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EDITORS 

R E A D I N G S T R U C T U R E S 
This issue ot Perspecta grew out ol a search lor connections 

between the architecture studio and the structures classroom 

As students at the Yale School ol Architecture in the mid-1990s. 

my co-editor and I encountered iwo discussions ol structural 

engineering, both taking place in the Art and Architecture 

Building, which had little 10 do with one another, in studios 

were images and romance, and in classrooms were numbers 

and toil Reading Structures was borne out ot the apparent 

impossibility of linking these two discussions It later developed 

into a body ol evidence suggesting that architects can 

acquire technical knowledge without being consumed by it 

and that structural objects are as worthy ot analysis as any text 

In my experience, structural systems were referred to but not 

analyzed in studio discourse The tendency to encourage 

students to look first for inspiration from broader culture before 

making architecture fostered a dreamy trealment of structute in 

school proiects Pinning up pretty xeroxes of dirigibles had 

become an acceptable way to understand structural shells 

I came to see that the passion lor ideas that makes studio so 

valuable can also blind - il is easy to overlook the merits ol 

examining structural systems and behavior as design elements 

when so many non-quantitative, sexy theories beckon But il the 

images in the xeroxes are researched and the design and 

construction behind them are understood, then ihe seduction 

may be overcome: structural concepts can enter into design 

When structure is admitted into the realm of ideas, one finds 

thai there is something meaningful about gravity and wind, 

something poetic about post tensioning and bending stresses 

When these discoveries are followed up wiih a thorough 

understanding of precisely how structure works, then an image 

of a building that is bending, straining, and alive comes into 

focus in exquisite detail 

It is instructive to speculale on why il is necessary today to make 

an argument for ihe consideration ol structure in the design 

studio. It may be that in the rush toward other fields to find 

inspirational concepts, the physical behavior of structure is the 

first part ol architecture to be left behind The randomness wi ih 

which architects borrow ideas is telling deconstruction. 

chaos theory, structuralism, virtual reality That such diverse 

approaches have been used so inierchangably suggests that 

they are only temporary vehicles for design with few intrinsic 

links to the architecture that appears to develop from them 

It is difficult to predict the final success ol a building based on 

which acquired theory is said to have generated it or how clearly 

the theory is understood if the architecture itself is strong, 

then the architect s shallow reading or misinterpretation ol 

an appropriated idea is often lorgiven But an unformed or 

un-mtegrated idea based in structural design draws criticism, 

because the flaws in reasoning are visible in the drawings, 

models, and, eventually, the building Structure can indeed 

be limiting, but to turn away from il is to miss opportunities 

When carefully considered In Ihe context of archiloclural 

design, structure can be manipulated, expressed, or hidden 

with fluency, il can contribute to conceptual thought 

In the spirit of engagement between disciplines, this Reading 

Structures issue of Perspecta examines structure that has been 

processed by architecture To varying degrees, the articles 

that follow share an object-oriented approach buildings and 

structures are scrutinized as artifacts and read carefully An 

important caveat to this exercise is that structures must not be 

considered as isolated products ol human ingenuity but rather, 

as heterogeneous products ol their cultural context, embedded 

In the history of architecture and the built environment and. 

in turn, intimate y connected lo the surrounding economy, legal 

system, and political climate 

As editor. I learned that the analysis and design ol structure 

can be the subject of heated debate as well as measured 

conversation We include a written response to each article to 

show that there is much to discuss about structure once the 

topic is broached, and that the engineer's world is not to be taken 

for granted My hope is that readers of this issue ol Perspecta 

will gam a sense thai the decisions behind structures are not 

only i ipe for reexamination bui also well worth arguing about. 

Carolyn Ann Foug 





Most important [to the integrity of architecture), probably, is structure. Not only the way in which a building is put together, or the 
simplicity of its structural idea, but how this is expressed without striving to make the bones be the whole answer. Structure that 
has been hidden, twisted, or polluted as an idea, will seldom produce good architecture. Pietro Belluschi 

Structural honesty seems to me one of the bugaboos that we should free ourselves from very quickly. The Greeks with their 
marble columns imitating wood, and covering up the wood roofs inside! The Gothic designers with their wooden roofs above to 
protect their delicate vaulting. And Michelangelo, the greatest architect in history, with his Mannerist column! Philip Johnson 

To us clarity means the definite expression of the purpose of a building and a sincere expression of its structure. One can regard 
this sincerity as a sort of moral duty, but I feel that for the designer it is above all a trial of strength that sets the seal of success on 
his achievement, and the sense of achievement is a very basic instinct. Marcel Breuer 

The principle of structure has moved in a curious way over this century from being 'structural honesty' to 'expression of structure 
and finally to 'structural expressionism.' Structural integrity is a potent and lasting principle and I would never want to get 
far away from it. To express structure, however, is not an end in itself. It is only when structure can contribute to the total and 
to the other principles that it is important. E K I O Saai men. Eero Saannen on His Work 

I am embarrassed when architects talk about beauty, like happiness it is only a by-product. A building should be handsome, 
elegant, strong, lean - beauty is too vague an attribute. A building comes from the inside out and has to be gutty, though if it 
becomes too gutty it becomes forced. To turn a building inside out to show its entrails is a short-lived fashion. Mechanical 
systems aren't that basic. Structure is the thing. Harry Weese 

One becomes conscious that there are many ways to organize a building; that structure is not an end, nor a beginning, but a 
means to an end - and that end is to create space that is an appropriate psychological environment. Perhaps the greatest chapel 
of this century, Ronchamp, has a most impure structure - sprayed concrete covers everything. It does not resort to the crutches 
of geometry and pattern-making, but creates breathing, dynamic spaces appropriate to human use. Paul Rudolph 

Only through structure can we create new architecture. In nature, form and structure are one. and this should also be true in 
architecture. Nature is simple, but unfortunately it does not simplify. It is up to us to search for this simplicity, to express logic and 
clarity, and to understand structure. Form is structure, no matter what other names are given to it, and therefore structure is 
architecture. Craig Ellwood 

We had a period...where we felt that if a structure was sound it must be beautiful. This is a fallacy. Structure is the nature 
of the universe, and as such lacks the human quality which we are trying to build into the universe. Architecture is not structure 
per se, but is based on structural elements and goes beyond any structural achievements. A structural achievement is a poor 
reproduction or copy of more sophisticated structural systems which nature offers in the micro and macro cosmos. Paulo Solen 

Our time has made us aware that forces and strains flow in patterns which have little relationship to the rectilinear concepts of 
the Victorian engineers. We have become aware of the almost alive quality which our structures achieve, and we seek the forms 
which give the most life to our structures. Bertrand Goldberg 

I haven't been called upon to experiment too much with structure and it wasn't my tendency. The elements of most buildings are 
small and the simplest way to accomplish the structure is by a flat slab, free of beams, with columns placed on practical centers. 
Structural tricks are expensive and do not prove too much. Edward Durrell Stone 

The profession of architecture, as practiced today, is a slave function, exercising good taste in purchasing and assembling 
industrially-available components, a superficial veil to cover the steel or concrete frames which are completely conventionalized 
and organized by the engineers. Buckminster Fuller 

TIIGSH quotes, exrop l the S.iannen wore taken I m m Paul Meyer's 1 9 6 6 book Archilecis on Archilficliire 
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Thomas H. Beeby 

T O W A R D A T E C H N O L O G I C A L A R C H I T E C T U R E ? 
C A S E S T U D Y OF T H E I L L I N O I S I N S T I T U T E OF T E C H N O L O G Y C O M M O N S B U I L D I N G 

The- campus at the I l l inois Inst i tute o f Technology 

in C h i c a g o is o n e o f the f e w ex is t ing c o m p l e x e s in 

th is c o u n t r y that d e m o n s t r a t e s h o w the dictates 

o f H i g h M o d e r n i s m w e r e e x e c u t e d by a m a j o r 

a rch i tec t . Mies van d e r R o h e began the p l a n n i n g 

for the n e w c a m p u s i m m e d i a t e l y u p o n his a r r iva l 

in C h i c a g o in 1939. T h i s c o m m i s s i o n r e p r e s e n t s 

h is first large sca le a t tempt to app ly his E u r o p e a n 

des ign e x p e r i e n c e to a n A m e r i c a n b u i l d i n g Situa­

tion. A s the D i rec to r o f the S c h o o l o f A r c h i t e c t u r e 

at I I T he d r e w upon the c u r r i c u l u m o f the schoo l 

a n d its s tudent body to e x p l o r e the c o n v e n t i o n s 

a n d possib i l i t ies ol a r c h i t e c t u r e at that m o m e n t . 

G r o p i u s . i h e I b u n d e r o f the B a u h a u s . urged the 

a r c h i t e c t u r a l p r o f e s s i o n to a b a n d o n the ant i ­

qua ted not ions s u r r o u n d i n g the idea o f the a r c h i ­

tect as the lonely c rea t ive g e n i u s iso la ted in h is 

s tud io a n d t u r n to g r o u p d e c i s i o n - m a k i n g prac­

t ices. Mies in a c h a r a c t e r i s t i c m a n n e r s p o k e the 

least a n d ins is ted o n the s i g n i f i c a n c e o f a r c h i t e c ­

tu re as a cu l tu ra l a n d sp i r i tua l force in a w o r l d 

that had a p p a r e n t l y lost its b e a r i n g / 

T h e th ree ta lks t a k e n together c o u l d be 

i n t e r p r e t e d as the a d v a n c e d i n t e l l e c t u a l t h r u s t o f 

E u r o p e a n M o d e r n i s m about to be r e l e a s e d o n 

the a r c h i t e c t u r a l p r o f e s s i o n in A m e r i c a . F o r that 

In 1950 . the i n c l u s i o n o f the Inst i tu te o f 

D e s i g n , the s c h o o l o f M o h o l y - N a g y . into the 

body o f I I T as a n i n d e p e n d e n t des ign s c h o o l 

posed the q u e s t i o n o f the fate o f the B a u h a u s 

legacy i n C h i c a g o . At a d i n n e r he ld that y e a r in 

i h e B l a c k s l o n e Hote l to ce lebra te th is u n i o n , 

th ree s p e a k e r s rose to deal w i t h the potent ia l o f 

the m o m e n t . Serge C h e r m e y e f f . the s u c c e s s o r to 

Moho ly . s p o k e at l e n g t h about the poss ib i l i ty o f 

the i n d u s t r i a l s t r e n g t h o f C h i c a g o b e i n g d i r e c t e d 

t o w a r d the d e v e l o p m e n t o f a t ru ly t e c h n o l o g i c a l 

a r c h i t e c t u r e m a d e o f p r e f a b r i c a t e d a s s e m b l i e s 

that w o u l d c h a n g e the n a t u r e o f bu i ld ing . W a l t e r 

r e a s o n the b u i l d i n g s b e i n g e r e c t e d t w e n t y b l o c k s 

sout h o f th is e v e n t at the I I T c a m p u s c a n be eva l ­

u a t e d in t e r m s o f the c r i t i ca l pos i t ions put for th 

tha t day. for they not o n l y r e p r e s e n t the i n t e n ­

t ion o f the a r c h i t e c t but ref lect the s i g n i f i c a n t 

c r i t i ca l forces f r o m E u r o p e that s u r r o u n d e d the 

c r e a t i o n o f th is w o r k . 

T h e d i s c u r s i v e w r i t i n g that mos t d i rec t ly 

re la tes to the w o r k o f M ies v a n d e r R o h e at th is 

pe r iod o f h is c a r e e r is the m o n o g r a p h by L u d w i g 

H i l b e r s e i m e r . a n o t h e r f o r m e r Mas te r at the 

B a u h a u s . w h o prov ides a n apo log ia for Mies a n d 

h is a r c h i t e c t u r e . J T h e book , Mies van der Rohe, 
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appears in 1956 just prior to the completion of 

Crown Hall, the culmination of Mies's work at 

I IT. However, to understand Crown Hall the 

work completed earlier at the campus must be 

understood, particularly those buildings th.it 

immediately preceded Crown Hall's design. 

I have chosen to focus on one building, the 

Commons Building, with the intention of exam­

ining its detailed physical properties closely 

enough to ascertain the success of the building 

in terms of its original design intent as outlined 

by Gropius. Chermeyelf. and Mies. The research 

on the building was done at the Yale School of 

Architecture by graduate students in the context 

of an elective course that I have offered for the 

past twelve years entitled 'Architecture As 

Building.' The course analyzes the major build­

ings of this century through detailed dissection 

of their methods of construction. Graphic dis­

play of the major systems of the buildings allows 

for a reconstruction of the design process and in 

doing so recaptures the thought patterns that 

formed the design priorities. Emphasis is on the 

relation of systems of structure and enclosure 

with their related assemblies. The possible loss 

of the Commons Building at the Illinois Institute 

and Physics Building (1957). This particular 

approach offers a high degree of standardiza­

tion. Eventually, he used it on multistory build­

ings where the problem of structural expression 

with fireprooling was critical. 

The second approach, pursued by Mies and 

described by Hilberseimer. is seen in the studies 

for the unrealized Library and Administration 

Building (1944-46) that combine a one story 

oblong bay arrangement with a hybrid system of 

enclosure (Figure 2). This enclosure expresses 

the long span situation with an infill of brick ami 

glass on the north and south sides while differ­

entiating these from the short span by placing a 

skin in front of the structure on the east and 

west facades. The Library Project was proclaimed 

by Hilberseimer as Mies's finest project t hus far. 

However, the scheme introduced problems of 

spatial directionality that disrupted the neutral 

presence of the frame. This characteristic was 

first mentioned by Colin Rowe. In any case. Mies 

never approached this exact typological possibil­

ity again.7 Another aspect of this approach that 

was troublesome from Chermeyelf s point of 

view was that it conceptually moved away from 

a prefabricated repetitive skin. 

i t 
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i irr Chemical 6ngirmariri<j and Metallurgy Building 

of Technology prompted me to embark on this 

paper before the built artifact is altered dramati­

cally or eradicated completely.' 

Hilberseimer traces the evolution of the 

campus buildings from structures based on 

square bays, to structures based on oblong bays, 

and finally, to structures which are entirely free 

from any interior supporting elements, where 

roofs are carried by trusses, which in turn are 

supported by outside columns. He also notes 

that the skeleton frame discards walls as support 

elements whereby the enclosure system is free 

to be placed between the columns, behind the 

A variation of this typology appears in unre­

alized projects for the Student Union (1946) and 

Architecture School (1952). It was finally realized 

in the Commons Building (1959) (Figure 3). 

After the Commons. Mies never returned to this 

particular typology in any of his later realized 

work. The singularity of this is worth analyzing 

in order to understand Mies's complete body of 

work constructed in this country. As a direct 

result of this experiment, he abandoned the 

strategy of all his earlier studies for the 

Architecture School and formulated his third 

and final typology for I IT . Crown Hall (1956). 
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2 IIT Library and Administration Building 

columns, or in front of them.' Mies experiment s 

with these structural and enclosure typologies 

from 1939 until 1956. The critical assumption 

has always been that the evolution of building 

types improved both technically and aestheti­

cally with time. 

Following the approval of the master plan in 

1940. Mies initially investigated the square bay 

typology with the skin placed in front of the 

structural support (Figure 1). This category 

includes Alumni Memorial Hall (1945-46), the 

Chemical Engineering and Metallurgy Building 

(1946), and, finally, the Electrical Engineering 

where the structure is pressed to the perimeter 

of the building, clearing the singular room of 

internal support while the enclosure follows the 

back leg of the engaged I-beam columns (Figure 

4). Visually the glass supports the enclosed 

volume like an air bubble trapped in a liquid 

environment by a metal cage. The virtuosity of 

this final structure relies on the previous sixteen 

years of experimentation by Mies. He was a 

methodical designer and it is my contention that 

the successes and primarily the failures in detail 

observed at the Commons informed him in a 

profound way how to continue in his patient 
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search for a personal architectural expression. 

The failure of the Commons, for Mies, as a build­

ing that succeeded formally while remaining 

intellectually rational and spiritually moving, 

will become clear on closer examination. Mies 

also demanded that it reflect the American 

condition of building in contrast to earlier 

European preoccupations of process and intent, 

a difficult agenda for such a small and highly 

programmed structure. 

The particular climate of American construc­

tion, particularly the climate of Chicago, pro­

vides an empirical background for this direct 

electrical work, while simultaneously prolong­

ing the introduction of major electronic techno­

logical advances. 

What could be interpreted as anecdotal 

material. I think in this case has a valid purpose, 

for it suggests that design decisions that are 

often interpreted by architectural critics and his­

torians as having an artistic or intellectual basis 

are often direct responses to the relentless reali­

ties of the marketplace. In Mies's case, he had 

clearly formulated artistic and often philosophi­

cal ideas about architecture that were put to the 

ultimate test by the pragmatic and often philis-

analysis of the Commons building. The method 

of analysis is simple and straightforward based 

on the building in question within the context of 

the way buildings are realized in this country, 

particularly in Chicago over the past sixty years. 

Construction can be thought of as a complex 

process that coordinates known manufactured 

materials, elements, assemblies, and systems 

into coherent and ordered environments made 

for human habitation. There are certain empiri­

cal rules of thumb that evolve. For example, 

smaller structures cannot economically absorb 

the cost of custom designed pieces because of 

the lack of repetition involved. Handwork and 

tine attitudes of a city that pursues architecture 

with a passion seldom seen in this country while 

focusing its eye on the bottom line. 

Analysis of the Commons Building began 

with the close examination of the 'construction 

documents' or 'working drawings' as they are 

commonly called. No effort of the investigation 

was spent on relating these drawings to earlier 

design studies of the building. Instead, careful 

examination of the completed structure is 

undertaken in order to understand the qualita­

tive losses or gains that occurred between the 

stated intention of the architect represented by 

the construction documents and the completed. 

elaborate finishes are prohibitive in small insti­

tutional work due to the scale of compensation 

demanded by union rates. Chicago is a 'union 

town' which means that the political structure 

of the city has always taken advantage of the 

building trade unions as a rallying force that can 

deliver large blocks of votes in an organized 

manner. Where else in the world would the 

municipal bandshell be named after the head of 

the musicians' union (James C. Petrillo) rather 

than a significant composer or musician? The 

union system is opposed to technical innovation 

unless it can be delivered by an existing trade. 

occupied building. Access to shop drawings 

could further clarify the path from drawn detail 

to built artifact, for the manufacturers of build­

ing components often alter the detail to fit their 

standard product or lower its cost of manufac­

ture through change of material or method. The 

architect's response of red-lining the shop draw­

ing and his ensuing negotiations with the con­

tractor and subcontractor can alter the final 

appearance and performance of the building -

an incremental change which can be dramatic 

in Mies's minimal buildings of this period. 

Unfortunately, shop drawings for this building 

For example, the plasterers' union blocked dry-

wall for decades only to see it being taken over 

by the carpenters, a fact which led quickly to the 

demise of the plastering trade in Chicago. The 

electricians and plumbers resisted prefabricated 

assemblies, such as laboratory components, then 

insisted on disassembling these components and 

then reassembling them on the site, thereby 

more than doubling the assembly cost of a pre­

fabricated unit of construction. In recent 

memory, one can point to electrical inspectors 

who insisted on enclosing low voltage wiring for 

computers in conduit, to insure union control of 

are not available, for historically they were 

destroyed at the end of designated periods of 

professional liability called for by the statute of 

limitations of the State of Illinois. The design 

drawings of Mies at this time were executed by 

his office in great abundance, however the 

construction documents were prepared by an 

associate architect. Friedman. Alschuler and 

Sincere, in the case of the Commons Building.' 

Lack of communication and conflicting inten­

tions were always a possibility. Problems in the 

buildings of this period also occurred due to dif­

ferences in the training received by draftsmen in 
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the office of the associate architect and those in 

the office of Mies. 

A building can be imagined as it will be real­

ized in the field by the contractor. The various 

subcontractors price and eventually supply their 

piece of the work at the appropriate time in the 

construction process. Coincidentally. the archi­

tect provides a detailed breakdown of material 

and activity in his specifications (the written com­

ponent of the contract documents), describing 

each of the myriad pieces, assemblies, and 

finishes that go into the completed structure. 

An analysis that graphically isolates these 

components and processes as described in the 

specifications allows an objective view of each cat­

egory of work in juxtaposition to the others. The 

logic and performance of the structural system 

necessary to support the enclosure can be com­

pared to the mechanical system necessary to 

insure human comfort. Design priorities can be 

proven by tracing the distribution of construction 

flinds throughout the building. Prejudices can be 

gleaned by identifying the departures from nor­

mative construction, unusual techniques, exotic 

materials, and unproven systems. Finally, the 

decision-making patterns of the architect become 

visible through the evidence displayed in minute 

detail at the smallest scale in contrast to large 

schematic patterns at the other end of the scale of 

graphic representation. 

The Commons Building faces Wabash Street, 

which is currently discontinuous from the 

Chicago Street grid, now serving as a private 

road for 11T. The building backs against the State 

Street elevated track structure, which was 

intended to be abandoned at the time the build­

ing was designed because of the high level of 

noise and vibration. The building has no acousti­

cal deadening provisions in its constructional 

makeup. The structure is a 168'8" x 96'8" rectan­

gle. It has a full basement supported by concrete 

walls and a concrete column and slab framing 

system (Figure 5). On top of this buried concrete 

volume rests an exposed steel frame with a pre­

fabricated, precast concrete deck. The building 

has a continuous perimeter footing that sup­

ports the concrete basement walls. The rein­

forced concrete structural floor slab of the 

basement is 8" deep with a waterproof mem­

brane above, topped by a 3" finish slab. 14" x 14" 

internal columns on spread footings are 

arranged in a 16' x 24' structural grid except for 

the central space that is supported by 24" x 24" 

columns on a 24' x 32' grid. Hngaged piers occur 

on the column grid along the perimeter wall to 

support the slab and to resist lateral loads. A 10" 

one-way slab supports the ground floor with the 

exception of the central area that requires an 11" 

slab and shear heads on the columns because of 

the increased span below. A separate footing sup­

ports the 6" entrance slab at the front of the 

building and there is a mechanical vault under 

the rear loading dock. There are two areaways at 

each of the shorter ends of the building with 

security grating allowing light and possibly air to 

enter the space. The basement was designed to 

accommodate public toilets for the entire build­

ing and stafflockers as well as mechanical areas. 

Atypical openings appear in the end walls to 

accommodate special equipment located on the 

ground level. Although approximately 85 per­

cent of the floor area is called out as inactive stor­

age on the plans, it is clear that the expenses 

incurred by providing larger bays in the center 

section anticipates another use of the space as do 

the windows on the ends of the building. The 

stairs leading up to the ground level are detailed 

in the manner and cost of the other public stairs 

on campus. The architect's decision to place half 

of the habitable space underground has pro­

duced a disproportionate amount of sub-stan­

dard environment that is paying for better above 

grade space and finish elsewhere within the 

structure. It should also be remembered that 

for the most part the concrete structural grid 

found in the basement in comparison to the 

steel framing above is divided in half to a 16' x 

24' grid that would allow for an economical 

flat slab with an attributable area of under 400 

square feet per bay. thereby avoiding excessive 

reinforcement, costly shear heads, drop panels, 

or structural capitals. This decision produces 

another spatial penalty placed on the basement 

to support the economics of the main floor. 

The ground floor is framed with standard 

hot-rolled wide-flange sections (WF). These sec­

tions have squared flanges and were used for 

columns and beams alike. The edge beam condi­

tion was framed with built-up boxes assembled 

from welded steel channels. As would be 

expected from Mies*s office at this period, the 

structural grid is a perfect 24' x 32' oblong bay 

(Figure 6). The centroids of the columns fall 

exactly on this gridline. This structural grid is 

subdivided into a 4' square planning module that 

determines placement of all the manufactured 

elements and assemblies that make up the com­

pleted building. The 4' planning module is a 

departure from the 6' vertical and horizontal 

module proposed in the master plan and used in 

all previous realized buildings on campus. This 

change in module to a 4' dimension that already 

was an American standard suggests that Mies 

was abandoning his initial concept of custom 

prefabricated parts and is accepting the realities 

of the American market. 

The steel columns above ground level are 8 

WF 31 sections. Thus they are 8" long in the 

direction of the web and. in this case, chosen for 

the fact that they have 8" wide flanges. 31 is the 

weight per linear foot, a critical factor in the eco­

nomics of the building, for steel is priced by the 

ton when using standard rolled sections. Since 

not all the columns are loaded similarly it is obvi­

ous this particular section was chosen for its 

dimensional characteristics that allow for con­

sistent details and modular stability in relation 

to other building parts and systems. The 

columns are consistently arranged with their 

flanges aligned in an implied plane parallel to 

the front and rear of the building (Figure 7). 

Their webs are aligned in an implied plane that 

parallels the sides of the building. This arrange­

ment presupposes a different wall expression for 

the front and rear in relation to the sides since 

all construction is exposed. Normally the supe­

rior strength of the web of the column is aligned 

with the long span while the flanges align with 

the short span. This would help equalize lateral 

loading characteristics of the long face of the 

building in relation to the shorter sides, 

although there are only four welded moment 

connections from front to back while there are 

eight from side to side. In any case, the specific-

structural characteristics of a square column this 

small makes choice of column direction mathe­

matically unclear. It is clear that in this building 

the expression of the exposed frame has more to 

do with the formal idea of the structure than the 

actual demands of wind and gravity. 

At this point in Mies's practice, he insisted 

on dead flat roofs, a condition that normally 

demanded the horizontal alignment of the tops of 

all steel structural beams. The major beams are 14 

WF 53 rolled steel sections that run from front to 

back on 24' centers. They are actually 13.92" deep 

and are structurally welded to the vertical flanges 

of the columns (Figure 8). The bottom of the beam 

is set at an elevation of approximately 16' off the 
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finished floor. The minor beams are 12 WF 27 

rolled sections that span between the main beams 

at 8' centers, These beams are also welded hori­

zontally to either the major beams or to the verti­

cal face of the column every fourth beam (Figure 

9). The bottom edge of these beams is also set at 

approximately 16' off" the floor to coincide with 

the position of the bottoms of the major beams. 

Usually the tops of all structural members align to 

simplify the transferal of gravity loads onto the 

beams. Instead of aligning the tops of the beams, 

the physical presence of the column at their junc­

tion avoids the problem of the dimensional dis­

crepancies between major and minor beams at 

their intersection, which is visible from the space 

below. The top of the larger beam projects up 

approximately 2" above the smaller beam, dis­

rupting the implied plane of the exposed decking 

surface. Mies's office, anticipating this problem, 

chose precast channel decking with formed edge 

beams allowing for a raised center span that 

exceeds 2" (Figure 10). Since the concrete decking 

bears on the minor beams it was possible to 

center the void of the concrete decking on the 

parallel major beams allowing the tops of the 14" 

WF beams to pass through the raised hollow 

formed into each precast piece. This space would 

eventually allow horizontal distribution of other 

technical systems at roof level in a position that is 

barely visible from the floor below, although the 

construction documents clearly imply that elec­

trical, plumbing and mechanical systems were 

meant to be totally invisible. 

The steel edge beams of the roof structure 

display properties that are even more removed 

from normative structural practices. As with the 

vertical displacement of the major beams to 

resolve an architectural detailing dilemma from 

a visual standpoint, the perimeter structural 

beams required further detailed architectural 

invention to overcome the dimensional discrep­

ancy between major and minor beams. Despite 

the much touted exterior expression of the 

Library and Administration Building (1944-46). 

which dramatized the differences between the 

major and minor structural members as the 

major theme of the building, in the Commons 

(ten years later). Mies carefully suppresses those 

earlier expressive tendencies found in the 

Library project with a neutralizing abstraction 

that reduces the structure to lineal trabeation 

framing the exterior enclosure assembly. 

The external face of the edge beam (now lit­

erally a fascia) is formed by a structural channel 

15 | 33.9 that perceptually covers the ends of the 

14" major beams (Figure 11). This fascia runs 

continuously around the building, being field 

welded flush to the exterior plane of the column 

flanges on the front and backside and flush 

welded to the ends of the column flanges on the 

sides. Facing the interior of the building on the 

front and rear sides another channel 12 | 20.7 is 

welded to the interior flanges of the column in a 

similar manner. This channel bears the load of 

the precast concrete deck panels. Because of the 

fixed dimensions of the standard rolled sections 

available it was necessary to insert a flat bar 

between the bottom flanges of the channels and 

continuously weld each joint to form an unbro­

ken surface when ground smooth. This curious 

and expensive detail also removed the forbidden 

visible curved flange edge that all steel channels 

have. A less aesthetic condition occurs at the top 

of the newly formed box beam where the junc­

tions are not visible. A similar technique is used 

on the sides of the building where equal 15" 

channels could be employed (Figure 12). An idio­

syncratic procedural detail occurs at this point 

where a small section of concrete decking had to 

be poured out of sequence to fill the gap between 

the last 2' concrete plank and the edge steel box 

beam. Finally, it is clearly apparent that the 

combined weights of these edge beams at the 

sides of the building which are carrying only half 

of the loads of a normal bay (at 67.8 pounds per 

lineal foot), far exceed the structural demands 

of the load when the normative condition 

demanded only 55 pounds per lineal foot. The 

front and back edge beams also display similar 

characteristics in loading with a doubling in the 

poundage of steel to realize the detailed archi­

tectural solution. Clearly the modifications to 

the structure for artistic reasons has changed 

this assembly from a prefabricated rational 

system to a hand-crafted facade expression. 

Moving from the structural system to the 

enclosure assembly it is apparent that the struc­

ture which is visually so clear and almost impos­

sibly slender has a hidden component that also is 

manufactured by the structural fabricator and 

actually supports and reinforces the enclosure of 

the building. Set at door height and running hor­

izontally whenever there is masonry infill is a 

structural tee ST 6 WF 20 which has an 8" flange 

forming the sill ledge for upper window sec­

tions. It is welded in the field at both ends to the 

columns. Below this line extending to floor level 

are structural tees 6 I 15.5 that are cut from I 

beam sections and have rounded edges to their 

flanges making them forbidden in Mies's office 

except in concealed positions. These members, 

because they are hidden, are also stitch welded, 

another practice normally forbidden in Mies's 

office in exposed situations. This system of hori­

zontal and vertical steel tee sections projects 6" 

into the brick walls with the bricks cut and fitted 

to receive them. These members add steel 

poundage and further stiffen the columns as 

well as allowing some lateral load to be trans­

ferred from the steel frame to the brick infill 

panels (Figures 13, 14. 15). 

The difference between the coefficient of 

expansion for steel and brick has subsequently 

wreaked havoc in the Commons as it has on 

most of the I IT campus, particularly where the 

frame is exposed to external thermal changes. 

Black paint further exaggerated the problem 

with surface temperatures of metal hot to the 

touch in mid-winter, while the light buff brick 

assumes outside temperature. 

As noted previously the formal 'idea' of the 

frame visually appears in an absolutely ideal 

manner. However, this effect could only be 

achieved through the use of concealed structure 

that would hardly be thought of as truthful by 

either Gropius or Chermcycff. nor efficient by an 

engineer. Although assembled from ready-made 

industrial products, it requires highly skilled 

hand craftsman to assemble and was therefore 

not economical. 

The standard brick size when the Commons 

Building was built was 2 V 4 " x 3 3/4" x 8" long. 

The brick infill wall panels are of two lengths 

depending on bay size. The front and rear are 

23'3" long and the side panels are 31'3" long. 

Two impeccably drawn elevations appear next to 

each other on the fifth page of the architectural 

construction drawings showing each course and 

all the necessary bricks to illustrate the English 

bond arrangement of the bricks including the 

necessary :i/4 bricks to conclude the pattern at its 

ends. Cut bricks were normally forbidden in 

Mies's office except in structural bonding. The 

32' bay has called out 43 stretchers + 2-3/4 bricks 

+ 44 joints = 31 '3". Similarly the 24' bay has 

called out 32 stretchers + 2 3/4 bricks + 33 joints 

= 23'3". The choice of the 8" square column 

courses in perfectly to the brick system with a 

minimal ' / ' " on each side for a soft caulk joint 
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between steel and brick. This dimension proved 

inadequate to deal with the actual] movement of 

the steel members. 

The glass portions of the enclosure system 

are developed in as systematic a manner as possi­

ble following the methods developed in Mies's 

office to generalize the details whenever possi­

ble, opening the possibility for repetitive pieces 

and procedures while satisfying the demands of a 

minimal aesthetic. In the Commons Building 

inexpensive bar stock in standard sizes was com­

bined and assembled in an ornamental iron shop 

and either welded in place on the job site or 
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9 Minor beam (loi.nl ill column 

bolted in place where possible. The cost of orna­

mental iron rose continuously during the period 

of the construction of the I IT campus, eventually 

becoming a budget concern of some conse­

quence. Prefabricated steel pieces are used 

throughout. The standard mullion is made up of 

a central vertical bar that measured 1" x 2 '/2". 

with the 1" face turned out on each side of this 

central bar (Figure 16). Two 1" x 1 ' / 2 fixed steel 

glass stops were plug welded on the interior side 

of the mullion. forming a '/<! ' deep reveal when 

in place. The exterior configuration is symmetri­

cal in plan, with the glass placed on the center-

line of the mullion. The exterior stops are 
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TO Ma or beam intersection with column detail 

attached with screws to allow for glass installa­

tion. The building was glazed from the exterior 

for it is only one story high with extremely large 

glass pieces. The horizontal mullions are in the 

same configuration as the verlic.il muntins. 

forming a reveal that is continuous with the mul­

lions and muntins on both interior and exterior 

faces of the skin. The corner of the fixed glass 

stops on the interior are mitered. welded, and 

ground smooth. The base of the window wall 

where it extends to floor level at the front and 

back of the building is supported by an adjustable 

angle support that is raised 1" above both interior 
11 Per meter beam connection at front and rem of building 

and exterior ground level. The finish surface ele­

vation is the same from outside to inside, main­

taining the same reveal dimension at the base of 

the window wall. In the areas of full glazing at 

the front and back where greater Literal loading 

occur the central 1" x 2 ' / 2 " Steel bar is length­

ened by 2 1/2" to become a 5" member on the 

interior of the building and is thus transformed 

from a negative reveal to a positive projecting 

major mullion without widening the mullion 

dimension or altering the slenderness of the 

exterior expression (Figure 17). This condition 

only occurs at the center of t he bay in fully glazed 
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areas where the loads demand it. The atypical 

mullion configuration illustrates Mies's attitude 

concerning the relationship between craft and 

industrial product. The window details are made 

up from ready-made pieces of steel just as the 

Structural frame is assembled. Uniformity of 

formal expression for each system is maintained 

through the use of assemblies that disguise or 

betray their constructional origins in order to 

appear visually consistent. The appearance of an 

apparent industrialized system that also coinci-

dentally follows the formal tendencies of a mini­

mal constructivist aesthetic has replaced the 

prefabricated, genuinely technologically supe­

rior system found in the earlier buildings at I IT. 

The overall effect of the exterior expression of 

the front of the building is one of incredible laut-

ness of surface relieved by the shallow modeling 

of the reveals, setting off the extraordinary slen-

derness of the framing and glazing members 

which merge into a continuous linear filigree 

(Figure 18). A line provided by the horizontal tee 

mentioned earlier is introduced at standard door 

height of 7' and encircles the entire building. The 

exterior is continuously glazed above that line. 

The sides of the building (figure 19) have solid 

brick infill below that line that extends in two 

the building above door level. Curious '/2" x 1/2" 

astragals are welded to the door leafs to form a 

draft closure and a 12 gauge bent metal sheet 

forms a drip over the door. All of the atypical 

custom metal work in this part of the skin has cor­

roded badly and is rusted through in some places. 

The only applied finish material in the 

building other than paint is the terrazzo floor. 

The aggregate and matrix of the terrazzo has 

been carefully chosen to create as black a surface 

as possible. This surface is polished to a mirror 

finish that dematerializes its presence. Stainless 

steel divider strips occur on the planning 

module making visible what one immediately 

feels on entering the building, the incredible 

mathematic clarity that ties all the component 

pieces and assemblies visually together. The 

shining lines run through the space centering or 

bracketing structure, enclosure, and technical 

systems. The internal spatial reading is more 

complex than expected when viewed from out­

side. The volume of the center social space is 

screened at eye level by frosted glass from the 

clutter of the commercial programmatic space 

that lies on the other side of the screens. 

However, the ceiling is high enough to sustain 

the notion that the building is one grand space 

1 
1 4 Exterior column condition at Iron! unci ninrol building. 

bays on the front and back facades bracketing the 

central three bays that are fully glazed. This 

expression exactly defines the central public 

social space from the secondary programmatic 

areas that abut it. A minor system of fenestration 

comprised of a continuous band of hoppers is 

located above the brick infill wherever it occurs. 

The lower glass sizes are immense, the largest 

piece being 6'6" high and almost 16'1" long. 

When viewed from the front, the glazed upper 

portion of the entire volume of the building reads 

as one space contradicting the realities of the 

internal compartmentalization. The rear eleva-

because of the expansive views to the exterior 

through the transparent clerestory glazing. The 

promise of Crown Hall is introduced here in a 

modest but compromised manner, for t his build­

ing has too complex a program to be an entirely 

open glass volume (Figures 21. 22). 

The internal partition system in the 

Commons differs in relation to the earlier type 

of campus buildings in several ways. The mater­

ial is changed from an autonomous detailing 

system based on material expression, such as the 

wood entry and surrounds in Alumni Memorial 

Hall (1945-46). to a system that attempts to 

1 5 Exterior column condition at cotnei ol building 

tion of the building, (which is never represented 

in any publication of the building), faces onto the 

loading dock (Figure 20). The central section of 

that facade is opaque and bracketed by entry 

doors with glazed surrounds identical to the front 

facade. The solid sections are accomplished 

through custom hollow metal panels constructed 

so as to be identical with the pair of hollow metal 

doors that make up the centered primary service 

elevator to the building. A singular and atypical 

horizontal support member made up from a 7" 

channel is a jarring intervention necessary to sup­

port the typical upper level windows that encircle 

relate in a direct way to the exterior expression 

of the fully glazed entry facades. This change 

is another indication of Mies's inclination to 

move to an architecture where inside and out­

side converge into a spatial singularity through 

increased transparency. 

In the back corners of the building are suites 

of offices which require internal partitioning. 

Self-supporting concrete block walls with hollow 

metal frames similar to the partitioning found in 

basement areas of the campus are found here 

and the working drawings call for glass ceilings 

in some areas, a detail that was never realized. 



16 Typical qln/ing mullion 

17 Glazing mullion ai lull glass 

Because of the complexity of the program as well 

as changes of proposed use during the design of 

the building, 'hidden core' elements have crept 

up onto the ground level where it was impossi­

ble for iMies's office to contain them within the 

conceptual detailing schema. 

The most enigmatic element in the design 

still remains to be explained. The kitchen and 

service counter of the central dining hall is a 

cubic volume that 'floats' in the center of the 

space. Its position was carefully studied to retain 

its visual autonomy from the primary structure 

of the building, and its presence was meant to 

control the various spatial components that 

make up the building without destroying the 

reading of one primary central spatial volume. 

The wall planes that enclose the volume on each 

side extend as planes in detail from the central 

kitchen volume, giving a directional character to 

the primary circulation paths that glide along 

the surface of these planes. Their presence insin­

uates an isolated service area at the rear of the 

building. The cafeteria counter is simultaneously 

protected from primary circulation. The work­

ing drawings show lower screen walls further 

protecting the central dining area from pedes­

trian circulation. As in the later plan for Crown 

Hall, these loose spatial enclosures are placed 

within the central space forming an implied 

square public seating area, the hierarchical 

center of the building. 

In the working drawings, the kitchen volume 

and its planar extensions are carefully detailed in 

a wood paneling system with revealed joints and 

edges. Facing the dining area is located an over­

sized wood grill, dissimilar to any other on 

campus, screening the actual sheet metal grill 

provided by the mechanical contractor. This was 

a method used by Mies's office to avoid reliance 

on the mechanical engineers for dimensions and 

co-ordination. The joints of the wood enclosure 

system were based on a 3-foot module so that it 

did not exactly correspond to the constructional 

grid of the building itself. This strategy was 

meant to be a subtlety to ensure that the entire 

self-supporting core would be interpreted as a 

potentially demountable assembly that concep­

tually did not compromise the clarity or geomet­

ric perfection of the actual structural system. 

Sometime between the issuance of the construc­

tion documents and the beginning of construc­

tion the wood wall assembly was removed (no 

doubt for economic reasons) and a plaster system 

B E H H Y 

replaced its articulated surfaces of oak paneling 

with unbroken surfaces of paint - a major blow 

to the architectural conceptualization being put 

forth by Mies with this building. 

The apparent volume and presence of the 

kitchen core increased with the loss of the wood 

panels. Also, the almost hidden presence of a 

mechanical fan room pressed between the ceil­

ing of the kitchen and the exposed underside of 

the precast concrete roof decking became more 

apparent . Although the walls of the fan room are 

set back from 1 to 3 feet from the planar sur­

round of the kitchen it is clearly visible from the 

front entrance doors, and the fact that every­

thing is now one material that is painted white, 

in high contrast to the rest of the building, 

makes the entire construct visually more prob­

lematic. The unfortunate engagement of two 

black supporting columns coplanar with the 

front wall of the fan room volume further 

destroys the illusion of the body of the kitchen 

floating freely within the vast and singular 

spatial volume of the entire building. The first 

embryonic indication of a floating core element 

such as this appeared in the lobby of the 

Chemical Engineering and Metallurgy Building 

(1946) with its curved figural end to the audito­

rium that visually combined with the detailed 

treatment of its flanking stairs and reached its 

culmination in Crown Hall (1956). The desire for 

one rational structure to form a grand open 

room countered by the necessity of furnishing 

this room with a miniature edifice that houses 

the programmatic anomalies of use remains an 

enigmatic aspect to Mies's work. Pretending 

always to be made up of temporary screen walls 

that could disappear at any time but usually 

grew ever larger to eventually truly satisfy the 

needs of the user, it became a conceit that 

remains a strange strategy unique to Mies and 

his following. 

A pair of stairs descend on each side of the 

kitchen into a well that leads to the basement 

where the public toilets are located. They follow 

the pattern of the detailing found in the earlier 

campus building with stringers made up of 12" 

channels on the stairs and 15" channels forming 

the edge of the opening through the floor. This 

geometry allows the stair stringer to join the 

edging at the same common dimension. All the 

joints are welded and ground smooth in the field 

and the rounded flanges on the channels are 

ground square for appearance. 1" bar stock 
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1 8 Front elevation 

railings are shop fabricated and screwed into 

place in the field. The vertical supports of both 

the stair enclosure and the stairs line up in plan. 

The position between the stair support verticals 

and the nosing of the stair varies - not the ideal 

solution for Mies, who always pursued absolute 

consistency. Isometric drawings illustrate the 

approved design for the terminal support of the 

stair where the horizontal plane of the post top 

is expressed as well as the symmetry of post 

position and horizontal turn of the railings at 

the head of the stair (Figures 23. 24). The chan­

nels, while serving as stringers, are the forms for 

I X 

1 9 Side elevation 

2 0 Roar elevation 
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the structural concrete slab that supports the 

stair. A 3/4" reveal separates the concrete from 

the steel continuously all around. The finish sur­

face is identical to earlier stairs on campus with 

hand applied terrazzo troweled onto the treads 

and risers and the cavity of the steel channel 

stringer hand packed with terrazzo. The grind­

ing of the terrazzo was accomplished with a 

hand-held grinding wheel in order to realize the 

tight radii of the polished surface. The elevator is 

a standard design service elevator that opens off 

the service area at the back of the building. It has 

no significance in the public use of the facility 

although the loading doors, elevator, and the 

loading dock are hierarchically centered with 

the back facade of the building. 

The mechanical, electrical, and plumbing 

systems that serve a modern university structure 

are a substantial part of the cost of the building. 

The co-ordination of these systems with the 

structural system and architectural details con­

sumes a considerable amount of an architect's 

time and energy and therefore affects his finan­

cial situation. An examination of the technical 

systems in the Commons is revealing in the con­

sistency of approach that Mies's office deals with 

this aspect of design. A glance at the construc­

tion documents of any of Mies's I IT buildings 

reveals immediately a sense of graphic clarity 

not always associated with mechanical, electri­

cal, and plumbing layouts. Absolute symmetry, 

even when concealed, organizes horizontal runs, 

and dense accumulations of vertical runs are 

pressed into a minimal number of chases. This 

characteristic is particularly apparent in the 

Commons where the entire structural system is 

exposed, the wall assembly is either a single 

pane of glass or 8" solid brick, and the secondary 

framing systems for exterior glazing are assem­

bled from solid bar stock. There are no cavities 
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within any of the wall and ceiling assemblies 

that would allow concealed passage of electrical, 

plumbing, or mechanical systems. Hilberseimer 

suggests that the Greeks would have recognized 

the purity of this building as would the Goths. 

Even Albert! would have approved of the exact 

equivalence of inside to outside. Gone is the false 

differentiation of outside finish from inside ele­

vation. Gone is poche that separated room finish 

from structural enclosure." 

Unfortunately, also missing is the capability 

of dealing with the emerging technology of the 

day. The mechanical, electrical, and plumbing 

systems in the Commons Building are minimal 

conventional systems. There is no attempt to 

invent new methods or search for creative 

technical applications. I f anything, the ordinary 

technical systems are asked to perform in appli­

cations that no engineer would suggest i f left to 

his own devices. Engineers were asked by Mies's 

office to accommodate inventive structural and 

•irchiiectural designs. Significant visible and 

even invisible signs of the presence of technical 

systems were always symmetrically displayed. In 

the Commons Building, the area drain in the 

loading area, the elevator, the air risers to the 

basement, and the service ejection pump all lie 

larly on the face of the wall enclosing the toilets 

in l he basement . This air system provides fresh air 

to meet code as well as make-up air for the toilet 

and exhaust fans in the kitchen. There is a central 

return opening directly into the fan room on the 

upper level, a noisy proposition. The complete 

lack of any horizontal duct runs would have been 

extremely economical, however air quality in 

enclosed spaces with no make-up air was prob­

lematic. Apparently the line of hoppers on the 

ends of the building was meant to provide fresh 

air. They actually had insect screens, not always 

found on Mies's buildings at this time. Some time 

within the first ten years of use. the clear glass 

located above the frosted glass screen that con­

tained the programmatic areas at the sides of the 

building was cut down by one half in some areas 

to allow for circulation of air. destroying the deli­

cate luminous division of internal compartmenta-

tion as well as the acoustic isolation between 

functional units. 

A second fan system is located in an enclosed 

plenum space built along the front wall of the 

basement beneath the primary entrances. At each 

end of the space directly under the doors are 

located small fan-coil units not dissimilar to house 

furnaces in size and operation. Custom floor-

19 

on the center line of the building. In this build­

ing, by thinking of technical systems as either 

unfortunate additions to architecture or hierar­

chical anomalies, Mies indicates that his true 

interest lies in minimal formalism and not 

emerging technological development. 

The site utilities are gathered into the build­

ing through a mechanical room beneath the load­

ing clock, outside of the envelope of the ground 

floor enclosure. The electrical transformers and 

the steam converter are located here. Sewage is 

ejected out of the basement by a pump that is 

located centrally between the two toilet rooms in 

mounted stainless steel punched grills directly 

inside of the doors are air returns that are meant 

to draw the cold air down to be reheated and then 

ducted into the central plenum space where it is 

introduced up through lineal stainless steel grills 

that parallel the large glass areas of the front ele­

vation. These grills are raised for sanitary code 

reasons onto terrazzo plinths with continuous 

curved siclewalls that make the transition from 

floor to grill. This method of dealing with down 

drafts in cold weather proved immediately inade­

quate. In busy times, the front and rear doors 

opened and closed simultaneously, resulting in 

2 3 End slim niiliim detail 

the basement. The mechanical system, once 

inside the building, is comprised of hot water 

pipes looping the perimeter of the basement ceil­

ing and connecting to standard convector units 

placed against the outside walls on both floors. 

Supply and return pipes are ganged along the ceil­

ing of the basement feeding up and down. There 

was no attempt in the construction documents to 

architecturally deal with them in any way as this 

was considered sub-standard space. An air system 

located in the fan room over the kitchen delivers 

air on both f loors through grills located centrally 

on the laic ol the kitchen wall upstairs and simi: 

strong drafts of cold air making occupation of 

much of the dining area uncomfortable. The 

removal of the low wood screen walls for cost rea­

sons exacerbated the problem. 

As earlier mentioned, the electrical main is 

brought into the below-grade mechanical room 

located under the loading dock. From there elec­

tricity is distributed through the floor fill in 

conduit to the convenience outlets spaced inter­

mittently to meet code along the interior face of 

the exterior walls. Because of the 8" solid brick 

wall, raceways had to be cut into the brick and 

the outlets themselves were placed carefully in a 
2 4 Stall ratling detail ai landlno 
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generalized way to conform to the modular 

brick pattern. Interior demising walls in the 

suites of the programmatic area had conduit 

stubbed up into the walls where necessary. To 

save money, the lights throughout the building 

are switched off at the circuit breakers that are 

ganged in banks in the service area on the rear 

wall of the kitchen core. The construction docu­

ments show two alternate lighting patterns: one 

comprised of a regular pattern of banks of 16 

foot fluorescent fixtures running the length of 

the building from side to side. An adjustment in 

pattern to the generalized plan had to be made 

to fit around the kitchen. The alternate plan had 

24 foot fluorescent fixtures running from front 

to back. A handwritten note on the working 

drawings calls for alternate prices for each 

scheme. The more expensive scheme, that ran 

from side to side and had 50 percent more lights, 

was chosen because it balanced the lights per­

pendicularly to the route of entry, a positioning 

normally favored by Mies. The exit signs are indi­

vidually drawn and detailed at a large scale 

showing the attachment of the fixtures to struc­

tural steel framing members. A whole sheet of 

working drawings is given over to the steam 

press for the dry cleaner's operation that 

requires a unique vent through the brick wall. 

Either unforeseen or ignored, this grill does con­

siderable damage to the pristine elevation. Most 

of the drawing related to the detailing on the 

electrical sheets is crossed out. An elaborate and 

expensive method of mounting the fluorescent 

lights had been illustrated that cut two holes 

through the precast concrete decking for each 

fixture, allowing the wiring to run freely 

through the insulation that lay on top of the con­

crete decking. A handwritten note is scribbled 

on the drawing calling for the conduit to run 

exposed between the ribs of the precast slabs. 

This is another instance of an unforeseen eco­

nomic intervention that compromised the 

absolute visual control desired by Mies"s office. 

