.
The networks of roads and bridges essential
for transportation, communications, defense,
and trade were central to the physical and con-
ceptual construction of nationhood. Despite — or
because of - the transnational character of tech-
nological development, nations erected national
identities along with their bridges.

Many historians who have examined build-
ing have transmitted nationalistic views with
little interference. They used the technology
transfer concept to characterize imperialistic
activity as well as exchange between technologi-
cal colleagues in America and Europe. ‘Transfer’ is
based on the idea of technological firsts that
acquire great significance within an evolutionary,
nationalistic scheme. As a condition for transfer,
the ‘first iron bridge’ existed in a particularly
inventive culture, and bears the mark of that cul-
ture's ‘character’ or ‘style’ Where the ‘first’
occurred, however, is often a matter of chance;
for example the ‘first iron bridge,” built in
England, was preceded by others, including one
over the Rhone in Lyon, a project that was aborted
after the erection of the first arch because of
cost.” When Condit wrote that ‘the practical iron
truss was initially a creation of American builders
rather than European,” he was trying to claim
iron as a first for the United States.”Iron bridges,
however, weren't commonly built there until a
few decades after such practice became common
in several European countries. The development
of the ‘iron truss’ was an endeavor that involved
many countries — where the so-called *first’ all-
iron truss bridge was constructed is just as unim-
portant for the overall history of structures as the
fact that it was ‘all-iron.’

The transfer concept reinforces the supposed
separateness of cultures, nations, and materials.
It works with the evolutionary scheme to support

claims of national superiority. Strengthened by




One of the greats of France said: the style is the
man. Isn’t it just as appropriate to say: the works
are the nation?

Engineer Berthault-Ducreux (1845)
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evolutionary theory, nationalism during the
nineteenth century was a tool for the dominance
and denigration of non-Western colonial popula-
tions.” Labels such as ‘French’ or ‘wooden’ were
used in ways similar to racial classifications - ide-
ology or politics were as important to labeling as
any particular physical make-up. When races
were considered by some to represent different
stages of evolution, ‘Anglo-Saxons’ claimed to
be at the high end of the evolutionary ladder
and they touted their iron and steel as the high-
est achievements of civilized man.” Ideas of
metal superiority and racial ideology became
mixed: industrialists shipped iron bridges and
buildings from Britain to India, the Bahamas and
other colonies. These were areas which other-
wise would have built with wood or other
local materials.®

Is there an alternative to nationalistic evolu-
tionary accounts of building history and the
resulting view of structural design as an
inevitable, heroic endeavor? One option is to
regard the development of building as a process
of exchange. Investigate the reasons why engi-
neers choose or reject ideas and objects. Look at

how ideas are interpreted and employed, and

why. As obvious as they may seem, these strate-
gies have often been ignored by structural design-
ers and historians caught in a competitive and
nationalistic environment.

Examining building as an exchange process
would place engineering more firmly within the
sphere from which it is often excluded - that is,
‘culture’ - because it would reconnect it to the
‘non-technical’ domains from which it sprang. It
might broaden designers’ options by encourag-
ing them to reconsider notions of progress and
categorization that serve to keep habits in place.

Mythical divides, intended to make reality
graspable, result in narratives that do not accu-
rately reflect design activity. Smashing the
divides will help demystify design as it defuses
nationalist explanation. A structure is a product
of culture. It is the result of an intercultural
exchange of things, techniques, and ideas. It is
not individuals, however, but the relations
between them that define design. If you want to
understand a culture, look at its bridges.

Peacock Bridge, near Reading. Pennsylvania. Moncure Rebinson
(1839-40)
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Lattice bridge, Philadelphia-Wilmington Railroad, South Carolina {c.1839}
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1 The term 'Great Divides is used by Bruno Latour, who cites Jack
Goody’s expression: ‘great dichotomy.” See Bruno Latour,
“Drawing Things Together,” in Representation in Scientific
Practice, ed. Michael Lynch and Steve Woolgar {Cambridge.
MIT Press, 1830}, 19-20.

2 The fact that the authors rarely explicitly state their theoretical
foundation makes their histories no less theoretically based
than those of authors who do. Some examples: Charles Davis
Jameson, "The Evolution of the Modern Railway Bridge.”
Popular Science Monthly 36 (Feb. 1830): 461-481; J.E.
Greiner, “The American Railroad Viaduct: its Origin and
Evolution,” Transactions of American Society of Civil Engineers
25(1891): 348-372; Charles C. Schneider, “The Evolution of
the Practice of American Bridge Building.” Transactions of
American Society of Civil Engineers 54 {1805): 213-234;
James K.Finch, "Wind Failures of Suspension Bridges or
Evolution and Decay of the Stiffening Truss.” £ngineering News

change and use of abandoned techniques.

8 A second lattice patent was issued in 1835. Re Ithiel Town and
the lattice bridge, see Gregory K. Dreicer, “The Long Span.
Intercultural Exchange in Building Technology: Development
and Industrialization of the Framed Beam in Western Europe
and the United States. 1820 -1870" {Ph.D. Dissertation,
Cornell University, 1893) and forthcoming book. See also
Richard Sanders Allen, Covered Bridges of the Northeast
{Lexington, Mass.: S. Greene Press, 1357 rev. ed. 1983), and
other books in this series.