The plumbing for the building has similar 

characteristics to the electrical system. Primary 

access to the building is through the space under 

the loading dock. Supply piping is distributed 

through the concrete fill located above the struc­

tural slab except in the toilet and kitchen areas 

that arc stacked to allow hidden horizontal runs 

and vertical runs through the walls. Specialized 

water supply and drains in the side program­

matic areas were stubbed up in anticipation of 

present and some future positions, since equip­

ment changes made to the building after con­

struction would have to be completed with 

extreme difficulty due to the exposed nature of 

structure and enclosure. The roof drains proved 

a particularly difficult problem due to the 

requirements of Mies's office at that time for 

dead flat roofs that require more drains than 

sloped roofs. The risers for roof drains were 

located next to columns so that the vertical drain 

pipe could be partially concealed in the space 

against the column, hidden between the 

flanges. Unfortunately, the deflection of the 

beams pooled water on the roof mid-span 

between columns, creating premature roof fail­

ure. Within ten years the drains were relocated 

to the center of the bays and sloped horizontal 

runs of drain pipe appeared within the primary 

space, running diagonally from the drains to the 

vertical risers in their original locations. 

The campus at I IT. which was once an ambi­

tious, bold, and experimental building program 

has become a candidate lor a historical preserva­

tion plan. It has been forty-five years since 

construction of the Commons Building. I would 

suggest that this building should at all cost be 

preserved, for it best illustrates not only the bril­

liance of Mies as an architect but the limitation 

of any singular way of thinking about architec­

ture. Mies, as any architect is. was limited by his 

own talents and weaknesses. The prejudices he 

had gained from a lifetime of practice that began 

in the nineteenth century appear consistently 

blind to some characteristics of twentieth cen­

tury technology related to architecture. The 

rising significance that technical systems other 

than structure would play in the conceptualiza­

tion of building was not appreciated by Mies or 

his office. The amount of funds that had to be 

designated for these systems was resisted by 

Mies. The expansion characteristics of steel, the 

problems of flat roofs, the amount of energy 

required to heat buildings with no insulation did 

not interest him. Nor did the fact that ice formed 

on the interior surfaces of steel enclosure sys­

tems force his office to alter their methods or 

materials. When they were obliged to deal with 

mechanical, electrical, and plumbing systems it 

was not in a positive way to encourage new 

technology to inform their design process. 

Emanating from the Bauhaus and Gropius 

was the idea of the significance of prefabrication 

spurred by technical production. This was a pri­

mary ideal behind all of Mies's early work in 

America. The conviction in a rational architecture 

produced by groups of dedicated collaborators 

was a primary thrust of the early years of the 

Architecture Department at I IT and was sup-

potted by all those affiliated with the Bauhaus and 

their descendents, such as Chermeyeff. These 

ideas were slowly abandoned by Mies at the I IT 

campus as he realized the magnitude of produc­

tion necessary to produce well designed compo­

nents for fabrication. There is a sense also that he 

must have realized that the earlier campus build­

ings at I IT lacked the spatial invention and 

artistry of assembly that characterized his earlier 

European work. The Commons Building repre­

sents the moment when Mies chose to abandon 

his own cubic spatial system in order to pursue 

architectural notions other than systematic gen­

eralization of detail and uniformity of dimension 

for manufactured components. 

With this building, the emerging theme of 

one grand space was attempted and, in the end. 

failed due to program complexity. However, the 

poignancy of that failure lies in the fact that Crown 

Hall was tested here and many of the architectural 

problems not totally resolved in the Commons 

were fully realized in the artistic virtuosity of 

Mies's performance at Crown Hall. Conversely, the 

technical failures that resulted as a direct outcome 

of Mies's particular personal biases in the 

Commons were in many ways magnified in Crown 

Hall. His aesthetic ran counter to the realities of 

the emerging technology of the day. forcing him to 

diminish the performance of his buildings as 

places for human habitation in order to realize the 

artistic and spiritual qualities necessary to sustain 

his interest as a creator of individual genius. 
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Carles Vallhonrat 

T H E I N - V I S I B I L I T Y O F T E C T O N I C S 
G R A V I T Y A N D T H E T E C T O N I C C O M P A C T S 

1 Abba Tor had mher led the Pfisleter and Tot 

firm olter Henry Plisterer s death Henry 

Plisterer had boon the engineer ot the Yale 

An Gallery Abbs Tor. as a yourigor engi­

neer with Amman and Whitney had been 

the engineer tor Saannen s TWA pavilion 

at Kennedy Airport 

2 Today's British An Center at Yale 

"You are lucky....You know that....If we didn't have 

the computers, every time you ask me to recon­

sider the position of one element it would take us 

four months to go through the multiple equa­

tions. By hand, I mean. You know that!' Abba Tor' 

looked at me, his facial countenance between 

exhausted and resigned, as i f saying: again? The 

work of the then Mellon Center for British Art 

and British Studies- had architect Louis Kahn. 

from the beginning, exploring the possibilities of 

layering the four floors so that the structure of 

each level would define different sizes and 

sequences of spaces and different conditions of 

light, to accommodate different aspects of the 

collection (Figure 1). So. that vertical plane of the 

elevation was in fact a four-storied multiple 

frame that had. for each version, a different 

number of vertical struts for each floor. 

In retrospect, that aspect of the project, i.e.; 

the_geometry of the structure of the facade, that 
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plane, contained at least two pervasive ambigui­

ties as represented in it. One. inherent in all con­

crete, that of allowing us to read the travel and 

nature of the stresses. The other, of course, also 

inherent in all concrete linear systems, appears 

when the linear structural elements we see get 

fat (Figure 3). The thick lines that make the 

frames' configuration are sized for moments of 

deflection and do not imply elementary vectors. 

That the lower horizontal layer of the frame had 

fewer vertical elements, in the early designs, 

than at least the two layers above it. was perhaps 

the worst condition. Traces of Mr. Vierendeel's 

work, five times over. That vertical grid of irregu­

lar cells was not just columns and beams, but a 

closed multiple frame of some complexity and. of 

course, cost. The politics of the job. which had to 

represent and be handled by too many con­

stituencies at a very politically difficult time for 

Yale, killed it. That is, killed that original scheme.. 
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3 Plan ana model ol Chapel S u e d elevation. British Art 

Center Final scheme using single module throughout 

3 Saannen s anginal TWA pavilion al Kennedy Ait port 

(I've told that story elsewhere.) The plan of this 

project, which originally made a considerable 

number of distinctions for sizes and character of 

rooms for a very varied collection, became a plan 

done with a single module. That vertical plane 

now is the edge of the plan grid (figure 3). and the 

thicker line, at the lop of the first floor, is just a 

beam, carrying a point load of a second floor 

column every other bay. 

Those ambiguities make for the lack of 

direct correspondence between the appearance 

ol the frame and the trajectory of the stresses. It 

is t hen to the inner nature of concrete that we 

have to return, to speculate on what degree of 

visibility concrete gives us to understand its 

behavior. Much of this we know. When it is a big 

'plane. - a wall, or a deck, we understand quickly 

that some sort of cage or cages in the form of a 

matrix of steel rods at whatever increments, will 

do. That is. will do while we keep unreinforced 

concrete out of mind and in its current lack of 

use and lack of prestige. (We should remember 

that a lot of Wright's Unity Temple is unrein­

forced concrete.) As soon as we move to struc­

turally more ambitious shapes, as in frames, 

cantilevered elements, girders, plain beams, or 

hinges (as in some bridges!). (Figures 7 & 8). the 

concrete's ability to demonstrate the trajectory 

Of Stresses to the points of support decreases to 

the point of obscurity. 

We learn internal rules of material behavior 

by analysis, professional practice, and by that 

substitute called codes. At the risk of appearing 

too exacting. I feci it is worth-while to review 

some detailed points which are of consequenc e, 

such as: (1) The depth of concrete cover of any 

bar to the surface of the finished element. (2) The 

distance between bars, as a ratio of the diameter 

of the bars. (3) The texture of the bar surface, so 

that some engagement is assured between the 

concrete and the steel. And each of these has a 

history. First, we know that depth of cover alone 

is an issue that has practically proscribed shell 

construction in this country. Our code require­

ments make them so heavy that they cease to be 

shells. Tor told me once that the 'shells' at the 

TWA pavilion are. near the supports, fourteen 

inches thick, a shell theory impossibility.' One 

should remember that depth of cover is. roughly 

speaking, useless concrete in all edges with 

tension stresses. (There is a stealthy theme 

coming in here, which is that that concrete is 

preventing the steel from rusting...steel galva­

nizing not withstanding). 

The next issue, the distance between bars as 

a ratio of their diameter, becomes crucial when 

heavy, concentrated stresses within the mass of 

concrete call for more steel and less concrete, 

progressively, unt il the amount of concrete left 

is so small that only the minimum distance 

allowed by code remains. When rhe number of 

bars reaches its maximum, one wonders if we 

can still talk about concrete in the accepted 

sense of the word. That density of steel is a not 

an uncommon condition near points of support 

in large structural elements. Swiss engineer 

Robert Maillart. certainly the most gifted and 

insightful designer of the known concrete engi­

neers of this century, pushed that condition to 

its most daring limit in his miraculousf?) solu­

tion for a hinge on the Arve bridge near Vessy-

Ceneve (Figures 7-9). 

The importance of the texture of reinforcing 

bars, particularly how it governs the 'adherence' 

of steel and concrete, stems from the need to 

avoid slippage of the rods within the concrete 

mass. Over time, the increasingly coarser texture 

of the reinforcing bars, demanded and obtained 

from the bar-extruding plants, changed the 

geometry of the cage diagrams. In the longitudi­

nal section of a single span beam, for example, 

the cage was first built with curled bar ends and 

diagonal bends at shear points (Figure 10). then 

with straight bars, with the consequent reduc­

tion in cage manufacturing labor costs. It also 

went from extensive use of relatively thin bars to 

fewer thicker bars, as the cost of a pound of steel 

became less, relative to the cubic yard cost of 
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6 Vieiendool 's budge over Hie Escaut at Avelghom Built in 
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It is hard to understand why he used that application when 

traffic is parallel to the plane ol the trusses 
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Sect ion showing the reinforcing of the abutment miraculous 

hinge: Nonce Hoi / (hardwood) and Kork (cork) 

8 The Arve bridge Reinforcing of the miraculous hinge 

9 The Arve budge Full view 
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Sect ions through beams 
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11 Kimball; Ar t Museum, Foil Worth. Louis I K a h n ( l 9 6 6 72) 

Model showing the vaull end beam' with the even profile 

1 2 Kimbell Art Museum Fort Worth. Louis I Kahn ( 1 9 6 6 - 72) 

Side elevation showing curvature ot end panels 

finished concrete. Yet no exposure of these 

changes was ever thought worth presenting, or 

worth being perceived. This matter of the "adher­

ence." incidentally, got perhaps its most precari­

ous theory from Nervi in his experiments with 

what he called 'ferro-cemento.' He manufactured 

a very thin plate of concrete with wire mesh, 

placing wires one millimeter thick at one cen­

timeter intervals. He presumed that some 

modification occurred at the surface of contact, 

an alteration that changed the chemistry of the 

materials at and around the contact surface. 

One can't avoid reflecting here that the 

desired coalescence between concrete mass and 

linear steel seems to obscure that first conven­

tional understanding of the nature of reinforced 

concrete, which is that steel takes care of tensile 

stresses and concrete takes care of the compres­

sion. Under analysis, neither the separation of 

the two elementary stresses of compression and 

tension, nor the rendition of (1) tensile stresses 

as vectors, thus linear, along with (2) some other 

kind of representation of compression give us a 

clear visual due. Perhaps ever since S. 

Timoshenko represented (in his classic Vicory of 

Structures, of 1926) all internal forces, external 

forces, and reactions (of a rigid body constrained 

and loaded in one plane) as vectors, we think of 

readability as having to do with linearity. We 

seem to need the use of linearity to understand 

structural behavior - linearity of the two-dimen­

sional and three-dimensional variety. It seems to 

be all vectors. That's how we understand. 

Looking in more detail at that example of 

Tor's work on the multiple closed frames for the 

Yale British Art Center brings out the complexi­

ties of the mechanics of a piece. Each intersection 

between a horizontal "cord/beam" and a vertical 

'strut/column' is a crossing of flexural stresses 

that we cannot easily read as linear. In the ele­

mentary case of a simply supported concrete 

beam, what we ordinarily do not do is compare it 

with a truss of equal total outline. Its geometry 

and complexity aside, that truss would have con­

siderably less weight. The most significant point 

here being that we would be eliminating useless 

weight. One is reminded here of that ideal apho­

rism, of his invention we thought then, that that 

wonderful teacher Robert LeRicolais brought up 

at every opportune time in his classes: 'Infinite 

span, zero weight." By that paradigm, of course, 

the truss would be better. We don't use the truss 

because the labor involved in producing it would 

make it. overtly, more expensive. 

Thus, we come to the issue of the legitimacy 

of the choice at any size. If the span was rather 

large we would probably use the truss because of 

the lesser quantity and the lesser weight of the 

materials in use, and read a lot (of the trajectory 

of the stresses). If it was a small span we would 

just chop a two by four, cutting out most of the 

labor cost, and read nothing. So. the description, 

the linearity, the legibility, has a matter of scale. 

But now. having dealt with some very 

detailed aspects of structural specificity we can 

get into tectonics in its {idlest scope. We know 

that concrete can be made to represent the full 

operational characteristics of tectonics. That is. 

beyond the limited scope of the separable struc­

tural requirements, concrete can (1) shelter of 

its own accord, solving what mass materials, 

masonry, and the like, have always solved (clo­

sure and structure at once). It can (2) solve the 

appearance (not the looks, but the coming out or 

about) of compound stresses within its mass. 

And (3) it can absorb innumerable directional 

forces by the incorporation of a rich repertoire 

of reinforcing techniques. Column and lintel, or 

wall and deck, can be said to be at the beginning 

of tectonics thinking. It is represented in Kahn's 

dictum: The walls parted and the columns 

became." For him it would also be the beginning 

of light. That lintel though, the beam, requires a 

leap of faith. 

I suggest then that concrete can of its own be 

what I propose to call a 'tectonic compact.' 

Meaning that it can be made into enough of a 

system to give us the defining criteria to build 

well. The degree to which the 'tectonic compact" 

can choose what set of tasks it can accomplish 

and represent, means that it can be precise, sep­

arable, and sufficiently descriptive to serve the 

art. making the case for the character of the 

compact. We'll come back to that later. 
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4 For this article I spent several hours at the Kahn 

Archive at the University o( Pennsylvania, 

looking lor that sheet amongst Komendant s 

drawings without success Although disap­

pointed it didn't UirpriM mo that that very 

eflicient man would have discarded those 

unused solutions. 

' I w i l l not do it! I . . .wi l l not do it. ' That was August 

Komendant 's answer to my request that he stay 

w i t h the original profi le that Kahn wanted for 

the end 'beam' o f the 'vaul ts ' of the Kimbe l l 

Museum. It had seemed to become an under­

standing in the office that Komendant l iked me a 

bit better than others in the s ta f f because 1 knew 

a little more engineering (perhaps). Kahn . who 

knew of my work for LeRicolais at the Universi ty 

of Pennsylvania , thought 1 could persuade 

Komendant. Komendant had brought a large 

drawing w i t h four (plus two variations) 

dif ferent f u l l y designed and f u l l y calculated 

profiles for that end 'beam. ' 1 None w i t h the 

equal-width outline that had already been drawn 

i n a number of sections and elevations in the 

office (Figure 11), and that Kahn wanted. Maybe 

Komendant wanted to have his engineering 

knowledge show, that t ime. It seemed rather 

improbable to me then (and now) since, in the 

same project, a number of high-wire-act struc­

tura l elements (at w h i c h Komendant was a 

master) went unexploi ted. or unexpressed, or 

were not made readable. That couldn't be the 

reason for Komendant 's obstinacy. Nothing was 

being expressed about: the horizontal vieren-

deels. the postentioning strands, the horizontal 

beam restraints, the several kinds o f ' vau l t s . ' etc. 

So, w h y was that end piece chosen to demon­

strate engineering sk i l l? (There were other 

things that made h i m cantankerous and strained 

his relat ionship w i t h Kahn. Komendant had not 

l iked the contract w i t h then-East Pakistan, now 

Bangladesh - he resigned f r o m that job - and the 

finances of Kahn 's office were very diff icul t at 

that t ime. . . f inancial matters that brought grow­

ing f r ic t ion and the eventual break up.) It 

seemed that he was saying. 'You are not l is tening 

to me." That end beam had to remain as a choice 

of one of the four (six) options that Komendant 

brought w i t h h im. Also, how could several 

options represent a rigorous result o f the forces 

converging at that edge? It was unclear to me. 

everything else having been already locked in 

and decided. The profile read w i t h some son of 

specificity as i f the curved 'beam' was respond­

ing to a larger moment i n the middle of the span 

and to a smal ler one at the supports. T h i s was the 

k ind of li teral specifici ty that Kahn dis l iked. (We 

have so many more things to do in a building, he 

might have said). Only Kahn 's extraordinary 

ski l l s , w h i c h would al low h i m to redeem other 

people's (sometimes the client 's) impositions on 

a design, al lowed h i m this t ime also to restore 

the elementary profi le o f that end 'beam.' He did 

it by mainta ining the profile o f the parallel edges 

he started w i t h , using the edge o f the in f i l l 

t ravertine panel o f the end w a l l , and by making 

it fa l l congruently w i t h the wid th of the column 

(Figures l l & 12). T h e issue of Komendant ' s con­

t r ibut ion to Kahn ' s w o r k between 1959 and 

1964 is a subset o f the issue of s t ructure ' s con­

t r ibut ion to tectonics and deserves a separate 

ar t ic le . Ano the r cont r ibutor w h o also deserves 

special a t tent ion is that i m m e n s e l y able 

and w o n d e r f u l m a n . the late Richard Kel ly , a 

master l ight ing consul tant (a graduate o f Yale 's 

school o f a rchi tec ture , by the way) , w h o con­

t r ibuted so m u c h to the qual i ty o f the light in 

those vaul ts . He helped m a k e the light, and the 

readabil i ty of that vaul ted space, the mi rac le 

that it i s . 
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1 3 Hii'tvnld-Schroder House Gernt Hielveld ( 1 9 2 4 ) Interior 

view ol lop lloor showing Red-Blue Char , background lell 

14-The lesser-known High Chair Gerri i Rie lve ld l 1919) 

Friedman Gallery. New York 

T h i n k i n g of miracles, it is inevitable to go back 

to reflect on how and where did modern archi­

tecture consider the issue of tectonics, as gener­

al ly understood. 1 always find it usefu l to go back 

to the painter Kandinsky and his request to the 

observer to th ink of h imse l f as being i n the space 

of the paint ing. A paint ing is no longer a 

representation, but a space of w h i c h you . the 

observer, are an inhabi t ing part. The architec­

tural paral lel is also a new conception of space, 

and as such it has some aspects new to the then 

conventional th ink ing . The newly conceived 

space is (1) boundless, open ended, continuous 

(as per inside-outside). It (2) is up there, and 

ignores gravity. As i n painting, it (3) doesn't rep­

resent, thus it has no 'character* (as in repre­

senting funct ion) . It (4) isn't the result o f 

composing, since there are no parts to assemble 

(since there are no boundaries). A n d it (5). very 

importantly, draws on the abstract. Since it 

doesn't represent it draws on things w h i c h are 

elements of the realm of the abstract, e.g., num­

bers, science, the psyche, math, elements of the 

ai ts themselves, color, light, sound, the physi­

cist 's space i t se l f 

A very effect ive example of that conception 

of the new space was Rietveld's Schroeder house 

in Utrecht (Figure 13). Just as clear, were his 

chairs (Figure 14). Everyone used the Red-Blue 

Cha i r as a paradigm of the new th inking , includ­

ing E l Lissi tsky. who at about the same time (c. 

1922) is assumed to have been responsible for 

the acceptance of the use of the te rm 'construe-

tivist ' to describe the Soviet ' - i sm' of those years 

- a rather unclear choice of name i f one t h inks 

that construct ing would have something to 

do w i t h tectonics. T h e y l iked Rietveld's chai r 

because it was made w i t h st icks of the same 

thickness ( l ike abstract l ines, elements) bypass­

ing each other, tangentially and open-endedly. 

The shape of the s l icks was not affected (except 

for the arms, w h i c h have a double width) by 

joints or by the character o f their funct ion (as 

legs, cross bracing, back support, etc.). The rec­

tangles of the seat and back were also unbound 

and unaffected by construction intersections. 

Even the colors in w h i c h the pieces were painted 

were used to somewhat dematerial ize the pieces 

by having some adjacent faces painted in differ­

ent colors. 

Parallel in calendar t ime was of course the 

explosion of new knowledge in science. Its reve­

lations unsettled forever our understanding and 

our perception o f the physical wor ld . (We were 

now seventy percent water!) Wha t we could see 

seemed to be so much less than what was there, 

so much less than ever before. It was a l l happen­

ing at the beginning ol the century. It is useful to 

remember here that Roentgen's discovery of X-

rays was in 1895. 

Yet. was it that absence of the notion of grav­

ity as understood in the nineteenth century or 

the emerging gravitational theories brought out 

by the progress of contemporary physics that 

provoked gravity's apparent disappearance f r o m 

art? And . more importantly, would those new 

conceptions or scientists ' knowledge alter or fix 

our understanding of gravity today? (Whether 

gravity should be dealt w i t h conceptually, or 

made legible, or not made legible, is an artistic 

decision of w h i c h we w i l l talk later). Gravity, l ike 

abstraction, or physical reality, or perception, is 

a concept that, inarguably, we must not just 

understand but take a position on. It seems then 

that it is the physicist 's v iew, the scientist 's 

t ruth, rather than the artist 's or the philoso­

pher's, or someone else's, that we should review. 
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01'course, the understanding of gravity was, at 

the turn o f the century. Newtonian. In his most 

extraordinary (and wi ld perhaps) book The l-'ahrie 

of Reality, David Deutsch. the Bri t ish physicist, 

says, in some o f the most reassuring parts o f his 

text: 'Newton gave us the Burst universal I henries 

of gravity and a unif icat ion of, among other 

things, celestial and terrestrial mechanics.. .In 

the nineteenth century, few things would have 

been regarded more confidently as real than the 

force o f gravity. Not only did it figure in 

Newton's then unr ivaled system of laws, but 

everyone could feel it. a l l the time, even w i t h 

their eyes shut...or so they thought.' And then: 

'Today we understand gravity through Einste in 's 

theory rather than Newton's, and we know that 

no such force exists. We do not feel it! Wha t we 

feel is the resistance that prevents us f r o m pene­

trating the solid ground beneath our feet. ' And 

then, as i f w e could have expected the very reas­

suring statement: "The list o f acceptable modes 

of explanat ion w i l l a lways be open-ended, and 

consequently the list o f acceptable cr i ter ia for 

reali ty must be open-ended, too.' 

Roger Penrose in his The limperur's New Mind is 

more detailed i n going through the evolution o f 

the understanding of gravity. He begins recalling 

Galileo's great insight that al l bodies fa l l equally 

fast i n a gravitational field. (This is Gali leo 

dropping two rocks f rom the leaning tower o f 

Pisa). Then . Penrose recalls Newton's distinction 

between a body's mass and a body's acceleration, 

referr ing to the conditions o f ' f r e e f a l l ' in space 

(no air. no air fr ict ion) , w h i c h means ' fo l lowing 

the appropriate orbit under gravity. There is no 

need for this ' fa l l ing ' to be straight downwards. ' 

toward the center o f the earth. T h e n Penrose 

describes how 'the viewpoint of general relativity 

is to regard the freely fal l ing motions as natural 

motions. ' We can "call world-lines of freely fal l ing 

particles geodesies in space-time. O f course, we 

are already on the physics of the universe. ' and. 

'...a concept o f 'curvature* for space-time can 

be used to describe the action of gravitational 

fields....New physics does come in when we try to 

combine this picture wi th what we have 

learnt...of special relativity - the geometry o f 

space-time that we now know applies in the 

absence of g rav i ty ' One can't avoid th ink ing that 

these speculations on the space of the physicist 

might have fed the early modernists ' conception 

hi space, wi th its unment ioned 'absence of grav­

ity.' Penrose continues. 'But when gravity is pre­

sent..^ flat surface gives an approximate 

description to the geometry of a curved surface. ' 

I f we take a 'more powerful microscope to exam­

ine a curved surface...then the surface appears to 

be flatter and flatter.' .Significantly, Penrose con­

cludes. 'We say that a curved surface (as in gravi­

tational fields) is locally like a Euclidean plane. In 

the same way. we can say that, in the presence of 

gravity, space-time is locally l ike . .Mai space-time, 

but we al low some 'curviness ' on a larger scale.' 

It is comfort ing to be back in Euclidean space 

and to have Penrose describe Euclidean geometry 

as a 'sublime and superbly accurate theory o f 

physical space - and of the geometry o f rigid 

bodies' wh i l e saying that. 'We now know that 

Euclidean geometry is not entirely accurate' as a 

description o f the physical space that we 

actually inhabit!...Over a meter 's range, devia­

tions f rom Euclidean flatness are tiny indeed, 

errors in treating the geometry as Euclidean 

amount ing to less than the diameter o f an atom 

of hydrogen!' (The exclamat ion point is his.) Not 

bad for Eucl id , whose 'sublime' Element* was wri t ­

ten around 310 B.G. (Figures 15 & 16). 
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2 0 From Modulor 1 The middle diagram is a geometrical 

impossibility II 4 and 5 are at 9 0 degrees, point ' I' cannot 

determine two contiguous squares 

21 From Cyril S Smith Euler s formula'or two-dimensional 

networks, applied to a diagram ol a Picasso panning 

It is useful here to remember that the Greeks 

expressed geometric magnitudes .is numbers in 

order that they could be studied according to the 

laws of ari thmetic. Again Penrose: T h e ancient 

Greeks thought of real numbers as tilings 

.given...as properties o f ' ac tua l ' space....'Real' num­

bers were things to be extracted f rom geometry of 

physical space.' Physical space was there first, 

understood through geometry, so. the geometry 

of physical space was also there first. 'Now we 

prefer to th ink of the real numbers as logically 

more primit ive than geometry. This allows us to 

construct al l son of different types of geometry, 

each .starting f rom the concept of number.' 

That lead toward the abstract anticipates in 

one o f the clearest ways that f ron t ie r point 

where we can sense the separation between 

physical reali ty and the abstract, w h i c h I have 

argued is the dramatic break that makes the 

modernists new. W e can get there v ia mathe­

matics. 'Mathematical objects are just concepts; 

they are the menta l idealizations that mathe­

maticians make, often st imulated by the appear­

ance and seeming order of aspects of the wor ld 

about us. but mental idealizations nevertheless. 

At the same t ime, there often does appear to be 

some profound reali ty about these mathemat ical 

concepts, going quite beyond the mental delib­

erations of any part icular mathemat ic ian. It is as 

though h u m a n thought is. instead, being guided 

toward some external t ruth - a t ruth w h i c h has 

a reali ty o f its own. and w h i c h is revealed only 

part ial ly to any one of us. ' 

The mathematician Richard Courant. in his 

book What is Mathematics in the chapter on 

m a x i m a and min ima , presents what is known as 

Steiner's problem. Three villages on a map. or 

three points on paper, are given i n a roughly tri­

angular pattern, and a four th must be found that 

w i l l make the sum of the distances between each 

point (A. B and C) and the fourth (P) the m i n i m u m . 

The resultant three lines w i l l represent the small­

est amount of path needed to connect the three 

points A . B and C to each other through point P. 

Then he uoes on to demonstrate mathematically 

that the angle between any pair of lines at the 

central point is the same. 120 degrees (Figure 17). 

(And, obviously, the total length of path w i l l be 

less than the sum o f the length of the triangle 

formed by A, B and C.) Then he demonstrates the 

same recurrent 120-degree angle for four points, 

five, and so on (Figure 18). He then turns to soap 

solution (soap bubbles or ' f i lms ' being a favorite 

of mathematicians). We are in the realm of nature 

now. He takes two parallel acrylic plates and con­

nects them wi th three, and four, and five perpen­

dicular bars and immerses the object into soap 

solution. He withdraws it to see the soap film 

form a system of vertical planes between the bars 

that connect, at angles of exactly 120 degrees! 

(Figure 19). Is it nature (the film) imitating math? 

O f course, it isn't the mathematician's idealiza­

tion needing a natural observation for its incep­

tion, or for its confirmation, either. 

(It is because math makes as feel so close to 

the structure of physical nature that one finds it 

d i f f icul t to see w h y mathematics is not part o f 

most o f the cur r icu la for archi tectural programs 

in this country. Corbusier had his doubts, o f 

course, when in 1907. paying his respects to the 

elder grand master, he was told by August Perret. 

' I would study mathematics , i f I had t ime.. . . 

They f o r m the character. ' W h i c h made Corbu say 

shortly af terwards, somewhat cynical ly : ' I stud­

ied mat hematics and in practice they were never 

o f any use to me af terwards. But they may have 

formed my character. ' I f anyone has doubts, he 

should read Modulor 1, carefully.) (Figure 21) 

That break between the physical, natural 

world, and our ability to recognize, devise, and 

use elements of the abstract. I have argued, makes 

abstraction a break-away world that feeds this 

century's art. and thus architecture, w i t h a non-

physical 'substance' legitimate enough to exist 

wi th total independence. We no longer abstract 

the natural reality to find its skeletal structure. 

Instead we recognize that abstract elements are 

real, however immater ia l . Of course, it isn't that 

these ideations belong to the twentieth century 

alone, but now more than before we do not use 

them to conf i rm our understanding of the physi­

cal. They seemed before devised to solidify our 

perception of the physical world. Now they net­

work, let's say. w i t h the physical, w i t h its own 

structure, independently of our perception of the 

physical world. 

Perception, in this sense, not understood as 

consciousness but. as Webster's offers , 'a sensa­

tion interpreted in the light o f experience." A n d 

that physical sensation interpreted i n the light 

of experience s t i l l , and complicated by the 

macro and micro offerings of science, is what we 

have that allows us to read art. 

Recognizing the impact o f science's offerings 

of the macro and micro scales seems imperative 

every t ime someone resorts, not knowing very 

w e l l , to the ref ra in: 'gravity is not what it used to 

be.' Our comfort is in reading in Penrose that rel­

at ivity 's correction on the straightness of a 

Euclidean line a meter long is on the order of the 

diameter of an atom of hydrogen. That is. w i t h i n 

our piece of the gravitational fields. 

As w e reexamine our understanding o f grav­

ity and of geometry, w e can better pursue a 

legitimate understanding of the material struc­

ture of what we can perceive. A n d here our 
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knowledge of structure owes much to the irre­

sistible lessons of microstructures. somewhere 
between 'molecular structure. ' as in molecular 

structure of steel or crystal lattices, and 'subdivi­

sion of space.' as i n soap froth as the archetype 

of cel lular systems. Geometry, in its new (mid-

nineteenth century) branch as 'analysis situs' or 

topology, gives its organization and rigor to 

graphic and numer ica l aspects. Although its 

object has been hard to define, it is given by 

Courant as 'the study of the properties of geo­

metr ical figures that persist even w h e n the 

figures are subjected to deformations so drastic 

that a l l thei r met r ic and projective properties 

are lost.' Topology has proven fundamenta l to 

the manipula t ion of planer and three dimen­

sional fo rm. Its Eu le r formulas are considered 

basic for problems o f subdivision of space in t wo 

and three dimensions. T h e wonders of Eule r ' s 

law made C y r i l S. Smi th , the author of that won­

der fu l book A Search for Structure, say. 'Even more 

than Euc l id , hath Euler gazed on beauty bare.' 

Euler 's law. (Figure 21) observed first by 

Descartes in the mid-seventeenth century and 

consolidated by Euler in 1752. was incorporated 

into topology as it developed in the middle of the 

nineteenth century, and has presided over most o f 

the theories of reticulated structures ever since. 

Perhaps more than anyone else work ing 

w i t h i n the panorama of architecture this cen­

tury. Robert LeRicolais. drawing on his formida­

ble instincts, formulat ions, and much of these 

authors ' revealing work (including Hibert 's 

Geometry and the Imagination) did bridge the scale 

of micro structures to our own. In his course 

Exper iments in Structures (at the Universi ty o f 

Pennsylvania between 1957 and 1974). he p r o 

duced an extraordinari ly varied set o f configura­

tions that challenged the geometries and 

computational methods of the conventional 

repertoire of structural solutions used up to his 

day (Figure 22). He chose model building (he 

insisted that his students touch the models w i t h 

their hands) whi le (as i f fo l lowing Euler) he 

worked on graph theory for computational con­

trol. And . o f course, he used loading and strain 

gauges as the mechanisms to test the theoretical 

hypothesis o f configuration. He used steel almost 

exclusively. The l ineari ty resulting f r o m its fabri­

cation, as rolled, extruded, or in cable fo rm, par­

alleled the l ineari ty of configuration and analysis 

i n spite o f steel's isotropic character. That linear­

ity meant mostly the manipulat ion of the direc­

tional ax ia l stresses o f compression and tension, 

w i t h rare concerns about buckl ing and torque. 

Bending, o f course, was decomposed into com­

pression and tension for the obvious reason of 

conceptual clarity. Many of the geometries he 

seemed to prefer appeared to sort compression 

and tension into clearly distinguishable ele­

ments, such as a single large solid tube for com­

pression, and cables for tension. (Conventional 

structural pieces carrying compression and ten­

sion are. more often that not. indistinguishable 

in ordinary trussing or space frames.) Yet. he 

would be mischievously excited studying the 

potential of 'pres t ressed ' cables to find that they 

could absorb or release compression. 

One aspect that was never brought to light 

(during my tenure as LeRicolais assistant) was 

the fact that the lattice structure of bone, often a 

paradigm of three dimensional structures, is not 

only a network of vectors, since the th ickening 

of the ' s tmts ' at every intersection does not f o r m 

a hinge - this th ickening impl ies the abil i ty of 

these jo ints to take bending as w e l l (Figure 23). A 

complex composite there. It was the same net­

work of f l exura l nodes we referred to in Tor 's 

mul t ip le f rame at Yale, except that those were 

on a rectangular network, wh i l e i n bone they are 

on a roughly t r iangular one. They are. o f course, 

the same flexural stresses that we find i n any 

ordinary concrete beam o f even section, w h i c h 

we calculate pr incipal ly for m a x i m u m bending 

lop lo bottom 

2 2 From LeRicolais Experiments in Structures laboratory 

Preliminary model 158" long 1 / ? ' s t e e l tube diaphragm rings. 

6 - 12'dinm and I /16'aircraft stainless steel cable tension 

network undei load (1962-631 

2 3 Photomicrograph ol bone LeRicolais started lo think one 

should dnvisn i mathematical model to counl holes, instead ol 

polygons edges, and cornors. as per Euler 

2 4 Ruben LeRicolais at left with students class ol 1960. 

during the construction ol the 15 diameter monkey saddle' 

a i Perm 
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moment. And here is where , because that sec- greenhouses o f the nineteenth century, glass 

tion has large portions of it i n tension, concrete being what it is. 

is disregarded, and one ends up ta lk ing about LeRicolais ' aphor ism "zero weight, inf in i te 

portions of dead weight. A n aspect w h i c h is also span. ' inspir ing as it was and is. obscures the fact 

in t r ins ica l ly true of steel I beams - those much that structural systems must o f necessity be 

idolized icons of early believers in industry. But closed or bound, and that weight or gravity i n 

it wou ld be too long here to expand on that. Let the rea lm of our 1'uclidean space is the reason 

us s imply state that bending i n solid beams. for that. The notion of m i n i m u m weight is par-

f rames , and cantilevers, seldom represents a t icular ly significant because it points toward the 

very refined or very scient i f ic structural display. ideal position of available mater ia l w i t h i n the 

So. we have d i f ferent stresses to be repre- s tructural network for the demand of k n o w n 

sented and we have subclasses of the same mate- loads. That is w h y dead weight can't but be seen as 

r ia l (for steel, rolled steel, extruded metals. negative. That old statement of Nervi 's that 

cables, etc.). a l l made harder to recognize by the 'dead weight increases stability" rings false, or 

fact that fabrication techniques avail the too coarse to of fer a c la r i fy ing guideline, 

designer w i t h a growing number of type options. Excessive weight should be seen as a potential 

It takes, for instance, a very trained eye to distin- element to extend safety factors, or as material 

guish between the thir teen different kinds of able to absorb improbable loads, or material to 

steel in the Verazzano Narrows Bridge. absorb decay (by fire, for instance) or weather-

Perhaps because LeRicolais 's structures were ing. T h e fact that any weight would get labeled 

more structural elements than buildings, and he dead was the reason w h y bending was always 

never built one (unless one counts a 15' span considered a stress equation to be min imized in 

monkey saddle roof structure we built at the LeRicolais ' structures. He did, o f course, go way 

school, w h i c h later adorned a smal l courtyard of beyond elementary equations, using pulleys to 

the campus for some t ime). (Figure 24). there equalize tension in cable networks, or the pre-

werc never anci l lary bui lding elements to stressing and rotation of cables, to exper iment 

obscure the structure itself. ' I t ' was ' i t . ' j u s t as. in wi th the travel ' o f stresses f r o m areas of tension 

a d i f ferent panorama of things, structure never to areas of compression, w i t h i n the same struc-

was an issue of readability in the wonde r fu l tural form. 

iod io bottom 

2 5 Piilni House. Park Herrenhousen neat Hanover (1879) 

Plan and Sect ion 

2 6 Palm House Park Horrenhousori. near Hanover (18 79) 

1916 photograph 

2 7 Great Palm House Botanical Garden 

Berhn-Dahlom ( 1 9 0 7 ) 
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28 Great Subtropical Housi- Buliinn .rl IKHII.-II 

BnilisDahlHm(1909) 
2 9 Great Subtropical House Botanical Cardan, Berlin-Dahlom 
(1909) Bracing detail 

The fascinat ion w i t h nineteenth-century conser­

vatories has to do w i t h the fact that, un l ike 

bridges or other emerging structures of wha t 

Corbusier called first ' the age of metal . ' then 'the 

steel age.' and then 'the machine age' (wr i t ing 

around 1925). they were , first, transparent about 

tel l ing (all)! and then clear about the inherent 

separation between structure and 'the rest ' 

(what later we w i l l ca l l 'closure'), since there 

seemed to be no 'the rest' there, as another of 

the principle ingredients o f tectonics. They also 

were the buildings w h i c h seemed to. very com­

for t ing that, avoid the querulous contention of 

architects and engineers being creators of differ­

ent i lk. (Or equally as querulous i f I said: the 

same ilk!) . 

The nationalist ic French have made much 

about the fact that, although the nationalist ic 

Engl ish w i t h Paxton and others c la im them­

selves pioneers of the emerging steel age. it was 

the French engineers/mathematicians Coulomb. 

Navier. Cauchy. Poisson. w h o laid out the basis 

for t he establ ishment of statics early in the nine­

teenth century. Paxton to them was s imply an 

empir icis t , work ing by trial and error, doing 

greenhouses for the landed English. It is t rue 

that there isn ' t much structural ly or mathemati­

cally innovative in the Crys ta l Palace (1851), or 

its immediate precedent the Great Conservatory 

at the Duke of Devonshire 's estate (Bicton Palm 

House). We today admire it mostly as a devi l ishly 

remarkable precedent o f prefabrication and 

assembly. It is the middle and second ha l f o f the 

nineteenth century that saw the basic cri teria 

that were to spark the development of fabrica­

tion techniques for steel and steel structures 

later. Those greenhouses are a very sat isfying dis­

play of bui lding intui t ion, technique, economy, 

and craf t . They knew much less than we do, and 

did much more. 

O f the many conservatories throughout 

Europe, the Palm House in Park Herrenhausen. 

in Hanover (1879) (Figures 25 & 26). is a perfect 

example of a fu l ly reticulated structure w i t h i n 

the restraint o f conventional orthogonal and 

planar geometry o f wa l l s , decks, and roofs. It was 

praised in its t ime for having resisted hurr icane 

force winds (in October 1882) wi thout causing 

any perceivable vibrat ion, a cr i t ical issue in 

many of the single curvature roofs. The Great 

Subtropical House at the Botanical Garden. 

Bcr l in-Dahlem (Figures 27. 28 & 29). shows a 

more refined resolution o f the lateral stresses of 

racking, wit h in the plane, due to w i n d pressure. 

Other examples, such as the People's Palace, 

at Glasgow Green, or the Palm Houses at the 

Botanical Garden in St. Petersburg, or the Great 

Palm House at Schonbrunn. Vienna , show an 

audacity practically unparalleled for decades. 

They represent the introduction of single and 

double curvature roof structures barely behind 

the theoretical knowledge necessary at the t ime 

to make them feasible. 
b As noted hyGeory Kolilm;iu>i U B von Sailury. 

Houses of Glass 
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Exlenor wrappei 01 the Tectonic Compact 

3 2 Indian Institute ol Management University ol Gujarat. Ahmedabad. Louis I Kahn 

( 1 9 6 2 - 7 4 ) Study Model The arches thrust makes the concrete restraints thinner 
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It is easy, as I have dont'. to go f r o m materi­

ali ty to science to find the rigor that can make us 

believe we can choose good rules to control our 

urges to build. It is some of Perret's 'They [math­

ematics] f o r m the character." And tempting as it 

is, i l does seduce us and makes us revert again to 

the expedient separation off structure. ' where 

science reigns, and 'closure. ' w h i c h is fu l ly in the 

rea lm of art. The moderns w i t h their invented 

theoretical space (not the physicists ' as we 've 

seen) nearly got it right. They almost avoided 

thai separation...by denying gravity. Closure was 

chosen as i f its parts and pieces could sustain 

themselves by the rigors of art. The mechanisms 

of holding and bearing and keeping themselves 

together intact didn't need to define what was 

left to be perceived. Af te r planes of concrete 

cracked, and cambers flattened and sagged, 

steel rusted, plaster peeled off. and paint wasn ' t 

enough, 'bui ld ing w e l l ' started to come back. 

Corbusier did it w e l l , not wi th the Domino 

house, or its idea rather, but wi th the Jaoul and 

Sarabai houses. K a h n did it we l l because build­

ings had to, jus t l ike nature, 'show the way they 

were made. ' W h a t we l ike is thai they did it as i f 

wi th a 'compact ' - few materials very w e l l under­

stood. Webster's defines compact as 'having parts 

or units closely packed or joined. . .being a metr ic 

space w i t h the property that for any collection of 

open sets w h i c h contains it, there is a subset o f 

the collection, w i t h a finite number of elements 

w h i c h also contains it . ' At the Jaoul and Sarabai 

houses, a barrel vault w i t h ceramic tile (center­

ing left to be seen) and simple wal ls do it (Figure 

30). Kahn did it at Exeter , bui lding w i t h brick, 

things of brick scale, by the bricks ' rules, wrap­

ping around the large scale of concrete, built by 

the rules of concrete, w i t h big heights, big spans, 

and big holes (Figure 31). In Ahmedabad (at the 

School o f Management of the Univers i ty of 

Gujara t ) he built by the brick rules and when the 

arches o f the openings were too big to avoid lat­

eral thrusts, he brought in concrete so that the 

act o f res t ra ining the horizontal forces gener­

ated by the arches ' thrust would prestress the 

concrete and make it th inner (Figure 32). They 

did not demonstrate s tructural behavior here 

and closure there. They built at once and w i t h 

the enormous clar i ty that comes f r o m the con­

ception o f what I here have thought to cal l 'tec­

tonic compacts. ' 

' In-Visibi l i ty . ' as in the ti t le o f this art icle might 

deserve some comment as a word . I did th ink 

that i n -V i s ib i l i t y ' put the theme where it 

belonged, that is in te rna l iz ing the issue of vis i ­

b i l i ty into that o f tectonics, whe ther you see 

things or not. Tectonics, o f course, is less than 

clearly defined anywhere , because of all that has 

been done to the word . We al l vaguely th ink of 

the Greek origin in its etymology and satisfy our­

selves w i t h its generally accepted meaning of 

'bui lding w e l l ' (1 l ike that) or ' a i t o f construc­

tion. ' Funk t'< VVugniill says lor the adjective 'per­

taining to building. ' or "relating to construction, ' 

and reminds us that in Greek tekton means car­

penter (and tekhne s k i l l , o f course). Webster's 

(Ninth New Collegiate) doesn't even have the 

te rm other than as a branch of geology con­

cerned w i t h structure, especially wi th folding 

and faul t ing. Maybe the word doesn't belong to 

us. a f te r a l l . 

Speculat ing on tectonics has kept people 

busy, as i f 'disassembling' the fu l l scope o f our 

art should let us gain in clarity...as i f subsets of 

meaning w i l l keep us clear o f ambiguities. T h i s 

a l l made more complex on account of the so-

called expressive intent (empathy, to some), w h i c h 

was being forcibly injected into tectonics in its rel­

at ively young l i fe - 1 have covered only very par­

tial aspects on a sort o f epistemological track to 

understand it s substance. Much more of this has 

to be done. The variat ions of thai ambitious 

theme of expressive latent have occupied many 

theoreticians, historians, and architects since 

Semper and Boetticher in the middle of the nine­

teenth century. In one of the last issues of one of 

the most respected European archi tectural mag­

azines. I recently read an art icle, not very long, 

in w h i c h the author, t ry ing to pursue that 

evasive(?) exactitude, cites more than for ty 

authors, f r o m the middle of the nineteenth cen­

tury unt i l today, on the subject. I found myse l f 

ref lect ing on: W h a t i f tectonics had in its mean­

ing the full latitude o f ' exp re s s ive intent"? What 

then.. .would .urhiteclurc be? 
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C O L L A B O R A T I O N 
G u y N o r d e n s o n 

G U Y N O R D E N S O N S P O K E W I T H T H E E D I T O R S O N 

S E V E R A L O C C A S I O N S A B O U T T H E C H A N G I N G R O L E 

O F S T R U C T U R A L E N G I N E E R I N G I N A R C H I T E C T U R A L 

D E S I G N W H A T F O L L O W S I S A S Y N T H E S I S O F H I S 

R E S P O N S E S T O S E V E R A L Q U E S T I O N S A B O U T H O W 

E N G I N E E R S W O R K A N D T H I N K 

N O R D E N S O N : it is sometimes useful to th ink of 

a s t ructural engineer's practice as that of either 

technic ian , art ist , or collaborator. Obviously 

these usual ly blend into a hybrid, but differ­

ences do exist . 

The technicians solve the problem given by 

the architect . Sometimes that means the struc­

ture has a part icular tectonic "look" about it as 

conceived by the architect. At other t imes it w i l l 

mean that the structure disappears behind the 

scenes. I remember one engineer f r iend te l l ing 

me he saw his task as mak ing an exposed struc­

tural detail work as the architect imagined it did. 

execut ing a specific mechanica l script. Often the 

result is a great project. But. in al l these cases, i f 

uncovered, the facts w i l l show that the script 

was dr iven by an archi tectural idea, not necessi­

ty nor engineering. 

The artists, l ike Maillart, Nervi , Candela. and 

Calatrava develop a distinct style out o f the mate­

rials and methods of structure. Usually the fo rm 

incorporates certain inventions: the deck-stiff­

ened arch, ferrocement, the hyperbolic para-

baloid shell . You might even say that the work is 

in some cases classical, or romantic, or even man­

nerist or baroque. T h e practice is clearly that o f 

an artist work ing in the medium of structure. 

The collaborators work as part o f design, and 

sometimes construct ion teams, usually 

on-going. One th inks o f groupings: August 

Kommendant and Louis Kahn , Paul Weidl inger 

and Marcel Breuer or Gordon Bunshaf t , Fred 

Severud and Eero Saar inen. Peter Rice and Renzo 

Piano (and Tom Barker, the services engineer). 

Leslie Robertson and I .M. Pei. The collaborations 

evolve and deepen over a series o f projects. 

The ^contributions are not always distinct or 

identifiable. Usual ly the only way to discern the 

engineer's contr ibut ion is by looking at the 

architect 's work w i t h or wi thout them. 

The hand of the collaborator engineer is elu­

sive, but recognizable when projects are studied 

over t ime. It is manifes ted in a sensibil i ty instead 

o f a style. I f two of Bunshaf t ' s projects using 

Vierendeel trusses are compared, one wi th 

Weidl inger 's involvement and one without , it is 

much easier to see the engineer's inf luence . In 

the Weidl inger projects, such as Beinecke Rare 

Book Library, the delicate connections between 

moment-resisting intersections are articulated 

w i t h a precision that reflects the participation of 

someone who knows what is possible: they are 

pushed beyond the conventional . 

W h e r e there is no such evidence the conclu­

sion would be that you are looking at more of a 

technician's practice. In fact, maybe the best way 

to th ink of these categories - technician, artist, 

collaborator - is as al l interconnected in a circle, 

so that Rice is more artist /collaborator w h i l e 

Fazlur Kahn is maybe more collaborator/ techni­

cian, and so on. 

E D I T O R S : In describing how he and his col­

leagues* worked w i t h Steven Holl on recent 

projects, Nordenson elaborates on the w o r k i n g 

method of the collaborators, emphasiz ing how 

Quid the structural design process is and how it 

can be woven into the architect 's earliest con­

ceptions. He lays out the process of embedding 

structure in architecture. His th ink ing reflects 

this conceptual experience and. i n turn, embeds 

structural thought in an intel lectual culture. 

N O R D E N S O N : I n Steven Hol l ' s work , the struc­

ture comes and goes in the space l ike an actor 

on the_stage, 

WW 

:i 

*Ove Amp 6 Partners wore engineers lor both Kiasma and 

Cranbrook. with Guv Nordenson as principal in charge and 

Mahadev Raman in charge ol building services engineering 

Guy Nordenson and Associates are the structural engineers 

lor CALA and MIT. collaborating with Ellerbe Beckett and 

Simpson Gumperzand Heger. respectively 

top Ief1 K I A S M A construction 

above: K I A S M A cu ived wall - view Irom the noitl i 
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The large scale forms i n the He l s ink i Museum express 

Holl 's idea o f in ter twining . A l inear block inter twines 

wi th a curved shape. The t orus geometry of t he curve 

lent i t se l f to a s t ructural system comprised of trusses 

formed to the C-shaped section and spread along the 

curve every ten feet or so to delineate the shape of the 

building. The trusses rise f r o m the ground and arch 

over to tall columns set inside the glass w a l l . The 

cavity in between trusses harbors the mechanical and 

electrical systems that feed the building. 

He l s ink i marked a new development in our col­

laboration wi th Holl 's off ice . The fo rmal moves -

thick w a l l and glass wa l l - were tangled up w i t h the 

technological requirements of the building f r o m the 

very start o f the design competi t ion. The structure 

and mechanical and electr ical systems are a l l closely 

integrated and become occupants of the f o r m - there 

is an added meaning to this fo rm, the curved w a l l , 

when you begin to understand that it has a s ignif i ­

cant, dramatic thickness, and that the thickness is 

occupied by supporting systems because the w a l l is 

designated as a chase. The thickness becomes part of 

the character of the space. 

W h e n Mies was given his archi tectural l icensing 

e x a m i n Chicago, he was asked wha t he thought 

about technology. He drew two lines on the black­

board. He pointed to the top l ine and said, ' this is the 

slab.' then pointed to the bottom l ine and said, ' this is 

the cei l ing. ' Pointing to the space in between he said, 

' this is technology.' T h i s zone, whether it is beneath 

the slab or above it in a raised floor, is the s tu f f of 

technology. 

At Hels ink i we turned that s tu f f in the middle, the 

poche. into an actor i n the design. T h e thickness of 

the curved w a l l implies technology on some level, but 

it's not technological exhib i t ionism. Observers do not 

immediately become aware or may never become 

aware of the technological contents of the wa l l , 

except by inference. T h e cuts for skylights reveal the 

wa l l ' s thickness, and it is up to the v iewer to sense 

that the building is supported by the wa l l - both 

s t ructural ly and mechanically. 

lop left K I A S M A section through light wel l 

bottom leh K I A S M A buildinfj section 

right K I A S M A third lloor gallery with light well 
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Again we were interested in housing mechanical 

and electr ical systems in structural elements. The 

thick wa l l adjacent to the stairs contains these 

systems. The pre-cast planks, which support the 

floor of this gallery space are fabricated w i t h hol­

lows, to reduce dead load. We took advantage of 

these hollows and used them as ducts. 

W i t h i n the thick central wa l l , l lexiduct car­

ries air f r o m ma in runs to open ends of the pre­

cast planks, where it is then forced into the voids 

and fed out into the space through openings in 

the underside of the planks. This had never been 

done before. We look this piece of structure -

this ready-made, precast, hollow core plank -

and venti lated it. It is i n the tradition of hollow­

ing out s tructure so it can act as a p lenum, 

except the structure i tself was not designed to 

perform that func t ion , but was adapted to do so. 

T h e bui lding structure at Cranbrook is orga­

nized around a notion of base and super struc­

ture. The re is concrete structure up to a certain 

datum, and above that is steel - in the fo rm of 

trusses, two o f w h i c h bridge between the two 

concrete ground forms. The exterior does not 

reflect this s tructural system (the masonry runs 

uninterrupted between the two levels) but 

instead reflects the c i rculat ion system - changes 

in material and texture show where interior 

ramps are. A n d inside the building, the idea of a 

steel f rame popping out above masonry is 

expressed only locally in glimpses of the struc­

ture, a series of vignettes. 

The glimpse of structure is part o f the col­

laborator's repertoire - it is a rhetorical device, a 

synechdoche. At Beaubourg. you can wa lk right 

up to Peter Rice's enormous gerberette and 

inspect a piece of it. At Cranbrook we have a por­

t ion of a truss si t t ing quietly in the corner of a 

gallery. The idea is that i n ge l l ing quite close to a 

piece of structure and trying to figure out w h y 

it's shaped the way it is. one enters into a local 

relat ionship w i t h the piece instead of reading a 

4 
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top top floor K I A S M A gallery construction 

above ight K I A S M A top lloor gallery completed 

at left C R A N B R O O K vievy ol entry 
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C R A N B R O O K - consirucuon of s iau supported by steel columns 

C R A N B R O O K - upper level plan and sections 

C R A N B R O O K - steel superstructure budge 

C R A N B R O O K - llexi-duct leeds into hollow cores 

C R A N B R O O K - construction of steel structure atop concrete base 

C R A N B R O O K - placement of pre-cast hollow core plank 



diagram of the whole system. In a diagram build­

ing, w i t h say. a giant truss l ike on the Hancock 

Bui ld ing, one can sec and understand the struc­

ture immediate ly f r o m a distance. At Cranbrook 

there really is no evidence of technology at a dis­

tance. But at a smal le r scale you get glimpses 

that add up to a knowledge of the systems fig­

ured out over l ime . 

Since this is a place for science, the Structure 

takes something of an archaeological c h a r a c t e r -

you're shown a f ew bones of the dinosaur, and it's 

up to you to figure out the rest o f the skeleton. 

T h e use o f structure does not have 1 0 be blatant; 

it is not necessary to broadcast al l o f the compo­

nents of the building at once. Much ol the struc­

ture is hidden f r o m view, or discovered by 

spending t ime in the building. Its organization -

the concrete base and steel superstructure 

above, a fu l l height truss that becomes the 

bridge - is very s traightforward. Independently 

the structural vignettes have an order and clari­

ty of organization, so that when observers wan t 

to understand what is going on through the evi­

dence given, the exposed pieces, it is possible to 

assemble the system in their minds. Sometimes 

it 's buried, sometimes it pops out. and where 

those things happen is chosen entirely by Holl 's 

archi tectural a ims in relation to one's movement 

through the building. 

The re is a tension between the episodic 

(slightly fetishistic) presentation of structure and 

the fact that it 's not jus t a display of structure, it 

is the structure. T h i s ambivalence is inherent in 

using the language of exhibi ts w i t h structure, 

part icular ly when the glimpses occur in gallery 

space. 

E D I T O R S : SO you did not necessarily design a 

pure eng inee r ing s t ruc ture to resist force, 

w h i c h would be selectively revealed by Steven 

Hol l . You pay attention to where and how it is 

revealed and detail accordingly. 

N O R D E N S O N : There is no such thing as pure. 

The re is only organized or disorganized. You 

ei ther have an overall strategy for the structure, 

or you have to solve problems locally and inde­

pendently. Most engineers have a strategy. 

W h a t you do is weave a collection of ideas 

together that work o f f each other, start ing w i t h 

fo rm, then the organization of the structure, and 

then the result ing implicat ions for s tructural 

expression. One of the examples of structure 

part icipating in c i rculat ion ideas at Cranbrook is 

the shearing co lumn that occurs at the pivot 

point o f the plan. It is not just a co lumn, but an 

element of a larger truss running above. The 

co lumn drops down to participate in circulat ion. 

T h i s was Holl 's expression of the c i rculat ion in 

the structure. 



C O L L E G E O F A R C H I T E C T U R E A N D L A N D S C A P E 

A R C H I T E C T U R E . C A L A U N I V E R S I T Y O F M I N N E S O T A 

The idea of structure harboring technology that 

was developed in Cranbrook found its way into 

Minnesota. Again, there was an archi tectural 

idea of removing the clut ter o f systems f r o m 

underneath the slab and placing it in a th ickened 

w a l l . A good deal o f effort was required here to 

design the concrete f rame in a way that cleared 

a path for these mechanical , electr ical , and 

p lumbing systems. A series of independent 

f rames marches along the two axes, braced by 

pre-cast concrete planks spanning between 

them. Dur ing construct ion, before the planks 

are in place, the f rames w i l l look l ike soldiers. In 

the f in ished building, no beams w i l l connect the 

f rames. The voids where perimeter beams would 

normal ly be a l low for a clear reading ol the zone 

of w a l l in between f rames. Again , the a i r f low 

happens in the wal ls instead of in the floors. 

M A S S A C H U S E T T S I N S T I T U T E O F T E C H N O L O G Y 

E D I T O R S : W h e n do you begin to draw structural 

models that work w i t h archi tec tura l ideas? 

W h e n do the back-and-forth conversa t ions 

become real s tructural schemes? 

N O R D K N S O N : The schemes as we l l as the ideas 

can happen very early on. At MIT. Hol l is devel­

oping concepts for a dormitory, and we have 

been drawing the structure that goes w i t h 

them. In one. the 'Folded Street." the architec­

tura l idea of having public and private spaces 

ramp up around the core of the building clearly 

depends on a c lean structural solution. Rooms 

are in blocks on both sides of building. Each 

room faces the exter ior and on the other side 

opens up to the double height public space 

between the core elements. Both dorm rooms 

and public space wrap around cores and ascend. 

Our structure is a series of trusses canti levered 

off the core, w h i c h allows for column-free space 

i n the c i rculat ion areas. 

In the second dorm project, the 'Sponge.' my 

colleague Chris topher Diamond invented a new 

precast concrete 'perfcon ' of w h i c h the exter ior 
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E D I T O R S : Y O U have described structure as being 

narrat ive, didactic, and rhetorical . Wha t are the 

differences between these three treatments of 

structure? 

N O R D E N S O N : I f you a l low that there is a lan­

guage of structure, architecture and technology, 

and assume it's a language that people are some­

what f ami l i a r w i t h , it is possible to "write' in 

that language in ways that are clear, elusive, or 

al lusive. You could develop a rhetoric of struc­

ture. 

T h e language that is employed in narrat ive 

structure - the conventions of trusses, arches, 

bridges, h i - t ech - are used to tell a clear story. At 

Cranbrook the trusses were detailed in such a 

way that it was f ami l i a r enough that a part could 

speak fo r the whole. 

Didactic structures give as direct an account 

of what 's going on as possible, l ike those of 

l-'azlur Kahn , or o f Maillart . T h e goal is to be 

clear, s t ra ightforward, and complete - to show 

the whole of what ' s going on structurally. 

Holl 's work is more rhetorical . The re is a 

hide-and-seek where a revealed part represents 

the concealed whole . It is s imi la r w i t h Mies. T h e 

exter ior o f C r o w n Hal l tells a s tructural stoty 

that is incomplete, but clear - the series o f 

f rames is visible, but how they are stabilized 

across the grain remains hidden. Once inside 

that story is taken away - there is no way to tel l 

what is co lumn or mul l ion . 

E D I T O R S : Can structure be subverted? 

N O R D E N S O N : Structure can be manipulated to 

express 'weightlessness ' - not jus t by suspend­

ing it and m a k i n g the supports invisible l ike a 

magic tr ick, but by manipula t ing structure so 

that the scale of the things st i l l visible gives the 

appearance o f weight lessness . Because 

observers can move around in buildings, it is 

possible to orchestrate these kinds of experi­

ences. Looking at C r o w n Hal l f r o m a distance, 

one can perceive that roof trusses are being sup­

ported by columns. On the inter ior everything is 

de-materialized - you only see the cei l ing plane. 

At Peter Rice's and RFR's L a Vil let te project in 

Paris, the main stability for the structure is hid­

den f r o m sight: a large concrete pi l lar sheathed 

in mi r ror finished metal . Some things are given, 

others hidden. 

T h e cr i t ica l analysis o f structures, and their 

rhetoric, is impossible wi thout a study of con­

struction drawings and photographs, especially 

in collaborative work , for example Kahn 's w i t h 

Kommendant . The re are a lways drawings: ult i­

mately things get worked out. or they wouldn' t 

stand up. Defiance ol gravity is purely rhetorical . 

The challenge is in how to relate the reality, the 

deep structure of the construction documents, to 

the surface structure that is vis ible in the archi­

tecture, and how to work that language. 

above Mil folded streel truss 

erection sequence 
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IN O R D E R TO L O O K L I K E A C O N C E P T U A L S T R U C T U R E , A LOAD B E A R I N G S T R U C T U R E M U S T 
B R A Z E N L Y D E N Y T H E F A C T OF ITS B U R D E N 

Robin E v a n s 
E x c e r p t f rom Mies van der Rohe's Paradoxical 

Symmetries 

Symmetry came and went in Mies s work, so it could be 

argued that neither symmetry nor asymmetry is central to 

an understanding of his development. His lifelong con­

cern was with the logic of structure and its expression. 

Were we to look in this direction, we might find fewer 

paradoxes, and all those adjectives like universal, clear, 

rational, etc . might more easily fall into place. 

Mies later recalled that he first realized the wall could 

be freed of the burden of the roof while designing the 

Barcelona Pavilion. The function of the column was to 

support the building: that of the wall was to divide space. 

Logic at last, of a sort.' The plan shows this clearly: eight 

columns, symmetrically arranged in two rows, support 

the roof slab, while the asymmetrically disposed walls 

slide away from the columns, away from each other, and 

out of alignment with the orthogonal matrix A pnnciple 

turns into a fact 

Well, this is not actually true, nor is it apparently true, 

except in the plan. Pass over the decided lack of candor in 

the construction, with its brick vaults beneath the podium 

and its armature of steel concealed in the roof slab and 

the marble walls - walls which give a tell-tale hollow ring 

when tapped. Ignore this, because, whenever such an 

observation is made about any of Miess buildings, it 

always elicits the same response: Mies was not just inter­

ested in the truth of construction, he was interested in 

expressing the truth of construction. The most celebrated 

examples of this twice-stated truth are for the most part 

the later American buildings: the Lake Shore Drive apart­

ments. Crown Hall, and so on. Should we say. then, that 

the Barcelona Pavilion was an early but none too success­

ful attempt to get these two versions of structural truth to 

accord with each other, so that the building would 

express this newly discovered principle? I think not. for 

two reasons: first, because the principle is expressed very 

badly in the pavilion and. secondly, because the pavilion is 

so refined and so beautiful... 

There are two reasons why we may think the 

Barcelona Pavilion is a rational structure: Mies said it was. 

and it looks as if it is. It looks rational because we know 

what rationality looks like: precise, flat, regular, abstract, 

bright and. above all. rectilinear. This image of rationality 

is unreliable, however The Guell Chapel has none of these 

attributes, yet it is consistent and logical in structure and 

construction. The entire chapel was to have been scaled 

up from a inverted funicular model made of wires draped 

with paper and fabric. Gaudi spent ten years, from 1898 

to 1908. developing this model, which hung from the ceil­

ing of a workshop. Each of the funicular wires represented 

an arch. As they intersected, these arches changed shape. 

The model grew into an elaborate, distended web of ten­

sile force vectors, each modified by all the others. Gaudi 

tinkered with it until the whole thing was tantamount to a 

continuous surface. The model was wholly in tension. 

Turned upside down, it would produce a structure wholly 

in compression, thus avoiding persistent tension, against 

which masonry has little resistance.' This is a rational 

structure. By contrast, the structure and construction of 

the Barcelona Pavilion is piecemeal and inchoate. 

We believe that Miess buildings exhibit a sublime 

rationality because so many people have reported seeing 

it there. These sightings are only rumours. The whole 

matter resides in recognition I recognize plant life when I 

see it. and I recognize rationality in architecture when I 

see it. because I begin to understand, after much practice, 

what the word is applied to. I am then tempted to think 

that all things bearing the same name, whether or not 

they are architecture, must share an essential property, 

but this is not necessary, nor. in this instance, is it likely. 

We may choose to believe that squarish, simple things are 

tokens of rationality in some wider sense, and that curva­

ceous, complicated things are tokens of irrationality, but 

our highly developed powers of visual recognition are 

exercising no more than a prejudice when we go out hunt­

ing for items to pin these terms onto. Yet. while prejudices 

may be without foundation, they are not without conse­

quence. The belief that we can identify rational structure 

by these vital signs has rendered us insensitive to the two 

incomparable ideas of structure, both of which we think 

we see. Within the word structure is a latent oxymoron. In 

Miess architecture this trivial confusion of thought is 

turned into an incredible apparition. The structure of a 

sentence is not the same sort of thing as the structure of a 

building. I have been treating the Barcelona Pavillion 

structure as a means of holding its own weight off the 

ground. This kind of structure is about gravitation, mass, 

and the transmission of loads through solids: it is con­

cerned with concrete, physical things, even though our 

understanding of it is achieved by means of abstractions 

such as vectors and numbers. The other kind of structure 

is also present. We refer to the pavilion s gridded structure 

or its orthogonal structure, and yet these structures have 

nothing to do with material or weight They refer to orga­

nizing formats which may be imposed upon, or discovered 

in. material obiects. but which remain conceptual, like the 

structure of a sentence. 

The language of architects is notorious for its impre­

cision, pretentiousness, and addiction to cliche admits 

Peter Gay. in a last ditch attempt to gain us some sympa­

thy.' Architectural critics are just as guilty. I have some­

times wondered whether these failings conceal some 

advantages. Great things are never easy.' mutters the 

oracular Mies, quoting Spinoza.' Take the two distinct 

ideas in the word structure, and then make a building in 

which they appear to blend together as effortlessly as 

they do on the page. That is a way of taking advantage. It 

is not easy. Is it great?... 

Since the mechanical structure of a building is noth­

ing but a response to gravity, any architectural expression 

of mechanical structure would surely declare the trans­

mission of load, not conceal it. Yet conceal it Mies does -

always and in all ways. How. then, have his buildings 

maintained their reputation as expressions of structural 

truth and structural rationality? We need only return to the 

double meaning to find this out: as the buildings suppress 

all association with the stresses and strains of load-bear­

ing structure, they begin to look more like conceptual 

structures. Conceptual structures are notable for their 

independence from material contingency. Think of a 

mathematical grid: it is not subject to gravity. Any sub­

stance, even the most adamantine, changes shape when 

a force passes through it. A mathematical grid, on the 

other hand, cannot change shape in any circumstances. 

The two kinds of structure could never be exactly identi­

cal In order to look like a conceptual structure, a load-

bearing structure must brazenly deny the fact of its 

burden. To me.' said Mies, structure is something like 

logic ': a flaccidly ambiguous statement from a man 

whose buildings are taut with the same ambiguity. 

If Mies adhorod to any logic, it was the logic of 

appearance His buildings aim at effect Effect is para­

mount In the period between its being dismantled and its 

resurrection, the Barcelona Pavilion was renowned for the 

transcendent logic of its determining grid. 

1 It is difficult to understand why this realization ol 1929 should so 

often be cited, as if Mies had achieved some completely new insight 

The principle had been announced some years earlier by Le Corbusier 

2 Isidte Puig Boada L'Esglesia de la Colonia <>(W/(Edilonal Lumen. 

1976) 

3 Peter Gay. Weimar Culture (New York. 19 70) p 101 

4 Acceptance speech on receiving the AIAGold Medal. I 9 6 0 See 

Peter Serenyi.abstract. JSAH. Vol 30 . no 3(October 1971)p 240 

4 Peter Blake. A Conversation with Mies.' Four Great Makers, p 93 . 
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F O N T l i l N 

I f w e set out to read a bui lding or structure, we could mean s imply that we intend to have a closer look 

at ihe object, collect the numerous facts and weave ;in interpretation or explanat ion around them. Is 

this al l it means to read an object, or can our reading go fur ther than that? I f an actor reads a part w e l l , 

he or she not only delivers the lines w i t h a part icular interpretat ion, but also reads or speaks in a way 

that both reveals and creates a l iv ing character. To read a bui lding as thoroughly would s imi lar ly 

require the reader to discern, to reveal, and perhaps even to recreate it. 

51 

In the case of architecture, we are a l l potential readers i f w e elect to exercise that role. Often, when we 

do choose to read a building, we reflect upon its layout, its symbolic expression, possibly upon the play 

of light, occasionally about the materiality. Our appreciation of the structure tends to be l imited to the 

visual effects. Only i n a clear tour de force o f s t ructural invent ion do w e pay at tention to the system of 

t ransfer r ing forces. In most cases, the structural f rame is taken for granted, a mere necessity. 

We have also grown accustomed to seeing these two words, "structure' and ' f r ame . ' side by side, to the 

point where they are of ten used interchangeably. 1 would l ike to step back and consider the inflec tions 

of these terms more careful ly. It is no accident that structure and f rame are increasingly being con­

sidered synonymous. What kind of role does the idea of f rame play in the interpretation of a building's 

s tructure? By reading structure ' through the frame." one discovers how these terms d i f fe r and how 

they coincide, and how this pair ing of ideas shapes our view of archi tectural structure. 

In using the word ' through ' i n the phrase ' through the frame." 1 intend a mult i-dimensional interpre­

tation: the sense o f going through or beyond; the sense of being in the midst of: as we l l as its use in the 

sense of. by way of. or by agency of. A l l three meanings resonate here simultaneously. 

S t r u c t u r e c o m e s f rom the La t i n s t ruere. ' w h i c h 

m e a n s to a r range , pi le up or bui ld, to set in order 

A s V i c o e loquent ly l ays out for us in h is mas te r 

work . The New Science, w e bui ld u p o n the th ings 

that w e a l ready k n o w a n d w e k n o w the th ings that 

w e ou rse l ves h a v e m a d e ' T h e first peop le c r e a t e d 

th ings acco rd i ng to then o w n ideas by v i r tue of a 

who l l y co rpo rea l imag ina t ion , for w h i c h they 

w e r e ca l l ed poe ts w h i c h is G r e e k for C r e a t o r s ' To 

bui ld a s t ruc tu re is in its e s s e n c e a c rea t i ve ac t of 

in terpretat ion W e put th ings together, a n d through 

the jux tapos i t ion or a r r a n g e m e n t of the cons t i tuen t 

par ts , w e d e t e r m i n e the par t icu lar na ture of c h a r a c ­

ter of the w h o l e 

In turn, w e are ab le to read w i t h i n the s t ruc tu re al l 

the k n o w l e d g e , d r e a m s , a n d imag ina t i ons of the 

peop le w h o m a d e t h e m In its anc i en t s e n s e , all 

t echno log i ca l act iv i ty invo lved revea l i ng , a br ing ing 

forth of th ings into a p p e a r a n c e , t he potent ia l to lib­

e ra te the man i fo ld na tu res of th ings ' 



PBKSIFEl i s 

D o e s techno logy S i l l func t ion in this reve la to ry c a p a c ­

i t y ' H a s the m e a n i n g ol t he w o r d techno logy 

c h a n g e d ? H a s the m e a n i n g of the w o r d s t ruc tu re 

c h a n g e d 7 

More o l t en than not. w e speak o ' a s t ruc tu ra l s y s ­ I find myse l f in a bui lding for lease, one very s imi la r to a vacant parking garage. My horizon is trapped 

t e m ' or ' f r amework . ' between two slabs o f concrete held apart by row upon row of slender round columns w h i c h seem to 

be dispersed chaotically, un t i l the vector of my movement through the space brings them into line. 

F r a m e , l ike s t ruc tu re , a l so m e a n s to f ash ion , con ­ Order is never more than a few steps away. Occasionally, a hollow concrete shaft penetrates the space. 

st ruct , or m a k e , but c o m e s w i t h the a d d e d conno ta ­ These rectangular shafts keep the structure f r o m shearing sideways and collapsing upon itself. 

t ion f rom the A n g l o - S a x o n f ram ian ' a n d f rom the Through the shafts . I am able to exit. . . 

w o r d ' t r am ' ( f rom) , m e a n i n g to m a k e p rog ress , h e n c e 

to p rosper ; to con t r i ve ; to m a n a g e ; to d e t e r m i n e or 

regu la te t he c o u r s e o f ' 

F r a m i n g h a s the s e n s e o rde r i ng but by m e a n s of 

e n c l o s u r e , of r e m o v a l f rom the con tex t , of get t ing rid 

of e x t r a n e o u s mate r ia l T h e idea o ' e c o n o m y a n d 

profit h a s b e e n in t roduced . 

E c o n o m y is a c h i e v e d by m e a n s of repet i t ion a n d pat­

te rn . T h u s , w e speak of a s t ruc tu ra l f r a m e w o r k or 

gr id, the de l i nea t ion in th ree d i m e n s i o n s of neu t ra l ' 

s p a c e , w h i c h s tands ready to be f in ished to suit a par­

t icu lar p r o g r a m T h e gr id is a ske le ton wa i t i ng to be 

f l eshed out. It is about h ie rarchy , the p e r m a n e n t 

f r a m e is s o m e t h i n g upon w h i c h m o r e mu tab le th ings 

are h u n g T h i s c o n t r a s t s w i t h the idea of a r rang ing to another, identical floor. 

mate r i a l in a n add i t i ve way , bui ld ing f rom the g round 

up. a s the or ig ina l i dea of s t ruc tu re s u g g e s t s . The real estate agent points out the columns w h i c h w i l l define the office space that I w i l l be leasing. 

At $25 a square foot it 's a bargain. 

Is that gross or net area; does the square footage include the thickness o f the cur ta in wa l l that enclos­

es the building structure? It does, but the agent points out that one gains space vertically, since the f lat 

planes of floor and ce i l ing are two way slabs, thickened to avoid beams. Al l the space can be used, right 

up to the slab's underside. 

T h i s is what my off ice area amounts to. I am leasing space, square footage, an enf ramed area defined 

by a s tructural grid. 

1 mention to the agent that it a l l looks rather bleak and anonymous. She tells me that I won ' t recog­

nize it once the interior designers have done their parts. The structure w i l l disappear. Al l this concrete 

E n f r a m i n g (Ge-stell) is the w o r d He idegger u s e s to w i l l be covered over w i t h d rywal l . I can have any style of decor I want . 

d is t i ngu i sh m o d e r n techno logy f rom the or ig ina l 

s e n s e of t echno logy He idegge r c l a ims that the origi­ How many such square feet are there i n the world? 

nal s e n s e of techno logy a s the br ing ing forth of 

th ings i m o a p p e a r a n c e h a s b e e n s u b s u m e d by a s in ­ Enough to make us th ink of the rest o f the wor ld i n s imi la r terms. 

g le -m inded type of revea l i ng w h i c h he ident i f ies w i t h 

the m o d e r n i ns t rumen ta l w a y of thinking. ' ' T h e th ings 

of the wo r l d are no longer 'b rought forth' but ra ther 

they a r e brought a b o u t ' T h e r e is an e m p h a s i s on the 

i ssue of c a u s e a n d e f fec t w h i c h e x c l u d e s o ther fo rms 

of revea l i ng T h e e s s e n c e of m o d e r n techno logy 

r e s i d e s in the fact that the th ings of the wo r l d a r e 

n o w o rde red e x c l u s i v e l y a c c o r d i n g to their abi l i ty to 

s tore ene rgy ( e n e r g y be ing the un i ve rsa l c u r r e n c y ) ; 

they h a v e b e e n e n f r a m e d . " 



H1NTHIN 

How many blocks of urban s lum to be redeveloped? 

How many acres of suburban subdivisions to be carved out o f agricul tural land? 

How many acres of tropical rainforest to be exploited? 

How many barrels o f oi l to be found under the ocean floor? 

How many gallons of water to be t rapped for hydro-electric power? He idegger uses the fo l lowing e x a m p l e to i l lust rate 

h is point: the d i f f e rence b e t w e e n m o d e r n techno lo ­

gy a n d the or ig inal s e n s e of t echno logy is l ike the 

d i f f e rence b e t w e e n a hydro-e lec t r i c d a m built into a 

river and a w indmi l l built in a f ield Bo th p r o d u c e 

ene rgy but the first t raps the wa te r a n d s to res it a s 

potent ia l energy to be r e l e a s e d w h e n n e e d e d . In the 

c a s e of the w indmi l l , the power in t r ins ic to the w i n d 

is r e l e a s e d a s soon a s it is c a p t u r e d in the rotat ion of 

the v a n e s and is c o n v e r t e d d i rect ly to m e c h a n i c a l 

energy in the gr ind ing of the gra in If the w i n d s tops. 

the mi l l ing s tops. T h e w indmi l l d o e s not un lock 

energy f rom the air cu r ren t s in order to store it T h e 

p o w e r of the w i n d h a s b e e n r e v e a l e d , yet it h a s not 

b e c o m e the se rvan t of t echno logy a s h a s the p o w e r 

of the wa te r in the c a s e of the d a m . 

In our e n f r a m e d wo r l d , the danger is not only that 

eve ry th i ng revea led th rough the u s e of t echno logy 

wi l l be in terpreted in t e rms of s to red ene rgy or prof­

There is no doubt that the vast major i ty of decisions related to construct ion are made on the basis o f it, but in the face of s u c h impera t i ves , it is poss ib le 

cost. T h i s is part icular ly true of the speculative project w h i c h by its very defini t ion is being built to sel l that the concep t of revea l i ng a s br ing ing for th ' i tself 

at a profit . Speculation implies an element of risk taking; as w i t h any investment the challenge is to m a y be b locked or forgot ten entirely. 

predict the market and tu rn that insight into a profit . The site is therefore chosen for its current land 

value i n relation to its potential land value. Land is often bought and 'stored' unt i l an appropriate Th i s is the wor ld that w e h a v e cons t r uc ted . V i c o 

moment w h e n its stored energy, its dollar value, is released at a p remium. s u g g e s t s that t he re a r e a s p e c t s to our l ives that a re 

e te rna l (c i rcu la r ) , and a s p e c t s that a re h is tor ica l ( l in­

Decisions about construct ion materials and systems are made based on strategies regarding first cost ea r ) . T h e cond i t ion w e face today is that the h is tor i ­

versus l i fe cycle costs. W h a t is the value of the mater ia l now. and what w i l l it be in the future? W i l l the ca l vec to r ol technology, e m b o d i e d in the 

bui lding be di f f icul t to dispose of or replace w h e n it is no longer viable? I n other words, what k ind of idea of p rogress , h a s e c l i p s e d those d i m e n s i o n s that 

energy does the material have stored in it? prov ide cr i t ica l ba lance . W e a r e c a u g h t i n a 

t r a d i t i o n of p r o g r e s s ( c o m m o n l y k n o w n a s t h e 

W e s t e r n m e t a p h y s i c a l t r a d i t i o n ) y e t w e n o 

l o n g e r h a v e a l a r g e r v i e w of w h e r e t h a t v e c t o r 

i s g o i n g , t s e e m s to h a v e taken on a life of its o w n 

to the point w h e r e h u m a n s a r e a l so in the p r o c e s s 

of b e c o m i n g e n f r a m e d , s tored ene rgy to be r e l e a s e d 

w h e n n e e d e d 8 

To deny this agenda would be to opt out o f modern cul ture and dismiss the historical facts that have T h i s is not a h o p e l e s s s i tuat ion h o w e v e r He idegger 

brought us to this point. Any decisions that I make about the space that I lease w i l l inevitably have to m a k e s a c lear d is t inc t ion b e t w e e n fate and w h a t 

take economic factors into account . The challenge is to remember that this is not the only way to inter­ he ca l l s des t in ing . ' He s p e a k s of the o p e n s p a c e of 

pret the wor ld . I can choose to view these few square feet s imply as an investment, or I can read into des t in ing imply ing a f r e e d o m that de r i ves f rom 

them other meanings. Depending on the ex t remi ty of the case, the extent to w h i c h it has been our abi l i ty to l is ten and hear, a n d not s imp ly obey 

' enf ramed, ' I may have to resort to subversive or i ronic tactics w h e n it comes to adapting it for my own W e n e e d n o t p u s h o n b l i n d l y w i t h t e c h n o l o g y . 

use. In whatever way I choose to inhabit the space, it is important to clearly demonstrate my intention no r s i m p l y r e b e l h e l p l e s s l y a g a i n s t i t . W e c a n . 

w i t h respect to the structural f rame, one w h i c h acknowledges the role that it plays i n my perception if w e c h o o s e , imag ine other w o r l d s to coex i s t w i th 

o f space i n general , and might al low me to t h i n k of this part icular space different ly. Imagin ing the pos­ the one w e h a v e c r e a t e d 

sibil i ty o f other worlds is essential. 



I ' l ' K S P E C T A 

It is precisely in this extreme danger that the 

innermost indestructible belongmgness of man 

within granting may come to light, provided 

that we. for our part, begin to pay heed to the 

coming presence of technology Everything 

then, depends upon this; that we ponder this 

arising and that, recollecting, we watch over it. 

How can this happen 7 Above all through our 

catching sight ol what comes to presence in 

technology, instead of merely staring at the 

technological. So long as we represent tech­

nology as an instrument, we remain held fast 

in the will to master it.'" 

T h e S a v i n g P o w e r What to do or think about 

these dangers? Heidegger suggests that the 

key may be found in two lines from the nine­

teenth century German poet Holderlin: 

But where the danger is. grows 

The saving power also' 

Intuitively, this is a reasonable way to deal 

with danger, accept it and confront it head on 

Confront is probably not the right word, 

however The metaphor of the balance of ener­

gy described in martial arts is perhaps more 

appropriate You want to take the energy that 

is coming at you and deflect it in such a way as 

to weaken or disable the power of the 

aggressor and through this deflection, open 

up the possibility of escape or exploration of 

other avenues. 

V e r w i n d u n g A similar sentiment is taken up 

by Gianni Vattimo in his book The End ol 

Modernity. His aim is to perform an act of 

Verwindung on the metaphysical tradition; to 

remember and recoiled the tradition, to tra­

verse it once again but with a critical edge 

The intent is to distort and dissolve the tradi­

tion from the inside, erasing the vestiges of 

metaphysical thought still present in it. while at 

the same time - inevitably, but with self con­

scious irony - prolonging it as well ' " 'The term 

'Verwindung' indicates, as Heidegger told his 

translators, a going beyond that is both an 

acceptance (or resignation) and a deepening, 

while also suggesting both a convalescence. 

I now f ind myse l f in another concrete f rame building. At first glance it appears to be not very different 

f r o m the previous one. It is oppressively grey. A strict co lumn grid runs throughout, w h i l e a concrete 

shear wa l l elevator shaft extrudes up through the slabs. 

T h i s bui lding is the Carle ton Univers i ty School of Archi tecture in Ottowa, designed by Carmen Cornei l 

and J e f f Stinson in 1973. Having worked in it for a number of years, and having seen the students 

inhabit it . attach to it, decorate and defile it . 1 have concluded that this is no ordinary building. Its struc­

tura l configurat ion challenges us to re think how we relate to our physical surroundings, and to each 

other; it points to larger questions about the f r ame itself. Un l ike the earl ier concrete f r ame building, 

the School reveals and twists the ' enframed logic' o f technological imperat ives at a l l levels o f archi­

tectural design. The s t ructural f r ame establishes the site where in , or rather through w h i c h , the world 

may be understood anew. 

T h i s reading of the s t ructural f rame of the School uncovers the building's capacity to str ike a delicate 

balance between accepting technological imperatives and offer ing a clearing, or al ternative way to 

experience the archi tectural f rame. 

T h e School of Archi tecture is a three-story building structured on a regular grid of concrete piers 

spaced 16 feet f r o m east to west and in a tartan pattern ranging f rom 8 to 32 feet f r o m north to south. 

T h e ground floor, w i t h its ma jo r east-west 'street' extending the f u l l three-story height, is dedicated 

to public spaces, classrooms, and workshops. The design studios, computer labs, and faculty offices of 



the top floor are organized along another street, w h i c h runs perpendicular to the ground level. It 

becomes a bridge connection to the neighboring engineering building. The middle mezzanine floor 

contains the director's off ice and some faculty offices. Throughout the building the concrete structure 

is exposed: partit ions of concrete block define the more irregular enclosed areas. The re is not a square 

foot of d rywa l l to be found. 

The only exception to the standard 12-inch by 24-inch pier is a single 36-inch diameter round column 

w h i c h rises through a 30-foot unbraced height at the v i r tua l heart o f the building. It l i terally plays a 

pivotal role in the building, mark ing the intersection of the major nor th-south 'street' at the upper 

level and the east-west 'street' at the ground level. Paradoxically, it both shelters the intersection f r o m 

but equally connects this intersection to. 'the pit. ' the main collective space of the building. T h i s 

robust co lumn is at once part of the collective, as it takes its place along the regular co lumn grid, yet 

it is revealed in its particularity. It oscillates between act ing as a support to the activit ies in the pit and 

posing as an obstruction that must be acknowledged and respected. It establishes structure as a pri­

mary ordering device in the architecture of the School. 

It would have been very easy to e l iminate this co lumn by means of a t ransfer beam. Nobody would 

have questioned such a move, w h i c h would have 'opened up ' the pit to the major crossroads of the 

school. And yet, in so doing, structure would have been relegated to a more invisible role. Instead, the 

dominance of the s t ructural f rame has been accepted, but then twisted so as to make expl ic i t its pres­

ence. It wou ld be a mistake, however, to th ink o f this co lumn s imply in terms of a l inguist ic anomaly 

or i ronic comment on conventional bui lding practice. Its presence has the palpable effect o f anchor­

ing the l i fe o f the school. It stands in a place where conventions are both accepted and respected for 

the knowledge w i t h w h i c h they are imbued, but equally challenged to create opportunities for 

thought and imagination. T h e single-minded interpretation of structure as ' f rame, ' that w h i c h sup­

plies and delineates usable space, has been weakened. 

cure or healing and a distorting or twisting As 

opposed to Uberwindung' (overcoming), which as a 

concept remains rooted in ideas of progress and 

Utopian thinking. 'Verwindung' implies a sense of 

being with things in such a way as to w e a k e n t h e 

s t r e n g t h of t h e e n f r a m e d w o r l d . 

Returning to the martial arts metaphor, we can take 

the enframed energy of the structural frame 

and redirect it to a reading of structure that offers 

the possibility of interpretations other than that 

which puts to nature the unreasonable demand 

that it supply energy that can be extracted and 

stored as such.' Such a reading points us toward a 

world that exists in opposition to the enframed tech­

nological world, one that is set beside rather than 

overcomes the world that we have constructed 

Human activity can never directly counter this dan­

ger. Human achievement alone can never banish it. 

But human reflection can ponder the fact that 

all saving power must be of a higher essence than 

what is endangered, though at the same time 

kindred to it " : 

! 

Illl 

•3 

The presence o f the round column sets into re l ie f the other columns of the building. W h e t h e r con­

sciously or sublirninally, the students seem to recognize the ext ra layer of meaning attached to the 

structural grid of the School. Numerous installat ion projects have been done that attach themselves to 

the structure as i f to take upon themselves some of its aura. 



56 In a t taching to the structural f rame, one wonders whe ther the students aren't actually taking a clue 

f r o m the other systems of the building. The mechanical systems are engaged in an elaborate dance 

w i t h the structure: e i ther bracketed by it. or bound to it . or woven around and through the f rame. It is 

as i f the strict rect i l inear s tructural system finds its reciprocal in the more voluptuous aleatory wan­

derings of the air ducts. T h e system ol electr ical distribution acts as the s inew between the mechani­

cal and electr ical systems. At its extremit ies , it is a rect i l inear conduit embedded into the bottom edge 

o f the beams. These are tied back via round conduit and ul t imately follow the duct risers back to the 

power source. 

The partitions, al l in concrete block, complement the poured-in-place concrete structure, juxtaposing 

the plastic quali ty o f t h e concrete against the porous but rigid masonry unit o f the same mater ial . In a 

s imi la r fashion to the mechanical systems, the structural and partition systems are in dialogue, the 

partitions sometimes f ramed by the concrete structure, at other t imes they slip right by as i f seeking 

liberation f r o m the f rame's entrapment. 



What does it mean for the occupants of the School to funct ion w i t h i n such an emphat ic s tructural 

f r amework? How does it affect the l i fe o f the School? 

Like most architecture schools, the building appears incomplete without the constant presence and 

ever-changing installations of its occupants. T h e overal l impression is o f a factory. The f rame encloses 

an area that hums w i t h activity and production al l hours of the day. At the beginning of each year, the 

students in tui t ively respond to the inexorable concrete structure by engaging i n a fo rm of nesting 

activity, at taching to and personalizing their private spaces. S imi la r ly , at the school-wide scale, the 

yearly student-organized Kosmic Patty provides a pretext for the complete transf ormation of the fami l ­

iar structure into an al ien and wondrous landscape. Dur ing such times, a palpable connection to the 

building structure is established and endures we l l beyond graduation. A lumni constantly refer to the 

school bui lding as t he mnemonic device that structures their recollections of school l i fe . 

The struct ural f rame also establishes places of politics w i t h i n the school; it presents a scries of stage 

sets that demand that we act, and take a stand. Evidently, the students are quite aware of the political T h e irresistibility of ordering and the restraint of 

dimension of the sites they choose for insertions into the School. The most provocative instal lat ion the saving power draw past each other l ike the 

projects tend to be sited in the vert ical public spaces adjacent to the pit, stair landings, and near the paths of two stars in the course of the heavens. Bu t 

round column. Students intrigued w i t h the idea o f ' f r a m e ' are l ikely to explore the 'balcony' spaces on precisely this, their passing by. is the hidden side 

either side of the pit. These sites remain visual ly in the public realm but are physical ly less obtrusive. of nearness " ' 

The more introspective installation projects involve insertions into the studio spaces, generally at the 

building perimeter, where the students are inspired by the gap between the piers, the cantilevered 

slabs, and the building envelope. In a l l cases, the location and means of at tachment to the building 

structure arc executed w i t h extreme care, not because the students are admonished to do so. but 

rather out o f a sincere respect for the integrity of the building. 

At a more phenomenological level , the concrete structure stands as a mirror , ' the other.' against w h i c h 

l i fe is set. At t imes, one may stand amid the concrete piers and feel empathy w i t h the strength and sta­

bi l i ty o f the mater ia l . Other days, the concrete f r a m e appears inf lex ib le and heavy. One feels confined 

un t i l one recognizes this conf inement as a way to act through the f rame, to go beyond its l imits wh i l e 

still in its midst. 

In al l its dimensions, the building defines and challenges us in our lives and our teaching. It situates 

i tself as a pedagogical tool for the entire archi tectural cu r r i cu lum, and shows how the system of f ram­

ing may be used not passively, but in a way that reveals something to us about our own most ubiqui­

tous structures. 

2 

V. 
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All the photos for 'Rending Structure through the Frame 

were token in the Curleton University School of Architecture in 

Otiowa. Canada. The building w a s designed in 1973 by 

Carmen Cornell and Jeff Stinson 
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P R O F E S S I O N A L A N D I N D U S T R I A L T E R R I T O R I E S 

EngHSieeffS design structure and architects design cur ta in wal ls . T h i s professional defini­

t ion is repeated on site, where structural trades (concrete, steel, etc.) and cladding trades 

(glass, a l u m i n u m cladding, etc.) work in their discrete territories. The building indusiry 

is organized around these distinctions between professions and trades to the extent that 

everyone involved w i t h a typical project assumes the standard procedure w i l l hold: struc­

ture is employed for the single purpose of supporting the building, w h i l e cladding is an 

envelope around the structure to keep rain out. But this assumption is not as ingrained 

as it may seem to these builders - historically, structure and cladding were not distinct. 

The facade of a brick or stone building was both a s tructural and waterproof sk in . As the 

construct ion indus i ry developed and the building trades became more specialized, the 

use of the weatherproof s k i n as structure became more and more rare. 

T h i s divisions exists for reasons of professional and industr ial expediency. At the 

design level, each profession concentrates on specific and distinct aspects o f the build­

ing. To avoid risks of legal responsibility, one does not encroach on the field o f the other, 

a precaution that also s impli f ies the analyt ical process of understanding the d i f ferent 

parts of a building. 

At the industry level, trades are defined by materials and often whether these materi­

als are structural or non-structural. On site, the issue of construction tolerances and Finish 

quality again draws a line between visible cladding or finishes and non-visible structure. 

Even some of the most sophisticated recent work, such as the Pyramid at the Louvre i n 

Paris by I.M. Pei. is characterized by this fundamental separation. A n a luminum frame for 

the silicone glazing system is fixed to an independent steel f rame. This leads to a doubling 

up of ' s t ructure" - the main skeleton in steel and the cladding f raming in a luminum -

despite the expressed minimalist architectural intention of m a x i m u m transparency. 

Yet , it is possible to merge glass and steel into a single s t ructural surface. A n exam­

ple of design before the modern tendency of "layering' professions and trades is the 

Bicton Palm house, where the hundreds of smal l glass panes fo rm a daring she l l struc­

ture w i t h a delicate m i n i m a l steel f rame and tiny glazing bars. 
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A U T O B I O G R A P H I C A L N O T E My twelve years as an 

architect working in Peter Rice 's Paris ofl ice. RFR. 

Iramed my own attitude toward design R F R ' s work 

began in the early 1 9 8 0 s with the monumental green­

houses at the La Villete Science Museum and devel­

oped with many olhei projects in and around Paris A n 

integral and holistic approach to design w a s the philos­

ophy ol the oldce From the lirst days of the lirm there 

w a s a culture ol mixed disciplines; engineers, archi­

tects, a naval architect, and mechanical draftsmen 

worked in a closely knit laboratory (to use Rice 's own 

expression) The idea ol distinct territories for these tra­

ditional professions' w a s a foreign concept in ttic 

Oflice Rice 's work, either at RFR or at Ove A m p and 

Partners (OAP), continuously explored the architectural 

possibilities ol an integral approach 10 design My own 

design ollico in Pans. HDA. also believes in a hands-on 

approach to design and works as much with contrac­

tors and the industry as wi th architects and building 

owners This crossover between different technical cul­

tures is critical to the working method This paper pre­

sents examples of design I have been involved with 

either by HDA or wi th Peter Rice and the R F R team 

Inchon Airpon. Fentress Bradburn and K B H J W represented by KACI ( 2 0 0 1 ) 

Engineer Sen Jaa 

Consultants HDA and OAP 

Entrance Hall Roof Module - structural sholl action 

I N T E G R A T E D A P P R O A C H T O D E S I G N 

The construction industry 's recent 

technica l developments in engi­

neer ing and mate r ia l science and 

the building industry's new techni­

cal capacities provide new opportu­

nities for architecture. These inno­

vat ions can be used to integrate 

s t ruc ture and the bu i ld ing enve­

lope, or "skin." 

For an integrated approach to 

design, borders be tween the dis­

t inct profess ional , indus t r ia l , and 

cons t ruc t ion ter r i tor ies mus t be 

t ransgressed. T h e success o f this 

explora t ion depends on architects 

unders tanding of the capaci t ies 

and cons t ra in ts o f each separate 

field dur ing the design process. 

A n e x t r e m e approach to inte­

gration lies in the use of structural 

sk ins . A lot o f w o r k was done in 

this area in the '50s, '60s and '70s 

by B u c k m i n s t e r Ful ler , Frei Otto, 

Nerv i , Is ler and others, w h e r e the 

s t ruc tura l potential o f curved sur­

faces was exploi ted through the 

use of she l l or membrane analysis 

theory. In these cases, surfaces 

could be both structural and water­

proof, and as such are perfect 

examples of integrated s t ruc ture 

and sk in . They are natural 3 - D sur­

face s t ructures w i t h very speci f ic 

forms , w h i c h are the result o f the 

opt imal passage of loads in sur­

faces. T h e a rch i tec tura l images o f 

these projects were total expres­

sions o f s t ruc ture and its f o r m a l 

requi rements . Today we can f u l l y 

explore complex structural shapes 

because the descript ion of surface 

geometric complexi ty has become 

more manageable and ana lyzable 

through the use o f computers. 

The fo l lowing examples of 

integrated designs are presented 

i n an order defined by scale, f r o m 

airport to curtain w a l l . 

I N C H O N I N T E R N A T I O N A L A I R P O R T -

A R C H I T E C T U R A L D E S I G N O F S T R U C T U R E S 

For this airport, ce i l ing structure was designed to 

work integrally wi th the cei l ing surfaces. T h e 

design br ief called for the archi tectural develop­

ment of the roof and facade structures of the air­

port in i t ia l ly designed by Fentress and Bradburn 

of Denver in association w i t h K A C I . thei r Korean 

based partner for the competi t ion. The design 

involved both a concave roof over the entrance 

hal l spanning 95 meters and a repetitive module 

for the main roof measur ing 60 x 70 meters, 

convex in shape w i t h supporting masts and con­

sciously reminiscent o f a tradit ional Korean 

pagoda. H D A ' s work , done in collaboration w i t h 

Ove A m p and Partners of London, concentrated 

on creating steel roof structures consistent w i t h 

the archi tectural forms of the ceil ings as w e l l as 

m a k i n g a clear expression of the structures 

themselves and how they funct ion . 

The configuration of steel truss members and 

the connection detail ing intend to show how 

large scale w i n d and earthquake forces, w h i c h 

are as much a concern as gravity forces in this 

case, are resolved. The geometry of the architec­

tural curves o f the entrance hal l vaults is 

exploited for structural shell action. The roof sur­

face is entirely cross-braced w i t h diagonal mem­

bers, w h i c h makes it s t i f f in plane. As such, it is 

able to span on its own between s t i f fening edge 

trusses. The cei l ing plane is then as free as possi­

ble o f vert ical structure, thus leaving a smooth 

surface. The ceil ing panels are fabricated in tri­

angles to express the bracing, a l lowing the view­

ers a clear view of a l l of the pr imary structure. 

Critical to the success of a shell structure is the 

buckling analysis of the surface. Amp ' s work on 

the roof included non-linear 'snap-through' simu­

lation for the diagonal members that was neces­

sary to show that they remained in the shell plane 

in high compression loading configurations. 

On the 'Pagoda' roof modules, a series o f 

crescent shaped trusses are suspended f r o m a 

central vierendeel spine truss and tall masts. The 

mast and spine truss configurat ion is designed 

for ductil i ty to absorb seismic forces such that 

the suspended tmsses are given a degree of pro­

tection f r o m the seismic energy. T h e spine tmss 

is open and clearly visible, w i t h skylights above 

to highlight it . The crescent trusses are curved 

on their lower surfaces fo l lowing the convex 

shape of the ce i l ing as designed by the archi­

tects. A t each tmss , the ce i l ing surface is cut 

open giving a fu l l v iew of the tmsses. 



Electronic computer modeling is an essential 

tool in the design of complex structures. Today's 

capacities in the engineering field, notably in the 

area of nonlinear analysis, allow us to better 

understand structural behavior. The nonlinear 

analysis permits an almost endless series of analy­

ses of a structure that takes into account its grad­

ual dimensional transformation under load. They 

simulate the redistribution of forces w i t h i n a 

structure as it deforms. Traditionally, i f a tension 

member in a structure went slack its presence 

would be excluded f rom consideration. However, 

wi th nonlinear analysis, i f the member is able to 

resist force after the structure has deformed 

under the load, then its capacity is considered. 

C O L U M B I A U N I V E R S I T Y L E R N E R H A L L 

G L A S S W A L L A N D R A M P S ~ S T R U C T U R I N G 

A R C H I T E C T U R E - A S Y N T H E S I S 

T h i s project is a demonstration that structure 

should not only be conceived as the most 

economic or eff icient solution to an architectural 

problem; i f thought of as a design element, struc­

ture can address archi tectural objectives wh i l e 

resisting loads. The design involves a total inte­

gration of steel structure and structural glass. 

The hub glass w a l l and its supporting ramps 

make a transparent counterpoint in the compo­

sition of the Lerner Student Centre bui lding by 

architects Bernard Tschumi and G r u z e n Samton 

of New York. Its clearly visible steel si nurture and 

glass surfaces act as a fo i l to the two masonry 

clad wings o f the building on either side. The 

structure spans between these two blocks, and 

the glass encloses the hub void between them. 

The ar t iculat ion of the trusses and steel ramp 

structures expresses the activity and movement 

zone o f the hub itself: these funct ional s tructural 

components - ramp wind beams, main trellis 

truss, suspension rods, and canti lever glass sup­

port a rms - a l l animate the space. 

The inc l ined arrangement of the ramps and 

truss is a logical consequence o f the change 

in levels between the Broadway street level and 

the m a i n campus level , w h i c h is h a l f a typica l 

floor height above it. The angular geometry of this 

a r rangement is carr ied through into the layout 

of a l l o f the components of the facade and 

the ramps. T h e glass gr id fol lows the inc l ine of 

the ramps, as do a l l o f the support a rms and 

fixing brackets. 