9 ‘Itis..extremely difficult even to conjecture by what gradations
many structures have been perfected, more especially amongst
broken and failing groups...which have suffered much extinc-
tion: but we see so many strange gradations..that we cught to
be extremely cautious in saying that any...structure could not
have arrived at its present state by many graduated steps.
Charies Darwin, The Origin of the Species by Means of Natural

70. 73-789. For a recent chapter in the wood vs. metal story,
see Eric Schatzberg, Wings of Wood, Wings of Metal: Culture
and Technical Choice in American Airplane Materials,

1874~ 1945 (Princeton:Princeton U. Press, 19980.

21 C. Couche, “Travaux d'art des chemins de fer d'Allemagne”
Annales des mines 5/5{1854): 311-12; Robert Crawford,
“The Railway System of Germany,” Transactions of Institution
of Civi{ Engineers 22 {1862-63): 13.

22 J.G. James, "Overseas Railways and the Spread of Iron Bridges,
c. 1850-70." (Published by author, 1987). 27

23 Re wood construction, see Milton S. Graton, The Last of the
Covered Bridge Builders {Plymouth, NH: Clifford-Nichol, Inc.,
1978), 1-5.9. The different knowledge required for wood and
iron bridges. respectively, can be seen in an engineer's advice:
“Neither is it safe to entrust light iron bridges wholly to the care
of workmen not technically educated: the timber parts of
wooden ones maybe:” J.P. Snow, “Wooden Bridge Construction
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Record (27 March 1841}, Liewellyn Nathaniel Edwards, A
Record of History and Evolution of Early American Bridges
{Orono. Maine: University Press,1359); Carl Condit. “The Two
Centuries of Technical Evolution Underlying the Skyscraper,” in
The Second Century of the Skyscraper. ed. Lynn S Beedle (N.Y.
Van Nostrand Reinhold, 1988), 11-24.

J. G. James acted as a Linnaeus of bridges; he received infor-
mation from correspondents all over the world, just as Linnaeus
received seeds and plants. James gave three of his bridge arti-
cles explicitly evolutionary titles: “The Evolution of Wooden
Bridge Trusses to 1850." Journal of Institute of Wood Science
9{1882): 116-135. 168-193: "The Evolution of iron Bridge
Trusses to 1850." Transactions of the Newcomen Society 52
(1980-81):67-101: "Some Steps in the Evolution of Early lron
Arched Bridge Design.” Transactions of the Newcomen
Society 53 (1987-88). 153-87. James occasionally used evo-
lutionary phraseology. e.g.. he wrote of ‘trusses reach{ingl a
much higher state of perfection” {"Evolution of iron.” 84). He
was trying to classify and link together ali bridges in an evolu-
tionary manner, but he did not explain why he was doing what
he was doing.

Stewart Brand's idea of ‘vernacular’ architecture as evolution-
ary and 'visionary’ architecture as non-evolutionary would
seem to ignore the vision and failure behind vernacular archi-
tecture. It also seems to dismiss the 'vernacular’ experience
that is the foundation for 'vision.” Brand, after Darwin, substi-
tutes ‘vernacular’ for the role of nature and visionary” for man.
Brand, How Buildings Learn (NY.: Viking, 1994), 132-55; 188-
89; see also Cornell, 332-333 (citation in note 10).

Among general evolutionary theorists of technology, S.C.
Giffillan. in The Sociology of invention (Chicago: Follet, 1935;
reprint. Cambridge: MIT, 1970}, had a profoundly biclogical/
anthropological view of technology. His aversion to the unthink-
ing use of labels distinguishes his work. George Basalla in The
Evolution of Technology {Cambridge: Cambridge University
Press. 1988) begins his book. with its starkly philosophical title,
by stating: ‘This study is primarily historical, not an exercise in
the philosophy or sociology of technology’ (vii). A recent dis-
cussion of evolution as an explanation for technological devel-
opment can be found in Joel Mokyes, The Lever of Riches (NY.:
Oxford University Press, 1990).

3 Theodore Cooper, “American Railroad Bridges.” Transactions of
American Society of Civil Engineers {1889): 50.

4 Re Spencer, see Richard Hofstadter, Social Darwinism in
American Thought (1844, rev. ed. Boston: Beacon Press,

19565),31-50

5 For example, Maximillian Il in 1858 chose a Pauli bridge
because it was cheapest and its creator was Bavarian.
‘Konstruktion Eisenbahnbriicken und das von Pauli'sche
Bruckensystemn,” Verkersarchiv Nirnberg #6823. Thanks to
Helmut Hilz for this item.

6 "Sous la main de 'homme, les choses semblent s'animer, sas-
socier & ses aspirations et. cormme lui, lutter pour I'existence
Jules Gaudard, De févolution dans la construction des grands
ponts (Lausanne: ChViret-Genton, 1892}, George Michael
Danko. “The Evolution of the Simple Truss Bridge 1790 to
1850: From Empiricism to Scientific Construction” (Ph.D.
Dissertation. University of Pennsylvania. 1979), 72; Henry
Petroski. Engineers of Dreams (NY.: Vintage Books. 1985}, 36,
and Petroski, /nvention by Design (Cambridge: Harvard
University Press, 1896), 204-05.

7 See Chris de Bresson, "The Evolutionary Paradigm and the
Economics of Technological Change.” Journal of Economic
Issues 21 (1987): 7564-57. In addition to revival of the dead
and interbreeding. de Bresson points out that technological
evolutionists have trouble accounting for speed of innovative

Selection, or the Preservation of Favored Races in the Struggle for
Life, 6th ed. {London: John Murray. 1892 [1sted: 18581), 380.

10 Darwin, Origin, 31. Darwin did not thoroughly examine his own
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