T h e incl ined facade truss is a s imple triangu­

lated t re l l i s beam w i t h tubes as compress ion 

members and rod ties as tension members. T h i s 

truss part ial ly supports the ramps, 

w h i c h are an in t r ica te mesh tex­

ture of plates assembled diago­

n a l l y T h e inner edges of the ramps 

are suspended by a v i r tual plane o f 

i nc l i ned ties f r o m another, m u c h 

heavier triangulated trel l is truss at 

roof level. Each of these structural 

components are t ransparent i n 

one way or another . T h e glass 

p lane, w i t h its o w n inc l ined gr id 

m a t r i x o f jo in t s , is f i xed to the 

ramps w i t h can t i l ever a r m s 

arranged as a series o f ' x ' points 

punctuat ing the elevation. 

The glass is used structurally 

without glazing bars. It is a laminate 

of clear toughened glass units. It is 

fixed to the end of a r m supports 

using bolted connections. Each 

panel supports its own dead weight 

and wind loads. The absence of glaz­

ing bars or mullions is critical to the 

clear reading of the composition of 

structural elements. A clear distinc­

tion is thus achieved between the 

steel structure and the pure trans­

parent glass weatherproof surface. 

The glass is fixed using a system of 

bolts that incorporates a spherical 

bearing in the head of the bolt 

al lowing a moment free connection 

to the glass at its holes. 

Wa lk ing surfaces on the ramps 

are also executed in glass. They are 

made f r o m laminated tiles wi th the 

upper sheet toughened and cov­

ered in an anti-sl ip t reatment . A 

dust o f t iny glass beads is laid on 

the top surface and then f lamed to 

v i t r i fy it to the surface. 

The design also addresses visual 

expression of the cri t ical funct ional 

details, which are careful ly studied 

and drawn to express each specific 

funct ion. They are designed to 

demonstrate how they work. 

Each cantilever a rm ' x ' consists 

of two lower 'gravity* arms that 

support the dead weight o f the 

glass and ' w i n d ' arms that support 

the wind loads only. The reason for 

this configuration is to c la r i fy the 

analysis o f how the glass is to 
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behave structurally and to allow the designers to 

guarantee that the glass can not be loaded in any 

other way than i n the manner for which ii is 

designed. Each glass panel is simply and indepen­

dently supported, and any relative movement 

between the arms or between the ramps cannot 

be transferred into the glass as a load. This con­

cept is rigorously carried through to al l o f the 

details. In the case of the gravity arms, the glass is 

supported <>n cast brackets .it their ends. One lite 

is suspended f r o m the bracket and the other rests 

on it. For the w i n d arms, the end bracket is used 

to f i x a group of smal l articulated struts that can 

only resist w ind loads perpendicular to the glass 

plane. They are free to rotate in al l other direc­

tions, thereby guaranteeing that they cannot 

resist any forces in the plane of the glass. If . for 

example, the upper ramp deflects downward w i t h 

a crowd of people, the glass panel suspended f rom 

it remains free to move downward slightly wi th­

out pushing on the a rm of the ramp below it. Th is 

principle is cri t ical to the compositional idea, 

because it allows the glass to be f ixed to each 

ramp independently and directly without any sec­

ondary f raming, as would probably have been the 

case in a conventional glazing application. 

T h e arms are h u n g f r o m the ramps w i t h 

a system of adjustment turnbuckles for correction 

o f construct ion tolerances that can be achieved 

even i f the glass is in place. This allows for fine tun­

ing that could be necessary after the whole system 

has settled due to the dead weight of the glass. 

T h e castings themselves are also equipped 

w i t h adjustment devices for fine tuning correc­

tions, and. in particular, angular correction to 

compensate for differences i n a r m angles. A 

spherical bearing at the core of each piece per­

mits a rotational capacity. These adjustment 

devices are also used to correct for a slight non-

al ignment of the ramp slope wi th the glass grid, 

w h i c h is the result o f the two mid-slope landings 

required by the New York building codes. T h e 

castings are important components o f the 

design, because they resolve in a single piece the 

consequences of the geometric complexity. T h e 

casting process gives these key parts a unique 

identity specific to this project and al lows them 

to express in an almost sculptural fo rm the reso­

lut ion of the overal l geometric composition at a 

smal l hand-sized scale. 

In engineering terms, though the main com­

ponents, w i t h the except ion of the ramps, are 

s imple and c lass ic s t ruc tura l e lements , t he i r 

movements and in te rac t iv i ty require c a r e f u l 

analys is . T h e analys is included 

3 - D e lec t ronic models o f the 

design to evaluate the interact ive 

behavior o f the d i f f e ren t compo­

nents of the s tructure and. in par­

ticular, the relative st i ffness of the 

two d i f f e r en t trusses and the 

ramps that they support. 

Ful l vo lumet r i c analysis was 

required to unders tand the com­

plex geometry of the ramps them­

selves and the s t ructural capaci ty 

of the tight mesh of small elements 

of which they are made. The design 

is based on the idea that every piece 

of steel is f u l l y exploi ted for its 

s t ruc tura l capaci ty as w e l l as its 

role as a support e lement fo r sec­

ondary f in ishes or c ladding i tems 

such as handrai ls , glass support 

arms, glass floor t i l ing, etc. There is 

no dis t inct ion between any "pri­

mary ' and 'secondary' structure or 

f r a m i n g : every th ing is "primary." 

Glass flooring can be paved directly 

onto the main structure and has no 

secondary f raming . 

Such an int r icate interface-

between what are tradit ionally dis­

t inc t trades requires a par t icu la r 

conl factual arrangement to ensure 

that necessary coordinat ion hap­

pens smoothly. Indeed, the design 

depends w h o l l y on the success o f 

these delicate in terfaces to work . 

To he lp make this happen, the 

designers proposed that one con­

tractor be globally responsible for 

a l l components in the glass w a l l 

and steel ramp design, and that al l 

o f it be let under one single bid 

package. G iven that this type o f 

work was not at a l l common in the 

Uni ted States, and par t i cu la r ly in 

New York, competit ion outside the 

Uni ted States was recommended. 

A French f i r m , E i f f e l Constructions 

Metal l iques. was selected as the 

w inn ing bidder. T h i s f i r m is princi­

pally a steel fabricator w i t h consid­

erable exper ience in s t ruc tura l 

glass as we l l . 

Complicat ions ar is ing from a 

European steel company work ing 
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B U T T O N 

in New York us ing European product standards 

and measurement systems required signif icant 

effort and cooperation of al l concerned. Beyond 

the issue of standards there was also a profes­

sional cul ture barr ier to break. The tried and 

tested methods, practices, and contractual 

responsibili ty conventions i n one country 's con­

struct ion industry are very dif ferent f r o m those 

in another country. 

O S A K A M A R I T I M E M U S E U M A N D 

S O C I E T E G E N E R A L E G L A Z E D S T E E L D O M E S -

S T R U C T U R A L S K I N S 

In the two projec ts presented here, glass and 

steel work together as two parts o f a single sur­

face. Both are spherical surfaces using a spira l ing 

radia l L a m e l l a pat tern fo r the steel f r a m e . In 

each case, the design of steel details is specif ical ly 

adapted to the glass surface it supports. 

S O C I E T E G E N E R A L E 

The new Societe Generate bank headquarters at 

La Defense i n Paris by the architects Andraul t 

and Parat consists o f two towers rising f r o m a 

forty meter high base pl inth. The pl in th contains 

the m a i n entrance hal l w i t h a f u l l height cyl in­

dr ical a t r i um space topped by a th i r ty meter 

diameter glass dome central ly situated between 

the t w i n towers. 

T h e stainless steel structure consists o f a 

series of ribs spanning between a central com­

pression ring and a perimeter ring beam. The 

steel ribs are t r iangular in section and vary in 

depth f r o m 250 mi l l imete r deep at the edge to 

100 mi l l ime te r deep at the centre. The crossover 

nodes are designed as bolted joints to permit fac­

tory assembly and avoid welding on site wi thout 

any visual th icken ing o f the members. 

Light fa l l ing on the polished stainless steel 

members, w h i c h are inverted isosceles triangles, 

would be reflected downward into the space and 

would thereby not create shadows on the profiles 

w h e n viewed f r o m below. Thus the structure 

would appear fight and not in silhouette against 

the sky. The glazing gasket system is applied 

directly to the upper "base' o f the triangles. 

The structure would have been more eff icient 

i f c i r cumferen t i a l members were added i n com­

plete rings at the crossover nodes, thus creating a 

perfect t r iangulated grid-shell dome, but it was 

decided that the f lu id i ty o f the sp i ra l ing ribs 

would have been compromised, so the rings were 

left out. Th is means that the ribs func t ion as arch 

members r e ly ing on the i r bending capaci ty to 

span f r o m the center to the edge. 

T h e crossover connect ions , how­

ever, prevent the arches f r o m 

b u c k l i n g s ideways, a l l owing the 

deep individual sections to be t h in 

in plan. 

The c i rcumferent ia l r ing mem­

bers would also have made glazing 

easier. T h i s is because it is not pos­

sible to glaze the lozenge panels 

w i t h flat planes given the spherical 

geometry. T h e r ing could have 

provided a g laz ing bar f o r m i n g a 

fold l ine , and the glass could be 

applied i n p lanar t r iangular pan­

els. Instead, the glass itself is made 

in folded panels that are bent 

along the c i r cumfe ren t i a l l ine 

f o r m i n g t w i n t r iangular planes, 

and no joint is visible at a l l . 

O S A K A M A R I T I M E M U S E U M 

Cont ra ry to the Societe Generate 

project , the 73 meter diameter 

hemispher ica l Osaka Mar i t ime 

Museum dome, designed w i t h 

architect Paul Andreu. is a fu l ly tri­

angulated grid she l l s t ructure 

braced by an ' x ' of steel rods. T h i s 

' x ' also fo rms a point support for 

the glazing. Four glass panels are 

used to clad each lozenge o f the 

dome structure. At the m i d point 

o f each, the rods cross over and a 

g laz ing support bracket supports 

the in te rna l corners of the four 

sheets of glass 

T h e dome g laz ing has a dou­

ble role as necessary shad ing fo r 

the internal volume in addition to 

keeping the ra in out. Osaka 's c l i ­

mate is r e l a t ive ly hot. and the 

greenhouse e f fec t o f the en t i re ly 

glazed vo lume w o u l d have made 

it in to lerable fo r the users. T h e 

glass is a l amina te w i t h a perfo­

rated steel sheet incorpora ted i n 

the inter layer . T h e density o f the 

perforations i n the glass vary as a 

f u n c t i o n of the shading require­

ments fo r the in t e rna l vo lume . 

T h e annua l solar exposure o f the 

dome is plotted as a contour map 

projected onto the dome surface. 

lop lo bottom 
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E a c h contour represents a d i f f e r en t densi ty o f 

pe r fo ra t ion i n the in te r layer metal sheet, such 

that it is h i g h l y shaded at the top and more 

t rans lucent towards the base w h e r e the sheet 

disappears. V i e w s o f the su r round ing seascape 

are unh inde red w h i l e the space is protected 

f r o m sunlight coming f r o m above. 

S T R U C T U R A L G L A S S 

A n integrated approach to design involves a struc­

tural exploitation of materials traditionally in the 

cladding domain, which requires a better under­

standing of the behavior of conventional cladding 

materials such as glass or sheet metal. Structure 

and skin become one and the same. 

Rice ' s La Vil let te greenhouse facades w i t h 

architect Adr ien Fainsilber. one of the f irs t pro­

jects to use the glass i t se l f to its f u l l s t ructural 

capacity, is a poignant example. T h e array of 

toughened glass panels supports its self weight 

i n each 8 meter x 8 meter bay. exploi t ing the 

glass's in-plane strength as w e l l as each individ­

ual panel 's capacity to resist w i n d loads wi thout 

any a l u m i n u m f raming . The resulting cur ta in of 

sixteen glass sheets is then braced using cable 

trusses that support the only loads it is unable to 

resolve itself, w h i c h are the overall w ind forces. 

The structural glass advances at La Villette 

depend on three principle technical ach ieve 

ments that set it apart f r o m traditional glass w a l l 

design. First, the glass industry's innovation of 

toughened glass, which improves its long term 

performance and strength. Secondly, the develop­

ment of nonlinear engineering analysis enabling 

the use of pre-tressed cable wind trusses. A n d 

third, the development of special articulated glass 

bolt attachments that achieve a predictable per­

formance of the glass, even though it is being 

fixed to a relatively supple support system. 

Glass panels can also be employed as pri­

mary s t ructural members. In this case, suff ic ient 

care must taken in detai l ing the connections to 

take into account its brittle nature and sensitiv­

ity to cracking. Glass structures can be analyzed 

using computer finite element modeling, where 

the mater ia l or object is recreated as an 

electronic model s imula t ing the material struc­

tural properties. 

T h e appearance of the s t ructura l glass con­

nections becomes an expl ic i t tacti le express ion 

of thei r funct ion . Beyond making the force lines 

themse lves readable, there is the aesthet ic 

potential o f the details for their own decorative 

va lue . T h e cast s ta inless steel s t ruc tu ra l glass 

connect ions are modeled fo r visu­

al izat ion using computer graphics 

s o f t w a r e to re f ine the i r shape. 

Once the final shape is agreed on, 

then the models are used as a basis 

for fabr ica t ion drawings and cast­

ing mold fabricat ion. 

T E C T O N I C A R C H I T E C T U R A L 

C O M P O S I T I O N 

The work reviewed here is orga­

nized in a gradual progression 

f rom large scale structures to struc­

tural glass and its connections. 

From structure to structural sk in . 

One might conclude that w i t h such 

an approach the total archi tectural 

f o r m and image ends up being 

determined by purely structural 

requirements. However, this is not 

the intent. On the contrary, it is to 

point out the potential design 

benefits w h e n the various tech­

nologies involved in building are 

fu l ly understood and composed as 

a conscious whole. 

A n integral approach to design 

requires a deep unders tanding of 

the technologies o f archi tecture . 

We design w i t h this technology. It 

is a c r i t i ca l tool o f our design 

methodology. It is important to con­

trol it as designers. 

T h e r e is a danger as archi tec­

tural technologies become so com­

plex and difficult that it is impossi­

ble for designers to master them. It 

is impor tan t not to be over­

w h e l m e d . Arch i tec t s work at the 

beginning o f the bui ld ing process 

and can s t i l l r e m a i n in cont ro l at 

the level o f first principles. The re is 

a r i sk in the profess ion 's g rowing 

tendency to flee responsibili ty and 

readiness to leave the resolut ion 

of the detailed work to the contrac­

tor. Th is means that we shall gradu­

a l ly lose the requi red sk i l l s , and 

cl ients w i l l go d i rec t ly to builders 

and engineers . In t ime the 

designer 's role sha l l become less 

and less significant. 
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T O P O L O G Y A N D O R G A N 
N O T E S O N T H E C I T Y T O W E R 

Louis Kahn and Anne Tyng's proposal for a n e w 

off ice bui lding at the Philadelphia C i ty Hal l is a 

speculative project in its purest fo rm - a fo rce fu l 

expression of ideas present i n more subtle forms 

i n actual built work , w h i c h , in turn, enlightens 

our understanding of that work . I n fact, a n 

examina t ion of the Ci ty Tower reveals a pattern 

of p lanning in Kahn 's previous and subsequent 

projects where ei ther f r ameworks or clusters o f 

cells, or a combinat ion of the two systems is 

employed to organize space. The proposal is a 

visual record of the ideas Kahn and Tyng had 

been ta lk ing about, reading about, and sketch­

ing: growth , organic ism. topology, structure, 

and monumental i ty . 

Kahn ' s ear ly preoccupations w i t h structure 

surfaces in his 1944 paper. Monumentality. where 

he looks for 'a cont inuous structural un i ty 

wor thy of being exposed. ' and can be seen as pre­

l imina ry ideas for what he w i l l develop 

later w i t h Tyng i n the Ci ty Tower. As Kenneth 

F rampton suggests. Kahn ' s idea of monumen­

tali ty can ef fec t ively be called 's t ructural monu­

mentality."' Tyng's interest in molecular 

structure is clearly manifes t in the City Tower 

project, where s tructure is the language used to 

explore connect ivi ty and growth at a monumen­

ta l scale. Kahn ' s interest in topology and organi­

c ism is magnif ied i n this project, w h i c h was an 

opportunity for h i m to reach beyond accepted 

dispositions for columns, beams and wal l s . 

T H E N A T U R E O F T H E S T R U C T U R E 

Kahn and Tyng published the f ina l version of the 

City Tower as 'an exploration into the nature of 

a high-rising structure.'-' The publication by the 

Universal Atlas Cement Company begins w i t h text 

on the importance of voids in modern structures: 

In Gothic times, architects built in solid stones. Now 

we can build with hollow stones. The spaces defined 

by the members of a structure are as important as 

the members. These spaces range in scale from the 

voids of an insulation panel, voids for air, lighting 

I C I S M I N T H E W O R K OF L O U I S I , K A H N 

and heat to circulate, to spaces big enough to walk 

through or live in. The desire to express voids posi­

tively in the design of structure is evidenced by the 

growing interest and work in the development of 

space frames.' 

T h e proposed building is described as the 

product o f a constant search for order. T h i s 

order, and the structure that delineates it, 

could not be concealed. As K a h n had wr i t t en 

before, the nature of spaces and their m a k i n g 

had to be identif ied. 4 

The tower is explained in the proposal as 

'a gigantic w i n d resisting, weight-distr ibuting 

space-frame consolidating the many needs of a 

central ci ty location. ' Kahn does not hide the 

wind-resist ing f rame but forceful ly expresses it. 

His intent is to clearly show how the building 

was made - it was important that none of the 

levels o f the construction process be erased. 

Kahn presented the project as a s tructural idea 

allowed to grow into a building, wi thout being 

forced into a preconceived, purely formal notion.' 

(figure 1) 

T h e structure is a precast, pre-stressed, con­

crete, tr iangulated strut f rame, integrally braced 

by cross f r aming that intersects the co lumn 

system every 66 feet. Each intersection is 

c rowned by a capital 11 feet deep that houses 

storage, toilets and sub-stations for mechanica l 

services, (figure 3) Conduits and pipe run 

through hol low columns. Intermediate level 

floors (up to 6 w i t h i n the 66 foot ver t ical bays) 

can be moved up and down w i t h i n the triangu­

lated envelope to suit specific p lanning and sec­

tional requirements. No two adjacent floors 

align i n plan. 

Triangulated membranes and arteries fo rm 3 

foot deep precast light-weight concrete f loor 

slabs that can span up to 60 feet and harbor air 

condit ioning, l ighting, w i r i n g and a l l piping. T h e 

continuous mechanica l system affords f lex ib i l i ty 

i n space division. A centra l core of ver t ical 

shafts, w h i c h houses stairs, elevators and air 

ducts, rises through the building wi thout dis­

turbing its s t ructural continuity. 

Modernism required the separation o f a 

tower 's structure from its s k i n - both elements 

had to be pure in their funct ion . Instead, K a h n 

conceived of bui lding s k i n as an intermediary 

element between interior and exterior- the 

beginning of the s t ructural reaction against 

w i n d and gravity forces. 

T h e proposal shows a permanent scaffolding 

of a l uminum, w h i c h would secure the glazing 

panels and block sunlight, covering the entire 

exterior. From a distance, windows would dis­

solve into the f l i cke r ing collage of the s k i n as a 

whole . The multi-plane fo rm of the building sets 

up a range of positions for the sun louvers, 

w h i c h also break up and distribute w i n d loads. 

T h i s purposeful design adds up to an intricate 

tracery texture modeled by changing color, light, 

and shade (figure 10): 

A lacey network of metal reflecting the color of the 

light and its complementary color of shadow would 

be seen by the passerby.' The shimmering quality of 

the building produced by the structure, the many 

planes, the multi-positioned sun louvers, the sun 

and the shade." 

F R O M T H E Y A L E G A L L E R Y T O T H E C I T Y T O W E R 

Many of the ideas for the Ci ty Tower originated 

i n the Yale Univers i ty Ar t Gal le ry (1951-53) 

(figure 4). The sketch Kahn made i n the process 

of designing the Adath Jeshurun Synagogue 

(figure 5), after f in i sh ing the construction of the 

Ar t Gallery, represents an understanding of the 

f rame as an organism w i t h an integral , geomet­

r ical order. In her e lementary school project 

Tyng ' increased the layers o f the single layer 

tetra hedron/octahedron truss used by Ful le r and 

Le Ricolais to 'grow' columns of the same geom­

etry." The integral f rame idea would later be 

developed in the tower by Kahn and Tyng. where 

the structure is understood as a continuous 

f ramework , instead of as a cluster o f separate 
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1 Louis Kahn and A n n e Tynti s City Tower model 1195 71 
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elements as in other Kahn ' s projects o f the 50"s. 

T h e Adath Jeshurun Synagogue drawing can also 

be interpreted as a postscript o f the ear l ier art 

gallery, or some sort o f recognition of wha t the 

project should have been. Kahn noted w h e n he 

made that sketch that the s t ructural order 

impl ic i t i n the tetrahedral f loor slab of the 

recently f in ished Ar t Gal le ry should also have 

been extended into the columns: 

A tetrahedral concrete floor asks for a column of 

the same structure." 

However, i n the building as it was made, the 

construction system of the floor was not actually 

a space f rame, but a conventional floor slab in 

w h i c h the beams were incl ined, and the hollow 

spaces between the concrete tetrahedrons 

allowed the uti l i t ies to be exposed. T h e value o f 

the project as a space f r ame is more its intention 

than its reality, and that intention is pushed fur­

ther in later projects. 

In the mid-50's, af ter the Art Gal lery was f in ­

ished. Kahn became severely cr i t ical o f it. The 

tetrahedral floor slab adequately housed ducts, 

l ighting and acoustic utilities wh i l e protectively 

'harboring ' those beneath it. but the concrete 

columns did not work w i t h the whole . At that 

moment , it became clear to Kahn that it was illog­

ical to place a t r iangular grid w i t h i n a rectangular 

building. The absolute continuity of the geomet­

rical order, wi thout any break, was central to his 

thought. He demanded absolute integrity of the 

structure and insisted that a building should 

clearly show how it was made and serviced. 

These developing intentions would be f u l l y 

explored dur ing the design of the City Tower, in 

w h i c h Kahn and Tyng derived forms by extend­

ing the tr iangular space-frame vertically. A three 

dimensional extension of the Art Gal lery 's tetra­

hedral f loor slab is the basis for early sketches of 

the City Tower (figures 6. 19. 20). Although al l o f 

the versions of the Tower use the tr iangular 

geometry, the later version reflects a much clear­

er s t ructural principle and hierarchical order 

(f igure 2). The ma in di f ference amongst the 

designs is the ex terna l presence o f the space 

f rame and its relat ionship w i t h the enclosure. In 

the f i rs t project, the glazed wal ls do not c lear ly 

express the major s tructural order against the 

forces of w i n d , w h i c h is so important in the 

others. The development of the tower design can 

be described as a progressive l iberation of the 

glazed sk in f r o m the tradit ional conventions 

regarding pr ismat ic of f ice buildings. In the 

series of proposals, one can see increasing inter­

play between enclosure and structure, ending 

w i t h the glazed s k i n becoming part of the struc­

ture in the last version. 

T H E H I S T O R Y O F A N U N B U I L T N O T I O N O F G R O W T H : 

T H E C O N T E X T O F T H E C I T Y T O W E R S P A C E F R A M E 

In projects surrounding the Ci ty Tower proposal 

Kahn and Tyng invesitgated the occupied space 

f rame idea f rom different approaches; wh i l e 

Kahn thoght of it as occupied by mechanical ser­

vices, Tyng introduced t he idea of a space f rame 

occupied by humans. W h i l e Kahn was work ing 

on the Yale Ar t Gallery, Tyng was designing an 

addition lor her parents' house using large scale 

tetrahedral geometry (figure 13). Tyng refers to 

her parents ' house as 'the first built habitable 

total space f r ame ' and the tower as 'the first con­

ceptual lower structure that was a totally trian­

gulated habitable, space f rame. ' K a h n later used 

the tetrahedral f r ame i n the roof of Clever House 

(figure 14). Tyng's Wolwor th Tyng house uses 

the new geometry in a more extended way, 

encompassing the whole building instead of just 

the roof. However. Clever House presents a clear­

er dist inction between the two tectonic orders 

that r 'rampton calls ear thwork and roofwork and 

develops a more gradual connection to the 

ground.'" The roof can be read as an explorat ion 

of Tyng's organic geometry, wh i l e the massive 

elements in contact wi th the ground are closer 

to Kahn 's interest in the physical mater ia l i ty o f 

the 'beginnings' o f architecture. As in the 

Trenton Bathhouse, (figure 12) the wal ls and roof 

have independent s t ructural forms. 

I f Tyng defines archi tecture as 'the art o f 

giving form to number and number to fo rm. ' 

that is to say. the possibili ty of giving sensible 

reali ty to numer ica l order and vice versa, Kahn 's 

way to give physical presence to his ideas was 

fused w i t h his reflection on the contruction 

process, the experience of mater ia l , and his ideas 

about space." 

T h e remainder o f Kahn 's search for app­

roaches to the hovering or habitable s tructural 

f rame occurred in unbuil t projects, where the 

strongest s tructural ideas lie i n the intermediate 

stages of design. 

T h e Trenton Bathhouse that was actually 

constructed represents a m i n i m a l part o f the 

entire proposed complex. The ma in part of the 

project, the C om m un i ty Building, was never 

built . One scheme for this bui lding uses a spatial 

grid composed o f octagons and squares, more 

complex than previous grids using the sole tetra­

hedral element. T h e elevation ( f igure 16) clearly 

shows ideas about the natural growth of struc­

ture that also occur in the Ci ty Tower. 

A proposal for the Bryn Mawr Dormitory 

(figure 15) shows a three-dimensional grid of 

in ter locking octagons and squares fo rming the 

stepped-back volume of f ive floors. T h i s octago­

na l grid is s imi la r to the one used for the 

Communi ty Bui lding in Trenton , but it is more 

developed three dimensionally. The cells in Bryn 

Mawr are not only juxtaposed on a horizontal 



plane but combined in an organic f rame, very 

close i n concept to that o f the City Tower. Tyng 

prepared most of the mater ia l in this f irst stage 

of the project . , J The s imi lar i ty of this vers ion of 

the bui ld ing to the DNA models developed by 

James Watson and Francis Cr ick has been sug­

gested. For that reason, this scheme was called 

' the molecular p lan.*" Al though an ingenious 

solut ion for the problem of the mul t ip l ic i ty of 

dorm rooms, it was not satisfactory for the 

publ ic spaces. Kahn finally decided on a very dif­

ferent solut ion, paying more attent ion to the 

publ ic courts. Tyng remembers that Kahn reject­

ed the first scheme because he 'did not l ike the 

zig-zagging facade of the rooms. ' 1 4 

Tyng's devotion to molecular form came to 

f ru i t ion in her scheme for the the Genera l 

Motors Exh ib i t (f igure 17) at the 1 9 6 4 - 6 5 New 

York Wor ld 's Fair, w h i c h is based on the four 

fold carbon atom bond. Indiv idual pavi l ions, i n 

the shape of ha lved tetrakaidecahedrons 

form a semi-c i rcu lar cluster, w h i c h is supported 

by inf lated forms der ived f rom the geometry 

of the c luster and anchored down by cables. 

Th i s scheme was rejected by Kahn , but it is ev i ­

dence o f the intensi ty o f Tyng's investigat ion 

into organic fo rm, w h i c h was a presence in 

his office. 1 ' ' 

T O P O L O G Y A N D G R O W T H 

As reflected in the tit le of the Universa l At las 

Cement Company brochure. 'A Ci ty Tower : A 

Concept of Natural Growth . ' the not ion of 

'growth ' seems to be centra l in the Ci ty Tower, as 

we l l as in other projects real ized dur ing those 

years . 1 6 The Adath Jesu rum Synagogue and the 

Adler House (1954) are two projects that epito­

mize Kahn 's ideas toward organic fo rm, and they 

sit at the two poles that under l ie the Ci ty Tower 

organic ism: 'b ranched ' and 'cel lu lar ' structure. 

From one project to another, throughout his 

career, these two ex t reme models fix the l imi ts 

of Kahn 's work : the natura l growth of the space 

f rame and the addit ion of space uni ts. Kahn 's 

work can be seen as an interplay between these 

two poles: the cont inuous f ramework vs. the 

c luster ing of e lements. 

The City Tower seems to ref lect both 

ex t remes: on the one hand, it is generated f rom 

a tetra-octahedronal tree-l ike structure as a 

whole: on the other, the connect iv i ty between 

the geometr ic cel ls is also a concern in the spa­

t ial concept ion of the tower. Th i s duality, 

expressed w i th the mosl strength and clar i ty in 

the Ci ty Tower, is a thread that runs through al l 

of his work . 

There is an approach to the bui ld ing as a 

l iv ing being, as an organic structure. Kahn 's own 

organic approach can be compared and related 

to two ma in references. The first one is a scien­

t i f ic d isc ip l ine: Topology, through the inf luence 

of the French engineer Robert Le Ricolais. The 

second refers to the notion o f 'growth ' and 

D'Arcy W. Thompson 's ideas on biology in his 

book 'On Growth and Form. ' w h i c h comes to 

Kahn through the inf luence of Tyng and her 

interest in the geometr ic pr incip les of form. 

Topology is the branch of mathemat ics that 

studies propert ies of geometr ic forms that 

remain constant under cont inuous transforma­

tions. Two figures are topologically equivalent i f 

one can be obtained f rom the other by stretching 

or curv ing wi thout cut t ing it. Th i s property has 

caused topology to be called ' rubber sheet geom­

etry," s ince a square can be t ransformed into a 

c i rc le, but not into a ring. Ideas of opened and 

closed, connected or disconnected are centra l to 

this discipl ine. Topology is also the science o f 

connect iv i ty in the realm of form. 

Topological ideas were cen t ra l to Robert Le 

Rico la is ' thought. As a 'ma themat i c ian o f struc­

tures. ' Le Ricola is was the first to int roduce 

Topology as a tool for mathemat ica l s t ructura l 

ana l ys i s . " In the fa l l of 1953. Kahn received a 

letter f rom Le Rico la is . w h o had seen the pro­

jec t for the C i ty Tower in Perspecta and told 

Kahn about h is com ing to teach at the 

Univers i ty of Pennsy lvan ia in 1954. In that issue 

of Perspecta appeared t he famous statement by 

Kahn about ' the ho l low s t o n e ' " that houses a 

bui ld ing 's systems. A para l le l thought f rom Le 

Rico la is ' mathemat ica l approach to s t ructures 

appears w h e n he states that h is goal was hol­

lowing the sol id, in the paradox ica l conc lus ion 

that ' the art of s t ructure is how and where to 

put the holes. ' 1 ' ' Le Ricola is wou ld teach courses 

in exper imen ta l s t ructures in tandem w i t h 

Kahn 's design studio. 
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11 Model ol elementary school pro|«ct Anne Griswold Tyng 

1 2 Trenton Bathhouse. Jew ish Community Center 

t rw ing [Township, Now Jersey ( 1 9 5 4 - 5 9 ) 

1 3 Walworth Tyng House. Cambridge Maryland 

Anno Gnswold Tyng ( 1 9 5 1 - 5 3 ) 

1 4 Clever House. Cherry Hill. New Jersey ( 1 9 5 7 6 2 ) 

1B Model ol Erdman Hall Bryn M.iwr College. 

Bryn Mawr Pennsylvania ( 1 9 6 0 ) 
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1 6 Elevation ol Trenton Communitv Building Jewish Community Center. 

Erwing Township Now Jersey. Kahn 11954 -59) 

1 7 I'roposed Elevation and Plan. General Motors Exhibit 1964 World s Fan 

New York. T y n g ! 1960-61) 

1 8 a Cluster dispositions 

DeVore House 119f>4-55) 

City Tower (1964) 

1 8 b Cuncentncal dispositions 

Hyrva Synagogue! 1967-74) 

Trenton Bath House! 1954-59) 

1 8 c Chain dispositions 

Richards MerJiuii Research Building and Biology Building (1957-65) 

Bryn Mawr Dormitory (1960-65) 

i 8 d Grid dispositions 

Memorial to the Six Million Jew ish Martyrs (1966-72) 

1 8 d Yale Center tor British Arts (1969- 74) 



In 1955 Lc Ricolais wrote an art ic le cal led 

Topology and Archi tecture that opened w i th the 

following quotation by Cyr i l Stanley Sm i th , then 

director of the Chicago Insti tute ol Metals: 'How 

could Arch i tec ture , w h i c h deals w i th connec­

t ions, ignore Topology, w h i c h by i tsel f is the sci­

ence o f connectivi ty?* ' Actual ly, what Kahn 

understood as form - "conceptual patterns w i th ­

out d imens ions ' - was very close to some k ind of 

'topological order ' in the project. 

For Le Ricolais. the realm of structures and 

poetics was based on the same qual i ty: 'arrange­

ment . ' or 'topological organizat ion. ' Creat ive 

energy is only l iberated in disposition." not 

'composi t ion, ' w h i c h is based only on v isual con­

siderat ions. Arts and Techniques are grounded in 

this idea: 

It is really just a matter of'arrangement'. Physics, 

with electrons. Poetry, with words. Everywhere wild 

energies are at hand, so to speak, ready to break 

loose. No doubt, in most cases our perceptions are 

obtuse, and to discover these arrangements, some­

thing or someone has to remove a veil. 

Le Ricola is ' notion of 'arrangement ' in con­

sider ing form as a more open way of analysis 

than 'composi t ion ' also expla ins what Kahn 

understood as Form. Kahn's projects can be ana­

lyzed following Le Ricolais ' suggestion that wha t 

consti tutes the project is not the externa l form, 

but its in terna l topological arrangement. 

Kahn's desire seems to lie in seeking out the 

formal structure of the project. Th i s means that 

the or ig in of the project can be traced beyond 

any specif ic formal solut ion. What Kahn means 

by "Form" can be understood as a f lexible dispo­

sit ion or arrangement , an open form organiz ing 

space. The nature of the bui lding, wha t the 

spaces 'want to be," is rooted in the relat ionships 

between spaces, in their in ternal connect ions or 

disconnect ions, and in their proximi t ies and sep­

arat ion, but not in the concrete form. 

Many of Kahn 's projects clearly show 'con­

nectivity. ' The re are clusters of cel ls, basic ele­

ments fo l lowing dif ferent topological patterns. 

Somet imes they are merely juxtaposed: other 

t imes they are connected or inter locked. They 

also const i tute a k ind of synthesis between the 

addit ion of unconnected elements and the nat­

ural growth of the structure. The total autonomy 

o f the cells interacts w i th a proposal for totality 

when their structures connect or intersect. Hven 

in three-dimensional l e rms . the connect ion 

reveals the nature of the structure in the Ci ty 

Tower. The capitals c rown ing the intersect ions 

of the tr iangulated strut f rame were cal led the 

"knuck les ' of the structure. Kahn tells us w i t h 

these ideas that a def in i t ive part ol the project it 

is not in the spaces themselves, but in the way 

the spaces relate to each other or grow together 

according to topological laws. 

T h e connect ion w i th D*Arcy Thompson 's 

idea of growth is more expl ic i t than others. Kahn 

had Thompson 's book and became excited w i th 

discussions about it at his off ice. Tyng. w h o more 

thoroughly went through Thompson 's ideas, 

points out that Kahn was a lways interested in 

connect ion to nature and that he was motivated 

by T h o m p s o n ^ drawings, w h i c h related natural 

and man-made products. She also remarked that 

Kahn 's own drawings of natura l elements such 

as people and trees, wi th the i r intense vital i ty, 

show his connect ion to nature. a 

These ideas connect Kahn w i t h the general 

context o f the arch i tec tura l debate in the 50's 

and later. Af ter Bruno Zevi 's Towards an Organic 

Arch i tec ture (publ ished in Engl ish in 1950) 

many d i f ferent att i tudes were labeled "organic" 

and recognized as cr i t iques to ra t iona l ism. 

Broader than the Wr igh t ian interpretat ion of 

the concept. A l ison and Peter Smithson"s ideas 

o f 'growth and change." Fumih i ko Maki 's 

Invest igat ions in Col lect ive Fo rm, and Reyner 

Banham's Megastructure reflect successive read­

ings of organic isms metaphor. Some o f the) 

drawings for Kahn 's project of the Adath 

Jeshurun Synagogue (f igure 20) are not far f rom 

Maki 's def in i t ion of megastructure as a large, 

harbor ing f rame that houses the funct ions 

of the c i ty . " 

Referr ing to the idea of growth in the Tower. 

Tyng exp la ined some of their intent ions as a 

non-l i teral representat ion o f natural pr inciples. 

L inked to Kahn and Tyng's notion of growth is 

the idea of h ierarchy: 

...a unique opportunity Co express hierarchical 

shape as well as hierarchical quantity that can res­

onate with human scale and vision is presented by 

the multi-storied tower. Although one may try to 

count the number of floors in a high building such 

as the World Trade Center in order to know objec­

tively how many stories there are, the subjective 

sense of scale or of levels of identity through the clus­

terings of twos and threes is not there. The plan is 

repeated unchanged in the vertic al dimension as an 

extruded fM'o-dimensional pattern. There are no 

clues for the intuitive perception of its scale. In the 

proposed City Hall Tower for Philadelphia on which 

I was associated with architect Louis I. Kahn from 

1952 to 1957. clues for scale were intuitively rather 

than consciously integrated into its design. The 

three-fold hexagonal plan of the structure rotates in 

vertical increments every 66 feet. These undulating 

shifts of level result from the natural completion of 

the triangulated space-frame in its upward helical 

movement. Hierarchical expression occurs in varia­

tions in floor level between the main 66-foot struc­

tural levels, in the hollow triangulated 'capilab'. 

high enough for a person to stand in, and the three-

foot-deep hollow ceilings of octahedron-tetrahedron 

geometry. In this project, hierarchical expression of 

structure is integrated with hierarchy of quantity 

and of shapes in triangle or hexagon:' 

The plans grouped under the category 'pat­

terns of topological g rowth ' (figure 18) show 

Kahn's interest in the notion of growth, l inked to 

the idea of connect iv i ty and in harmony wi th 

geometr ic pr inciples. In 1959, on the occasion of 

Frank Lloyd Wright"s death, Kahn wrote: 

Wright gives insight to learn that nature has no 

style, that nature is the greatest teacher of all. The 

ideas of Wright are the facets of this simple 

thought. -

However, assuming Kahn"s organic state­

ment that 'man through his consciousness 

senses inside of h imse l f al l the laws of nature," at 

the same t ime he admits an essential di f ference 

between the conscious and the unconsc ious/ ' 

Kahn asserted that archi tecture is not only the 

expression of natura l , organic forces, but also 

comes f rom conscious Inspirat ion, an impossible 

to elude desire-to-express, because "nature does 

not bui ld a house, nature does not make a loco­

motive, nature does not make a playground. 

T h e y grow out of a desire to express." " 
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bled to form the structure of the 
buildings. It is by now a com­
monplace to point out the 
importance of this conceptual 
shift, which allowed us to think 
of the structure of a building as 
a skeleton partially free of its 
walls, and which made architec­
tural space independent from 
H • 1 • \ \ ti I f »4 i f • T 1 1 1 i l l * i T - I ' » V / - k ' i 

seems to have made us forget 
an elemental thing: architecture 
is also construction. A work has 
not been well conceived unless 
thought has been given to how 
it will be constructed. The 
methods of construction have 
in themselves extraordinary 
inspirational and expressive 

intimately linked to certain 
building methods, and these 
methods can be read in the fin­
ished product. It is not enough 
to resolve functional problems 
and give them spatial form. We 
must also build those spaces so 
that their expression will be 
conditioned by the methods and 
materials that we use to con-

unified in the creative process 
after having dwelled in the 
architect's mind. Construction 
will always be indiscernible 
from architecture. It is its flesh 
and bones. 
Eladio Dieste "Some Reflections on 
Architecture and Construction " 



Economy is achieved by means 
of repetition and pattern. Thus 
we speak of a structural frame­
work or grid, the delineation in 
three dimensions of neutral 
space, which stands ready to be 
finished to suit a particular pro­
gram. The grid is a skeleton 
waiting to be fleshed out. 
Lucie Fontein "Reading Structure 
Through the Frame-

Apparently the neutral grid of 
space which is enclosed by the 
skeleton structure supplies us 
with some particularly cogent 
and convincing symbols, and for 
this reason the frame has estab­
lished relationships, defined a 
discipline, and generated form. 
The frame has been the catalyst 
of an architecture; but one 
might notice that the frame has 
also become architecture, that 

contemporary architecture is 
almost inconceivable in its 
absence. Thus, one recalls innu­
merable buildings where the 
frame puts in an appearance 
even when not structurally nec­
essary; one has seen buildings 
where the frame appears to be 
present when it is not; and, 
since the frame seems to have 

acquired a value quite beyond 
itself, one is often prepared to 
accept these aberrations. For, 
without stretching the analogy 
too far, it might be fair to say 
that the frame has come to pos­
sess a value for contemporary 
architecture equivalent to that 
of the column for classical 
antiquity and the Renaissance. 
Like the column, the frame 
establishes throughout the 

S K E L E T O N ^ 

L 



1 \ 



uilding a common ratio to 
which all parts are related; and. 
like the vaulting bay in the 
Gothic cathedral, it prescribes a 
system to which all parts are 
subordinate. 
Colin Rowe "Chicago Frame" 

Skeleton construction per­
mitted flexibility in scheduling 
construction of a tall building. 

Once the steel framework was 
in place, work could proceed 
without the necessity of slowly 
moving upward until the struc 
ture's full height was reached. 
In the 1890 s at least one 
Chicago building was enclosed 
in masonry from the top down. 
Cecil D. Elliot Technics in 
Architecture 

Besides specializing forms in 
relation to materials and 
structure, modern architecture 
separates and articulates 
elements. Modern architecture 

is never implicit. In promoting 
the frame and the curtain wall, 
it has separated structure from 
shelter. Even the walls of the 
Johnson Wax Building are 
enclosing but not supporting. 
Robert Venturi Complexity and 
Contradiction in Architecture 

tor. Skidmore. Owings and 
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S I T E V I S I T S : 
An Engineer Reads Le Corbusier 's Vil las 

Many architects avoid th ink ing about structure. 

They prefer to ignore gravity, w ind , seismic, or 

thermal forces. But to disregard these real forces 

is to miss archi tectural opportunit ies. Instead 

of ignoring the physical necessity of st ructure. 

Le Corbusier used it to create archi tecture. At 

the same t ime, he is not a slave to structure; he 

didn't force structural regular i ty for the sake of 

puri ty or economy. Instead, he manipulated 

st ructura l elements for arch i tectura l ends -

depict ing gravity in one place and defy ing it in 

another. He made peace w i th st ructure by facing 

it and understanding it thoroughly. T h e result­

ing vir tuosity al lowed h im to manipulate struc­

tura l ideas as easi ly as he wou ld formal ones. 

In a way, Corbusier 's approach to structure 

has an ancient Greek sensibi l i ty. In that pro-

statics wor ld, no one had a clear understanding 

of structure, but the archi tecture shows a capti-

vation w i th the v isual drama of loads and strain. 

Gravi ty was awesome. Corbusier was equal ly 

enthra l led by these forces, but he understood 

structure so wel l that he could levitate it. 

M A I S O N J A O U L 

More than some of Corbusier 's wh i ter residences. 

Maison Jaoul looks l ike it is about structure. The 

exposed masonry facades do not lend themselves 

to strict formal analysis but beg to be read as 

essays on how loads travel through a bui lding to 

its foundations. 

I 

top At Maison Jaoul. lormwoik board lines shift 

direction at arches, and windows are placed Under 

bond beams 

ai left Bearing wall and bond beam 

previous page lop Interior o1 Maisnn jaoul, 

Ne iilly SKI -Seine. LeCorbusiei (1957) 

previous page bottom Intonor ot Villa Savoye 

Po.ssy Le. Corbus.ei (1929-31) 



Maison Jaoul appears to have grown out of 

three structural devices: the bear ing wa l l , the 

bond beam, and the Cata lan arch. Corbusier 

understood them and expressed them. His longi­

tudinal concrete bond beam works against three 

sets o f forces at once; gravity, thermal expan­

s ion/contract ion, and thrust are addressed by 

the beam's depth, top and bottom surfaces, and 

wid th , respectively. The beam takes the gravity 
loads o f the bearing wa l l , roof and third and 

second floors, kn i ts the masonry together longi­

tudinal ly, and resists the cont inuous thrust of 

the inter ior arches between the tie rods. T h e 

beam is large, so it is economical to reinforce. It 

is except ional ly ef f ic ient in al l direct ions - later­

ally, vert ical ly, longitudinal ly, economical ly, and 

archi tectural ly. 

Corbusier oversized the depth of the bond 

beam, and. in doing so. depicts on the exter ior 

the ful l depth o f the inter ior floor, a rch , and tie 

rod assembly. The impact st ructural ly is that 

the beam is deep enough to al low huge l ibert ies 

to be taken w i th the placement of openings in 

exter ior wal ls and the s iz ing of inter ior spaces, 

because it can supply enough bending, shear, 

and deflect ion resistance to span over the widest 

openings. Th i s ear ly structural decision gives 

h im the archi tectural freedom to shif t e lements 

around, pop openings in. do whatever he wants . 

The masonry is indeed a bear ing wa l l , transport­

ing al l load down to the foundation. But the 

three cont inuous beams t ru ly solve most of the 

structural concerns. 

It looks effort less, because it is. The fact that 

a st ructural part i enabled h im to depart f rom 

convent ion makes the fenestrat ion forceful 

instead of f l ippant: the jump ing windows exhib­

it a command of st ructure, not an affront to it. 

T h e beam is wo rk ing longitudinal ly as a 

bond beam as we l l . Its top and bottom surfaces 

adhere to the masonry through f r ic t ion, pre­

vent ing the br icks f rom spreading apart over the 

years and ending up on the ground, w h i c h is 

the i r natural inc l inat ion. O f course, there are 

bond beams in every br ick structure, occurr ing 

at every floor leve l , but the convent ion is to hide 

them behind exter ior br ick facing. Corbusier 

engages the bond beam archi tectura l ly and 

structural ly by exposing it and ask ing it to bear 

gravity load and resist thrust as wel l . 

T h e three beams receive rods that tie t he two 

concrete arches spanning between them. Th rus t 

is del ivered cont inuously a long the spr ing l ine of 

the arches, and the beams act in bending later­

al ly between the ties that take the thrust out. 

Corbusier threads the rods through the beam, 

anchors them wi th bolts and washers , and then 

hides them wi th those l i tt le concrete caps. In 

order to s impl i fy construct ion for the builder, 

an engineer might work out a regular spacing 

for the ties and l ine those knobs up one right 

over the other. Not Corbusier. He did l ine them 



up once to let us know that he"s aware of how it 

is normal ly clone. 

The oversized section of this bond beam also 

accommodates the depth of the arch f rom spr ing 

l ine to crown plus concrete f i l l and ceramic ti le. 

The re is just enough beam depth left underneath 

the spr ing l ine of the t i les to accept the tie rods, 

w h i c h are centered precisely at the location of 

thrust transfer. Corbusier played w i th the arches 

themselves as w e l l , choosing a stacked bond for 

the ti les instead o f the tradit ional staggered as 

more common ly used by Antonio Gaudi and 

Eduardo Gaustavino. 

The two roof arches and three beams form a 

Structure that is stable and balanced when jus t 

the dead and un i fo rm loads are considered. But 

add non-uni form l ive loads (snow, ear th, and 

plant ings on roofs), and the structure may 

become unbalanced. Because the two arches 

have unequal spans but the same vert ical r ise, 

the imbalance result ing f rom non-uniform load­

ing al lows tension to intrude into the arches, 

wh ich basical ly w a n t to remain in compression. 

Corbusier and his engineer did what I would 

do - provide enough dead load in the roof arches 

and size and reinforce the three beams for the 

worst case scenario. On a smal l bui lding project 

this is the most economical approach. 

Corbusier used concrete formwork to wr i te 

a layer of commentary over his arch and beam 

system. Th i s project was constructed before ply­

wood was commonly used in Europe, and the 

typical board fo rmwork system provided h im 

w i th a palette of nar rowly spaced l ines. At the 

short facades, where the arched vaults terminate 

and the two arches are rendered in concrete, he 

destroyed any expression of the ex is t ing hori­

zontal forces pushing against each other at the 

crown of t he a rch . A lot of designers would want 

to c lear ly emphas ize the compressive forces, but 

Corbusier puts ver t ica l l ines on one side of the 

c rown and hor izonta l l ines on the other, and at 

the spr ing line he does the same. He completes 

the subversion by, on one end elevat ion, placing 

a w indow under the center beam. The patch­

work o f board l ines breaks up the massive beams 

along the i r length, and. over many of the w i n ­

dows, ver t ica l and hor izonta l l ines deny the 

spanning act ion of the concrete they mark . 

Corbusier l iked to canti lever canopies, w h i c h 

means that no co lumns muddy the structural 

picture. He put that slender drainpipe close to 

the wa l l and then curved it out just above the 

ground instead of running it all the way down 

to drain below grade - it is clear that it does not 

provide support. 

At Jaoul there is a clear del ineat ion of work­

ing structure and veneer. Corbusier sorted out 
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above clockwise 

Unequal arch spans 

Patchwork ol board lines 

Cani i levered canopy with drainpipe 

Diagram ol stresses when tic rod meets 

bond beam 

Tie rod hits Spring line 

at right Staggered fenestration 

Longitudinal bearing brick walls 

alternate between stretcher and 

header courses, producing a sturdier 

consl iucl ion Tiansvorso, non-bearing 

brick walls are all stretcher couises 
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lop led Center beam spans pas! painted pier 

top right Stai rway and Plumbing 

above Concrete stair reinforcing 

A conventional vs B Corbusier 

panels and bear ing wa l l by mater ia l . T h e facades 

are assembled of masonry, and the resul t ing 

gaps are t i l led in by g laz ing or wood panels. 

Inside, some of the work ing structure is made to 

look l ike veneer. The inter ior concrete co lumns 

and piers are demaler ia l ized wi th bright colored 

paint on one face, a l lowing the center beam to 

read as i f it were spanning the ent i re length of 

the house. 

The sculptural, stepped underside of the inte­

r ior concrete stair required a more complicated 

formwork. steel reinforcing fabrication/installa­

t ion, and concrete placement than a conventional 

sloped soffit. I f Corbusier 's stair is reinforced w i th 

1/2" diameter #4 bars, the effective depth is only 

2.25" to 3.5". wh ich adds further to the expense 

and creates much more work for the contractor. 

Nevertheless, the stair is a delight to see. and. as it 

strays f rom the conventional, more fun to work 

out. And as Corbusier has so economical ly 

resolved the major structural issues, the stairs are 

a negligible blip on the economic screen. 

Al though not apparent to my eye. Corbusier 

did labor over the mechanica l and p lumbing 

art iculat ion as we l l . Madame Jaoul told me that 

she didn"t understand why he spent so much 

t ime work ing these systems out and paint ing 

pipes di f ferent colors, especial ly since the results 

were so mundane. 

On the whole Maison Jaoul is a beam i lu l ly 

conceived and executed tour de force. 

V I L L A S A V O Y E 

Compared wi th the obvious presentat ion o f 

structure at Maison Jaou l . whe re exter ior 

expresses interior, the structural story unfolds 

more subtly at V i l la Savoye. 

T h e beauty of the Vi l la Savoye's structure l ies 

in its co lumn grid. W h e n establ ishing a structur­

al bay size, it is common to space columns as 

far apart as economical ly possible (usual ly spans 

of 1 8 - 2 4 ' or more), and to th ink that fewer 

co lumns means more design freedom. But some­

t imes this strategy backf i res. T h e problem is that 

once that grid is set. there's no changing it w i th­

out a struggle. W i t h every co lumn removal 

comes the possible addit ion of a large t ransfer 

beam and. wi thout fa i l , coordinat ion issues to 

solve among al l the consultants. Unless the 

archi tecture w i l l remain as rigid as the structure, 

sometimes it makes sense to start w i th comfort­

able spans instead of m a x i m u m spans. Th i s gen­

eral ly was Corbusier 's approach. At Savoye. he 

established a grid of five co lumns in each direc­

t ion set at about 15 6" on center, a spacing so 

comfortable that the grid can easi ly be violated. 

Integrating the co lumns into the archi tecture 

becomes an art ist ic and pract ical process instead 

of a tortured one. 

From the exterior. Savoye's co lumns are pre­

sented on a regular five-by-five grid. Dr iv ing 

f rom the northwest and c i rc l ing around the 

south of the house back to the north entry, the 
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left. Center ramp looking toward top landing - lozenge shaped column in 

foreground al lows visual velocity that greets visitor upon entering to continue 

above Boam and leardrop column at root deck 

grid registers strongly in your mind. The first view of 

the house by car is of the north elevation: five white 

round columns frame the shadowy entrance. Driving 

past the west elevation you then see five white round 

columns that stand out against the green garage. On 

the south elevation you come across two round 

columns at the corners and two trapezoidal columns 

at the quarter points, and. if the curtain is drawn, you 

can make out an interior round column that is placed 

on grid. Circling back to the north and pulling up 

under the porte cochere, you must drive through the 

grid, two round columns on your left and five on your 

right. The sequence of views is experienced quickly, 

and the image of a rigid five by five grid is forcefully 

impressed upon the visitor. 

Corbusier stuck to this grid on the exterior but 

destroyed it completely inside, beginning right at the 

front door. The seemingly relentless exterior grid sug­

gests an interior column centered on the other side of 

the entrance. But as soon as you open the door, you see 

two columns replacing the one you'd bump into had 

he left it on the grid. Study the ground floor plan and 

it is clear that this move is only the beginning. There 

are eight freestanding interior column grid points, 

and Corbusier leaves only one column in place: he 

replaces the other seven implied by the grid with sev­

enteen off-grid columns, located to suit the architec­

tural needs of both floors. Once inside the front door, 

look overhead and you see the transfer beam that car­

ries the second floor column above and allows the first 

floor columns to jump off grid. This beam is notched 



I 
right through the front door transom glass- a 

straightforward class move, but not even 

Corbusier could pull off that glazing detail. Note 

the cracks that emanate from the inside corners 

of the glass on each side of the beam. 

However, the architectural move that neces­

sitated the rearrangement of the most first floor 

columns is the long ramp leading to the second 

floor at the heart of the plan. Here he freely 

reconfigured the columns to allow for the 

extended slab penetration centered right on a 

grid line. Instead of three columns on one grid 

line, he placed ten columns on three. 

Whenever a hole is punched in a slab, there's 

a problem around the edges of the hole, where 

the continuity of the reinforced concrete has to 

be maintained. Corbusier just popped in 

columns with beams around the edges and 

solved the structural problem immediately. An 

engineer's delight - lots of columns to grab on to 

quickly for short, simple little spans. And he had 

no hang-ups about consistency; most of the 

columns are round, but if he had to fair in a 

window or a wall, he'd square the column to sim­

plify detailing. 

Beams are usually visible at Savoye. but not 

always. Some are hidden in exterior walls. Beams 

are sometimes oversized to match column 

dimensions and simplify the formwork. 

One beam in particular, bracing the top of 

the wall at a horizontal opening to the roof deck, 

is made into an architectural feature. Its bottom 

flange tapers to reflect the horizontal force it's 

[resisting- deepest in the middle, tapering back 

as ii passes the teardrop columns, and ulti­

mately matching the thickness of the walls at 

the far ends, (see dashed lines on second floor 

plan). It looks like a bending moment diagram. 

The beam below the opening doesn't taper, but 

where it joins the wall the top flange is notched. 

Bending is no longer the issue, and ample cross 

section remains to transfer shear stresses to the 

square columns at each end. 

Walking through Savoye. one continues to 

encounter jewels of structural play. To me. it is 

evidence of an architect thoroughly engaged 

with structure, and proof that understanding 

structure brings more architecture. 

On the firebox, masonry is laid in a manner 

that implies the direction of air How that makes 

the fireplace work - horizontal on the firebox 

and vertical where the flue shoots up. 

A table just inside the entrance is can-

tilevered off a substantial column and helped by 

a slender leg. creating a startling contrast. 

At the stair a thin pipe column supports the 

railing, and there is a sliver of space where the 

stair curves around it. Corbusier wanted to make 

clear that this pipe column does not support the 

stair in any way - he prevented it from acting as 

a structural parasite. 

Corbusier was able to employ structure, but 

what about today's practitioners? What is fair to 

expect of them when they encounter structural 

clockwise lironox masonry changes direction 

Almost canli levernd table 

Cracked transom glass 

Columns at ramp - looking toward entry 

Boom and column 
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clockwise 

Beam tapers according to bending stress 

View ol beam from below 

Notch detail ot beam 

Pipe column at stair 

A U T H O R S N O T E The Editors ol this | O u r n a l 

are to be commended tor their foresight and 

bravery tor producing an issue ol Perspecta 

devoted to structural engineering 

engineering issues? Today's opportunities lie in 

the relationship between engineer and archi­

tect- one in which the two disciplines truly over­

lap will be the most fruitful for design. Architects 

have the program; engineers have natural forces. 

I'm happy to see more architects integrating and 

reasonably accepting both! It is the responsibility 

of engineers to offer original as well as estab­

lished structural ideas, but architects can get the 

most out of their engineers if they are able to 

speak their language somewhat, to understand 

bending moment, shear, and deflection and to 

know basics such as 'bending is the most expen­

sive stress.' Gaudi stated this many years ago, 

discussed and debated it with his colleagues, 

and was very proud of what he felt was his supe­

rior structural prowess. Corbusier, as I under­

stand it. read every book on concrete that was 

available to him. Clearly it is not possible to say 

that their creative efforts were hindered by this 

allied knowledge. 

Unfortunately, the message in today's 

American architecture education is that struc­

ture is a pragmatic necessity, not an intrinsic part 

of the design process to be manipulated creative­

ly. I have been retired from teaching for the past 

seven years, and if 1 am wrong in my assumption 

I would love to be corrected. Time allocations are 

involved: there are only so many hours in a stu­

dent's day, and there are more disciplines jockey­

ing for those hours than can be fully 

accommodated in a three year Master of 

Architecture program. Only the design faculty 

can change this situation, since they drive the 

priorities of architecture schools. The challenge 

is to convey to students that facility with struc­

ture contributes to design facility. To get to the 

point where they can design with structure, 

architects really do have to crunch some num­

bers, because you cannot just intuit or talk it. It 

takes work to get such an understanding, but it is 

necessary for pulling off either a structural tour 

de force such as Maison Jaoul or the reserved 

structural cleverness at Villa Savoyc. 
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T H E E D I T O R S W A N T E D T O K N O W H O W A Y O U N C , 

F I R M W O R K I N G O N S M A L L S C A L E P R O J E C T S 

M I G H T D E S I G N W I T H S T R U C T U R E . W E A S K E D A L A N 

O R G A N S C H I T O R E F L E C T O N T H E S T R U C T U R A L 

I N V E S T I G A T I O N S T H A T O C C U R I N T H E D E S I G N A N D 

C O N S T R U C T I O N O F T H E H O U S E S B Y G R A Y 

O H G A N S C H I A R C H I T E C T S . T H E O F F I C E H E R U N S 

W I T H I I S A G R A Y . 

In making buildings, architects necessarily 

define the relationship between architecture 

and its structural formation. They deploy mater­

ial and methods of assembly and generate work, 

in the form of human and mechanical labor, to 

answer the physical demands of the spaces they 

design. I'm intrigued by the effect of this sym­

biosis of form, stuff, and work on the measure 

and texture of the spaces we inhabit . 

We've recently completed two small houses 

and a bridge. The projects ;ire quite different in 

their use. their spatial character, and their rela­

tionship to their sites, but they share a common 

constructional premise. All three were con­

ceived, in whole or large part and for varying rea­

sons, as prefabricated structural assemblies. The 

necessary synthesis of architectural conception 

and construction strategy allowed us to explore, 

at an elemental level, the nature of each build­

ing's structure, its material composition and the 

agency of its production. 

When we conceived of using curved lami­

nated beams to form the vaulted interior space of 

the house in Litchfield, we were compelled by the 

idea of the stresses acting within each member. 

Above and beyond the typical bending stress of 

roof loads we saw the considerable potential 

energy bound up in the deformation that was 

required of the roof timbers to create the shape 

of the room. We began to reflect on the character 

of that deformation, the relationships among the 

wooden plies within the laminated timber, and 

the material attributes of each ply. 

Wood is a fibrous material. Its structural 

value is based not only on the strength of the 

individual fibers in the wood or the size and ori­

entation of the bundle of fibers but also on the 

degree to which those fibers are uninterrupted 

by Haws such as knots, checks, or cracks. 

The lamination of smaller boards to create 

larger members serves two possible purposes. 

One is to build a better, more stable, more 

efficient, and more readily analyzed structural 

timber. This is accomplished through the 

culling, grading, and re-assembly of individual 

boards or laminations. In this way, in a simple 

bending member, for example, those layers with 

the fewest flaws are laid up along the beam's ten­

sion and compression edges, and those with the 

most flaws are grouped in the center where the 

primary forces of the tension and compression 

arc smallest. This reconfiguration, in which the 

relationship of successive laminations within 

the cross section of the member is evaluated and 

adjusted, suggests the second purpose: the shift­

ing of the longitudinal relationship of the lami­

nations, i.e.. the sliding of layers against one 

another to create curvature in the member. The 

ability to fix the relative position of the lamina­

tions, usually with glue, guarantees the rigidity 

and bending resistance of the larger member. 

Typically, in the industrial process of glue-

lamination, the glue is allowed to squeeze out 

from between the layers so that when cured, the 

member must be 'resized' or surfaced to its final 

specified dimension. This final step in the process 

nearly erases the distinctions among laminations: 

gaps between layers are filled: the presence of 

glue joints is almost eliminated. The finished 

'glulam' becomes a simulation of a solid t imber. 

Rather than suppressing the distinction 

among plies, we chose to articulate the individ­

ual laminations and the resistance to the forces 

of horizontal shear necessary in the connection 

between each layer. To avoid the a-tectonic read­

ing of the curvature produced by industrial glue 

lamination, we chose to make a dry lamination 

that was fixed in its shape by a pattern of shear 

bolts that ran along the length of each beam. We 

used rough band-sawn ash boards of inconsistent 

width and eased their edges slightly to exagger­

ate the joint between successive layers. As a 

result, the highly legible stacking of layers, the 

irregularity of the face of the beam, and the 

emphasis of the mechanical fasteners became 

art ifacts of t he beam assembly and a description 

of material resistance. 
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In retrospect. I see that our impulse in that house 

to articulate the particular character of the mate­

rial within a structural member became a kind of 

model for the structural and spatial elaboration of 

the building itself. It reflects. I think, our interest 

in creating a structured object, a desire to identify 

and develop an underlying constructional and 

structural motivation for any tectonic form and 

its associated space. By dissolving the envelope of 

the house and articulating the structural relation­

ships among its constituent parts, we felt that we 

were creating an internal mechanical argument 

for the simplicity of the building's external 

volume. Whether elemental, at the scale of mate­

rial and detail, or compositional, within the scale 

of a room or even landscape, we saw the relation­

ship of structure to architecture as an artifact of 

the construction process, a residual description of 

why the form of the building exists. 

We developed this predilection in our work­

shop, where we first made cabinetry and furni­

ture. Those early small projects provoked a series 

of increasingly focused questions about the basic 

nature of the working of material. Typically, in 

architectural and structural design, because of 

the scale of an architect's responsibilities and t he 

logistical complexities of even the small archi­

tecture of houses, structural materials are con­

sumed as prepackaged products. The structural 

characteristics of wood, for example, are deter­

mined by the dimensioning systems inherent to 

manufacturing processes of the timber and 
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North elevation showing ollset cladding 



lumber industry and the grading apparatus and 

structural performance data that they provide. 

In design and construction at the compact scale 

of furniture, however, one develops a primary 

relationship to the material characteristics of 

wood. Not only its species, but the relative posi­

tion of a board within a tree trunk, the history of 

its growth, the way it is sawn, dried, and even 

stored, are all questions with enormous bearing 

on its workability and structural suitability. 

Our current work in the studio has shifted 

from the scale of furniture to that of small build­

ings. In producing parts and prototype assem­

blies and coordinating the prefabrication of 

components of the projects we design, we've 

continued to engage the construction process as 

a medium for architectural exploration. We have 

come to see the problem of inserting an archi­

tectural object into an existing terrain as physi­

cally akin to t he problem of developing a piece of 

joinery. But by making this leap in scale, while 

maintaining a control of the material and struc­

tural elaboration of our work, we've inadver­

tently sidestepped the professional, commercial, 

and industrial standards for small building con-

s t ruct ioi^^yprced us to face a lot of questions 

about the feasibility ol designing arcnitecl 

"no -v.-hi a cabinet assembly Ultimately. I 

think, our goal has been to address these prob­

lems not as technical hurdles, but rather as the 

source of.an architectural language. 

By exploring the character of material and its 

assembly as a foundation of structural elabora­

tion, we face, in our work, the inevitable issue of 

time and cost. The exacting investigations of an 

integrated5 method of design and construction 

that small scale affords the cabinet maker si-em 

hopelessly rarified within the context of build-

of integrating structure 

and constrtu • u ss of architectural 

ption and the L ol building is so 

basic to our profession as to seem commonplace, 

the difficulty of achieving it in the demanding 

economy of contemporary building is nearly 

insurmountable. Despite the promises of our edu­

cation and the romance of our professional his­

tory and traditions, architects are faced everyday 

with the fact that the sector of our society that has 

most successfully reintegrated architectural 

design, structural engineering, and construction 

is the American commercial building industry. 

Here economics of scale and long histories of 

product development have produced building 

systems of almost unmatchable economic 

refinement. Dimensioned assemblies, pre-engi-

neered structural members with code-compliant 

connectors, cladding, and fenestration systems, 

all define what's economical and builderly in 

architectural design today. 

That a building might convey a system of 

resistance to structural forces or describe the 

order of its assembly runs counter to the 

intention of commercial light construction. Like 

the industrially glue-laminated timber, which 

obscures the residue of its manufactur rough 

the machining of its surface, the structural 

envelope of the western plattorm frame, the rev­

olutionizing construction system of postwar 

America, conceals the order of its assembly in 

the layering ol its wall. Within a vaporanght six 

and a half inch wall thickness are comjjpessed a 

building's interior and exterior finish systems, 

vertical load bearing structure, lateral shear 

resistant structure, insulation, electrical wiring, 

plumbing supply and waste lines, and. often, 

heating and ventilation ducting. Any "lateral 

structural load that cannot be absorbed by the 

panelized sheathing ot the vertical building 

envelope or by stiffening interior partition walls 

is transferred into a similar horizontal sandwich 

in the floor which serves aS a shear diaphragm. 

Prom a structural and constructional standpoint 

the economy of the system lies in its capacity to 

absorb and conceal difference and error. From an 

architectural standpoint, the tendency to absorb 

constituent parts into an apparently monolithic 

assembly is indirectly proportional to its capac­

ity for articulation, particularity, and distinction. 

Meaning is typically conferred upon it as stylistic 

reference through distinct ions i n roof slope and 

geometry, wall height, and trim detail. The 

apparent homogeneity of t h e ^ i c k framed' wall 

has created a kind of universal architectural 

homogeneity in the new American landscape 

where structural ideas are limited to episodftoe-

anecdotal luxuries like the grafting ol the a-func-

rame and slressnd skin 

jConstruclion ol laminated beams and stressed skin pMCl ' 

(Fabrication ol laminated beam in Architect 's w o r k s h o p 

r 
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tional 'decorative truss' or the hyperfunctional 

steel W sf ction onto the hermetic enclosure of 

frame. 

tendency is to want to articulate 

structural relationships in our buildings, to let 

the architecture convey the complementary 

physical workings of structural resistance and 

manufacture. I'm wary of the extremes of icono­

clastic formal or structural exhibitionism that 

that approach might engender. The pitfall there. 

1 believe, is the objectification of the structural 

system at the expense of an architectural idea. 

The solution lies instead in the analysis and 

reconfiguration of current building practice, the 

teasing ol" larger architectural ideas from the 

tightly knit technical formulations of industry. 

In the stick-framed wall, for example, the 

action of plywood sheathing, whose cross-lami­

nation of graded and glued veneers transmits and 

absorbs directional loads, provides racking resis­

tance within the sheet, and confers that resis­

tance to the line of studs in the wall. The 

lamination of plywood reiterates the luminary 

character of the wall itself, as if the material 

resistance of the sheet is repeated thematically 

throughout the structure of the building. It is a 

model of structural interdependence, the shunt-

i u s e i n WaahiSfton 
3aps twtwoen materials w.. I ' ' 
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ing of varying kinds offerees through appropri­

ate material components of a building envelope. 

The encloskelelon of the house in Litchfield 

relies on those principles of interdependence 

and exploits the structural relationship between 

stud and sheathing at a magnified scale. We felt 

it important to emphasize the sequential trans­

formation of the house's twelve ashwood ribs 

and articulate their role in the deformation and 

curvature of the house's south wall. We freed the 

building interior of the bracing members typical 

to the freestanding frame of traditional barn 

construction and instead absorbed the lateral 

racking forces of the wind in the structural lam­

ination of the building's insulating sheath, a 

sandwich ol two 'skins' of oriented strand board 

on an insulating core of expanded polystyrene. 

The tectonic distinction between frame and 

enclosure that unfolds as you experience the 

house is a distinction not of structure and skin, 

but of two interdependent components of struc­

tural resistance. The ash ribs alone, like studs in 

a wall, are structurally incomplete. Without the 

stressed skin sheath, they would collapse. 

The serial arrangement of ash ribs, uncompli­

cated by diagonal interconnections, more imme­

diately and forcefully expresses the mechanics of 

the house's assembly. Each rib was placed. 

plumbed, and propped. The panels were then 

applied. Those steps of assembly, like Che lamina­

tion and bolt ing of plies in the arches, reinforced 

our conception of the interior space and mirrored 

the structural function of the building. 

In looking at the house now. I'm struck by 

the fact that the reading of the building as an 

assembly of interdependent yet discreet ele­

ments was most forcefully conveyed at the scale 

of the landscape through the formation of a 

seemingly small structural detail. By placing the 

ash ribs to bear directly on the 10" foundation 

wall and leaving the stressed skin panel sheath 

to overhang it by the full thickness of the panel 

and the dimension of panel standoffs, we cre­

ated a condition of discontinuity at the junction 

between the base and superstructure of the 

building. Like a shadow line that at once art icu­

lates and forgives the irregularity of a joint 

between two different materials, the break 

between the prepared ground of the site and the 

prefabricated building that we erected there 

emphasizes the transition between dillrivnt 

structural systems and telegraphs the interrup­

tion in construction concept and method. That 

overhang, essentially a simple manipulation of 

the building section, significantly altered the 

relationship of the house to its immediate ter­

rain and the quality of its placement on the land. 

That small discovery has since prompted us 

to explore this intersection of structural systems 

more fully. The generic wall section of the con­

temporary American stick framed house marks 

this transition between foundation and wood 

frame with a pressure treated wooden sill plate 

at about 8" above the surrounding grade and 

only a slight offset between the exterior surfaces 

of concrete and the siding above. As a matter of 

function, the detail minimizes the destructive 

effects to wood of soil and moisture and clearly 

delineates the scope of both the foundation and 

framing subcontractors' responsibilities. It is 

technically undemanding, universally applicable 

and, therefore, ubiquitous. It is indifferent to the 

land on which it sits and ambivalent about the 

building it supports. 

We began to explore this line where distinct 

structural and material systems meet, when we 

were offered the opportunity to build with stone 

in a project for a small house, workshop and 

garage. We split the buildings into three material 

and construction components: a heavy masonry 

wall that formed the perimeter of the building 

complex, prefabricated 'glulam' timber frames, 

and an enclosing system of panels that, as in the 

Litchfield house, provide directional racking 
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resistance to the timber frame. In the stone 

masonry, we deeply recessed the mortar joints in 

an effort to suppress a more typical reading of sur­

face pattern and to instead emphasize the weight 

and bearing of each individual piece and the his­

tory of the system's assembly. Small chink stones 

fill any irregular open joints and facilitate the 

placement, fitting, and balance of larger stones 

and transfer the force and weight of each stone to 

the bed of stones beneath it. 

Like the chinked gap between two irregular 

surfaces of adjoined stone, we treated the con­

nection between the masonry walls, extrusions 

of the buildings' foundations and t he wood panel 

enclosures - prefabricated and erected on site -

as a mediating gap between two materially 

incompatible systems. At some points that gap is 

literally just that, a separation between the rough 

edge of masonry and the finished edge of the 

panel. Elsewhere it widens to form an entryway. 

a line of windows, or the space of a balcony. The 

structural frame bridges the space between the 

enclosing systems of masonry and prefabricated 

panel as struts and braces, making connections 

to the stone that are specific and mechanical. 

From the forest and meadows that surround the 

building, the masses of masonry are legibly dis­

tinct from the relatively light wood members 

that spring from it to form the interior spaces of 

the house. 

Although we deployed the industrially pro­

duced wood components and hand-laid stone 

work as physically and conceptually distinct 

systems, I now see their essential similarity. 

Whethera craft like the laying of stone, in which 

the accumulated skill and judgement of the 

artisan endows an object with a particular char­

acter, or an industrial process like the glue 

lamination of timbers, in which the refinement 

of repeatable steps in a method guarantees the 

uniformity and reproducibility of a product, the 

method and order of assembly endows a physical 

artifact with dimension and syntax. The work 

i hai underlies the production of an architectural 

object suggests the complementary nature of 

structural resistance and building manufacture. 

Material, by itself, is architecturally inert. It 

lacks an inherently appropriate application or 

proportion. But the capacity of material to be 

worked and manipulated - like its capacity to 

resist stress - is elemental to architecture and its 

structural form. 

We've worked again with curvature and 

laminated wood since developing the structural 

members for the house in Litchfield. The deck 

panels of a bridge we designed to carry construc­

tion vehicles across a small stream explore both 

the structural capacity and expressive potential of 

industrial glue lamination. A local wetland regu­

latory agency had demanded that the construc-

! ion ni anv crossing have a demonstrably ni • 
impact on the stream's delicate flood plain, SO We 

proposed to crane into place from the stream's 

upper banks six prefabricated timber planks. To 

maintain the curvature of the road that serves it. 

we formed the panels as 'glulam' arches that were 

then laid on their sides. With the lamination laid 

up in this axis, each panel acts as a composite 

slab, in which each lamination transfers and.1 

spreads the heavy wheel loads of const ruction: 

vehicles laterally to adjacent laminations through 

the continuous structural glue joints that bind 

them together. We determined a 10 3 / 4 " depth as 

the minimum section modulus required for the 

member to resist the axial load of the 10 - ton vehi­

cles that were to use it. Our glue laminator's limit 

for the width of a single layup was 60". Two of 

these planks. laid side by side, provided suf ficient 

width for a single traffic lane and reiterated the 

wheel tracks of the small access road that serves 

the bridge. 

The two bolt-laminated wooden rails that 

line either side of the bridge were developments 

of the arches in the Litchfield house, but the 

structural action is quite different. In our proto­

type studies of the earlier project, we had come 

upon the potential flexibility of a laminated 

member without a continuous glue line and 

wanted to exploit that elasticity here as a possi-

Bridge in Wajhington. C 
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bit- shock absorber. By separating each layer by 

the CfedCkness o f a large lender washer, ihe lami­

nation would allow the individual 2" x 4" plies to 

deflect within their elastic range. That distortion 

would absorb energy from the impact of a wheel 

strike and shed load through the bolts into the 

steel connectors and the member as a whole. 

We were particularly excited by the curb 

detail, because, unlike the bolt laminations in 

Litchfield, it wasn't necessary to produce form-

work for the bending of the member. The 

bridge's deck panels, already in place, provided a 

template for the curb's arc. a jig for the assembly 

of the rails. 

In working out the problems of building 

structure, architects bind their invention of 

form and space to the experience of inhabiting 

architecture. At one level, the construction of 

the bridge and its wheel curb is merely a tech­

nological solution to a relatively simple struc­

tural problem. But we felt that it simultaneously 

conveyed a broader idea about one's movement 

through a landscape and. in detail and execu­

tion, an attitude about the relationship of a 

building to the terrain of a particular place. I 

think that the means are always embedded in 

the end. and I believe that the character of the 

spaces we imagine are inextricably intertwined 

with the processes by which we form them. 

Shock absorbent laminated beam 

Prototype ol laminated beam lor house m Litchfield 
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On that first terrific night, Crusoe had to choose between a cave or a tent; he chose both 

- Daniel Defoe. Robinson Crusoe 

F;or thirty-nine years I have sketched structure syncopated by night. As a student I would 

jot down parti diagrams in my bedside sketchpad, deceiving myself" into thinking that 

structural clarity was achieved by a few bold lines representing emphatic walls, or by 

what I took to be the converse, a cartesian forest of columns. (Wall and Column - the 

struggle would characterize my work ever since.) Lying there supine.* the day's upright, 

calm, rational thinking would melt into the mattress and become turbulent. I would fall 

asleep by recounting the possible combinations of walls and/or the syncopation of grids. 

These iterations entered my dreams, where they became tortured, endless, morphing 

possibilities. Numbers were supposed to stabilize the day's production. But they became 

unstable at night as their permutations haunted my unconscious world. The endless 

shifting around of structural paradigms choreographed movements for my body -

vertebrae rolling back and forth according to a nightmare's diagram 

For many of those years I would wake up exhausted but relieved that daylight had 

returned to restore reason- the relief would be tainted, however, when I examined the 

night's sketched productions, which could only be read as confrontational marks and 

erasures. Reason's tyranny compelled me to hide the evidence in an adjacent closet, for 

it revealed a topographic imagination-unresolved, fragmentary, incomplete, friclional 

linea occultae carved into the toothy paper of my pad. But. perversely, at a certain 

point.** 1 decided to take confidence in the utility of my own nighttime markings and 

now delight in reading structure as a volatile element in the design process. 

Conventional wisdom perpetuates the passivity and immutability of structure 

achieving static resolution. The alternative is to celebrate the ongoing evidence of 

dynamic and competing loads. 

Conventional wisdom perpetuates structural paradigms as singular (walls or frames, 

caves or tents), complete and authoritative unto themselves. The alternative is to think 

of structure as contingent, incomplete, in stress if not failure, vulnerable and certainly! 

oppositional i f not multiple, as in the model of the megaron. 

• T h e body itasll transposes structure according to a syncopat­

ed meter vertica by day. horizontal by night 

• • A n example ol an acceptance ol mutable structure was my 

own re-positionirg within polemical contexts • it is a story ol 

caves and tents At Princeton In the ' 6 0 s one generation was 

taught 'hat modern architects were obliged to build with light 

but precise struc:ural armatures A decade later, another gener­

ation was taught that architects had obligations to reestablish 

the benchmarks ol the known world and. as such, should no 

longer explore the extension ol space with harries but recon­

firm the finitenoss ol rooms with substantial walls. Slow to 

learn or resistive, as a young teacher during the ' 7 0 s I ol lered 

an alternative model to the polarized students, an Intentionally 

ambiguous structural diagram ol two systems (wall and frame, 

or cave and tent) m tnci ional and evasive engagement 

(tneyaron) This image o l the megaron (figure 7) borrowed 

Irom enduring teacher Michael Graves in 1969 is now returned 

in gratitude 

1 sketch by Le Corbusier 

2 Caryatids, Erectheum. Acropolis. Athens 

3 cave Neolithic Hut. Mycenae 

4 tent Native American wigwam 

6 cave General Assembly Building. Chandigarh. 

Le Corbusier (1956) 

6 tent Maison Commo. Le Corbusier 

7 megaron 

8 View Irom the south ol Parcel X. North Garden Virginia 
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9 Four Progressive sections through Parcel X beginning with 

the East cave-like elevalion (a), moving west every 26 lent 

(b. r.) and ending with Hie diaphanous lrarni?(d) 

10 The Maison du Weekend employs primitive and 

contemporary structures of great mass and ephemeral 

l ightness Pans. Le Corbusier ( 1 9 3 5 ) 

11 Rnnchamp in part is a tent, which looks like a cave, pari 

rubble of the former sanctuary part gunnite over a veiled 

steel tabnc. with a heavy concrete cloud of a root lloating on 

point supports 

12 Plan and section of the Chapel of Nohe Dame du Haut. 

Ronchamp. Le Courbusier (1951 - 5 3 ) 

13 Genesis - Construction of the Ear lh 

In the beginning God created Heaven and Earth, and all was without form -Genesis 

Ever since Gent-sis, architecture has been conceived as both physical and temporal, 

metering the space between heaven and earth, ephemeral vapors and the topographic-

imagination, ultimately establishing the recurrent paradigms of Eden and Jerusalem, 

the cyclic garden and the resistive city. 

The world as construction site was the first structured place before cities, buildings, 

or gardens; structure in its incompleteness was there first in its progressive state. The 

moment it was finished - when Paradise became a walled-in garden- it was abandoned. 

Structure is first to negotiate with the world of nature. Only then does architecture 

fix a world within. Structure is the precondition to enclosure, to dwelling within archi­

tecture. It is also the last evidence of occupation; when the enclosure dissolves, struc­

ture remains as a ruin. Concrete pours and steel erections create the walls and columns 

that will one day remain to mark the site as having been inhabited. The syncopation of 

st ructuring acts by a myriad of makers, fabricators who are neither initial designers nor 

eventual users, establishes the construction site as one of fundamental political author­

ity rarely considered today. Those who dwell in ongoing, enduring work help define 

building structure as a generative verb. 

Building is then considered here as a verb, as an instrumental deformative act. 

Building is manifested through successive territorial transformations, Semperian 

Landscapes of Aggression, conventionally known as the short-term construction site 

and pessimistically perceived as the long-term scarring of earth. 

Starting with foundations, structure is the factional character in a Spatial Tale of 

Origins, engaging both concentric gravity and eccentric orientation and persisting as a 

ruin to retell the story. 

Gravity is invariant, constantly pulling vectors to the center of the earth. Orientation 

is temporal, yet recurrent, inscribing each day with its own specific arcs marking sunrise, 

high noon, and sunset. Both factors are grappled with when structure negotiates with 

nature. Gravity and orientation are then the only benchmarks agreed upon by the 

Engineer and the Gardener who provide the constituent characterist ics of an architect. 

p e n 
/ 
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The 3 8 4 acre Parcel X sits at the margin 

of a still vast pastoral landscape It was 

already marked long before map-makers 

surveyors, and soil-samplers came to 

protect their scars upon its surlace 

Geological origins were recorded in 

massive oblique granite ridges - these 

ravines are the source ol one ol the most 

generous wells in Albemarle County, 

which is led by a constellation ol cisterns 

To this parcel have tourneyed two 

nomads, one with a ruler, the other 

with a compass They seek to prepare the 

ground, lo tend a garden, and eventually 

to engage the earth 

L 

1 7 

1 4 Site Plan ol Parcel X 

1 6 Plan ol the ruler 

1 6 Plan ol the compass 

1 7 Composite plan 



1 7 Lot there be light- eschatnlofl ical renewal 

a- i Specif ications lor Construction 

a The Nomadic Campsite 

b Palisades 

c Tin; Surveyor Takes Measure 

d Plinth 

• Steel Meters 

f Shield 

g Packing Crates 

h New Terrace 

I Paradise The Volcano and the Manhole 

O N S P E C I F I C A T I O N S F O R C O N S T R U C T I O N 

The first architectural act is to break the ground; the second is to raise structure 

vertically to the sky Semper 

I read Specifications for Construct ion as instructions for alchemy, strategizing the 

soil ing of foundations before eschatological finishes are burnished. They def ine archi­

tecture as the collaboration of Engineer and Gardener. 

The s ixteen divisions of the Specificat ions are prefaced by a section enumera t ing the 

Preconditions of the Site before construction. The preconditions of Parcel X record a site 

already f u l l , not empty, o f geological fissures and col luvia l soil where ancient forests o f 

ver t ical tulip poplar trees are metered by splii rail fences. 

T h e first eight divisions of Specifications for Construct ion determine the strategic 

reposit ioning of trades for the material and temporal meter ing of space. Yet the final 

eight divisions of Specifications for Construct ion retreat f r o m this f r i c t iona l process 

w i t h provisions for external and internal finishes, as i f to stabilize or fix the now objec­

t if ied art ifact . 

But visceral structure is appreciated most in terms of the l ingering construct ion site. 

It is an architect 's privilege to bear witness to the growing structure over t ime and refer 

to the accreted process when understanding the building as it stands af ter Specificat ion 

16: the product o f eons of local geology, centuries of local history, and months o f local 

labor. The architect can see in the building individuals f r o m the past, repeating routine, 

f ami l i a r tasks. 

Bui ld ing as a verb, as an ongoing phenomenal process, is i n crisis i f one accepts the 

notion of substantial completion: w i t h the assemblage of a checklist comes the assump­

tion that structures are invariant and. thus, should not creak or leak. There are alterna­

tives to the impoverished and pretentious architecture that values more the resolution 

or stabil ization of structure over stress scars and watermarks . I suggest an architecture 

that celebrates the inst rumental i ty of structure in action. The Spatial Tale of Origin 

recounted in Specificat ions fo r Construction should begin and end w i t h yet another 

eschatological beginning, a lways i n water and watermarks , soil and stain, darkness and 

encrusted patina, fire and ash, secret springs, manholes, and volcanic eruptions. 
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Construct ion of Parce l X 

On the lirst day. a lent is p i tched not lar 

Irom the pre-exist ing wel l A camptue 

estab l ishes the ash t iacos ot man s lus l 

nightmare 
T h e second morning begins the process 

Of c lear ing the site as a s tag ing a rea lor 

construct ion At noon a pl inth is ex tended 

along the lul l s o u l h e m edge ol the site 

That nvoning at the wes te rn boundary 

X-bracing records the sett ing ot the sun in 

the butt le sur face Ol this first partem* 

T h e third morning begins the process ol 

erect ing a steel I ramewo ik based on a 

26- faot meter, wh i ch g ives another 

measure to this now c leared and leveled 

si te A f i replace is e rec ted to the south 

and 10 the north a totermc marker 

es tab l i shes the const ruct ion prec inct 

On the fourth day a sh ie ld is e rec ted to 

chal lenge the southern exposure Stool 

studs, copper s id ing; and Hope's doors 

become an incessant backdrop 

Thereupon an armature of eye hooks and 

guide w i res co l laborates w i th wis ter ia 

v ines to mask this pretent ious straight 

edgo 

On the ti lth day a new terrace is formed 

by a f ramed plane hover ing above the 

previous plinth From this rooftop one c a n 

recover the horizon previously den ied by 

the jndu la t ing topography La te in the day. 

glass curtain wa l l s seal off the eas t and the 

west w i th unsent imenta l anonymity, wh i le 

a glass block panel ol equal size makes the 

northern exposure pr ismat ic 

On the sixth day a man-hole revea ls d ie 

secre ts ol the c is tern below, a study is 

perched above, a vo lcan ic Ions points 

south: and the ground beg ins to 

heave On that s ix th night the nomads 

dream ot how s imi la i the first move w a s to 

the last 

On the seventh day a wal l r ises to the 

north where the totemic stake once 

dist inguished wi th in Irom without 

1 8 The initial retaining wal l splits to Irame a gap as it emerges Irom the 

ground to peimit the summer solstice morning light to enter the basement 

of Parcel X Then shining steel studs, before they are enclosed with the 

copper skm cast magical shadows for a brief moment m collaboration 

with the adjacent stand of ancient tulip poplars This magic is merely 

represented now by the tegular markings of the burnished standing seam 

sleeves that metal the copper shield from sunrise to sunset 
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10 L E S S O N S L E A R N E D 

Reading structures as products of both the permutations of immutable Numbers in 

the Night as we l l as the visceral choreography of the Construct ion Site is an apology for 

Parcel X , a temporal encampment where the steel f rame creaks and the concrete wal ls 

display stress cracks; structure groans w h e n it is harnessed to an architecture that holds 

a covenant w i t h the wor ld again. 

In The nomadic North Amer i can condit ion, 

one can never tell il your next move is to 

be your last Precaut ions should be taken 

to secure both day d reams and night­

mares, ancient Hues must guard deep 

c is terns , household goods must be kept nt 

a d is tance wh i le the pre-condi t ions ol the 

site punctuate the campsi te ol Parcel X 

Irom w i thm This Genes is ol Revelat ion is 

the anc ient rite ol all Nomads who know 

that the City and the Garden have origins 

in the Oas is 

2 2 Parcel X - v iew Irom the West 

Parcel X Design Team 

Architects Peter D Waldman. Architect. 

Joe Atkins, Pat Byrne. Dave Ackerman Robert Corsor. Todd Ray. 

Design Team. Robert Corser. Model Maker 

Consultants Robert Corser. Structural. Robert Corser and 

Todd Ray. (the landscape within) 

General Contractor Ace Conslucl ion Company 
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On reading Herman Spiegel's 

essay, what came lo mind were 

two articles written some 50 

years ago by two then young 

British Turks: Colin Rowe and 

James Stirling Their essays, 

respectively "The Mathematics ot 

the Ideal Villa" and "Garches to 

Jaoul." approach Le Corbusier's 

work Irom different directions but 

arrive at a similar position - one 

of respect and admiration for the 

rich complexity and rigor of his 

work At Cornell, where Rowe 

taught for over twenty years and 

Stirling was a more than frequent 

visitor, their essays became 

touchstones for a generation of 

students understanding of this 

influential architect's work. For 

Professor Rowe. the while' work 

was a paradigm, an intellectual 

game open to the erudite formal 

analysis within which he would 

revel, for his practitioner friend. 

Sir James, the materiality and 

sheer gravity of Le Corbusier's 

work, evident in the rustic' 

Maison Jaoul, was a return to sen­

sual architectural fundamentals 

he deemed missing in Corbusier's 

earlier work 

Like these two articles. 

Professor Spiegel's essay inspires 

readers to revisit Le Corbusier His 

sweeping yet straight forward 

opening statement. Many archi­

tects avoid thinking about struc­

ture,' is surely the voice of a state­

ly, experienced engineer. The 

insights that follow articulate how 

this aversion was not so of 

Corbusier, who masterfully 

manipulated structural realities to 

reinforce architectural ends In 

this way Spiegel's argument 

resembles Kenneth Frampton's 

true architectural concepts do not 

eschew structure 

What is refreshing about this 

essay is its language and struc­

ture, straightforward and clear, it 

provides a counterpoint to the 

conventionally lashionable 

obfuscative analyses so prevalent 

in recent architectural writing 

What is enioyable about this essay 

is the sheer delight this engineer 

evokes when describing 

Corbusier's work Using Le 

Corbusier as an exemplar of an 

architect steeped in the classical 

tradition, who also delights in the 

'visual drama of loads and strain' 

to create architecture and depict­

ing gravity in one place while defy­

ing it in another.- Spiegel speaks 

more to the realm of poetics than 

mere calculation 

Grant F Marani is an Associate partnei 
M Robert A M Stern Architects He is 
also an associate (adjunct) prolessor ol 
dosiun at the Columbia University 
School ol Arcl l i lBctuie, Planning and 
Preservation, where he coordinates the 
housing studio 

o n M A T E R I A L , W O R K A N D R E S I S T A N C E 
ieva-Li isa Pelkonen 

The work of Gray O r g a n s c h i 

A r c h i t e c t u r e is k n o w n for i ts f ine mater­

ial and t e c t o n i c sensib i l i ty . The build­

ings are of ten, at l eas t in part, p roduced 

in the of f ice w o r k s h o p . The pro jec ts 

built so far s p e a k about the ca re and 

prec is ion the f irm g i v e s to their w o r k , 

as wel l a s about c l i e n t s w h o are wi l l ing 

to invest in s u c h quality. 

O r g a n s c h i , a t ra ined carpente r and 

furniture builder, is at an in terest ing 

turning point in his career w h e r e after 

having n o w e x e c u t e d sma l l res ident ia l 

work , bigger work is on its way. A long 

wi th an i n c r e a s e in s c a l e and a shift 

f rom private to public and inst i tut ional 

c l ients c o m e s an in tens i f icat ion of pres­

sure , and a problem a l w a y s latent in 

building b e c o m e s more immedia te : h o w 

to mainta in high qual i ty aga inst the now 

stronger fo rces of budget and s c h e d u l e . 

Unders tand ing the w o r d ' res is ­

tance , ' w h i c h a p p e a r s in the ar t ic le 's 

tit le, is key to unders tand ing how 

O r g a n s c h i s ta r ts to a d d r e s s the i s s u e of 

c o s t in his text. The word c a n be read as 

both a t e c h n i c a l and cr i t ica l c o n c e p t . 

Overt ly, O r g a n s c h i e m p l o y s the former 

usage : ' r e s i s t a n c e ' refers to st ructura l 

f o r c e s and their formal o u t c o m e . A l s o 

impl ied in his text is an argument w h i c h 

u s e s the w o r d cr i t ica l ly : a rch i tec tura l 

form and s t ruc ture should be res is tan t 

to s o c i o - e c o n o m i c f o r c e s . One cou ld 

m a k e a c o n n e c t i o n wi th , for e x a m p l e , 

Kenneth F rampton 's a rgument that cer­

tain t ypes of s t ructure and form -

unique, wel l c ra f ted , and s o m e t i m e s 

e x p e n s i v e - c a n be u s e d to res is t the 

e c o n o m i c imperat ive w h i c h resu l ts in so 

m u c h of the built env i ronment being 

gener ic , badly m a d e , and c h e a p . 

Both read ings suf fer from w h a t I 

wou ld ca l l a 'purity prob lem. ' D e c i s i o n s 

of s t ructure and mater ia l i ty cannot and 

should not be b r a c k e t e d to per ta in only 

to s t ructura l p r o b l e m s . Tota l r e s i s t a n c e 

of s o c i o - e c o n o m i c f o r c e s in the f ield of 

a rch i tec ture is nei ther p o s s i b l e nor 

des i rab le . I wou ld thus e n c o u r a g e medi ­

ation and negot ia t ion b e t w e e n a r c h i t e c ­

tural s t ruc tu res and w h a t cou ld be 

ca l led 'reality s t r u c t u r e s . ' Here I wou ld 

argue for the u s e of m a s s p roduced ele­

m e n t s and mater ia ls , e v e n c h e a p mater­

ial a lone or a long wi th hand-cra f ted 

e l e m e n t s . It is through th is negot ia t ion 

that w e c a n e x p e c t the w o r k of 

O r g a n s c h i and Gray to gain n e w r ich­

n e s s and present n e w c h a l l e n g e s . 

Eeva-Liisa Pelkonen is Assistant Professor (Ad|unci) in 
Architectural Design at the Yale University School ol 
Architecture and a design partner at Turner Brooks 
Architects She has written extensively on 20th century 
European architecture and is the author ol Achlung 
Archiiektur Image and Phantasm m Contemporary 
Austrian Architecture 

IN R E S P O N S E 

o n O N N U M B E R S I N T H E N I G H T 
Edward Allen 

Many yea rs ago . wh i le still a student, I fo rmula ! 

ed a goal tor myse l l that I still be l ieve to be a 

wor thy one . T h a i e a c h bui ld ing I des ign should 

l ie more fasc ina t ing at the t ime ot i ts comple­

tion than a l any t ime dur ing its const ruc t ion 

Th is h a s proven to be diff icult if not impossib le 

to ach ieve A part ial ly-f inished bui lding reveals 

coun t l ess P i ranes ian wonde rs and mys te r ies 

that a re later c o n c e a l e d , a n d p o s s e s s e s the 

inherent tens ion a n d mult iple imag ined possi­

bi l i t ies o l a c rea t ive work- in-progress H o w c a n 

one retain a n d reveal tor ttie en joyment ot the 

occupant a n d onlooker the end less , constant ly 

chang ing thrills ol const ruc t ion? 

Peter W a l d m a n a d d r e s s e s m u c h the s a m e 

ques t ion His prose, open-ended a n d inconc lu­

sive, l eaves n u m e r o u s dangl ing, highly-

c h a i g e d . spa rk -spew ing conduc to r s ol thought 

to w h i c h the a i c h i l e c l u i a l l y savvy reader c a n 

connec t to be |ol ted out o l the le rm ina l c o m -

p lucency that th rea tens us a l l He ce leb ra tes 

the incomp le te the uns tab le , the under con­

s t ruct ion, a s d is t ingu ished I rom the comple te , 

the s table, the we l l -s tud ied, the fully reso lved 

His s e n t e n c e s c a r e s s a n d cur l about s u c h rest­

less w o r d s a s sh i l l i ng , syncopat ion , ' ' f r ict ion-

a l . vu lnerab le , s t ruggle, turbulent. ' tor tured. ' 

f ragmentary, incomplete . ' volat i le. ' d y n a m i c . ' 

t e m p o r a l ' H is bu i ld ings a re true to his w o r d s 

His o w n house. Parce l X. w i th i ts c reaky s tee l 

I rame a n d c racked , h o n e y c o m b e d concre te , is 

a s far r e m o v e d I rom the lo rced . l une rea l per­

fect ion of the F a r n s w o r t h House , a s is h is pre­

occupa t ion w i t h the transient p h e n o m e n a o l 

cons t ruc t ion t rom M i e s ' s compu ls i ve pursui t 

of dead, stat ic resolut ion 

W a l d m a n . like I. in h is career- in-progress 

a s ga rdene r a n d eng ineer , has lound it m a d ­

den ing ly diff icult to t ransform the ever-sh i l t ing. 

a lways -p rovoca t i ve terrors a n d de l ights of a 

bui ld ing under cons t ruc t ion into long-term 

v i r tues of an inhabi tab le bui ld ing It isn't 

enough lor a bui ld ing to leave a l e w s tones 

lying about, a s St i r l ing did in h is Stut tgart 

S taa tsga le r ie . or to spil l a pile of br icks, a s S I T E 

did in s o m e of i ts retai l bui ld ings Neither is it 

e n o u g h lo ce leb ra te in exquis i te ly f in ished hi-

tech deta i ls the necess i t i es of s t ructure a n d 

m e c h a n i c a l s e r v i c e s S o m e w h e r e out there, 

wa i t i ng to be d i scove red but virtual ly unattain­

able, is a w a y o l bui ld ing in w h i c h the risky, 

heady euphor ia of expe r imen t a n d ar t i sanry 

rema ins , s o m e t i m e s res t less a n d unset t l ing, 

s o m e t i m e s cumu la t i ve and reassur ing , to g ive 

a bui ld ing's o c c u p a n t s n e w ins ights e a c h day. 

in perpetuity, into the work o l mak ing and 

occupy ing arch i tec ture 

Edward Allen is the author ol Fundamentals of 
Building Construction. Architectural Detailing and 
the co-author ol The Architect s Studio 
Companion He has taught design studios and 
technology courses for 2 6 years at many schools 
including Yale and MIT 



Architecture being in its perfection the earliest, as in its elements it is the first of all arts, will a lways 
precede, in any barbarous nation, the possession of the science necessary either for the obtaining 
or the management of iron. Its first existence and its earliest laws must, therefore, depend upon the 
use of materials accessible in quantity, and on the surface of the earth, that is to say. clay, wood, or 
stone: and as I think it cannot but be generally felt that one of the chief dignities of architecture is its 
historical use, and since the latter is partly dependent on consistency of style, it will be felt right to 
retain as far as may be. even in periods of more advanced science, the materials, and principles of 
earlier ages....Metals may be used as a cement, but not as a support. 
John Ruskin The Seven Lamps ol Architecture 

IN P E R S P E C T I V E T H E A P P E A R A N C E O F S O L I D I T Y 

Despite the manifold difficulties in achieving a monolithic construction, it remains perhaps the m 
popular conception of good building among all young architects and not a few older ones, not least 
because it has been a tenet of Modernism almost from its inception....Contemporary architecture is 
divided into two groups who consider conventional contemporary building systems either too light 
or too heavy. On one side are those who feel that only the functionally excessive is adequate and 
who strive to achieve this goal through real mass - through massive, monolithic wal ls of masonry or 
concrete - or through the appearance of mass by artificially thick yet hollow walls or by stone 
veneers striving to retain the appearance of a traditional stone configuration. For their opponents, 
who must include the majority of the High Tech architects, no configuration is too complex, no quan­
tity of labor too excessive, no quality of material too dear, if the result is the style that comes from 
economy of means. 

Neither of these offers an easy direction to pursue. The pseudo-vernacular, which so conspicuously 
demonstrates the structural roles of a wall while so conspicuously concealing its role as insulator 
and vapor and pressure barrier - as an environmental envelope - is an odd choice indeed for a pro 
fession so naturally dedicated to environmental concerns. Those who have sought to achieve the 
appearance of the massive stone wall without the reality have perhaps fooled only themselves. 
Edward Ford Details of Modern Architecture. Volume I 
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I N T R O D U C T I O N 

Behind any discussion of buildings or other struc­

tures lurks the largely ignored issue of how 

designers and builders think. Architectural theo­

reticians have always analyzed design th ink ing 

for its formal implications, but it is only recently, 

and f r o m outside the f ield, that anyone has 

attempted to examine the act of m a k i n g fo rm and 

structure in space as a thought mode. Wha t build­

ing technology and its thought form are. however, 

has never been clearly defined, neither in 

Semper's much-cited Der Sn'I.1 Viollet-le-Duc's 

Hntretiens or Dictionnaire raisonne de I'architecture 

francaise..., nor in Sigfried Giedion's inf luent ia l 

Mechanization lakes Command:' Philosophers have 

not contributed to a definit ion of technology i n 

building either. The weaknesses in Martin 

Heidegger's article "Die Frage nach der Technik"" 

are not surprising, since Heidegger had no profes­

sional connection w i t h or knowledge about tech­

nology. Ludwig Wittgenstein should be more 

useful to us. since he had trained as an engineer 

and participated in the development of an. albeit 

unsuccessful, airplane propeller. He also designed 

and built a building that Adol f Loos admired, his 

sister's house in Vienna. Wittgenstein knew how 

technologists think, but he too left us neither a 

clear definit ion of technology nor an examinal ion 

of its role in our thinking. He did, however, dis­

cuss the related concept o f progress throughout 

his philosophical career/ Walter Benjamin and 

Roland Barthes were others who occasionally 

wrote about technological subjects. But they did 

not define the thought fo rm that gives us tech­

nology either. 

It has only been recently that Subrata 

Dasgupta." coming f r o m a background in com­

puter science and engineering, has begun to dis­

cuss how technological invent ion occurs as 

distinct f r o m evolution, whi le Antoine P i con and 

Ul r ich Pfammatter" are examin ing how aspects o f 

technological th ink ing inf luence engineering 

and architectural education. Nevertheless, we 

st i l l have no clear idea of what it is that distin­

guishes the technological mode f r o m other fo rms 

of th inking. 

A H Y B R I D O F A N A L Y T I C A L A N D 

M A T R I X T H O U G H T 

There are myriad variat ions i n thought, of w h i c h 

three, the scientif ic , the artistic, and the techno­

logical, interest us here. The practitioners o f sci­

ence, the arts, and technology are complex 

humans who cross borders between many cate­

gories of thought, and we must therefore care­

ful ly distinguish between the thought mode and 

the profession. W e can. however, say that the 

underlying interest o f natural and social science 

is to discover knowledge or gain insight, wh i l e i n 

ar t it is to create objects that f u l f i l l non-physical, 

intellectual, or psychological needs, and in tech­

nology it is to make objects that p r imar i ly satisfy 

physical requirements. Technological thought, 

w h i c h this last group employs, is a hybrid mode 

that combines the 'matr ix" ' or contextual f o r m 

of intuit ive th ink ing , w h i c h is the prevalent 

fo rm usually associated w i t h artists, and analyti­

cal thought, w h i c h underlies scient i f ic method. 

Al l t h ink ing is l inear in nature and path-

bound. However, ma t r ix th ink ing is bedded i n a 

mul t id imensional f ield o f choices. Like analyti­

cal th ink ing , it can fo l low the l inear pathways 

of logical sequences bedded in a context o f par­

al le l , converging or diverging tracks. But it can 

also make associative 'leaps' f r o m one l inear 

track to another or f r o m one level o f t h ink ing to 

another. T h i s gives ma t r ix t h ink ing a personal­

ized character, s ince the apparently discontinu-

T E C H N O L O G I C A L T H O U G H T I S D E S I G N ' S 
O P E R A T I V E M E T H O D 



ous path a thought process takes depends on the 

th inker ' s innate proclivit ies and conscious prior­

ities, w h i c h are largely dependent on the indi­

vidual 's intel lectual and associative makeup. Its 

unstable f l ex ib i l i ty makes this fo rm of t h ink ing 

adaptable and powerfu l , especially w h e n it is 

coupled w i t h analyt ical thought. Matr ix think­

ing, for w h i c h there is a long tradition i n a l l 

cultures, strongly inf luenced scientif ic and 

humanis t thought - the Industrial Revolution's 

dominant models - f r o m the beginning to the 

middle of the nineteenth century. 

W h i l e technologists concentrate on objects, 

purely analytical thinkers deal wi th abstractions, 

that is concepts, hypotheses, and theories. 

Scientists, a group that typifies the most formal­

ized type of analytical thinkers , are o f course very 

much inf luenced by mat r ix thought, especially 

when they generate or speculate on their prob­

lems, but scientif ic method, wh ich , in contrast to 

the ancient field o f analysis, is a Renaissance 

development, remains rigorously analyt ical . It 

stays w i t h i n clearly delineated boundaries and is 

constructed to be independent of the thinker 's 

personal or even cul tural value system. It uses 

processes that anyone must be able to replicate to 

provide unambiguous answers to questions. 

Builders and other technologists are makers 

rather than analysts, but they do use analytical 

method i n a l imited way to examine quantifiable 

design aspects and help control the process of 

design synthesis. Nevertheless, they need to go 

beyond analysis in order to design. The i r use o f 

mat r ix th ink ing is not random. It follows meth­

ods that have never before been clearly defined. 

Design, construction, manufacture, and 

assembly are l inked processes. Since these 

processes are connected by causality more than 

by concept, builders re ly on accumulated experi­

ence, on subjective cri teria based on personal and 

cul tura l values to help them forge the l inks and 

define relationships between design and process. 

J n contrast to thejscientif ic method, a technolog­

ical method's correctness lies ul t imately in the 

funct ioning of the object, not in its abstract logic. 

That is w h y technologists are more concerned 

wi th subjective experience than w i t h epistemol-

ogy. the objective method of knowledge. T h i s 

also explains w h y unschooled inventors continu­

ally try and invent the perpetuum mobile in spite 

of its proven impossibility. Science, they a rgud 

uninformedly, has been proven wrong before: 

there is no reason w h y it w i l l not be proven 

wrong again. T h i s argument can certainly apply 

when the parameters of a problem change, but 

not, o f course w i t h i n a given framework. '" 

Whi l e building the Eddystone Lighthouse o f f 

the southern coast o f England in 1756, John 

Smeaton introduced scientific method to design 

by analyzing how hydraulic cement worked 

chemical ly." Smeaton's goal was technological 

rather than scientific; he wanted to build a better 

object and not merely provide new insight into 

the nature of cement. In fact. Smeaton f inal ly 

stayed wi th a natural hydraulic cement and did 

not use any artif icial cement based on his analysis. 

Although his intentions were technological 

rather than scientific, his results, published in 

1791, sparked interest in the nascent field o f 

material science. Materials researchers (Pasley 

and Tredgold in England or Vicat and Treussart in 

France) 1 ' expanded on Smeaton's work, whi le 

others, like the creators o f analytical engineering 

theory (Eytelwein i n Prussia, von Gerstner in 

Austr ia . Navier in France, and Hodgkinson in 

England)" analyzed other materials and struc­

tures, discovered their properties, and ult imately 

increased our structural knowledge. These 

researchers did want to provide better knowledge 

of building materials for practitioners, too. but 

this was not their pr imary focus. 

B u i l d e r s describes those who are actively engaged in some 

aspect ol the actual building process The term can include 

civil and slructura engineers, architects who build, contrac­

tors, and sometimes developers There are many in the build­

ing professions today, both in Europe and in North America, 

who are trained as architects, but have expanded into 

becoming builders It is a term that is more comprehensive 

I think particularly ol the growing group of design-build 

people, a type common in most of Europe (perhaps except­

ing France. Swoden. and Denmark) but until recently riot in 

the United States They can be one person or small enter­

prises, like Simon Lingers or the Jersey Devil or large litms 

They are cap lunrg an over increasing segment of the 

market and taking control ol the whole ptocess ol making 

architecture once again in the United Slates However a 

builder may simply be a contractor as well A builder s 

medium is the building, and his or hoi concentration lies in 

the process 

D e s i g n e r s (!•'•- ntws those who design buildings and envi­

ronments but who are not directly engaged in building them 

Designers also create plans for industrial obiocts. cars, and 

the like It is not confined 10 the building world I use it in this 

article however to designate architects. I rely on the tradi­

tional American understanding of who architects are - those 

who design and then puss thoii drawings on to connectors, 

developers, or fabricators lor realization Their chief profes­

sional medium is the plan, not the building, and they concen­

trate on the product The term does not apply to most 

analysts, theoreticians, or historians, and certainly not to 

those who do talketecture 

I 1 9 

Eddystone Lighthouse of! the coast ol southern 

England. John Smeaton (1756) 



As an example . Eaton Hodgkinson's dispute 

wi th Robert Stephenson over the t ime he took 

to analyze the novel, hollow-box beams for 

the Conway and Br i tannia ra i lway bridges 

1846-1850 was directly related to Hodgkinson's 

scient i f ic concerns. Hodgkinson was not at a i l 

w i l l i ng to be hurr ied, and his goals were diamet­

rical ly opposed to those of the owners and the 

contractors bui lding the bridges. Stephenson, as 

ch ie f engineer of the London-Holyhead Rai lway 

Line, was bound by contract to push the deadline 

for opening the l ine as fa r fo rward as possible. 

T h e goal, o f course, was to begin earning a re turn 

|On the shareholders ' capital investment quickly. 

W i l l i a m Fai rbai rn . w h o manufactured the beams 

and headed i he research effor t , had solicited 

Hodgkinson's part icipation on the design team. 

He was a practical technologist and an industri­

alist , and. embarrassed by the dispute, he felt 

caught between the needs of science he under­

stood, and the ra i lway 's directors and their ch ie f 

engineer w h o m he understood equally w e l l . H 

Henr i Navier had fo rmal ly incorporated sci­

ent i f ic method into bui lding th ink ing seventy 

years al ter Smeaton's pioneering use of it. but 

the ramif icat ions of what he had done hadn't yet 

manifested themselves throughout the industry. 

W h a t Navier had done was develop analyt ical 

s t ructural models that were independent of scale 

and material and codify analyt ical statics. Navier 

defined live-loading on bridges for instance as a 

uni t o f 200 k g / m 2 to replace the previously used, 

predicted site-specific load. T h i s al lowed engi­

neers to compare different spans and loading 

conditions objectively, and thus scientif ically, 

and to abstract quantif iable characterist ics that 

they could then apply to a range of specific 

'cases." W h i l e this made physics usefu l in under­

standing and predicting s t ructural behavior. 

Navier hadn't defined the relationship between 

theory, construct ion, and erection. Scient i f ic 

th ink ing cer ta inly helped builders understand 

technological behavior, but it could not help 

I hem design or build. 

T H E I N T R I N S I C D I L E M M A 

Analysis is a tool we use to examine and opt imize 

predetermined design aspects, but not to create 

an object. Builders , architects, and engineers 

need associative mat r ix th ink ing , the other h a l f 

of technological thought, to create structures or 

processes. The result ing hybrid thought fo rm is 

a continuous balancing act." Only those of us 

who practice it and balance between associative 

synthesis and analysis real ize that homo sapiens 

and homo faber are one and the same 

in technology. It is not a Jeckyll-and-Hyde w i t h 

sh i f t ing characteristics, but a Janus w i t h two 

faces and a single brain. The f lu id , almost form­

less relationship creates tension, even stress. 

Science and design fol low di f ferent goals that 

coexist in an uneasy relationship i n technology. 

It can be characterized as an unstable intel lectual 

equi l ibr ium that works to create usefu l solu­

tions. Creative people f ind this exhi lara t ing, 

wh i l e i hose w h o exclus ive ly practice the one or 

the other f ind the ambivalent duali ty disturbing. 

T h e ceaseless balancing act between the analyti­

cal and the synthetic sides of technological 

thought demands more f lex ib i l i ty than either 

component on its own. Calatrava's work 

attempts to make this unstable equ i l ib r ium vis i ­

ble. Sigfried Ciedion 's fascination w i t h trans-j 

formable fu rn i tu re reflected this inherent 

ambivalence fifty years ago.' and more recently 

Antoine Picon has discussed it f r o m another 

standpoint as a technological preoccupation 

w i t h 'movement.' 1* 

T h e most curious feature of technological 

thought is that hard technology, the analyt ical ly 

dr iven part o f this thought mode, cannot be 

'digested' by matr ix-dr iven 'soft ' technology. 

T h e two cannot be reconciled or synthesized 

through a dialectic process either, because they 

are not opposites: they are in t r ins ica l ly other in 

nature. Hard technology remains a foreign body 

imbedded in the contextual mat r ix , and this is 

what causes the un-relievable. yet self-regulating 
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tension that drives modern creativity. The fact 

that there can be tension between a mode of 

thought and one of its parts - a tenuous balanc­

ing between two so unequal partners - is a curi­

ous characteris t ic o f technological th ink ing . 

Equ i l ib r ium, whether stable or unstable, is 

usually between roughly equivalent partners. In 

this case, it is not, and that's w h y technological 

thought is so unusual . It works quite d i f ferent ly 

f r o m a tradit ional dialectic relationship. It is 

this unique characterist ic that Dasgupta and 

Chandrasekaran have tried to def ine." Builders 

use this balancing to meld theories of fo rm and 

perception, analyt ical methods of science and 

mathematics , and practical processes for dealing 

w i t h humans and materials into fools for manip­

ulat ing the environment . Because of the tenuous 

equi l ibr ium it manages to sustain, technological 

thought crosses the boundaries between the 

ideal and the pragmatic in many ways. It is inclu­

sive, open to external inf luences, and it has sev-

ieral aspects that are evaluative rather than 

quantifiable. The principle of equ i l ib r ium is 

reflected in the special role that issues o f scale, 

system, and procedural th ink ing play in technol­

ogy, and it makes technological th ink ing 

.unusual and dominant . 

S C A L E 

One of the pr incipal differences between the 

'hard ' and the 'soft ' components of technologi­

cal thought lies in their divergent concept o f 

scale. T h i s is reflected in their different use o f 

professional vocabulary. ' S m a l l ' means less to an 

analyst, to w h o m a 'detai l ' is a 'h ierarchica l ly 

minor and subordinate part.' wh i l e to a designer 

a 'detai l ' is a 'small-scale problem. ' smal l in size 

but not lesser in importance. Misunderstanding 

this d i f ference can lead to s tructural fa i lure . The 

'O-ring' gaskets that failed on the space shut l ie 

Chal lenger in 1986 for instance, were a vi tal 

small-scale problem, not a minor part. The N A S A 

engineers apparently knew that the rings were 

faul ty and tried to w a r n the project managers, 

who . because many ol i h e m were not technolog­

ically trained, failed to understand that the 

smal l part ' that worr ied the constructors was 

c ruc ia l , not 'minor. ' 1" 

True technologists have the field experience-

to know that details are c ruc ia l . They work com­

fortably in the both realms of theory and prac­

tice, a mi l i eu that has origins in a nineteenth 

century shif t in Parisian education. The industri­

al ly oriented Ecole centrale des arts et manufac­

tures, founded in Paris in 1829. crossed this 

boundary and bridged the dist inct ion between 

scient i f ic exper iment and technological practice. 

T h e school's founder, Auguste Perdonnei . and 

his group of disaffected engineering practition­

ers reacted to the intel lectual bias and the drif t 

o f the Ecole polytcchnique toward abstract, sci­

ent i f ic th ink ing by l i n k i n g engineering theory 

and practice to manufac tu r ing and assembly 

processes/ ' Others soon fol lowed their lead to 

found innovative architecture and engineering 

schools in Kar ls ruhe . Stuttgart, and Zur ich. 

Together they spread technological th ink ing 

throughout the building professions and even 

inf luenced the older builders ' academies i n 

Prague. Ber l in . Manchester. Schenectady and 

West Point. New York, and even the Ecole poly-

technique itself. Based on the new th ink ing 

propagated by the Ecole centrale f rom w h i c h he 

graduated i n 1854, Gustave E i f f e l successful ly 

developed a component assembly system for his 

bridges and the tower that hinged on issues of 

scale, whi le another graduate. W i l l i a m Jenney, 

became deeply involved in the development of 

the tall-building f rame. 

S Y S T E M C O N C E P T 

Like 'detail. ' the word 'system' also means differ­

ent things to the analyst and the technologist. It 

builds on the understanding of the role that scale 

plays in structure and form. To both, it is the prin­

ciple that governs relationships between parts 

and the whole, but the analyst understands it as 

the hierarchical organizing principle that distin­

guishes the pr imary f rom the subordinate, whi le 

the designer-builder usually understands it as a 

layered or sequentially organized, yet non-hierar­

chical kit-of-parts. Whi le both are sequentially 

organized in terms of their manufacture and erec­

tion, hierarchical systems have relative value 

assigned to their elements and components, 

whereas layered systems do not. 

Even the earliest nineteenth-century Engl ish 

iron bridge builders did not design solely f r o m 

the whole to the part, but the other way. too: 

f r o m the part to the whole. They developed stan­

dardized sets o f prefabricated members and con­

nections out o f the process of iron casting f r o m 

'below' so to speak, w h i l e they designed the 

overall form f r o m 'above.' They used a recipro­

cating method that is typical o f technological 

design, balancing back and forth between differ­

ent scales, each design decision in f luenc ing the 

next step in c i rcular feedback loops throughout 

the design process." T h i s method made the 

detail as important to them as the whole and it 

changed both their th ink ing and their use of 
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language. The act o f balancing or reciprocation 

implies equ i l ib r ium, and the bridge builders ' 

design method reflected the unstable equilib­

r i u m that exists in their technological mode of 

th ink ing . Engineers above al l regard equi l ib r ium 

as the goal o f their design th ink ing . But it is not 

l imi ted to engineers alone. Designers l ike 

Calatrava, Norman Foster. Renzo Piano, Peter 

Rice, or Jorg Schla ich have tried to express this in 

visual fo rm. 

T h e reciprocat ing, i terat ive, ba lancing 

method also occurs e lsewhere i n technological 

thought. Its clearest mani fes ta t ion in bui ld ing 

may have been i n Hardy Cross's moment distribu­

t ion method, the f i r s t u se fu l method fo r 

calculating three-dimensional, moment-resistant 

f rames for tall buildings. Cross's method balanced 

bending moments and deflections f r o m node to 

node, back and fo r th throughout three-dimen­

sional f rames un t i l equi l ib r ium was achieved. It 

presaged the i terative way computers work and 

gradually became redundant when computer pro­

grams began to supplant it in the late 1950s.- ' 

P R O C E D U R A L T H I N K I N G 

T h e ear ly iron bridge builders ' preoccupation 

w i t h equ i l ib r ium as both an intellectual and a 

s t ructural phenomenon led to their understand­

ing o f design, manufacture , and assembly as 

dynamic processes. Giedion's and Picon's 

thoughts about the dynamic principle in tech­

nology span ha l f a century and conf i rm an ongo­

ing concern w i t h this aspect o f technological 

thought. The procedural aspect o f system think­

ing has its roots i n mi l i t a ry thought. The basic-

elements of this thought mode are strategy and 

tactics, aided by logistics.-'1 Mil i tary campaigns 

try to reach a goal defined by polit icians ( i f 

armies have anyth ing to do w i t h def in ing the 

goals o f the i r actions, they become dictator­

ships). Mi l i ta ry t h i n k i n g concentrates exc lu-

Garabit Viaduct over the Truyere. 

France. Gustave Eiffel (1884) 

sively on procedural matters and not on the 

product, and it led nineteenth-century builders 

to develop standardized relationships between 

structural members. 

T h e ma in material they used to achieve this 

change was i ron. Both the mater ia l and i ron 

components are manufactured away f r o m the 

bui lding site, so instead of construct ing their 

structures f r o m the materials, they began to 

assemble them f r o m industr ial ly manufactured 

parts. T h i s was a drastic change. Construct ion 

implies put t ing together, creating, changing, 

and manipula t ing interfaces and connections by 

al ter ing components. Assembly, on the other 

hand, is one degree removed f r o m manufacture . 

It implies fitting together wi thou t alteration. 

T h i s means that components arr ived on site 

ready to use w i t h no adaptation needed. 

As a result, designers began to stress the con­

nections between components, and this is wha t 

distinguishes industr ial ized bui lding f r o m the 

pre-industrial . T h e principles of industr ial ized 

bui lding spread quickly f r o m i ron to tradit ional 

materials . T h e standardized connections and 

members that builders developed through 

system and process t h ink ing gave rise to eco­

nomical , repetitive component manufacture . 

The new assembly and connection techniques 

Garabit Viaduct detail showing 

the Eilfel lot-of-uans system 

gave rise to concepts l ike monol i th ic s tructural 

behavior, mass prefabricat ion, and structural 

redundancy. These concepts, in turn, gave us our 

modern bui lding systems. E i f f e l ' s construction 

system, a design-matrix of s tructural constants 

and variables, carr ied the idea of bui lding system 

to maturi ty at the end of the nineteenth century. 

His s imple and yet sophisticated catalog o f 

wrought-iron parts, connection rules, and erec­

t ion sequences for the Garabit Bridge (1884)-"' 

and his tower (1889)"' paved the way for modern 

steel-bridge and high-rise construction. It also 

spil led over into our general cul ture through 

instruct ional toys l ike Erector Set and Lego. 2 7 

Builders develop intellectual strategies to 

support their system-approach in design. The 

associative characterist ics o f ma t r ix t h ink ing 

lead them to t ransform or to translate informa­

tion f r o m one format to another. Transformat ion 

remolds informat ion w i t h i n the boundaries of a 

field, wh i l e translat ion crosses borders and 

moves it f r o m one field to another. Both forms 

are characterist ic o f ma t r ix t h ink ing since they 

rely on non-predictable, and therefore seem­

ingly i l logical, ' leaps' in thought processes. 

Transformat ion and translat ion are strategies 

implemented by 'creative misunderstanding.'-'" 

W h e r e misunderstanding occurs inadvertently, 

it is a f l aw as the example of the Chal lenger 

accident showed. But where it is consciously 

manipulated as 'creative misunderstanding. ' it 

becomes one of the methods mat r ix thinkers use 

to create. Creat ive misunderstanding is a per­

sonally and cul tura l ly determined phenomenon, 

not an abstract, analyt ical one. 

There are many examples of both transfor­

mation and translation in building. In 1818. the 

engineer Marc Brunei observed how a salt-water 

mol lusk called 'p ipeworm' or terredo navalis 

dri l led through ship t imbers and translated the 

process into the f irs t mechanica l tunnel ing 

\ 
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M H L j L k trx 

Cross-section through (he Tames Tunnel 

sheild. Marc Brunei ( 1 8 2 4 -43) 

The shield W H S a translation ol the W H Y a 

marine mollusk drills irom a biological 

format into mochanicul terms 

s h i e l d f o r t h e T h a m e s T u n n e l i n L o n d o n 

( 1 8 2 4 - 1 8 4 3 ) . C u l t u r a l b o r d e r - c r o s s i n g c a n f o s t e r 

t h e t r a n s l a t i o n p r o c e s s , too . W h i l e w o r k i n g o n 

R o b e r t S t e p h e n s o n ' s V i c t o r i a B r i d g e o v e r t h e S t . 

L a w r e n c e R i v e r i n M o n t r e a l ( 1 8 5 4 - 1 8 5 9 ) , s i t e 

e n g i n e e r A r t h u r H e l p s n o t i c e d t h a t t h e B r i t i s h 

m e c h a n i c s w h o h a d e m i g r a t e d to t h e b u i l d i n g 

s i t e i n N o r t h A m e r i c a s e e m e d a b l e to b u i l d m o r e 

r e l i a b l e m a c h i n e r y t h a n t h o s e w h o h a d s t a y e d i n 

t h e c o m p o n e n t f a c t o r y a t h o m e . '' 

A n o t h e r c o m m o n s t r a t e g y i n p r o c e d u r a l 

t h o u g h t is ' d i v i d a e t i m p e r a ' o r ' d i v i d e - a n d - c o n -

quer . " I t d e m o n s t r a t e s a c o m b i n a t i o n o f a n a l y t i ­

c a l a n d s y n t h e t i c a l s k i l l s i n t e c h n o l o g i c a l 

t h i n k i n g a n d s h o w s h o w t h e c o m b i n a t i o n o f t h e 

I t w o is m o r e t h a n t h e s u m o f t h e p a r t s . T h i s 

m e t h o d is i n a w a y ' p o l i t i c a l , ' s i n c e it s t r a t c g i z e s 

t h e a n a l y t i c a l p r o c e s s . T h e s t r a t e g y c o n s i s t s i n 

d i v i d i n g p r o b l e m s w i t h c o n f l i c t i n g r e q u i r e ­

m e n t s i n t o t h e i r c o n s t i t u e n t p a r t s , s o l v i n g t h e 

c o m p o n e n t s s e r i a l l y , a n d t h e n r e u n i t i n g t h e 

r e s u l t s i n t o a n o v e r a l l s o l u t i o n . 

R i c h a r d T u r n e r d e s i g n e d t h e P a l m H o u s e i n 

L o n d o n ' s K e w G a r d e n s ( 1 8 4 6 - 4 8 ) a s a r i g i d f r a m e 

t h a t c a n e x p a n d a n d c o n t r a c t w i t h t e m p e r a t u r e 

c h a n g e s . I n o r d e r t o s o l v e t h e n o v e l p r o b l e m w i t h 

i t s c o n f l i c t i n g r e q u i r e m e n t s o f s t i f f n e s s a n d f l e x ­

i b i l i t y T u r n e r s e p a r a t e d t h e f u n c t i o n o f h i s 

p u r l i n s i n t o t h r e e d i s t i n c t l a y e r s . T h e f i r s t a n d 

l a r g e s t w e r e t h e s t r u c t u r a l p u r l i n s . T u r n e r 

d e s i g n e d t h e m a s t e n s i o n r ods r u n n i n g t h r o u g h 

t u b u l a r s p a c e r s t h a t p o s t - t e n s i o n e d t h e w e b s o f 

t h e s t r u c t u r a l a r c s . T h e s e c o n d l a y e r o f t h i n n e r 

o n e s w a s b a l a n c e d a b o v e t h e f i r s t a n d c a r r i e d t h e 

g l a z i n g p a n e l s , a n d t h e t h i r d l a y e r , c o m p o s e d o f 

t h e t h i n n e s t p u r l i n s , s t a b i l i z e d t h e g l a s s m u l -

l i o n s . T u r n e r f o r m e d f l e x i b l e j o i n t s o r d i s c o n t i ­

n u i t i e s b e t w e e n e a c h o f t h e s e l a y e r s . S i n c e t h e 

s e c o n d a r y p u r l i n s w e r e too t h i n to c a r r y o n t h e i r 

o w n . T u r n e r w e l d e d t h e m to s t r u t s f i x e d to t h e 

p r i m a r y s p a c e r t u b e s . T h e s e s t r u t s w e r e so t h i n 

a n d f l e x i b l e t h a t t h e y s e r v e d a s a r t i c u l a t i o n s 

b e t w e e n t h e t w o l a y e r s . A t t h e i r e n d s , t h e s e c ­

o n d a r y p u r l i n s w e r e b o l t e d to t h e top f l a n g e s o f 

t h e s t r u c t u r a l a r c s w i t h a n o f f s e t l a g , a n d t h i s t o o 

g a v e t h e m a d d i t i o n a l f l e x i b i l i t y . F i n a l l y , t h e t h i r d 

p u r l i n l a y e r , t h a t r a n s t i l l f a r t h e r o u t a n d c o n -

lap to bottom 
Palm House. Roval Botanical Gardens at 

Kew. England, Richard Turnei ( 1 8 4 8 ) 

Detail ol the lirst two purlin layers during 

restoration ol the building in 1 9 8 8 

Cross-section and elevation ol the three 

purlin layers 

n e c t c d t h e g l a z i n g m u l l i o n s a b o v e t h e a r c s , h a d 

n o d i r e c t c o n n e c t i o n to t h o s e b e l o w . " 1 B y m e a n s 

o f a l l t h e s e ' s e m i - f i x e d ' c o n n e c t i o n s a n d d i s c o n t i ­

n u i t i e s T u r n e r c r e a t e d a n a d a p t a b l e y e t r i g i d 

s t r u c t u r e . It w a s c o m p l i c a t e d , b u t it h a s s u r v i v e d 

t h e pas t 150 y e a r s w e l l . T o d a y . F r e n c h d e s i g n e r s 

p r a c t i c e s i m i l a r ' d i v i d e - a n d - c o n q u e r ' s t r a t e g i e s i n 

h i g h - r i s e g l a z i n g t e c h n i q u e s . 

B u i l d e r s h a v e l o n g u s e d s i m i l a r d e c o u p l i n g 

m e c h a n i s m s i n p r o c e s s e s too . W h e n a p r o c e ­

d u r a l b o t t l e n e c k t h r e a t e n e d to d i s r u p t t h e r o o f 

a s s e m b l y o f t h e L o n d o n C r y s t a l P a l a c e i n 1 8 5 0 . 

t h e c o n t r a c t o r C h a r l e s F o x a c c e l e r a t e d t h e 

p r o c e s s by d e c o u p l i n g t h e l i n e a r e r e c t i o n 

s e q u e n c e f r o m t h e f r a m e ' s m o d u l a r g e o m e t r y . 

H i s m o b i l e g l a z i n g s t a g i n g r a n i n t h e g u t t e r -

p u r l i n s f r o m m o d u l e to m o d u l e o v e r t h e e n t i r e 

l e n g t h o f t h e r o o f a n d o b v i a t e d t h e n e e d f o r 

t i m e - c o n s u m i n g a n d l a b o r - i n t e n s i v e s c a f f o l d i n g . 

R o b e r t S t e p h e n s o n c a r r i e d t h i s t a c t i c o n e s t e p 

f u r t h e r i n t o t h e d e s i g n p r o c e s s . W h i l e b u i l d i n g 

t h e C o n w a y a n d B r i t a n n i a B r i d g e s ( 1 8 4 6 - 1 8 5 0 ) . 

h e s a v e d c o n s t r u c t i o n t i m e by u s i n g a p r i m i t i v e 

i 
f , 
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f o r m o f c r i t i c a l - p a t h m e t h o d to d e c o u p l e a n d 

t h e n c o o r d i n a t e t h e e x p e r i m e n t a t i o n o n t h e i r o n 

t u b e s , t h e d e s i g n o f t h e s t r u c t u r a l s y s t e m a n d 

e r e c t i o n o f t h e m a s o n r y t o w e r s i n p a r a l l e l . T h e 

c r i t i c a l - p a t h m e t h o d i s b a s e d o n t h e m i l i t a r y 

c o n c e p t s o f s t r a t e g y , l o g i s t i c s , a n d t a c t i c s , a n d i i 

p r o v i d e d b u i l d e r s w i t h a u s e f u l t o o l to s o l v e 

p r o b l e m s w i t h c o n t i n u a l l y s h i f t i n g , l i n k e d p a r a ­

m e t e r s a n d u n a n t i c i p a t e d o c c u r r e n c e s . 

L A N G U A G E A N D T H E D I V E R S I F I C A T I O N O F 

T E C H N O L O G I C A L T H O U G H T 

F o r a l l i t s d i s t i n c t i v e n e s s , t h e r e is n o s i n g l e f o r m 

o f t e c h n o l o g i c a l t h o u g h t . I t is a c o n t i n u a l l y 

d e v e l o p i n g m o d e , n o t a c o d i f i e d e n t i t y l i k e s c i ­

e n t i f i c m e t h o d . I t t a k e s m a n y v a r i a n t f o r m s t h a t 

t h e p r o f e s s i o n s t h a t u s e it c o n t i n u a l l y m o d i f y to 

s u i t t h e i r n e e d s . T h i s i s h o w i t h a s c o m e to i n f l u ­

e n c e o l d e r f o r m s o f t h i n k i n g l i k e s c i e n t i f i c , a r t i s ­

t i c , o r h u m a n i s t t h o u g h t . E v e n t w o f i e l d s a s 

c l o s e l y r e l a t e d a s a r c h i t e c t u r e a n d s t r u c t u r a l 

e n g i n e e r i n g h a v e d e v e l o p e d d i s t i n c t i v e v a r i a n t s . 

O n e o f t h e m o s t i m p o r t a n t d i f f e r e n c e s b e t w e e n 

t h e t w o s t e m s f r o m t h e f a c t t h a t e n g i n e e r s t o d a y 

g e n e r a l l y u s e t h e a b s t r a c t a n d a n a l y t i c a l l a n ­

g u a g e a n d n o t a t i o n o f m a t h e m a t i c s to d e v e l o p 

t h e i r d e s i g n s , w h e r e a s a r c h i t e c t s e m p l o y t h e 

m o r e m a t r i x - b a s e d v i s u a l l a n g u a g e a n d g r a p h i c 

n o t a t i o n . T h e s e p a r a t i o n b e g a n w i t h t h e i n t r o ­

d u c t i o n o f a n a l y t i c a l s t a t i c s i n t h e e a r l y n i n e ­

t e e n t h c e n t u r y b y N a v i e r a n d o t h e r s . 

T h e r e s u l t i s t h a t t o d a y e n g i n e e r s a n d a r c h i ­

t e c t s a r e c o n d i t i o n e d to s e e d i f f e r e n t t h i n g s i n 

t h e s a m e o b j e c t . E n g i n e e r s i n s t i n c t i v e l y t r a n s ­

l a t e w h a t t h e y see i n t o a n a b s t r a c t m o d e l a n d f r e -

lop Crystal Palace. London. Joseph Paxlon and 

Charles Fox ( 1 8 5 1 ) 

The manual assembly ol the roof glazing module 

led lo a bottleneck in the erection process 

bottom Crysla l Palace Fox rationalized the 

assembly Of the cool glazing by inventing n glaz­

ing cart that rolled in the gutter-purlins, making it 

a linear p iocess 

q u e n t l y i g n o r e t h e v i s u a l a s p e c t , w h i l e a r c h i t e c t s 

a t t e m p t to r e c o g n i z e a f o r m a l l o g i c o r p a t t e r n 

a n d c o m m o n l y b l o c k o u t n o n - v i s u a l c o n c e p t s . 

A n e n g i n e e r l o o k s at a c o m p l i c a t e d n o d e i n a 

t r u s s e d s t r u c t u r e a n d s e e s a ' p o i n t . ' a n a b s t r a c t 

d i a g r a m d e n o t i n g t h e c o n v e r g e n c e o f f o r c e s , 

w h e r e t e n s i o n a n d c o m p r e s s i o n i d e a l l y c o m e 

t o g e t h e r a l o n g a x i a l t r a j e c t o r i e s . A n a r c h i t e c t , 

o n t h e o t h e r h a n d , t r i e s to d i s c e r n a v i s u a l pa t ­

t e r n , a r e c o g n i z a b l e s t r u c t u r a l g e o m e t r y i n 

s p a c e . T h e e n g i n e e r t r i e s to a b s t r a c t s t r u c t u r a l 

q u a l i t i e s a n d o v e r r i d e t h e v i s u a l i m p a c t w h i l e 

t h e a r c h i t e c t s t r i v e s to s t r e s s t h e v i s u a l o f t e n to 

t h e d e t r i m e n t o f i n t e l l e c t u a l c o m p r e h e n s i o n . " 

T h e e n g i n e e r s e e s a ' s i m p l y s u p p o r t e d b e a m ' 

i n S q u i r e W h i p p l e ' s 1 8 4 1 b o w - s t r i n g t r u s s 

b e c a u s e it e x e r t s o n l y v e r t i c a l f o r c e s a n d n o 

t h r u s t o n i t s s u p p o r t s , w h e r e a s t h e a r c h i t e c t seeS| 

a n a r c h w i t h a t ie r o d . S u c h d i f f e r e n t v i e w s o f t h e 

s a m e o b j e c t v a i y o v e r t i m e too. A c e n t u r y a g o 

b u i l d e r s s a w t h e b o w s t r i n g t r u s s a s a n e r e c t i o n 

p r o c e d u r e . T h e y c a l l e d i t a ' s u s p e n s i o n b r i d g e ' 

b e c a u s e t h e p r i m a r y m e m b e r , t h e d e c k , i s s u s ­

p e n d e d f r o m t h e a r c h . ' B e a m . ' ' a r c h , ' a n d ' s u s ­

p e n s i o n s y s t e m ' a r e a l l c o r r e c t i n t e r p r e t a t i o n s o f 

t h e o b j e c t . O u r k n o w l e d g e o f t h e o b j e c t a n d i ts 

n a m i n g is i n h e r e n t to o u r t h i n k i n g , n o t i m p l i c i t 

i n t h e o b j e c t i t se l f . E a c h v i e w p o i n t w e d e v e l o p 

d e p e n d s e n t i r e l y o n w h a t w e c o n s i d e r to b e t h e 

m o s t i m p o r t a n t i s s u e , a n d t h e n a m e w e g i v e i t 

d e p e n d s o n t h e m i x o f a n a l y t i c a l , d e s i g n , a n d p ro ­

c e d u r a l t h o u g h t m o d e s p r e v a l e n t i n t h e s e g m e n t 

o f t h e b u i l d i n g p r o f e s s i o n w e o c c u p y a t t h e t i m e . 

T h e r e is a n i n c i p i e n t m e t h o d h i d d e n i n t h i s 

e x a m p l e , a n d t h a t i s t h e p o t e n t i a l f o r a q u i c k 

a n d s u b t l e s h i f t i n t h e w a y w e v i e w a n o b j e c t . 

T h i s s h i f t i s a n o t h e r c h a r a c t e r i s t i c o f m a t r i x 

t h i n k i n g a n d t y p i c a l b o t h f o r t h e d i v e r g e n c e o f 

t h e a r c h i t e c t u r a l a n d e n g i n e e r i n g v a r i a n t s o f 

t e c h n o l o g i c a l t h o u g h t a n d f o r t e c h n o l o g i c a l 

d e v e l o p m e n t g e n e r a l l y . 

S q u i r e W h i p p l e c a l l e d h i s i n v e n t i o n a s u s ­

p e n s i o n b r i d g e b e c a u s e w h a t h e s a w w a s a n o v e r ­

l a y o f k i n g p o s t s w i t h a l l t h e i r m e m b e r s i n 

t e n s i o n , r a d i a t i n g d o w n f r o m t h e a r c h to c a r r y 

t h e d e c k . T h e o v e r l a y m e t h o d w a s t h e w a y 

d e s i g n e r s d e v e l o p e d e v e r l a r g e r a n d h e a v i e r 

too Bowstring Truss patented by 

Squire Whipple ( 1 8 4 1 ) 

bottom Whipple Truss at Union College. 

Schenectady New York 
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lop to botlom 

The Whipple Truss as an overlay ol over­

lapping kingposts 
Zuoz Bridge over the Inn Maillart ( 19011 

Tavanasa Bridrje Maillart ( 1 9 0 5 1 

The Whipple Truss as a panel system 

A Town Truss (lattice bridge) under 

construction showing the components 

and conneclors. 

s t r u c t u r e s i n t h e p r e - i n d u s t r i a l a n d e a r l y i n d u s ­

t r i a l e r a b e f o r e t h e c o n c e p t o f s y s t e m s p r e a d . ' 

C a r l C u l m a n n s a w W h i p p l e ' s b o w s t r i n g t r u s s o n 

h i s c e l e b r a t e d v o y a g e o f i n d u s t r i a l e s p i o n a g e 

CO t h e U n i t e d S t a t e s i n 1 8 5 0 . W h i p p l e h a d 

d e s i g n e d h i s b r i d g e a s o v e r l a p p i n g k i n g p o s t s , 

but C u l m a n n i n t e n t i o n a l l y m i s u n d e r s t o o d 

W h i p p l e ' s i d e a c r e a t i v e l y a n d s a w i t e r a t i v e 

p a n e l s . H e s h i f t e d h i s v i e w p o i n t h a l f a m o d u l e 

a n d ' i n v e n t e d ' t h e c o n c e p t o f t h e m o d e r n t r u s s . 

O t h e r s w e r e m a k i n g s i m i l a r s h i f t s . T h i s s u b t l e 

t r a n s l a t i o n m a y h a v e s e e m e d m i n o r at t h e t i m e , 

b u t it w a s a d e t a i l i n t h e t r u e t e c h n o l o g i c a l 

s e n s e , a s m a l l - s c a l e c h a n g e o f g r e a t i m p o r t to t h e 

d e v e l o p m e n t o f s u b s e q u e n t t r u s s t h e o r y a n d 

c o n s t r u c t i o n p r a c t i c e . It is t h i s k i n d o f s h i f t t h a t 

c h a n g e d t h e W e s t e r n w o r l d ' s w a y o f s e e i n g 

S t r u c t u r e . A n d a s a r e s u l t , i t i r r e v o c a b l y c h a n g e d 

o u r n o m e n c l a t u r e , a n d w i t h it o u r c o n c e p t s . 

W e f i n d s h i f t s i n v i e w p o i n t at k e y m o m e n t s 

o f c h a n g e t h r o u g h o u t t e c h n o l o g i c a l h i s t o r y . 

R o b e r t M a i l l a r t e x p e r i e n c e d o n e s u c h s h i f t i n h i s 

v i e w p o i n t w h e n h i s f i rs t i n d e p e n d e n t s t r u c t u r e , 

t h e s m a l l Z u o z B r i d g e o v e r t h e I n n R i v e r i n 

S w i t z e r l a n d , t w i s t e d s l i g h t l y a n d c r a c k e d i ts 

s p a n d r e l s a c r o s s t h e c a l c u l a t e d d i r e c t i o n o f t h e 

s h e a r s t r e s s e s i n 1 9 0 1 . A n y n o r m a l e n g i n e e r 

w o u l d h a v e b e e n h o r r i f i e d a n d h a v e d e c i d e d to 

s t r e n g t h e n t h e s p a n d r e l s n e x t t i m e so t h a t t h e 

f a i l u r e c o u l d n o t r e c u r . B u t M a i l l a r t s h i f t e d h i s 

v i e w p o i n t a n d d i d t h e o p p o s i t e . S i n c e t h e b r i d g e 

h a d not c o l l a p s e d h e a r g u e d , t h e c r a c k s p r o v e d 

t h a t t h e s p a n d r e l s w e r e n o t t r a n s f e r r i n g s h e a r 

a n d m u s t t h e r e f o r e b e e x t r a n e o u s . So w h e n h e 

d e s i g n e d h i s n e x t b r i d g e , t h e T a v a n a s a B r i d g e i n 

1 9 0 5 . h e o m i t t e d t h e m a n d c r e a t e d a d i s t i n c t i v e 

n e w b r i d g e t y p e . T h e m e t h o d h e u s e d i n t h i s 

t r a n s f o r m a t i o n p r o c e s s w a s a n i n v e r s i o n o f l og i c . 
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Sayn Foundry. Bendorl. Germany Karl 

Ludwig Althans! 1830) 

Axonomelric drawing of the cast-iron 

structure showing the facade and 

clerestory truss configuration 

Sayn Foundry training section 

T H E S A Y N F O U N D R Y 

T h e i n t e l l e c t u a l s h i f t , t h e p r i n c i p l e o f i n v e r s i o n , 

a n d t h e c r e a t i v e r o l e w o r d m e a n i n g s p l a y a r e 

s o m e o f t h e w a y s t r a n s l a t i o n a n d t r a n s f o r m a t i o n 

w o r k i n t e c h n o l o g i c a l d e s i g n . T h e m e d i u m t h e y 

u s e i s c r e a t i v e m i s u n d e r s t a n d i n g , w h i c h d e p e n d s 

o n i n t e r p r e t a t i o n . K a r l L u d w i g A l t h a n s b u i l t t h e 

S a y n F o u n d r y i n B e n d o r f . G e r m a n y i n 1 8 3 0 . ' J 

T h i s b u i l d i n g is o n e o f t h e s t i l l u n r e c o g n i z e d 

i c o n s o f n i n e t e e n t h - c e n t u r y i r o n c o n s t r u c t i o n . 

T h e m u l t i - l e v e l e d c o m p l e x i t y o f t h i s m a c h i n e -

b u i l d i n g is a s t o u n d i n g d u e p a r t l y t o t h e w a y 

A l t h a n s u s e d t r a n s f o r m a t i o n i n s t r u c t u r a l i n n o ­

v a t i o n . T h e g a n t r y c r a n e t h a t c a r r i e d m o l t e n i r o n 

f r o m t h e f u r n a c e m o u t h to t h e c a s t i n g f l o o r r e s t s 

o n a f i s h b e l l y t r u s s . T h e fishbelly t r u s s w a s a n 

u n k n o w n s t r u c t u r a l f o r m i n 1 8 3 0 , ' * s o i n o r d e r to 

i n v e n t it A l t h a n s h a d to o v e r l a y o t h e r s t r u c t u r a l 

a n d n o n - s t r u c t u r a l m o d e l s f a m i l i a r to h i m . T h e 

u n d e r s p a n n e d b e a m , l o n g k n o w n i n w o o d e n 

c o n s t r u c t i o n , w a s o n e . G o t h i c t r a c e r y w a s 

a n o t h e r , a n d h e u s e d t h a t t o t r a n s f e r s h e a r 

b e t w e e n t h e t o p a n d b o t t o m c h o r d s . B u t t h e 

m o d e l t h a t r e a l l y d e m o n s t r a t e s t r a n s f o r m a t i o n 

is A l t h a n s ' s u s e o f a g i g a n t i c , l a m i n a t e d c a r r i a g e 

s p r i n g m a d e o f c r u c i b l e s t e e l f o r t h e l o w e r t e n ­

s i o n c h o r d . W e c a n f o l l o w A l t h a n s ' s o b s e r v a t i o n 

o f t h e w a y a c a r r i a g e s p r i n g t r a n s f e r s b e n d i n g i n 

t h e m i d d l e i n t o t e n s i o n a t t h e e n d s , b u t i t i s 

d i f f i c u l t to f o l l o w h i s h i g h l y p e r s o n a l l e a p o f c r e ­

a t i v e m i s u n d e r s t a n d i n g f r o m t h e s p r i n g to t h e 

t r u s s c h o r d . W e c a n o n l y w o n d e r a t t h e h i g h c a l ­

i b e r o f A l t h a n s ' s i n v e n t i o n w h e n w e r e m e m b e r 

t ha t t h e v e r y c o n c e p t o f a t r u s s s t i l l l a y t w e n t y 

y e a r s i n t h e f u t u r e . 

A n o t h e r o f A l t h a n s ' s t r a n s f o r m a t i o n s b y 

m e a n s o f c r e a t i v e m i s u n d e r s t a n d i n g w a s h i s u s e 

o f c a n n o n b a l l s , o n e o f t h e f o u n d r y ' s p r o d u c t s , a s 

b a l l b e a r i n g s f o r t h e s w i v e l i n g d e r r i c k c r a n e s , 

w h i c h r o t a t e d a r o u n d t h e c o l u m n s o f t h e c a s t i n g 

floor. A g a i n , b a l l b e a r i n g s w e r e o n l y p a t e n t e d i n 

F r a n c e t w e n t y - s e v e n y e a r s l a t e r i n 1 8 5 7 . " I t 

a p p e a r s t h a t b a l l b e a r i n g s m a y h a v e o r i g i n a t e d i n 

n a u t i c a l t a c k l e a r r a n g e m e n t s . ' " b u t o t h e r t h a n 

t h a t , A l t h a n s h a d n o t h i n g i n m a c h i n e c o n s t r u c ­

t i o n to b u i l d o n a s a m o d e l , a n d w e c a n o n l y s p e c ­

u l a t e o n t h e o b s e r v a t i o n h e m u s t h a v e m a d e t h a t 

i n i t i a t e d t h e t r a n s l a t i o n p r o c e s s . H e c e r t a i n l y 

c o u l d n e v e r h a v e d e s i g n e d h i s c r a n e s t h e w a y h e 

d i d w i t h o u t b a l l b e a r i n g s . 



A l t h a n s p r o b a b l y u s e d b o t h l i n g u i s t i c i n t e r ­

p r e t a t i o n a n d o v e r l a y to d e s i g n t h e f a c a d e a n d 

c l e r e s t o r y o f h i s c a s t i n g h a l l . A l t h o u g h t h e t r a c ­

e r y r e m i n d s u s v i s u a l l y o f G o t h i c c h u r c h d e s i g n 

m o r e t h a n a n y t h i n g e l s e , t h e c l u e to t h e t r a n s l a ­

t i o n p r o c e s s is t h e s p r e a d o f k n o w l e d g e at t h e 

t i m e a b o u t t h e p r e f a b r i c a t e d a n d s t a n d a r d i z e d 

w o o d e n b r i d g e s y s t e m I t h i e l T o w n h a d p a t e n t e d 

i n t h e U n i t e d S t a t e s i n 1 8 2 0 . T h e n o v e l c h a r a c ­

t e r i s t i c o f T o w n ' s t r u s s w a s t h a t h e u s e d a s i n g l e 

t i m b e r c r o s s - s e c t i o n a n d o n l y o n e t y p e o f c o n ­

n e c t i o n , t h e d o w e l , c a l l e d ' t r e e n a i l ' i n t i m b e r 

c o n s t r u c t i o n . T h i s v a s t l y s i m p l i f i e d i t s m a n u f a c ­

t u r e a n d e r e c t i o n . E u r o p e a n e n g i n e e r s i m m e d i ­

a t e l y g r a s p e d t h e c o n s t r u c t i o n p o t e n t i a l o f 

T o w n ' s i d e a a n d s o o n t r a n s f o r m e d it f r o m w o o d 

to i r o n i n I r e l a n d a r o u n d 1 8 4 5 . a n d i n 

S w i t z e r l a n d a n d G e r m a n y i n t h e m i d - a n d l a t e 

1 8 5 0 s . " B u t t w o d e c a d e s b e f o r e t h e y d i d t h a t . 

A l t h a n s r e f o r m u l a t e d t h e T o w n t r u s s i n t o a s h e a r 

p a n e l a n d a b r a c i n g m e c h a n i s m . T h e f o u n d r y 

h a l l h a d to w i t h s t a n d h e a v y d y n a m i c l i v e l o a d s 

r o l l i n g b a c k a n d f o r t h a n d s w i v e l i n g to a n d f r o 

o n t h e b r i t t l e , c a s t - i r o n f r a m e w o r k . A l t h a n s 

b r a c e d h i s f r a m e l a t e r a l l y w i t h s u r r o u n d i n g 

m a s o n r y w a l l s . H o w e v e r , t h e e x p o s e d g l a z e d 

f r o n t n e e d e d f u r t h e r s t i f f e n i n g . T h e c r i s s c r o s s ­

i n g t r a c e r y " o f t h e T o w n t r u s s s e r v e d h i s p u r p o s e 

w e l l . A n d t h e s m a l l p a n e s o f g l a s s A l t h a n s 

i n s e r t e d i n t h e i n t e r s t i c e s o f t h e t r u s s t r a n s ­

f o r m e d it i n t o a p a r t i a l s h e a r m e m b r a n e , n o t a 

w a l l , b u t a p l a n a r s t r u c t u r e t h a t r e s i s t s i n - p l a n e 

f o r c e s . A l t h a n s d i d t h e s a m e f o r t h e c l e r e s t o r y , 

w h i c h c o n n e c t s t h e h e a v i l y l o a d e d n a v e c o l u m n s 

a n d t r a n s f e r s t h r u s t g e n e r a t e d b y t h e s w i v e l i n g 

c r a n e s a n d t h e h a l l g a n t r y t h e w h o l e l e n g t h o f 

t h e n a v e to t h e f u r n a c e b l o c k a t t h e b a c k o f t h e 

b u i l d i n g . I n y e t a n o t h e r i n n o v a t i v e m a n e u v e r , 

h e t r a n s f o r m e d t h e c h a r a c t e r i s t i c d o w e l e d c r o s s ­

i n g s o f T o w n ' s d i a g o n a l s i n t o m o n o l i t h i c c a s t ­

i n g s , a n d s h i f t e d h i s c o n n e c t i o n p o i n t s to t h e 

i n t e r f a c e b e t w e e n t h e p a n e l s , a m a s t e r f u l fea t o f 

c r e a t i v e m i s u n d e r s t a n d i n g . T h i s s h i f t i n c o n n e c ­

t i o n t e c h n o l o g y is p a r a l l e l e d by C u l m a n n ' s l a t e r 

s h i f t f r o m t h e t r a d i t i o n a l w a y o f r e g a r d i n g 

b r i d g e s a s i n c r e m e n t a l o v e r l a y s o f s i m p l e k i n g ­

p o s t s , q u e e n - p o s t s , a n d s l a n t e d s t r u t s to o u r w a y 

o f l o o k i n g at t h e m a s a p a n e l s y s t e m . 
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led Sayn Foundry Detail view showing 

the connection between the cast-iron 

truss panels 

right Sayn Foundry Detail ol the 

lacade showing truss configuration 

with glass infill 

C O N C L U S I O N 

T e c h n o l o g i c a l t h o u g h t is a s u b t l e t h o u g h t f o r m 

t h a t d e v e l o p e d i ts c u r r e n t l e v e l o f c o m p l e x i t y 

o v e r t h e pas t t w o c e n t u r i e s . I ts h y b r i d a n d f l u c t u ­

a t i n g n a t u r e is a n u n s t a b l e e q u i l i b r i u m o f i t s 

u n e q u a l p a r t s - a n a l y t i c a l a n d m a t r i x t h i n k i n g -

a n d i t i s p r i m a r i l y t h i s c h a r a c t e r i s t i c t h a t c a u s e s 

t h e c r e a t i v e t e n s i o n d e s i g n e r s n e e d a n d t h a t d i s ­

t i n g u i s h e s i t f r o m o t h e r t h o u g h t f o r m s . 

T e c h n o l o g i c a l t h o u g h t c r o s s e s i n t e l l e c t u a l , p ro ­

f e s s i o n a l , a n d c u l t u r a l b o r d e r s a n d b o r r o w s l i v e l y 

f r o m o t h e r t h o u g h t m o d e s , l i k e m i l i t a r y t h i n k i n g , 

w h o s e b a s i c c o n c e p t s o f s t r a t egy , t a c t i c s , a n d 

l o g i s t i c s h a v e b e c o m e s o m e o f i t s s t r o n g e s t c h a r ­

a c t e r i s t i c s . T e c h n o l o g i c a l t h o u g h t t r a n s l a t e s a n d 

t r a n s f o r m s i d e a s , c o n c e p t s , a n d s o l u t i o n s u s i n g 

m e t h o d s a n d s t r a t e g i e s s u c h a s t h o u g h t s h i f t , 

d i v i d e - a n d - c o n q u e r , o r i n v e r s i o n b y c r e a t i v e m i s ­

u n d e r s t a n d i n g . I ts i n v e n t i v e n e s s a n d f l e x i b i l i t y 

m a k e t h i s t h o u g h t m o d e a d a p t a b l e to m a n y s i t u a ­

t i o n s a n d . a s a r e s u l t , t e c h n o l o g i c a l t h o u g h t a n d 

e s p e c i a l l y t h e v a r i a n t s it d e v e l o p e d i n b u i l d i n g 

h a v e g r a d u a l l y i n f i l t r a t e d m o s t o t h e r f o r m s o f 

t h i n k i n g a n d d i s c i p l i n e s , i n c l u d i n g s u c h a b s t r a c t 

fields a s t he p h i l o s o p h i c a l d i s c i p l i n e o f a e s t h e t i c s . 

I t i s n o t by c h a n c e t h a t c o m p u t e r p r o g r a m m e r s 

a n d h a r d w a r e d e v e l o p e r s b o t h c a l l t h e i r a b s t r a c t 

c o n f i g u r a t i o n s a n d t h e i r p h y s i c a l a s s e m b l a g e s o f 

e l e c t r o n i c m o d u l e s ' a r c h i t e c t u r e . * N o r is i t s u r ­

p r i s i n g t h a t b i o l og i s t s ' e n g i n e e r ' g e n e t i c s o l u t i o n s 

o r s t a t e s m a n ' e n g i n e e r ' a g r e e m e n t s o r s o c i a l c o n ­

t r a c t s . T o d a y , n a t u r a l a n d s o c i a l s c i e n t i s t s , a r t i s t s , 

e c o n o m i s t s , b u s i n e s s p e o p l e . s o l d i e r s , p o l i t i c i a n s , 

a n d h u m a n i s t s h a v e a d o p t e d m a n y m o r e a s p e c t s 

o f t e c h n o l o g i c a l t h i n k i n g t h a n t h e y a c k n o w l e d g e . 

T h i s is p r e c i s e l y w h a t m a k e s t e c h n o l o g i c a l 

t h o u g h t t h e p r e m i e r t h o u g h t m o d e o f o u r age . 

i n t i m a t e l y c o n n e c t e d to t h e c r e a t i o n a n d d e v e l o p ­

m e n t o f n e w c o n c e p t s . 

Sayn Foundry. 

Detail ol the derrick crane show-

ing cannonballs as ball bearings 



P E T E R S 

1 Somper Gottfried Der Stil in den lechnischen und tekionischen 

Kunslen Oder praktische Aesthetik em Handouch lur Techmker 

Kunstler und Kunstfreunde 2 vols (Franklurt a M Verlag fur 

Kunsl und Wissenschat l . 1 8 6 0 / M u n i c h Btuegmann 1863) 

2 Giedion. Sigfried. Mechanization Takes Command A Contribution to 

Anonymous History (Now York Oxford. 1948 ) In spite of its 

methodological weaknesses, this book is still one of ihn early 

issue-oriented (rather than biographical) studies m the history of 

technology It reaches a little higher than a ch-onology o ' inven­

tion and poses several overarching questions Other historians 

who discussed building technology like Nicholas Pevsner or Carl 

Condit used technological material as part ol their historical argu­

ment without defining it either 

3 "Die F 'agn nach der Technik ' published both in vol 1 of Vortrage 

undAulsaue 3 vols (Pfullmgen Neske. 1954 ) and Die Technik 

und dm Kehre (Pfullingen Neske. 1962 ) In German this article is 

simplisl i i and not very original m its treatment ol technology II 

has been rendered opaque and complicated In the two English 

translations The Question Concerning Technology, and Other 

Essays translated with a briel introduction bv Will iam Lovitt (New 

York Harper and Row. 19 17), and Basic Writings Nine Key 

Essays Plus the Introduction to Being and Time, editod. with gen­

eral introduction and introductions to each section, by Davis Farrel 

KrelMNcwYork Harper 1 9 7 7 ) It attained notoriety through us 

use ol convoluted conceptual definitions unusual in English but 

clear in German According to a note in the Lovitt translation 

Heidnggor gave lour lectures on the topic with the titles Das Ding 

Das Geslel l Die Gefahr and Die Kehre It was the second that 

evolved into "Die Frage nach der Technik " (Tnanks to Gordon 

B e a m Lehigh University, and Steven A Mooie. UT Austin for this 

information ) See also Rudolf Carnap s critique ol Heidegger s 

thinking and language in 'Uubnrwindung dei Motaphysik dutch 

logischo Analyse der Sprnclin' in Erkenntms. 2 1932 . trans, in 

Logical Positivism. Alfred Ju les Ayer ed . (New York: Macrriillnn 

Free Press. 1 9 5 9 ) (Thanks to George Reisch University of 

Chicago, for this information ) 

4 Wittgenstein did not deal with technology directly, but he did deal 

wi th the nefarious influence of the analytical method ol scieni i l ic 

thought on culture in Vermischte Bemerkungen (Frankfurt a M 

Suhrkamp. 197 7). and there are references - o the negative cul­

tural impact of the concept of progress in his earlier 

Philosophische Bemerkungen (Frankfurt a M Suhrkamp. 1981) 

written aftui his return to Cambridge in 1929 . in Philosophical 

Invesngntions/Philosophische Untersuchungon (New York 

Macmil lan 1953 ) and in Ueber Gewissheit (Franklui l a M 

Suhrkamp. 1969 ) . no 131 (Thanks to Gordon B e a m lor this infor­

mation ) Soe also Peters. Tom F . Building the Nineteenth Century 

(Cambridge. Mass MIT. 1996) , pp 2 6 - 3 3 and further references 

throughout that text lor the relationship between the concopt ol 

progress and technological thought 

5 B a r t h e s Roland La TourEillel(Pans Delpire. 1964 ) 

6 Dasgupta Subrala. Technology and Creativity. (London Oxford 

1 9 9 6 ) Dasgupta is concerned with how ideas come about what 

constitutes invention 

7 Picon Antoine L invention de I ingenieur moderne lecole des ponts 

etchaussees. 1 7 4 7 - 1 8 5 1 (Paris ENPC. 1992 ) and La formation 

polyiechmque(Paris Dunod 1 9 9 4 ) 

i: 

U 

8 Pfammatter Ulnch Die Erlmdung des modernen Architekleri: 

Ursprunge und Enlwicklung dm wissenschalllich-mdustnellen 

Ausbildung (Basel Birkhauser 1 9 9 7 ) 

9 The Oxford English Dictionary defines matrix in this sense a s a 

place or medium m which something is b'od produced, or devel­

oped ' T im term matrix is preferable to Edward de Bono's "lateral" 

because it describes intuitive thought's mul t id imens iona l^ m 

contrast to vertical thought s linear nature Soe The Use ol 

Lateral Thinking (London Cape 1967 ) 

10 Peters Tom F Building the Nineteenth Century, op c i t . Mont 

Cenis Tunnel, pp 1 3 6 - 1 4 1 

1 1 Smealon. John A narrative ol the building and a description ol the 

construction ol the Edystone [s ic] Lighthouse with s fone_ 

(London Nichol. 1 7 9 1 / 9 3 / 1 8 1 1 / 1 3 ) pp 1 0 2 - 1 2 3 Part 3 

Chapter 4 Containing E X P E R I M E N T S to ascertain a compleat 

Composition for WATER-CEMENTS, with then Results However. 

Smeaton did not a lways use chemical analysis in Ins experiments, 

see his observations on a roduish or brownish slone on p I 18 

12 See Pasley. Charles William. Observations on limes, calcareous 

cements, mortars, stucco and concrete, and on pu//olanas. nac-

ural and artificial <\.ontiun Wualo. 1838) . rredrjold. Thomas. 

Practical Essay on the Strength ol Cast Iron, intended lor the 

assistance of engineers (London Taylor. 1822 ) Vicat. Louis-

Joseph Pecherches experimental sur les chaux de construe- . 

lion, les batons et les mortiers ordmaires (Pans Gouion. 1818). 

Treussarl. Clement-Louis. Memoire sur les mortiers hydrauliques 

et ordmaires (Paris Canlian-Goeury. 1 8 2 9 ) 

13 Eytelwein, Johann Albert Handhuch der Mechanik tester Korpei 

und der Hydrauhk. mil voriughcher Rucksicht aul ihre 

Anwendung m der Archilektui (Berlin Lagarde. 1801 ) Gerstner 

F ran / Joseph von. Handbuch der Mechanik 3 vols (Vienna 

Sollinger, 1831 / Prague. Spumy 1832 & 1833 ) Navier, Claude 

Louis Mane Henri. Rapport ,'i M Becquey et Memoire sur les 

pontssuspendus (Pans Imprimene royale/Cati l ian-Goeury.1823), 

and Resume des lecons (Pans Didot 1826 ) . 2nd expanded 2 

vol ed (Paris Canlian-Goeury 1 8 3 3 - 1 8 3 8 ) . Hodgkmson Eaton. 

"On the transverse strain, and the strength of materials" from 

Memoirs of the Literary and Philosophical Society of Manchester. 

2nd series. 4 ( 1 8 2 4 ) 2 5 . "Theoretical and experimental 

researches to ascertain the slrongth and the best forms of iron 

beams" from Memoirs of the Literary and Philosophical Society of 

Manchester 2nd series 5 ( 1 8 3 1 ) 4 0 7 Experimental 

Researches on the strength and other properties oleast iron 

Forming a second part lo the tout Ih edition of Trndgold's Practical 

Essay (London Weale. 1846) , 

14 Peters. Tom F. Building the Nineteenth Century, op ci l pp 

1 6 8 - 1 7 0 

15 Peters. Tom F Transitions m Engineering (Basel Birkhauser 

1987), pp 5 2 - 5 3 . 6 1 1 1 - 1 1 2 

16 Quite similar to Dasgupta s "The Hypothesis L a w of Maturation." 

quoting B Chandrasckaran s propose-critiquo-modify strategy 

Dasgupta. op o t . pp 6 6 - 6 7 

17 Sigfned. op c i t . especially in part 5 'Mechanization encounters 

human surroundings" but also in the rest ol the book, as chapter 

titles like 'Mechanization and Death Meat" suggest Giedion w a s 

himself a border-crosser between mechanical engineering, his first 

profession, and art history, which w a s his chosen professional field 

' 8 Picon Antoine. "Toward a History of Technological Thought." 

Technological Systems and Technological Thought. Robert Fox 

e d . (Amsterdam OPA. 1995 ) 

19 Dasgupta op c i t . pp 6 6 - 6 7 

2 0 The Challenger accident has become a cultural preoccupation In 

many ways Sue lor instance Tufte. Edward. Visual Explorations 

(Cheshire. Conn Graphics Press. 1 9 9 7 ) 

21 Plarnmolter op a t . pp 1 0 3 - 104 

2 2 Dasgupta op c i l . pp 6 7 - 6 8 

2 3 See Cross Hardy Continuous Frames of Reinforced Concrete 

(New York Wiley. 1 9 3 2 . 1950 ) The conceptual importance ot 

Cross's seminal method w a s recognized by the Institution of 

Structural Engineers m London who awarded Cross their gold 

medal Ml ' 9 5 8 

24 According lo the American Heritage Dictionary strategy is the sci­

ence or art ol military command as applied to the overall planning 

and conduct ol large-scale military operations Tactics is the tech­

nique oi science ol secunng the obiecl ives designated by strategy 

Logisl ics is procurement distribution, replacement, and mainte­

nance ot material and personnel See also Oausewitz. Carl von 

HinterlassviH' Werke des Generals Carl von Clausewitt uber Krieg 

undKriegful.rung lOvo ls 1-3 Vom Kriege (Berlin F Dummlei. 

1 8 3 2 ) ( E n g u s h e d . 1 8 7 3 ) 

2 5 E i f l e l Guslave. Memoire sur le viaducde Garabit. Description cal-

cuts de resistance, montage, epreuves et renseignements divers 

par G Eiffel. President de la Societe des mgenmurs civils 2 vols 

(Par is /L iege Librairie Polytochnique. Baudry. 1889 ) 

2 6 Eiffel Gustave. La tour de trois cents metres 2 vols (Pans 

Lemercier 1900) 

2 7 The cultural importance of the English M e c c a n o ! 1 9 0 6 ) or Erector 

Set ( 1 9 1 2 ) as it came to be called in America, was pointed oui by 

Svante linclnuist in 1 9 9 0 in 0 talk at the annual meeting ol the 

Society lor History ol Technology in Cleveland Henry Petroski dis­

cussed the American variant in "The Toys That Built America." 

American Heritage ol Invention and Technology, vol 13 .no 4 

Spring 1998 pp 4 0 - 4 5 Lego "automatic binding bricks" date 

Irom 1 9 4 9 The system was developed and registered as Danish 

patent 9 2 6 8 3 in 1 9 5 8 

2 8 The term creative misunderstanding w a s coined by Will iam J J 

Gordon in his book Syneclics The Development ot Creative 

Capacity (New York Harper 1961 1991) and used by George M 

Prince in The Practice of Creativity. A Manual lor Dynamic Group 

Problem Solving (New York Harper & Row. 19 70). and Harold 

Bloom in / I Map ot Misreading (Now York Oxlord. 1975 ) Soe 

also Polers. Tom F. "An American Culture ol Construction.' 

Perspecta 2 5 (New York Riz/oli. 1 9 9 0 ) 

29 Helps. Arthur. Life and Labours of Mr Brassey 1805- 1870 

(London Bell and Daldy. 1 8 7 2 ) pp 2 0 6 - 2 0 7 

3 0 For details o< this and the following examples, see Peters. Building 

the Nineteenth Century op CM 

31 See also Peters Tom F . "Architectural and Engineering Design 

Bridging the Gap (New York Van Nostrand Remhold. 1 9 9 0 ) 

3 2 See Haun. Hans "Thoughts on the historical methods tor dimen­

sioning bridges." m Peters Tom F ed . The Development of long-

span bridge building 3rd ed (Zurich Verlag der Fachvereine. 

1981 )pp 1 5 3 - 1 5 7 

3 3 Custodis. Paul-Georg. Die Sayner Hutte in Bendorl (Cologne 

RheinischeKunststat len 1980 ) 2 4 1 . Peters. Tom F Building the 

Nineteenth Century, op cit pp 2 1 1 - 2 1 8 

34 The type first entered professional awareness in 1835 - 1840 in 

the wooden and cast-iron bridges of the Hanovarian builder Georg 

L a v e s ! 1 7 8 8 - 1864). while its inversion the bowstring truss had 

appeared m Guillaume-Henn Dufour s ( 1 7 8 7 - 1 8 6 4 ) work in 

Geneva ca 1 8 3 0 (Peters. Tom F Transitions in Engineering, op 

cit .pp 186. 1 9 2 - 1 9 3 and in Whipple s 1841 patent 

3 5 Patcntedbv Courtois. Tihay. and Defranco. see Darmstaedtcr 

Ludwig Handbuch lur Geschiclue der Nalurwissenschatten und 

der Technik , 2 n d ed . Berlin Springer. 1908 

3 6 Thanks to S:ephen M Houghton Chineso University ol Hong Kong. 

lor this intcirrnalion that stems Irom an article in Old Gaffer s 

Journal 

3 7 The Royal Canal Bridge on the Dublm-Droghuda Railway in Ireland 

1845 w a s a singular case (See Pottgiesser. Hans 

Eisenbahnbrucken aus /wei Jahrhunderten (Basel Birkhauser. 

1 9 8 5 ) p 118 B u t K a r l v o n E t z e r s ( 1 8 l 2 - 1 8 6 5 ) R h i n e B r i d g e a i 

Koblenz 1856. and his Sitter Bridge near St Gallon and Aare 

Budge al Berne 1 8 5 7 1 8 5 8 as wel l as Karl von Lentze 

( 1 8 0 1 - 1 8 8 3 ) a n d Rudoll Eduard S c h r n z s l 1 8 1 2 - 1858) bridges 

over the Nugat and Vistula at Dirschau. 1858 5 9 popularized the 

form in iron A s a matter of interest, the architect F A Stuler men­

tioned earl er consulted on the Dirschau Bridge 

Sayn Foundry, drawing of the derrick 

crane attached lo a nave column. 
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B U I L D I N G M Y T H S 
T H E E V O L U T I O N F R O M W O O D T O I R O N I N T H E C O N S T R U C T I O N 

O F B R I D G E S A N D N A T I O N S 

I 
• 



Gregory K. Dreicer 
T h e c o m p l e t e k n o w l e d g e of a m a c h i n e a s a n 

ob jec t te l ls u s nothing about it a s a m a c h i n e . 

Michael Polanyi. PersonalMaowledge ( 1 9 5 8 ) 

Engineers a n d h i s t o r i a n s h a v e c o n s t r u c t e d o u r 

u n d e r s t a n d i n g s o f s t r u c t u r a l d e s i g n o u t o f "g rea t 

d i v i d e s " : p r a c t i c e v e r s u s t h e o r y , w o o d v e r s u s 

i r o n , u n s o p h i s t i c a t e d v e r s u s a d v a n c e d . E u r o p e 

v e r s u s t h e U n i t e d S t a t e s . " P r a c t i c e , " ' w o o d e n . ' 

' u n s o p h i s t i c a t e d , ' a n d ' A m e r i c a n ' r e p r e s e n t e d 

o n e s i d e o f a m y t h i c a l d i v i d e t h a t h e l p e d p r o p e l 

p e r s o n a l , i n s t i t u t i o n a l , a n d i n d u s t r i a l c o m p e t i ­

t i o n i n t h e n i n e t e e n t h c e n t u r y . T h i s b e c a m e h i s ­

t o r i c a l e x p l a n a t i o n i n t h e t w e n t i e t h . W i t h a 

b e t t e r u n d e r s t a n d i n g o f t h e d i v i d e s , architects 
a n d e n g i n e e r s w i l l h a v e a s h a r p e r p i c t u r e o f t h e 

f o r c e s t h a t c o n t i n u e to d r i v e d e s i g n a n d t h e 

j u s t i f i c a t i o n s m a d e f o r d e s i g n d e c i s i o n s . 

W e n e e d a b r i d g e , n o t a d i v i d e , to u n d e r ­

s t a n d a h i s t o r y t h a t i n c l u d e s t h e f u l l g a m u t o f 

c u l t u r a l a n d p h y s i c a l f o r c e s , i n c l u d i n g n a t i o n a l ­

i s t f e r v o r , c r e a t i v e g e n i u s , c a p i t a l i s t g r e e d , a 

y e a r n i n g f o r p r o f e s s i o n a l p r e s t i g e , a n d t e n s i o n 

a n d c o m p r e s s i o n . E x a m i n i n g t h e e f f e c t o f t h e s e 

f o r c e s o n b r i d g e d e s i g n w i l l r e v e a l m u c h a b o u t 

t h e o r i g i n s o f t h e f r a m e w o r k s t h a t u n d e r g i r d o u r 

w o r l d . It w i l l a l s o g i v e us a b e t t e r i d e a o f w h a t a 

c u l t u r e is a n d i s n ' t : w h a t it m e a n s f o r a t h i n g o r 

a p e r s o n , o r a g r o u p o f t h i n g s o r a g r o u p o f 

p e o p l e , to b e l a b e l e d " t h e o r e t i c a l , ' ' i r o n , ' ' s o p h i s ­

t i c a t e d . ' a n d ' E u r o p e a n . ' 

U s i n g a n i n e t e e n t h - c e n t u r y s t r u c t u r e , t h e 

l a t t i c e b r i d g e , a s a t o u c h s t o n e . I w i l l examine 
t h r e e i n t e r l o c k i n g m y t h s h e l d d e a r b y h i s t o r i ­

a n s o f b u i l d i n g : e v o l u t i o n a r y t h e o r y a s e x p l a n a ­

t o r y d e v i c e , t h e h i e r a r c h y o f w o o d a n d i r o n , 

a n d t h e i n f l u e n c e s o f n a t i o n s o n t h e d e v e l o p -

ment of structure. 



Connecticut R iver Br idgc Spr mglield. Massachusetts. Charles Hilton ( 1 8 7<11 

Cologne Bridge. Cologne. Germany Hermann Lohse (185f t - 6 8 ) 

If an eng ineer bui lds a s t r u c t u r e w h i c h b r e a k s , 

that is a misch ie f , but o n e of a l imited and 

iso la ted kind, and the a c c i d e n t itself f o r c e s him 

to avoid a repet i t ion of the blunder. But a n 

eng ineer w h o f rom de f ic iency of sc ien t i f i c k n o w l ­

edge bui lds s t r u c t u r e s w h i c h don' t break 

d o w n , but w h i c h s t a n d , and in w h i c h the mater ia l 

is c l u m s i l y w a s t e d , c o m m i t s b l u n d e r s of a 

m o s t ins id ious kind. 

Will iam Cawthorne Unwin. Professor of Hydraulic 

and Mechanical Engineering. Royal Indian Civil 

Engineering College (c 1 8 8 9 ) 

U N N A T U R A L S E L E C T I O N 

C o n s t r u c t i o n h a s r a r e l y b e e n c o n s i d e r e d c u l t u r ­

a l l y s i g n i f i c a n t , so m o s t r e c o r d s o f n i n e t e e n t h 

a n d t w e n t i e t h c e n t u r y b u i l d i n g h a v e b e e n t o s s e d 

i n t o t h e g a r b a g e . E n g i n e e r s ' h i s t o r i e s t y p i c a l l y 

c o n s i s t o f a n e c d o t e s l e a v e n e d b y a b e l i e f i n na t ­

u r a l s e l e c t i o n - a b e l i e f a d o p t e d b y t h e p r o f e s ­

s i o n a l h i s t o r i a n s w h o r e a d t h e i r w r i t i n g s . T o d a y , 

to t h e e x t e n t t h a t t h e r e is any p r e v a i l i n g t h e o r y 

o f d e v e l o p m e n t o f c i v i l e n g i n e e r i n g s t r u c t u r e s 

s u c h a s b r i d g e s , i t i s e v o l u t i o n a r y . T h e t e r m ' e v o ­

l u t i o n ' o f t e n s u r f a c e s i n t h e t i t l e s a n d i n t r o d u c ­

t i o n s t h a t e s t a b l i s h t h e t h e o r e t i c a l f o u n d a t i o n s 

o f t h e s e h i s t o r i e s . - ' W h i l e e v o l u t i o n a p p e a r s 

m e r e l y to c r e a t e a n o r d e r l y h i s t o r y o u t o f d i s o r ­

d e r l y r e a l i t y , i t i s m o r e t h a n a n o r d e r i n g d e v i c e . 

It i s l i k e a g rea t w o r k o f s c i e n c e ( r e a l l y , t e c h n o l ­

o g y ) f i c t i o n , w i t h i n w h i c h s t r u c t u r e s a n d b u i l d ­

i n g p r o c e s s e s a r e c a u s a l l y c o n n e c t e d f r o m t h e 

b e g i n n i n g t o t h e e n d o f t i m e . 

E n g i n e e r s u s e d e v o l u t i o n a r y t h e o r y to 

d e f e n d p r a c t i c e s , h i d e u n c e r t a i n t i e s , a n d leg i t ­

i m i z e m i s t a k e s . F o r e x a m p l e . T h e o d o r e C o o p e r 

( 1 8 3 9 - 1 9 1 9 ) . a n e n g i n e e r k n o w n a s t h e a u t h o r 

o f s t a n d a r d b r i d g e s p e c i f i c a t i o n s , a n d t h e 

d e s i g n e r o f a b r i d g e t h a t c o l l a p s e d c a t a s t r o p h i -

c a l l y d u r i n g c o n s t r u c t i o n , b e l i e v e d t h a t : 

'/lii' intelligent investigtitor does not decide upon (he 

merits of any developed system by the failures which 

are nea'ssary steps in its de\'elopment. Without 

variations and failures there would be no evolution 

or sutyival of the fittest. 

H e r b e r t S p e n c e r ' s w i d e l y r e a d p h i l o s o p h y 

a n d h i s p h r a s e ' s u r v i v a l o f t h e f i t t e s t . ' so m e a n ­

i n g f u l to l a te n i n e t e e n t h c e n t u r y i n d u s t r i a l i s t s , 

s e e m e d to a l l o w e n g i n e e r s to j u s t i f y t h e d e a t h o f 

t r a i n p a s s e n g e r s i n b r i d g e c o l l a p s e s , i f t h a t ' s 

w h a t it t o o k f o r t h e ' f i t t e s t ' b r i d g e s y s t e m to 

' e v o l v e . M A b r i d g e t y p e m u s t be fit to s u r v i v e , b u t 

e v o l u t i o n - m i n d e d e n g i n e e r s r a r e l y n o t e d tha t 

t h e m e a n i n g o f ' f i t ' c a n v a r y e n o r m o u s l y a c c o r d ­

i n g to c o n t e x t a n d w h o m y o u a s k . I t m a y d e p e n d 

o n t h e p r i c e o f l a b o r , t h e w i d t h o f a r i v e r , o r t h e 

d e c i s i o n o f a k i n g . 

H i s t o r i a n s o f t e c h n o l o g y h a v e p r o d u c e d a 

b o d y o f w o r k t h a t s u p p o r t s n i n e t e e n t h c e n t u r y 

e n g i n e e r s ' s e l f i m a g e a s a g e n t s o f e v o l u t i o n a r y 

p r o g r e s s . S w i s s e n g i n e e r i n g p r o f e s s o r J u l e s 

G a u d a r d b e g a n h i s 1 8 9 2 t e x t o n b r i d g e c o n s t r u c ­

t i o n by s t a t i n g ^ U n d e r t h e h a n d o f m a n , t h i n g s 
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s e e m t o c o m e to l i f e , j o i n w i t h h i s a s p i r a t i o n s , 

a n d , l i k e h i m . s t r u g g l e f o r e x i s t e n c e . " W h e n 

w r i t i n g h i s 1 9 7 9 d i s s e r t a t i o n o n t h e ' e v o l u t i o n o f 

t r u s s b r i d g e d e s i g n , " G e o r g e D a n k o s t a l e d . ' T h e 

e a r l y r a i l r o a d s y s t e m s w e r e , i n f ac t , e x p e r i m e n ­

t a l l a b o r a t o r i e s i n w h i c h t h e s i m p l e t r u s s w a s 

a l l o w e d to d e v e l o p . D i f f e r e n t m o d e l s w e r e d i e d 

a n d t h e m o s t s u c c e s s f u l d e s i g n s u r v i v e d . ' 

E n g i n e e r H e n r y P e t r o s k i r e c e n t l y c l a i m e d t h a t 

' w i t h t h e i n c r e a s i n g p r o d u c t i o n a n d a p p l i c a t i o n 

o f i r o n i n t h e n i n e t e e n t h c e n t u r y , t r u s s e s n a t u ­

r a l l y e v o l v e d i n t o a p l e t h o r a o f t y p e s a n d s t y l e s 

e m p l o y i n g t h e n e w m a t e r i a l . " T o b u i l d i n g h i s t o ­

r i a n s . D a r w i n i s m w a s a S i r e n , a n d t h e y h e a d e d 

t o w a r d t h e r o c k s . ' 

N a t u r a l h i s t o r y c a n n o t e x p l a i n t h e n e t w o r k s 

o f p e o p l e , i d e a s , a n d a r t i f a c t s b e h i n d a n e n g i ­

n e e r i n g s t r u c t u r e . T h e h i s t o r y o f t h e l a t t i c e 

b r i d g e r e v e a l s a d e c i d e d l y u n n a t u r a l c r e a t i o n . 

A n ' i m p r o v e m e n t i n t h e c o n s t r u c t i o n o f 

w o o d a n d i r o n b r i d g e s ' w a s r e g i s t e r e d w i t h t h e 

U . S . P a t e n t O f f i c e i n 1 8 2 0 b y I t h i e l T o w n 

( 1 7 8 4 - 1 8 4 4 ) , a n a r c h i t e c t , b r i d g e e n g i n e e r , a n d 

b u i l d e r . H i s i n v e n t i o n , c o n s i s t i n g o f f r a m e w o r k s 

o f d i a g o n a l l y i n t e r s e c t i n g p l a n k s , b e c a m e a p ro ­

t o t y p e f o r t h e l o n g - s p a n t r u s s s y s t e m s d e v e l o p e d 

d u r i n g t h e n i n e t e e n t h c e n t u r y . O v e r w a t e r w a y s 

a n d v a l l e y s , f r o m A l a b a m a to B a v a r i a to R u s s i a , 

b u i l d e r s e r e c t e d w h a t c a m e to be k n o w n a s 

' A m e r i c a n b r i dges . " C o m p a r e d to e x i s t i n g f r a m e 

s y s t e m s , t h e l a t t i c e p o s s e s s e d a u n i f o r m i t y a n d 

r e c t i l i n e a r c l a r i t y t h a t m a d e i t o n e o f t h e e a r l i e s t 

e n g i n e e r i n g p i n u p s o f t h e r a i l w a y age . 

T h e l a t t i c e b r i d g e , d e s i g n e d f o r q u a n t i t y p r o ­

d u c t i o n , b e c a m e t h e M o d e l T o f i n d u s t r i a l s t r u c ­

t u r e s . I t i n s p i r e d e n g i n e e r s to c r e a t e t h e w o o d 

a n d m e t a l t r u s s f r a m e w o r k s t h a t b e c a m e f u n d a ­

m e n t a l e n g i n e e r i n g s t r u c t u r e s . T h e o r i s t s c o n s e ­

q u e n t l y d e v e l o p e d s t a n d a r d m e t h o d s o f a n a l y s i s . 

Natura mm facit saltum ( " n a t u r e m a k e s n o 

j u m p s ' ) w a s a f a v o r i t e L a t i n s a w o f C h a r l e s 

D a r w i n . " G r a d u a l b i t -by-b i t e m e r g e n c e is c e n t r a l 

to h i s t h e o r y . D o e s it h o l d f o r b u i l d i n g ? W a s t h e 

l a t t i c e b r i d g e j u s t a s m a l l s t e p ? I t a p p e a r e d to be 

a l o n g j u m p to m o s t o b s e r v e r s . I t m e a n t a s w i t c h 

f r o m m a s s i v e s t o n e a r c h c o n s t r u c t i o n a s w e l l a s 

w o o d a n d i r o n t r a n s l a t i o n s . I t c h a l l e n g e d f u n d a ­

m e n t a l b e l i e f s a b o u t b u i l d i n g m a t e r i a l s , r e d u n ­

d a n c y , d u r a b i l i t y , s a f e t y , a p p e a r a n c e , a n d t i m e . 

I t w a s a p p a r e n t l y c o n c e i v e d b y c o m b i n i n g s t r u c ­

t u r e s , i d e a s , a n d p r o c e s s e s t h a t c o u l d be f o u n d i n 

a f e n c e , a s h i p f r a m e , o r a g a r d e n t r e l l i s . Y e t t h e 

a m a l g a m a t i o n w a s s t a r t l i n g l y n o v e l i n b o t h c o n ­

c e p t i o n a n d p h y s i c a l f o r m . 

W h e n D a r w i n w r o t e , ' a l m o s t e v e r y p a r t o f 

e v e r y o r g a n i c b e i n g is so b e a u t i f u l l y r e l a t ed to 

i t s c o m p l e x c o n d i t i o n s o f l i f e t ha t it s e e m s a s 

i m p r o b a b l e t ha t a n y pa r t s h o u l d h a v e b e e n s u d ­

d e n l y p r o d u c e d p e r f e c t , a s t h a t a c o m p l e x m a c h i n e 

s h o u l d h a v e b e e n i n v e n t e d by m a n i n a pe r fec t 

s ta te . ' he i m p l i e d w h a t m a n y n o w be l i eve about 

t e c h n o l o g i c a l ob j ec t s - tha t t hey b e c o m e p e r f e c t e d 

t h r o u g h evo lu t i on . " ' D a r w i n ' s a n a l o g y p o i n t s to t he 

d e c i d e d l y t e c h n o l o g i c a l c h a r a c t e r o f e v o l u t i o n , 

w h o s e m e c h a n i c a l p r o c e s s e s o f v a r i a t i o n a n d 

s e l e c t i o n a r e o f t e n n o t e d . E v o l u t i o n p r o c e e d s 

a u t o n o m o u s l y : n a t u r e ' s s l o w - g o i n g a s s e m b l y l i nes 

d e l i v e r s p e c i e s . " I n c l a r i f y i n g a n a t u r a l p r o c e s s , 

e v o l u t i o n m a d e b io logy ' m e c h a n i c a l ' a n d t h e r e b y 

s c i e n t i f i c . W h e n t h e a n a l o g y w a s t h e n re -app l i ed 

to i ts s o u r c e - h u m a n a c t i v i t y - it m a d e t e c h n o l o g ­

i c a l d e v e l o p m e n t m y s t i c a l : i n d i v i d u a l d e s i g n e r s 

h a d r e a s o n s f o r t h e i r a c t i o n s , b u t a s a g r o u p 

t h e y b e c a m e agen t s o f a u t o n o m o u s p rog ress . 
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Iron hardware lor wooden' structures ( 1 8 3 7 ) 

W h e n w e n o l o n g e r l o o k a t a n o r g a n i c b e i n g 

a s a s a v a g e l o o k s a t a s h i p , a s s o m e t h i n g 

w h o l l y b e y o n d h i s c o m p r e h e n s i o n ; w h e n w e 

r e g a r d e v e r y p r o d u c t i o n of n a t u r e a s o n e 

w h i c h h a s h a d a l o n g h i s t o r y ; w h e n w e c o n ­

t e m p l a t e e v e r y c o m p l e x s t r u c t u r e a n d 

i n s t i n c t a s t h e s u m m i n g u p of m a n y c o n ­

t r i v a n c e s , e a c h u s e f u l t o t h e p o s s e s s o r , in 

t h e s a m e w a y a s a n y g r e a t m e c h a n i c a l 

i n v e n t i o n i s t h e s u m m i n g u p of t h e l a b o u r , 

t h e e x p e r i e n c e , t h e r e a s o n , a n d e v e n t h e 

b l u n d e r s o f n u m e r o u s w o r k m e n ; w h e n w e 

t h u s v i e w e a c h o r g a n i c b e i n g , h o w f a r m o r e 

i n t e r e s t i n g - I s p e a k f r o m e x p e r i e n c e - d o e s 

t h e s t u d y of n a t u r a l h i s t o r y b e c o m e ! 

Char les Darwin, Origin of the Species ( 1 8 5 9 ) 

Iron bridge. Coalbrookdale. England 
Abraham Darby III iron rounder ( 17 79) 

Bridge near Canestota Station. Now York. Charles Hilton ( 1 8 6 4 ) 

S i g f r i e d G i e d i o n o b s e r v e d f i f t y y e a r s a g o t h a t 

' e v o l u t i o n is n o w u s e d i n t e r c h a n g e a b l y w i t h 

p r o g r e s s , " a n d t h i s i s s t i l l t r u e . 1 ' B r i d g e s a n d 

b u i l d i n g s a r e a l w a y s b e c o m i n g m o r e s o p h i s t i ­

c a t e d ; s t e e l is s u p e r i o r to i r o n , w h i c h is s u p e r i o r 

t o w o o d . T h e s o c i a l D a r w i n i s t c o n c e p t i o n o f e v o ­

l u t i o n p r e s u p p o s e s t h a t t h e e v o l v i n g o b j e c t o r 

s y s t e m is h e a d i n g t o w a r d a g o a l o f i m p r o v e ­

m e n t . " I t r e i n f o r c e s p o p u l a r b e l i e f i n t h e 

a u t o n o m y a n d i n e v i t a b i l i t y o f t e c h n o l o g i c a l 

d e v e l o p m e n t - a h i s t o r y i n w h i c h t h i n g s k e e p 

g e t t i n g b e t t e r . 

B u t t h e r e is n o i d e a l b u i l d i n g o r b r i d g e 

d e s i g n ; t h e r e a r e a l w a y s m a n y c h o i c e s . 

D e s i g n e r s m u s t c o n f r o n t a t e c h n o l o g i c a l ( a l s o 

k n o w n a s a c u l t u r a l , p h y s i c a l , e c o n o m i c , po l i t i ­

c a l ) e n v i r o n m e n t t h a t t h e y i n t e r p r e t a n d m a n i p ­

u l a t e to m a k e a n i n v e n t i o n s u c c e e d . F o r a n 

a r c h i t e c t , i t i s a m a t t e r , a s L e C o r b u s i e r p o i n t e d 

o u t . o f f i r s t f o r m u l a t i n g t h e q u e s t i o n . " 

T H E N A T U R E L E S S N E S S O F M A T E R I A L S 

I n o r d e r to e x p l a i n b r i d g e d e v e l o p m e n t , h i s t o r i ­

a n s h a v e c l a s s i f i e d b r i d g e s b y a p p e a r a n c e : by 

t y p e s o f f o r c e s ( t e n s i o n o r c o m p r e s s i o n ) ; by 

d e s i g n e r ( h e r o - g e n i u s ) ; by l o c a t i o n : b y s i z e ( t h e 

b i g g e r t h e b e t t e r ) : by c h r o n o l o g y ( i n w h i c h ' f i r s t s ' 

a r e a l l - i m p o r t a n t ) : a n d by m a t e r i a l . T h e i d e a s 

b e h i n d t h e s e c l a s s i f i c a t i o n s a r e r a r e l y e x a m i n e d . 

S i z e a n d s c a l e a r e o n l y t w o o f m a n y m e a s u r e s o f 

s i g n i f i c a n c e , a n d c h r o n o l o g y m a y r e v e a l l i t t l e 

a b o u t k i n s h i p . G r o u p i n g by m a t e r i a l , a p r a c t i c e 

t a k e n f r o m e n g i n e e r i n g t e x t b o o k s , m a y r e s u l t i n 

s k e w e d c o n c l u s i o n s : o n e finds p r o n o u n c e m e n t s 

s u c h a s . ' t h e i r o n t r u s s c a m e s o o n a f t e r t h e i r o n 

a r c h . ' ' - A n e x a m i n a t i o n o f d e s i g n c o n c e p t i o n s 

r a t h e r t h a n m a t e r i a l m a n u f a c t u r e r e v e a l s t h a t t h e 

r e l a t i o n s h i p b e t w e e n a n i r o n a r c h b r i d g e a n d a n 

i r o n t r u s s b r i d g e w a s n o t d i r e c t . B e f o r e c h a i n i n g 

s y s t e m s t o g e t h e r , o n e m u s t u n d e r s t a n d t h e r e a ­

s o n s b e h i n d t h e i r e m e r g e n c e . 

T h e f a c t t h a t a b r i d g e w a s 100 p e r c e n t i r o n is 

no t_ n e c e s s a r i l y s i g n i f i c a n t f o r t h e h i s t o r y o f 

s t r u c t u r e s . I n f a c t , t h e first ' a l l - i r o n ' b r i d g e s 

m a y be c o n s i d e r e d t h e l e a s t i n t e r e s t i n g , b e c a u s e 

t h e y w e r e i m i t a t i o n s o f e x i s t i n g s t r u c t u r e s . T h e 

s o - c a l l e d first ( c a s t - ) i r o n b r i d g e , b u i l t i n 

C o a l b r o o k d a l e . E n g l a n d , a r o u n d 1 7 7 9 . w a s b a s e d 

o n s t o n e c o n s t r u c t i o n , w i t h d e t a i l s t h a t d u p l i ­

c a t e d w o o d c o n n e c t i o n t e c h n o l o g y . Y e t t h i s 

• f i r s t ' h a s b e e n t r u m p e t e d a s a r e m a r k a b l e 

B r i t i s h a c h i e v e m e n t a n d m a j o r a d v a n c e i n 

b r i d g e b u i l d i n g f o r t w o h u n d r e d y e a r s . W h i l e it 

m a y h a v e s e r v e d a s a n i n s p i r a t i o n , t h i s w a s a n 

a d v a n c e i n s o m e r e s p e c t s s i m i l a r to t h e s u b s t i t u ­

t i o n o f m e t a l f o r w o o d i n d o o r k n o b m a n u f a c ­

t u r e . C o a l b r o o k d a l e is a m o n u m e n t to t h e b e l i e f 

t h a t i r o n m a d e c i v i l e n g i n e e r i n g m o d e r n . " 

B u t h e r e is a s h o c k : a c r i t i c a l s e l l i n g p o i n t o f 

t h e l a t t i c e b r i d g e w a s t h a t n o i r o n w a s u s e d . 

A l t h o u g h T o w n s l a t e d t h a t t h e w h o l e b r i d g e 

c o u l d be b u i l t i n i r o n , h e d e l i b e r a t e l y i n v e n t e d 

a n d b u i l t b r i d g e s t h a t i n c l u d e d n o i r o n . I t w a s 

m a d e o f u n i f o r m s i z e p a r t s : p l a n k a n d w o o d e n 

p e g s . I r o n w a s c o n s i d e r e d a d i s a d v a n t a g e r a t h e r 
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t h a n s o m e t h i n g p o s i t i v e - it w a s e x p e n s i v e , 

d i f f i c u l t to m a n u f a c t u r e , i t f a i l e d w i t h o u t w a r n ­

i n g , a n d i t r u s t e d . A n e s s e n t i a l p a r t o f t h e 

s o l u t i o n to e a r l y - n i n e t e e n t h - c e n t u r y b r i d g e 

d e f i c i e n c i e s a n d a k e y to t h e m o d e r n i z a t i o n o f 

b r i d g e b u i l d i n g l ay i n t h e d e v e l o p m e n t o f a 

s t r u c t u r a l s y s t e m - i n w o o d . 

T h e l a t t i c e s y s t e m , m o r e o v e r , w a s g r e a t e r 

t h a n t h e s u m o f i t s w o o d e n p a r t s : t h e s i d e s o f 

t h e b r i d g e c o u l d be bu i l t o n l a n d a n d s u b s e ­

q u e n t l y m o v e d i n t o p o s i t i o n . T h i s p r e f a b r i c a t i o n 

s a v e d t i m e a n d m o n e y n o t j u s t i n t h e b u i l d i n g 

o f o n e b r i d g e , b u t i n t h e c o n s t r u c t i o n a n d m a i n ­

t e n a n c e o f t h o u s a n d s . T h e l a t t i c e b r i d g e a s a n 

e p o c h a l i n d u s t r i a l s t r u c t u r a l d e s i g n , h o w e v e r , 

w e n t u n r e c o g n i z e d b y h i s t o r i a n s . A n i m p o r t a n t 

r e a s o n f o r i t s d i s m i s s a l w a s i t s m a t e r i a l . I n t h e 

i r o n a g e . a ' w o o d e n b r i d g e ' w a s a s p e c i e s l o w o n 

t h e e v o l u t i o n a r y s c a l e o f e n g i n e e r i n g . It h a r d l y 

m e r i t e d m e n t i o n : 

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. " 

S o b e g a n a d i s c u s s i o n o f i r o n t u b u l a r b r i d g e s 

b y S t e p h e n P. T i m o s h e n k o , p r o f e s s o r o f e n g i ­

n e e r i n g m e c h a n i c s a t S t a n f o r d U n i v e r s i t y w h e n 

h e w r o t e History of Strength of Materials ( 1 9 5 3 ) . 

a s t a n d a r d r e f e r e n c e o n t h e s u b j e c t . Y e t t h o u ­

s a n d s o f r a i l r o a d b r i d g e s w e r e b u i l t o f w o o d . 

T i m o s h e n k o r e p r e s e n t s w o o d a s a m a t e r i a l o f 

t h e p a s t , t h e s t u f f o f c r a f t , p r o v i s i o n a l a n d c h e a p , 

a l t h o u g h h e d o e s n o t e t h a t e a r l y m e t a l b r i d g e s 

w e r e ' s i m i l a r ' to e x i s t i n g w o o d e n o n e s . " 

T h e c l a s s i f i c a t i o n s ' w o o d e n ' a n d ' i r o n ' i n 

t h i s c o n t e x t r e q u i r e r e - e x a m i n a t i o n , b e c a u s e 

m a n y o f t h e m o s t w e l l - k n o w n ' w o o d e n b r i d g e s ' 

o f t h e e i g h t e e n t h a n d n i n e t e e n t h c e n t u r i e s 

h a d t o n s , l i t e r a l l y t o n s , o f i r o n , i n t h e f o r m o f 

c r i t i c a l p a r t s s u c h a s b o l t s , s t r a p s , a n d s u s p e n ­

s i o n r o d s . I r o n p l a y e d a n i n t e g r a l r o l e i n 

t h e s e b r i d g e s , j u s t a s w o o d w a s 

d e s i g n o f ' a l l - i r o n ' b r i d g e s . 

B u i l d e r s s e e s a w e d b e t w e e n 1 

A r o u n d m i d - c e n t u r y , t h e N e w 

R a i l r o a d d e c i d e d to r e p l a c e i t s i n 

w o o d e n o n e s a f t e r t h e c o l l a p s e o 

p a t e n t e d by N a t h a n i e l R i d e r ; i t 

r a i l r o a d o w n e r s ' f i n a n c i a l i n t e r e 

s o m e t h i n g to d o w i t h it. 1 ' ' I n ; 

a c t i o n , t h e C o m p a g n i e d e l 'O i 

r e p l a c e d i ts w o o d e n a r c h b r i d g e : 

a r c h e s , i n o r d e r to s e c u r e t h e m a j 

( T h e o a k a n d p i n e a r c h b r i d g e a t i 

w h i c h c a r r i e d t h r e e i m p o r t a n t r a 

r e q u i r e d m a j o r r e i n f o r c i n g a n 

d u r i n g p o l i t i c a l u p h e a v a l o f 1841 

l o c a l m o v e m e n t s i n w h i c h ' e v o l 

t e r e d p o l i t i c s a n d n o t i n f r e q u e 

w e n t i n t o r e v e r s e . B y 1 8 5 4 , w 

b a n n e d f o r r a i l w a y s i n t h e C 

a l t h o u g h s o m e e n g i n e e r s c o n t i r 

a n d b y 1 8 6 3 . b o t h w o o d a n d 

b e e n ' r e m o v e d f r o m t h e f i e l d ol 

t h e f o r m e r b y n e g a t i o n , a r 

by d i r e c t c o n d e m n a t i o n . ' ' ' I n f l a : 

m a i n t e n a n c e i s s u e s w e r e ' o b v i o 

r e j e c t w o o d , a l t h o u g h o n l y a s o 

c o n d i t i o n s : o n e h i s t o r i a n r e p o r t 

r a i l w a y b r i d g e s w e r e c o m m o n 

S t a t e s u n t i l t h e 1 8 9 0 s . ' -

A s w o o d e n b r i d g e s w e r e r e j e c 

w a y s , t h e i m p o r t a n c e o f t h e t y p t 

r e q u i r e d to b u i l d w i t h w o o i 

B e c a u s e w o o d f a i l s w i t h f o r e w a . 

p e n t e r c o u l d l e a r n t h r o u g h o b s e n 

i n g h i s o w n w o r k . T h e e n g i n e e r 

n o t o r d i n a r i l y h a v e t h i s o p p o r t 

i r o n b r e a k s w i t h n o o r l i t t l e w a i 

n o t l e n d i t s e l f to d i r e c t e v a l u a t i t 

m o r e d e p e n d e n t o n t h e m a n u f a c t 

e m a t i c a l c a l c u l a t i o n f o r t h e s( 

b r i d g e . T h e m a n u f a c t u r e r b e c a r 

f o r c r e a t i n g a m a t e r i a l w h i c h m e t 



d a r d ; t h i s s t a n d a r d w a s e s t a b l i s h e d by t e s t i n g , 

w h i c h u s u a l l y w a s d o n e i n d e p e n d e n t l y o f t h e 

b r i d g e d e s i g n e r . T h i s ' l i b e r a t i o n ' o f e n g i n e e r s 

f r o m t h e m a t e r i a l w a s a n i m p o r t a n t f a c t o r i n 

a l l o w i n g t h e m a s s - c o n s t r u c t i o n o f b r i d g e s . - ' 

T h e p r o f e s s i o n a l i z a t i o n o f e n g i n e e r i n g c o i n ­

c i d e d w i t h t h e d e v e l o p m e n t o f s t r u c t u r a l 

w r o u g h t i r o n . " E n g i n e e r s i m b u e d i r o n w i t h t h e 

a u r a o f p r o g r e s s a n d s c i e n c e , a n d i t w a s u p o n 

i r o n a n d t h e m e t h o d s o f a n a l y s i s d e v e l o p e d a t 

t h e t i m e o f i r o n ' s i n t r o d u c t i o n t h a t e n g i n e e r s 

m a i n t a i n e d t h e i r s t a t u s . T h e ' e v o l u t i o n a r y ' s u b ­

s t i t u t i o n o f i r o n f o r w o o d i n s t r u c t u r e s w a s 

a c c o m p a n i e d b y t h e l o w e r i n g o f t h e s t a t u s o f t h e 

c a r p e n t e r - a n d t h e r a i s i n g o f t h e s t a t i o n o f t h e 

i r o n e n g i n e e r , w h o p o s s e s s e d a d i f f e r e n t k i n d 

o f k n o w l e d g e . A s h i s t o r i a n J o a c h i m R a d k a u 

e x p l a i n s , c r a f t s m a n s h i p a n d f e e l i n g f o r m a t e r i ­

a l s w e r e s t i l l i m p o r t a n t , b e f o r e i r o n a n d i n d u s ­

t r i a l b u i l d i n g a n d a f t e r , b u t w i t h i r o n ' h u m a n 

s k i l l w a s p u s h e d to t h e e d g e o f t h e t e c h n o l o g i s t s ' 

c o n s c i o u s n e s s . ' - ' E n g i n e e r s k n e w , i n a n y c a s e , 

t h a t to m a i n t a i n t h e i r p r o f e s s i o n a l s t a t u s , t h e y 

n e e d e d to d i s t i n g u i s h t h e m s e l v e s f r o m t h e f a b r i ­

c a t o r s a n d c o n t r a c t o r s w h o s e p a r t i c i p a t i o n i n 

i r o n c o n s t r u c t i o n w a s e s s e n t i a l . ' 

I r o n is c o n s i d e r e d t h e c l a s s i c m a t e r i a l o f t h e 

' i n d u s t r i a l r e v o l u t i o n . ' a l t h o u g h l u m b e r w a s no 

l e s s a n i n d u s t r i a l i z e d p r o d u c t , n o l e s s t h e s t u f f 

o f ' r e v o l u t i o n . ' M a n y c o n s i d e r e d w o o d s u i t a b l e 

f o r t e m p o r a r y s t r u c t u r e s o r f o r n a t i o n s o n 

t h e o t h e r s i d e o f t h e ' g r e a t d i v i d e : ' f o r l e s s c o m ­

p l e x , l ess c i v i l i z e d s o c i e t i e s . A s h i s t o r i a n C a r l 

C o n d i t a s s e r t e d : ' W h e r e v e r w o o d w a s p l e n t i f u l 

a n d i n d u s t r i a l t e c h n i q u e s l e s s a d v a n c e d t h a n 

i n W e s t e r n E u r o p e , t i m b e r c o n s t r u c t i o n w a s 

b o u n d to be t h e n a t u r a l c h o i c e . " F o r h i m , w o o d 

f r a m i n g b e l o n g e d to a ' v e r n a c u l a r t r a d i t i o n ' - it 

w a s u n s c i e n t i f i c , p r a c t i c a l . " F r o m t h e e v o l u t i o n ­

a r y v i e w p o i n t , t h e w o o d - w i e l d i n g i n v e n t o r s , 

b u i l d e r s , a n d e n g i n e e r s w h o d e v e l o p e d o u r 

i n d u s t r i a l t e c h n o l o g i e s w e r e p r i m i t i v e s . 

T H E N A T U R E O F N A T I O N S 

T e c h n o l o g y w a s - a n d is - r e g a r d e d a s a d e f i n i n g 

e l e m e n t o f n a t i o n a l c u l t u r e . O b s e r v e r s f r o m 

E u r o p e t h e r e f o r e e x a m i n e d ' A m e r i c a n ' t e c h n o l ­

o g y a t leas t as c a r e f u l l y a s t h e y e x a m i n e d 

A m e r i c a n c i t i z e n s . L i k e t h e n a t u r a l i s t s a n d g e o l ­

o g i s t s w h o s t u d i e d N o r t h A m e r i c a n p l a n t s , a n i ­

m a l s , a n d r o c k s , e n g i n e e r s a n d e n t r e p r e n e u r s 

c a m e to t h e U n i t e d S t a t e s to e x p l o r e t e c h n o l o g y 

t h a t c o u l d be o f u s e to t h e m . T h a t a s p a r s e p o p u ­

l a t i o n h a d b u i l t a n e n o r m o u s i n f r a s t r u c t u r e 

w i t h i n a f e w d e c a d e s m a d e t h e ' n e w W o r l d ' a n 

o b l i g a t o r y o b j e c t o f s t udy . T h e m i s s i o n a r i e s o f 

i n d u s t r y w h o s t a l k e d t h e l a tes t i n v e n t i o n s w e r e 

a s m u c h t e c h n o l o g i s t s a s p r o m o t e r s , p o l i t i c i a n s , 

p r o s e l y t i z e r s . a n d p r o p h e t s . 

T h e p o l i t i c a l a n d e c o n o m i c i m p o r t a n c e o f 

t r a n s p o r t a t i o n n e t w o r k s m e a n t t h a t m a n y t e c h ­

n o l o g i c a l t o u r i s t s s c r u t i n i z e d T o w n ' s l a t t i c e 

: 

Bndue Asnieres France Karl Etzel( 1 8 3 6 destroyed !8<18) 

T h e r e is genera l l y s u f f i c i e n t e v i d e n c e to 

w a r r a n t the v i e w t h a t the e v o l u t i o n of 

bui ld ing t e c h n i q u e s , l ike o t h e r i n v e n t i v e 

a n d c r e a t i v e a c t i v i t i e s , is an o r g a n i c 

p r o c e s s . W h e n the h i s t o r i a n s u r v e y s t h e 

p a s t , all tha t he rea l ly s e e s is a n ever -

b r a n c h i n g con t inu i ty e x t e n d i n g t h r o u g h all 

the a s p e c t s of c u l t u r e . T e c h n i c a l i n v e n t i o n 

r e v e a l s the s a m e c h a r a c t e r i s t i c . It pro­

d u c e s a s e r i e s of m u t a t i o n s r a t h e r t h a n a 

f e w or ig inal c r e a t i o n s . . . T h e n a t u r e of 

i n v e n t i o n in the n i n e t e e n t h c e n t u r y a n d 

the r e q u i r e m e n t s w h i c h m o t i v a t e d it w e r e 

s u c h a s to e x h i b i t to a s t r i k i n g d e g r e e the 

o r g a n i c i n t e r r e l a t i o n s w i t h t e c h n i c a l 

p r o c e s s e s a n d b e t w e e n s u c h p r o c e s s e s 

and ut i l i tar ian d e m a n d s . 

Historian Carl Condit. American Building Art 

Nineteenth Century ( 1 9 6 0 ) 

I ..JLJL. 
- — — 

Lattice and wuuden budges ol NuMh Amer ica ( 1 8 5 0 | 

Rider's Bridge advertisement (patontnd 1 8 4 5 ) 

Busseau d Aliun Viaduct. Creuse. France. Wilhelm Nordling 
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I h a v e s e e n more beaut i fu l , g racefu l , and 

c o n v e n i e n t p l o u g h s in pos i t ive use here [in the 

Un i ted S t a t e s ) , than a re probably to be found in 

the w h o l e of E u r o p e uni ted. In th is s ing le fac t 

may be t r a c e d the h is tory of the c h a r a c t e r of the 

people , and the g e r m of the i r future g r e a t n e s s . 

J a m e s F e n i m o r e Cooper . Notions of the Americans 

Picked Up by a Traveling Bachelor ( 1 8 2 8 ) 

b r i d g e a n d p r e s e n t e d i t to a n i n t e r n a t i o n a l a u d i ­

e n c e i n p r o f e s s i o n a l b o o k s a n d j o u r n a l s . B y t h e 

l a t e 1 8 3 0 s , e n g i n e e r s h a d b e g u n to b u i l d l a t t i c e 

b r i d g e s i n F r a n c e . E n g l a n d , R u s s i a . A u s t r i a -

H u n g a r y . P r u s s i a . H o l l a n d , a n d I r e l a n d . - ' 

A s t h e U n i t e d S t a t e s a n d t h e s t a t e s o f 

W e s t e r n E u r o p e t r a n s f o r m e d t h e m s e l v e s i n t o 

i n d u s t r i a l p o w e r s , t h e e x c h a n g e o f i d e a s a l l o w e d 

a s c a l e o f t e c h n o l o g i c a l d e v e l o p m e n t t h a t w o u l d 

no t h a v e o c c u r r e d i n o n e c o u n t r y a l o n e . B u i l d i n g 

t e c h n o l o g i e s f l o u r i s h e d w i t h i n a r e c i p r o c a l r e l a ­

t i o n s h i p : e x c h a n g e o f i n f o r m a t i o n i n t h e s e 

f i e l ds w a s e s s e n t i a l f o r t h e i r d e v e l o p m e n t , a n d 

t h e i r d e v e l o p m e n t h e l p e d e x c h a n g e to o c c u r . 

T h e n e t w o r k s o f r o a d s a n d b r i d g e s e s s e n t i a l 

f o r t r a n s p o r t a t i o n , c o m m u n i c a t i o n s , d e f e n s e , 

a n d t r a d e w e r e c e n t r a l to t h e p h y s i c a l a n d c o n ­

c e p t u a l c o n s t r u c t i o n o f n a t i o n h o o d . D e s p i t e - o r 

b e c a u s e o f - t h e t r a n s n a t i o n a l c h a r a c t e r o f t e c h ­

n o l o g i c a l d e v e l o p m e n t , n a t i o n s e r e c t e d n a t i o n a l 

i d e n t i t i e s a l o n g w i t h t h e i r b r i d g e s . 

M a n y h i s t o r i a n s w h o h a v e e x a m i n e d b u i l d ­

i n g h a v e t r a n s m i t t e d n a t i o n a l i s t i c v i e w s w i t h 

l i t t l e i n t e r f e r e n c e . T h e y u s e d t h e t e c h n o l o g y 

t r a n s f e r c o n c e p t to c h a r a c t e r i z e i m p e r i a l i s t i c 

a c t i v i t y a s w e l l a s e x c h a n g e b e t w e e n t e c h n o l o g i ­

c a l c o l l e a g u e s i n A m e r i c a a n d E u r o p e . T r a n s f e r ' i s 

b a s e d o n t h e i d e a o f t e c h n o l o g i c a l f i r s t s t h a t 

a c q u i r e g r e a t s i g n i f i c a n c e w i t h i n a n e v o l u t i o n a r y , 

n a t i o n a l i s t i c s c h e m e . A s a c o n d i t i o n f o r t r a n s f e r , 

t h e ' f i r s t i r o n b r i d g e ' e x i s t e d i n a p a r t i c u l a r l y 

i n v e n t i v e c u l t u r e , a n d b e a r s t h e m a r k o f t h a t c u l ­

t u r e ' s ' c h a r a c t e r ' o r ' s t y l e . ' W h e r e t h e ' f i r s t ' 

o c c u r r e d , h o w e v e r , is o f t e n a m a t t e r o f c h a n c e ; 

f o r e x a m p l e t h e ' f i r s t i r o n b r i dge . " b u i l t i n 

E n g l a n d , w a s p r e c e d e d b y o t h e r s , i n c l u d i n g o n e 

o v e r t h e R h o n e i n L y o n , a p r o j e c t t h a t w a s a b o r t e d 

a f t e r t h e e r e c t i o n o f t h e first a r c h b e c a u s e o f 

cos t . ' " W h e n C o n d i t w r o t e t h a t ' t h e p r a c t i c a l i r o n 

t r u s s w a s i n i t i a l l y a c r e a t i o n o f A m e r i c a n b u i l d e r s 

r a t h e r t h a n E u r o p e a n . ' h e w a s t r y i n g to c l a i m 

i r o n a s a first f o r t h e U n i t e d S t a t e s . • I r o n b r i d g e s , 

h o w e v e r , w e r e n ' t c o m m o n l y b u i l t t h e r e u n t i l a 

f e w d e c a d e s a f t e r s u c h p r a c t i c e b e c a m e c o m m o n 

i n s e v e r a l E u r o p e a n c o u n t r i e s . T h e d e v e l o p m e n t 

o f t h e ' i r o n t r u s s ' w a s a n e n d e a v o r t h a t i n v o l v e d 

m a n y c o u n t r i e s - w h e r e t h e s o - c a l l e d ' f i r s t ' a l l -

i r o n t r u s s b r i d g e w a s c o n s t r u c t e d is j u s t as u n i m ­

p o r t a n t f o r t h e o v e r a l l h i s t o r y o f S t r u c t u r e s a s t h e 

fac t t h a t it w a s ' a l l - i r o n . ' 

T h e t r a n s f e r c o n c e p t r e i n f o r c e s t h e s u p p o s e d 

s e p a r a t e n e s s o f c u l t u r e s , n a t i o n s , a n d m a t e r i a l s . 

I t w o r k s w i t h t h e e v o l u t i o n a r y s c h e m e to s u p p o r t 

c l a i m s o f n a t i o n a l s u p e r i o r i t y . S t r e n g t h e n e d b y 
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O n e of the g r e a t s of F r a n c e sa id : the s ty le is the 

m a n . Isn ' t it j us t a s appropr ia te to say : the w o r k s 

are the nat ion? 

Engineer Bert ha u11 - Due r e ux ( 184 5) 

i 
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Knv ig Bridge. Ottenburg, Germany. Karl RuppeM ( 1 8 5 2 - 5 3 ) 

i i i i n i i M H i n m i i f m 

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.1-' 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. '1 

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. 

1 

5 1 -

Peacock Bridge, neai Heading. Pennsylvania. Mtincure Robinson 

( 1 8 3 9 - 4 0 ) 

! 
1 
p 

1 

i 

Lattice bridge. Philadelphia-Wilmington Railroad. South Carolina (c 1 8 3 9 ) 
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Papular Science Monthly 3 6 (Feb 1 8 9 0 ) 4 6 1 - 4 8 1 J E 
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IN R E S P O N S E 

on B U I L D I N G M Y T H S 
Steven Lubar 

Bridges are the most metaphorical and political of technologies. Bill Clinton 

wanted a bridge to the twenty-first century. Robert Moses built parkway bridges 

designed to keep buses away from the Long Island beaches. Bridges tell stories as 

well as span spaces. They shape cultures 

Gregory Dreicer argues that bridges not only shape culture, they are culture. 

They have real histories. But the history that bridge builders and engineers and 

historians of engineering have told us are more metaphors than reality. Technology 

does not evolve, iron is not necessarily more advanced than wood, there are no 

national styles. What has passed for bridge history has been little more than 

anecdotes leavened by a belief in natural selection. 

Dreicer demands that bridge history be incorporated back into human history. 

He wants us to ask: What were the choices'* What were the politics? Look for 

reasons, not for apparently obvious connections. Don't assume evolution. Look 

beyond materials, beyond nation, beyond engineering theory. Look to culture. 

Bridges may be structurally elegant, but they are as historically complex as any 

other structure. Bridge history, like all history, is messy. It is people, not equations 

and engineering elegance; and politics, not natural selection and evolution. 

Bridges have politics not only in what they span, and why they span, but also in 

how they span. They are culture as well as technology. Bridges are intercultural 

both metaphorically and structurally. Smash the divides, demystify design, defuse 

nationalism. Find bridges across time as well as bridges across space. 

Steven Lubar is a curator in the Division ol the History ol Technology at the National Museum ol American 
History. Smithsonian Institution Ho writes on the history ol technology and material culture, and is the author ol 
InlaCulture The Smithsonian Book of Information Ago Inventions 

on B U I L D I N G M Y T H S 
Mark Jarzombek 

In the past two decades, historians in many fields have given themselves the task of crit­

ically reflecting on the epistemological underpinnings of their discourse. But the project 

is not yet widely practiced among historians of technology. Gregory Dreicer is one of the 

exceptions. Already known for his path-breaking exhibitions at the National Building 

Museum, Dreicer, in this article, deals head on with the historiographic problem of how to 

write a 'history of technology.' The device that Dreicer uses to generate his critique is the 

Lattice Bridge, a bridge form which was particularly common in the mid nineteenth-cen­

tury in both the United States and Europe. Dreicer demonstrates how this bridge, when 

viewed on its own, forces us to rethink basic premises. Neither the conventional notion 

of 'evolution' nor the oft accepted idea of a 'natural progression' from wood to metal 

explain the rise and fall of this bridge type. Dreicer's goal is not to throw out the normal­

ized abstractions of earlier historiographic approaches, but rather to demonstrate that 

one has to view technology not as something that is first produced and then historicized, 

but as something which, from its inception, codifies its history around self-serving his­

torical mythologies. In other words, technology, like architecture for that matter, is never 

disinterested from its history, and this means that today's historians, struggling to define 

technology as a cultural product, have the burden of re-evaluating the legitimacy of some 

of these historical mythologies. 

Mark Jarzombek is Professor ol Architectural History in the History. Theory, Criticism Section ol the MIT School ol 
Architecture His most recent book is The Psychologizing of Modernity An. Architecture. History. 

on T E C H N O L O G I C A L T H O U G H T IS D E S I G N ' S O P E R A T I V E METHOD 
Subrata Dasgupta 

In his interesting article. Tom Peters attempts to characterize ways in which 
technological thought is distinguishable from other thought modes. In particular, he 
is interested in the contrast between 'hard.' analytical thinking which he associates 
with science.' and the soft.' intuitive, contextually situated form of thought which he 
relates to technology. In this brief review. I will only address a few of his points in 
order to present slightly different viewpoints. 

Peters believes that an important distinction between engineers and architects 
is that the former think in the abstract and analytical language and notation of 
mathematics.' while the latter draw on Visual language and graphical notation.' 
However, the long history of engineering drawing seems to belie this as a general 
characterization of the engineer; and as Eugene Ferguson has shown in Engineering 
and the Mind 's Eye (1991), despite the development of analytical theory, engineers 
of even the most recent past have continued to rely heavily on visualization and 
graphical imagery for both communication and understanding. 

Peters remarks that analytical thinkers tend to regard 'small' matters as of minor 
consequence, whereas in technological thinking, small' means small-scale' and is 
of no less importance than the large.' He correctly notes that significant engineering 
failures may originate because of small-scale flaws. However, historically, even 
normal' (a la Thomas Kuhn) science, has been often concerned with clarifying small 
details Think of the ever-increasing accuracy in measurement techniques in physics 
and chemistry, and the continuing endeavor to determine, ever-more accurately, the 
universal constants of nature. 

Peters makes the further point that technologists focus on objects' while 
scientists deal with abstractions' such as concepts and hypotheses. True, the techno­
logists' ultimate concerns are objects or artifacts. However, they also frame hypothe­
ses and form concepts. Technologists do not necessarily talk about hypotheses. But. 
as I have attempted to show in Technology and Creativity (1996). engineers and 
inventors implicitly create and test hypotheses and theories in the course of their 
work. 

The point is that technological, scientific, and architectural thinking are. in 
some important ways, disconcertingly similar, especially at the highest level of 
creativity. Yet. like Peters. I believe there is something cognitively distinct about the 
nature of people's thinking when they are doing' technology. For Peters, this 
essence is its hybrid, fluid character, and its free borrowing from other domains of 
thought. Technological thinking is pragmatic in this sense. In Technology and 
Creativity, 

I expressed a similar view using different terms. Following Michael Poianyi's notion. 
I suggested that the distinctive feature of technological thinking is the use of 
operational principles' - rules, hypotheses, procedures, heuristics, strategies, 
mental models - which are not necessarily grounded in sound theory, but which are 
considered valid so long as they work. Operational principles, thus, constitute the 
most distinguishable form of technological knowledge. 

Finally, a comment on Peters' conclusion that technological thought [is] the 
premier thought mode of our age.' My first reaction was to emphatically disagree. 
My later, more tempered, response is to take this as a provocative, interesting 
hypothesis that deserves to be examined seriously. 

Subrata Dasgupta holds the Eminent Scholar Chair in Computer Science, and is Co-Director ot the 
Institute ot Cognitive Science. University of Louisiana at Lafayette, where he is also Professor of History 
He is the author of Technology and Creativity 



IN P E R S P E C T I V E 
C U L T U R A L R E V E R B E R A T I O N S 

You be l ieve in t h e P a l a c e of C r y s t a l , e t e r n a l l y inv io lab le , tha t is in 

s o m e t h i n g at w h i c h o n e c o u l d n ' t fur t ive ly put out o n e ' s t o n g u e or 

m a k e c o n c e a l e d g e s t u r e s of de r is ion . B u t p e r h a p s I f ea r th is ed i f ice 

j u s t b e c a u s e it is m a d e of c r y s t a l a n d e t e r n a l l y inv io lab le , a n d it w i l l 

not be p o s s i b l e e v e n to put out o n e ' s t o n g u e at it in s e c r e t . 

I t 's l ike t h i s , you s e e : if i n s t e a d of a p a l a c e it w a s a h e n - h o u s e , a n d it 

b e g a n to ra in . I m ight c r e e p into t h e h e n - h o u s e s o a s not to get w e t , 

but I s h o u l d n ' t t a k e the h e n - h o u s e for a p a l a c e out of g ra t i tude 

b e c a u s e it had p r o t e c t e d m e f rom the ra in. You l a u g h ; you e v e n s a y 

tha t in tha t c a s e it d o e s n ' t m a t t e r w h e t h e r i t 's a h e n - h o u s e or a 

m a n s i o n . No. I a n s w e r , if not get t ing w e t w a s all o n e h a d to l ive for. 

But w h a t if I h a v e t a k e n it into my h e a d t h a t t h a t i s n ' t t h e s o l e 

o b j e c t of l iv ing, a n d if I h a v e to l ive, let it be in a m a n s i o n ? T h a t is my 

wi l l a n d my d e s i r e . We l l , c h a n g e it t h e n ; a t t r a c t m e by s o m e t h i n g e l s e , 

g ive m e a d i f fe rent idea l . M e a n w h i l e , I still r e f u s e to t a k e a h e n - h o u s e 

for a p a l a c e . L e t us g r a n t tha t a bui ld ing of c r y s t a l is a c a s t l e in the air, 

t h a t by t h e l a w s of n a t u r e it is a s h e e r imposs ib i l i ty , a n d tha t I h a v e 

i n v e n t e d it out of no th ing but my o w n s tup id i ty a n d c e r t a i n a n t i q u a t e d 

i r ra t ional hab i ts of my g e n e r a t i o n , B u t w h a t d o e s it m a t t e r to m e if it 

is a n i m p o s s i b i l i t y ? W h a t d i f f e r e n c e d o e s it m a k e to m e , s o long a s it 

e x i s t s in my d e s i r e s , or rather , e x i s t s w h i l e my d e s i r e s l a s t ? P e r h a p s 

you are l a u g h i n g a g a i n . L a u g h if you l ike: I w i l l a c c e p t all y o u r r id icule , 

but all the s a m e I w o n ' t s a y I've had e n o u g h to ea t w h e n I'm hungry , 

I w o n ' t be s a t i s f i e d w i t h c o m p r o m i s e , w i t h the c o n s t a n t l y recur r ing 

d e c i m a l , m e r e l y b e c a u s e it e x i s t s by the l a w s of n a t u r e a n d e x i s t s in 

reality. I wi l l not a c c e p t a s my c r o w n i n g w i s h a b lock of f l a ts for poor 

t e n a n t s on t h o u s a n d - y e a r l e a s e s a n d , in a n y c a s e , w i t h ' W a g e n h e i m , 

D e n t a l S u r g e o n ' a s the s i g n b o a r d . D e s t r o y my d e s i r e , blot out my 

idea ls , s h o w m e s o m e t h i n g better , a n d I wi l l fo l low you . P e r h a p s you 

wi l l s a y it is not w o r t h w h i l e to get i n v o l v e d ; but in tha t c a s e I c a n 

m a k e the s a m e a n s w e r to y o u . W e a re d i s c u s s i n g s e r i o u s l y ; and if you 

d o n ' t c h o o s e to h o n o u r m e w i t h your a t ten t ion , I'm not go ing to p l e a d 

w i t h y o u . 

M e a n w h i l e , I a m sti l l l iving a n d sti l l w a n t i n g - a n d m a y my h a n d 

w i t h e r if I br ing o n e br ick to the bui ld ing of tha t b lock of f la ts! D o n ' t 

pay a n y a t ten t ion to the f a c t tha t j u s t n o w I r e j e c t e d t h e p a l a c e of 

c r y s t a l for the s o l e r e a s o n that o n e w o n ' t be ab le to s t i ck o n e ' s t o n g u e 

out at i t . . . I d idn ' t s a y tha t b e c a u s e I a m s o g iven to s t i c k i n g out my 

t o n g u e . P e r h a p s I w a s a n g r y s imp ly b e c a u s e no ed i f ice a t w h i c h it is 

i m p o s s i b l e to s t i ck out o n e ' s t o n g u e is ye t to be f o u n d a m o n g all y o u r 

c o n s t r u c t i o n s . O n the o t h e r h a n d , I w o u l d let m y t o n g u e be c u t r ight 

out in m e r e gra t i tude if only t h i n g s w e r e so a r r a n g e d t h a t I n e v e r 

w a n t e d to put it out a g a i n . W h a t d o e s it m a t t e r to m e tha t t h a t k ind of 

bui ld ing is i m p o s s i b l e , a n d tha t o n e m u s t c o n t e n t o n e s e l f w i t h b l o c k s 

of f l a t s ? W h y w a s I m a d e w i t h s u c h d e s i r e s ? C a n I h a v e b e e n m a d e for 

only o n e th ing, to c o m e at l a s t to t h e c o n c l u s i o n tha t my w h o l e m a k e ­

up is no th ing but a c h e a t ? Is tha t the w h o l e a i m ? I d o n ' t b e l i e v e it. 

Do you k n o w o n e th ing , t h o u g h ? I a m c e r t a i n t h a t u n d e r g r o u n d 

peop le like m e m u s t be kep t in c h e c k . T h o u g h w e m a y be c a p a b l e of 

s i t t ing u n d e r g r o u n d for for ty y e a r s w i t h o u t s a y i n g a w o r d , if w e do 

c o m e out into the w o r l d a n d b u r s t out, w e wi l l talk a n d ta lk and talk. . . 

Fyodor Dos loyevsky Notes from Underground 
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For [ the R u s s i a n rad ica l c r i t i c Nikola i ] C h e r n y s h e v s k y , the C r y s t a l 

P a l a c e s y m b o l i z e s a d e a t h s e n t e n c e a g a i n s t 'your S t . P e t e r s b u r g s . 

L o n d o n s , P a r i s e s ' ; t h e s e c i t i es wi l l be , at b e s t , m u s e u m s of back ­

w a r d n e s s in the b r a v e n e w w o r l d . 

T h i s v i s i o n s h o u l d he lp us l o c a t e the t e r m s of D o s t o y e v s k y ' s 

quar re l w i t h C h e r n y s h e v s k y . T h e U n d e r g r o u n d M a n s a y s he is a f ra id 

of th is ed i f ice , b e c a u s e one w o u l d not be a b l e to s t i ck o n e ' s t o n g u e 

out, or to t h u m b o n e ' s n o s e , e v e n o n the sly . ' He is w r o n g , of c o u r s e , 

a b o u t P a x t o n ' s C r y s t a l P a l a c e , at w h i c h t h o u s a n d s of g e n t e e l a n d 

c u l t i v a t e d t o n g u e s w e r e s t u c k out, but r ight a b o u t C h e r n y s h e v s k y ' s ; 

w r o n g , in o t h e r w o r d s , a b o u t the W e s t e r n real i ty of m o d e r n i z a t i o n , 

w h i c h is full of d i s s o n a n c e and conf l ic t , but r ight a b o u t t h e R u s s i a n 

f a n t a s y of m o d e r n i z a t i o n a s a n e n d to d i s s o n a n c e and conf l ic t . T h i s 

point s h o u l d c lar i fy o n e of the pr imary s o u r c e s of D o s t o y e v s k y ' s love 

for the m o d e r n city, a n d e s p e c i a l l y for P e t e r s b u r g , his c i ty: th is is the 

idea l e n v i r o n m e n t for the s t i c k i n g out of t o n g u e s - t h a t is , for the 

a c t i n g out a n d w o r k i n g out of p e r s o n a l a n d s o c i a l conf l ic t . A g a i n , if 

t h e C r y s t a l P a l a c e is a den ia l of suf fe r ing , doubt a n d n e g a t i o n , ' the 

s t r e e t s a n d s q u a r e s a n d br idges and e m b a n k m e n t s of P e t e r s b u r g 

a re p r e c i s e l y w h e r e t h e s e e x p e r i e n c e s a n d i m p u l s e s f ind t h e m s e l v e s 

m o s t at h o m e . 

Marshall Berman All That Is Solid Melts Into Air 
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O n [the E m p i r e S t a t e B u i l d i n g ' s ] o p e n i n g day a c a r n i v a l a t m o s p h e r e 

re igned in t h e a r e a . C l u s t e r s of p e o p l e c r a n e d the i r n e c k s to s t u d y the 

n e w s t r u c t u r e a s far a w a y a s B r y a n t Park on 4 2 n d S t r e e t . Peop le j o s t l e d 

for a c h a n c e to i n s p e c t the m a r b l e lobby a n d buy a t i c k e t to the obser ­

va t ion p la t form on the 8 6 t h floor. T h e y c r a m m e d into the e l e v a t o r s a n d 

s h o t up to the o b s e r v a t i o n d e c k , to e m e r g e f rom t h e re lat ive d a r k n e s s 

of the c a r into a n o t h e r w o r l d . T h e s u d d e n b r e a k w i t h the o rd ina ry 

c i t y s c a p e k n o w n at g r o u n d leve l c o u l d hard ly be m o r e d r a m a t i c . 

O n e m a n is q u o t e d a s s a y i n g ' C e n t r a l Park looked like a s m a l l 

p a s t u r e do t ted w i t h t iny p u d d l e s of r a i n w a t e r , ' a n o t h e r a s r e m a r k i n g 

tha t the C h r y s l e r Bu i ld ing , i ts sp i re gi lded by the s u n , a p p e a r e d s m a l l 

and l ike a toy.' Of f ic ia l v i s i t o r s . .. s a w m e n a n d motor c a r s c r o s s i n g l ike 

i n s e c t s th rough the s t r e e t s ; t h e y s a w e l e v a t e d t r a i n s tha t looked 

l ike t o y s . T h e New Yorker n o t e d B r y a n t Park is a p a n c a k e a n d the 

S t a t u e of L iber ty s o m e t h i n g to t h r o w at a c a t . ' P e o p l e s t a n d i n g on the 

o b s e r v a t i o n point felt h o w e n o r m o u s the bui ld ing w a s . a n d , by 

e x t e n s i o n , felt t h e m s e l v e s s u d d e n l y e n l a r g e d in re la t ion to the r e s t of 

the w o r l d . T h e y w e r e par t icu lar ly i m p r e s s e d to s e e tha t the s h a d o w of 

the bui ld ing s t r e t c h e d a c r o s s the E a s t R iver a n d into B r o o k l y n . ' 

T h e s u n p r o j e c t e d the i r o w n s h a d o w s j u s t a s far. E v e n in bad w e a t h e r 

the bui ld ing a t t r a c t e d v i s i t o r s . O n e repor ter for t h e New York Sun found 

h i m s e l f u n a b l e to s e e m o r e t h a n t w e n t y s t o r i e s b e l o w . S t r e e t n o i s e s 

c a m e up to h im, but h is s e n s a t i o n w a s tha t of h a v i n g b e e n w r a p p e d in 

c o t t o n bat t ing a n d s u s p e n d e d b e t w e e n e a r t h a n d sky . ' T h e in t imat ion 

tha t o n e h a s m o v e d into c l o s e r c o n t a c t w i th h e a v e n w a s a n i m p o r t a n t 

a s p e c t of the s k y s c r a p e r , e x p r e s s e d in i ts very n a m e . 

E u r o p e a n s ne i ther inven ted nor e m b r a c e d the ver t ica l city of the sky ­

s c r a p e r . E u r o p e a n s b a n n e d or res t r i c ted e lec t r ic s i g n s , and rightly s a w 

the l a n d s c a p e of T i m e s S q u a r e a s pecul iar ly A m e r i c a n . E u r o p e a n s did 

not s e e a t o m i c e x p l o s i o n s a s tour is t s i t e s . E u r o p e a n s s e l d o m j o u r n e y e d 

to s e e r o c k e t s go into s p a c e , but A m e r i c a n s w e n t by the mi l l ions. T h e r e 

is a p e r s i s t e n t A m e r i c a n a t t rac t ion to the t e c h n o l o g i c a l s u b l i m e . 

Not only is the s u b l i m e a r e c u r r e n t f igure in A m e r i c a n t h o u g h t , 

potent ia l sub l im i ty h a s a l s o jus t i f i ed the c r e a t i o n of n e w t e c h n o l o g i e s in 

the f i rst p l a c e . T h i s w a s not m e r e l y a mat te r of the ra t iona l iza t ion of 

n e w p r o j e c t s , or a s i m p l e form of c l a s s d o m i n a t i o n in w h i c h a n over ­

a w e d p o p u l a c e a c c e d e d to n e w d i s p l a y s of t e c h n o l o g i c a l p o w e r . T h e r e 

is a n A m e r i c a n p e n c h a n t for th ink ing of the s u b j e c t a s a c o n s c i o u s n e s s 

tha t c a n s t a n d a p a r t f rom t h e w o r l d and p r o j e c t i ts wi l l upon it. In th is 

m o d e of thought , the s u b j e c t e l ides K a n t i a n t r a n s c e n d e n t a l r e a s o n 

w i t h t e c h n o l o g i c a l r e a s o n and s e e s n e w s t r u c t u r e a n d i n v e n t i o n s a s 

c o n t i n u a t i o n s of na ture . T h o s e opera t ing w i t h i n th is logic e m b r a c e the 

r e c o n s t r u c t i o n of the l i fe-world by m a c h i n e r y , e x p e r i e n c e the d i s l o c a ­

t ions a n d p e r c e p t u a l d isor ien ta t ions c a u s e d by the r e c o n s t r u c t i o n in 

t e r m s of a w e a n d w o n d e r , a n d . in their e x c i t e m e n t , fee l i n s u l a t e d f rom 

i m m e d i a t e danger . N e w t e c h n o l o g i e s b e c o m e se l f - jus t i fy ing p a r t s of a 

na t iona l dest iny , j u s t a s the natura l s u b l i m e o n c e u n d e r g i r d e d the 

rhetor ic of m a n i f e s t dest iny . F u n d a m e n t a l c h a n g e s in the l a n d s c a p e 

p a r a d o x i c a l l y s e e m part of a n inevi table p r o c e s s in h a r m o n y w i th na ture , 

both passages by David E Nye The American Technological Sublime 







E M P A T H Y 

Physical forms possess a character only 
because we ourselves possess a body. If 
we were purely visual beings, we would 
always be denied an aesthetic judgement 
of the physical world. But as human beings 
with a body that teaches us the nature of 
gravity, contraction, strength, and so on, 
we gather the experience that enables us 
to identify with the conditions of other 
forms. Why is no one surprised that the 
stone falls toward the earth? Why does 
that seem so very natural to us? We cannot 
account for it rationally; the explanation 
lies in our personal experience alone. We 
have carried loads and experienced pres­
sure and counterpressure, we have col­
lapsed to the ground when we no longer 
had the strength to resist the downward 
pull of our own bodies, and that is why we 
can appreciate the noble serenity of a 
column and understand the tendency of all 
matter to spread out formlessly on the 
ground. 

both passages by Heinnch Wolfflin. 
Psychology of Architecture 
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ANCIENT GREECE 

F O R C E 

T h e i d e a of f o r c e ' h a s c h a n g e d d r a s t i c a l l y s i n c e u s a n c i e n t 

i n c e p t i o n A s e a r l y i n v e r t i o n s ot t he h u m a n m i n d , f o r c e s 

w e r e t h o u g h t to a n i m a t e t he m a t e r i a l w o r l d a n d w e r e u s e d 

to e x p l a i n n a t u r a l m o t i o n s l i ke t ida l r h y t h m s , p l a n e t a r y 

o rb i t s , a n d fa l l i ng o b j e o t a T h e r e g u l a r i t y of s u c h m o v e m e n t s 

f a s c i n a t e d t h e e a r l y G r e e k s , w h o s o u g h t t he c a u s e o l f o r c e s 

in a d i v i n e a g e n c y or in the i d e a tha t a l l m a t t e r w a s s o m e h o w 

a l i v e T h e e v e n t u a l r e m o v a l of s u c h m e t a p h y s i c a l e x p l a n a ­

t i o n s l e d to a m o r e s c i e n t i f i c a n d m e c h a n i s t i c n o t i o n of 

f o r c e , e v i d e n t in G a l i l e o ' s s t u d y of b e a m t h e o r y a n d 

N e w t o n ' s L a w s of M o t i o n N o w d i s t i l l e d in to f o r m u l a e s a n d 

p r e c i s e l y d r a w n in I r e e b o d y d i a g r a m s , l o r c e is s t i l l a m e n t a l 

a b s t r a c t i o n u s e d to d e s c r i b e m o t i o n , bu t it s h o w s l i t t le 

t r a c e s of i ts a n c i e n t r oo t s 

DEFINITIONS 

T h e Encyclopedia of Philosophy o f f e r s a d e t a i l e d h i s t o r y o l 

t he c o n c e p t of f o r c e . A br ief t ou r t h r o u g h t h i s a r t i c le t a k e s u s 

t h r o u g h a s e r i e s of h y p o t n e s e s a s to i ts n a t u r e T h e a u t h o r . 

M a x J a m m e r , b e g i n s w i t h t h i s d e f i n i t i o n 

In the most general sense, force denotes the faculty of 

action or the power to overcome a resistance In the physical 

sciences, it is that entity which changes, or tends to change, 

the state of rest or of motion of a body Consequently, it may 

also be defined as the cause of motion, or more precisely -

assuming the validity of the principle of inertia - as the cause 

of acceleration 

A f t e r p r e s e n t i n g the un i t s of m e a s u r e m e n t o f f o r c e , t he 

Encyclopedia n o t e s that f o r ce in na tu ra l p h i l o s o p h y r e f e r r e d 

to a c t i o n a n d e n e r g y , th is b r o a d e r de f i n i t i on t e n d e d to b lur 

t he b o u n d a r y b e t w e e n l i v ing , t h i n k i n g b e i n g s a n d the w o r l d 

o l m a t t e r 

Apart from being used in a figurative sense, such as 

force of habit.' police force.'or economic forces, the word 

force, especially in the natural philosophy of the eighteenth 

and nineteenth centuries and in the early writings on the 

principle of conservation of energy (R Mayer. H von 

Helmho/tz) signified action and energy This homonymic use 

caused considerable confusion at the time Originally taken 

as an analogy to human willpower, muscular effort, and spir­

itual influence, the concept early became projected into 

inanimate ob/ects and played an important role in ancient 

thaumaturgy. occultism, and medieval sorcery 

G r e e k p h i l o s o p h e r s p o n d e r e d ove r t he p h e n o m e n a of 

m o t i o n , a n d the i r v a r i o u s s c h o o l s o l t hough t s h a p e d e a r l y 

i d e a s of f o r c e tha t r e t u r n e d in d i f f e ren t l o r m s t h r o u g h the 

c e n t u r i e s . P r e - S o c r a t i c t h o u g h t a t t r i b u t e d q u a l i t i e s of l i v i ng 

b e i n g s to t h e m a t e r i a l w o r l d J a m m e r e x p l a i n s the i r m o d e l , 

a n d l i nks to t h i s no t i on of a n i m a t e m a t t e r P l a t o ' s i d e a of a 

w o r l d s o u l 

The early Greek hy/ozoism ol the Milesian school 

(Thales. Anaximander. Anaximenes) conceived nature as a 

living, animated, and self-moving being, and consequently 

did not see a problem in the origin of motion The concept of 

force gained prominence only with Heraclitus' doctrine of 

opposing tensions, according to which force is a primary 

constituent of physical reality and a regulative element in the 

universe. In Empedocles' philosophy of love f p h i l i a j and strife 

/ n e i k o s / forces, although still conceived in analogy to human 

affections, became efficient causes ot change and motion 

In spite ol the fact that Plato's natural philosophy relegates 

the principle of motion ultimately to the existence of a world 

soul and corresponds in this respect to early hylozeism 

rather than to the dynamistic teachings of Empedocles and 

Anaxagoras. the term d y n a m i c , signifying not only transitive 

activity but also passive susceptibility or receptibility. plays 

an important role in his doctrine. 

ARISTOTLE 

A r i s t o t l e ' s r e v i s i o n of P l a t o led to a m o r e m e c h a n i c a l a n d 

d y n a m i c m o d e l B u t l i ke P l a t o A r i s t o t l e s a w f o r c e a s o c c u r ­

r i ng t h r o u g h m a t e r i a l c o n t a c t T o e x p l a i n fa l l i ng a n d r i s ing 

o b j e c t s , h e c l a s s i f i e d o b i e c t s a s n a t u r a l l y g r a v e ( h e a v y ) or lev-

i t a s ( l i gh t ) a n d a s h a v i n g a n a t u r a l p l a c e 

Although Aristotle, in his conception of nature as 

physic, still recognized the Platonic notion of force as 

something inherent in matter, in D o C a e l o he also 

approached the formulation of a more mechanical concep­

tion ol force as a physical emanation from one substance to 

another through push and pull bodies affect each other and 

generate motion in extraneous ob/ects This Aristotelian 

notion of emanating kinematic effects, although restricted 

to contiguous modes of action, is the first instance of the 

modern dynamical conception of force 

STOICS 

T h e n e x t m o d e l of l o r c e c o m e s f r o m t h e S t o i c s , w h o c o n ­

c e i v e d of a n a l l - p e r v a d i n g s u b s t r a t u m c a l l e d t he p n e u m a I ts 

f u n c t i o n w a s the g e n e r a t i o n of t he c o h e s i o n o l m a t t e r a n d 

g e n o r a l l y of t h e c o n t a c t b e t w e e n al l p a r t s o l t h e c o s m o s ' T h e 

S t o i c s r e i e c t e d a n y poss ib i l i t y of a v o i d w i t h i n t he c o s m o s 

P n e u m a h a d d y n a m i c q u a l i t i e s a n d a l s o c o m p o s e d the co l ­

l e c t i v e b r e a t h a n d s o u l of a l l o r g a n i s m s A c c o r d i n g to 

J a m m e r , S t o i c i d e a s i n f l u e n c e d the p h y s i c a l i d e a of f o r ce by 

p r o v i d i n g the m o d e l o l the l o r c e f ie ld 

With Posidonius investigations at Gades of the connec­

tion between the tides and the movements of the sun and 

the moon and his doctrine of a universal tension, the concept 

of force was generalized as something able to pervade all 

space. Stoic philosophy thus abandoned the Aristotelian 

restriction of an immediate linkage between the mover and 

the moved, and conceived force as a mutual correspon­

dence of action between objects, even when the objects 

were separated m space In fact, the Stoics were probably 

the first to formulate the idea of a field of forces and to 

regard the universe as a vast system ruled by the interaction 

ol forces 

M e d i e v a l p h i l o s o p h y l a rge l y a d h e r e d to t he A r 

m o d e l of f o r c e A f e w t h i n k e r s w e r e m o v e d b y N e c 

i d e a s , a n d s a w f o r c e s a s e n t i t i e s tha t c o u l d de t ; 

o b j e c t s a n d b e p r o p a g a t e d t h r o u g h s p a c e T h e Ency 

te l ls u s tha t o n e m e d i e v a l A r a b i c t r ea t i se . a l -K ind i ' : 

Tides h e l d t h a i f o r ce c o u l d b e p r o p a g a t e d by m e a n 

c a l r a y s , a t h e o r y c o n d u c i v e to a s t r o l o g i c a l e x p l 

E a r l y i n t he f o u r t e e n t h c e n t u r y , t he S t o i c n o t i o n of 

f o r c e s w a s r e v i v e d b y o n e J o h n B u n d a n . w h o a t t r i t 

o r i g ina l c a u s e of f o r ce to t he s p i n i m p a r t e d to a l l b 

their o r i g i n a l c r e a t o r , a s J a m m e r n o t e s 

John Bundan postulates a celestial lorce whic 

ates all space and exerts its influence on physica 

However, the revolutions of celestial bodies, accc 

Bundan. are not the result of a constant activity o 

intelligence, but rather of an original rotational 

communicated to these bodies by the Creator at tl 

nmg of time 

K e p l e r r e c o n f i g u r e d the so la r s y s t e m by d i s c a r c 

m o d e l o l c i r c u l a r o rb i t s a n d c o n s t a n t s p e e d s for a r 

e l l i p t i ca l o rb i t s w i t h e q u a l a r e a s s w e p t out o v e r e q u . 

T h e r e s u l t i n g o rb i t s w e r e c o n s t a n t l y c h a n g i n g s p e e d 

v a t u r e . a n d s u c h v a r i a t i o n s s e e m e d to d e m a n d the ii 

l i on of a f o r ce in t h e h e a v e n s , a f o r c e a c t i n g cont i r 

a l ter t he p l a n e t s m o t i o n at e a c h po int in i ts o r b i t ' H e 

s u n a s t he f irst move r , a n d t hough t it u m a n a t e d a I 

c a l l e d t he a n i m a m o t n x w h i c h p u s h e d the p l a n e t s a i 

their o rb i t s H e r e i n t r o d u c e d d y n a m i c f o r c e s in to t he i 

s p h e r e , a n d c o n c e i v e d of f o r c e s bo th of p r o p u l s 

a t t r a c t i o n In t he Encyclopedia. J a m m e r p r a i s e s h i s r 

of o b s e r v a t i o n a n d d o w n p l a y s t he r e f e r e n c e s to > 

c e l e s t i a l b o d i e s 

A decisive stage in the development of the coi 

lorce was reached in Johannes Kepler's search for £ 

tative determination of dynamic activity. In his early i> 
such as the M y s t e n u m C o s m o g r a p h i c u m (1596). Ke 

refers to force as a soul animating the celestial boc 

correspondence, however, and particularly his . 

show clearly that his use of the term anima (soul) in 

mgs was merely a metaphor to express the immatei 

the principle that governs the mutual movements c 

nal bodies In 1605. Kepler was already convinced i 
force of attraction could be subjected to a mathemat 

malism. 
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NEWTON 

After Kepler, the clear formulation ol the law of inertia by 
Descartes did away with the need for a force to propel the 
planets Instead, it became necessary to explain what force 
kept the planets in their elliptical orbits rethei than travelling 
off on a straight line. Robert Hooke saw the need to combine 
inertia with an intrinsic mutual attraction between the sun 
and its orbiting planets He understood mat the same set ol 
laws governed both the falling of a stone and the movement 
of heavenly bodies toward each other, as did Newton, In the 
late seventeenth century, Newton determined the gravita­
tional formulas that underlay both the celestial motions 
described by Kepler's laws and the terrestrial motions ol 
falling ob|ects. Gravity had the appearance of an innate 
attractive force in matter, but Newton not only refrained from 
metaphysical speculation on its nature, he insisted that a 
mechanical explanation foi gravity would eventually be 
found 

Jammer 's Encyclopedia- account ol force summarizes 
Newton's three interrelated laws ol motion. 

Newton s definition ol force led to a unified treatment 

of terrestrial and celestial mechanics, and the notion of force 

became a fundamental concept of physics Whereas 

Newton s First Law of Motion or Law of Inertia, according to 

which every body, unaffected by a force, persists in a state of 

rest or of uniform motion, may be regarded as a qualitative 

definition of force (namely, as change of state of motion), the 

Second Law quantified the concept and provided a meaning 

for the notion of mass The Newtonian characterization of 

force is completed with the Third Law. which states, in 

essence, that every force manifests itself invariably in a dual 

aspect: it has a mirror-image twin. For it claims that if A acts 

on B. then B acts on A with equal magnitude in the opposite 

direction, or in other words, to every action there is always 

opposed an equal reaction. Forces, consequently, arise only 

as the result of a combined interaction of at least two enti­

ties. In a universe composed of only one body, no forces are 

conceivable 

Having thus explored the quantitative aspects of force, 

and of gravitational force in particular. Newton does not 

specify the metaphysical nature of force: as far as physical 

science is concerned, force is an ultimately irreducible 

notion. Newton s contribution may thus be regarded as the 

culmination of a conceptual development in a search for a 

quantitative determination of an otherwise obscure and 

indiscernible, yet necessary, notion 

Newton and other scientists were reluctant to subscribe 
to the idea that force of gravity could act aver a distance with 
no intermediary material Yet others considered this sort of 
explanation, reliant upon actions over a distance, to be their 
ultimate objective Phenomena such as magnetism, electric­
ity, and even capillary action were all theorized as being sub-
|ect to forces acting over distances 

BERKELEY AND HUME 

Elegant as Newton s concept was. it was subject to critique 
by eighteenth century philosophers who obiected to the 
treatment of force as a real entity when it was. they said, only 
a mental construct These pure empiricists denied any exis­
tence ol force as the cause behind events by claiming that 
there was no such thing as cause and effect at all, but merely 
a succession ol events in time They doubted the reality of 
causal constructions and the so-called laws of nature ' Our 
source continues 

The main criticism of the Newtonian conception of 

force from the philosophical point of vievj, however, was 

directed against the hypostati/ation of force as a metaphys­

ical entity of an autonomous onto/ogical status Berkeley, in 

Ins De Motu ^On Motion. I 72 I) opposed this approach and 

viewed the notion ol force as a convenient auxiliary fiction 

with which to work: for the notion had the same status m sci­

ence as tho concept of epicycle has in astronomy Terms like 

force, gravity, and attraction, he admitted, are convenient for 

purposes of reasoning or computation, for an understanding 

of the nature of motion itself however. Berkeley regards 

them as wholly irrelevant. They should not lead us to the fal­

lacy that they could throw any light on the real efficient 

causes of motion, for the only objective of physical science is 

the establishment of the regularities and uniformities ol nat­

ural phenomena, to account for particular phenomena 

means reducing them under, and strewing their conformity 

to. such general rules ('Sins. 1744) Hume. Pierre de 

Maupertuis. and especially the early proponents of modern 

positivism. followed Berkeley m asserting that force is 

merely a construct in the conceptual scheme ol physics and 

that it should not be confounded with metaphysical causal­

ity Most radical in this respect was Mach's antimetaphysical 

altitude, in accordance with which he tried to divest mechan­

ics ol all conceptions of cause and force and to adopt a 

purely functional point of view.... Ernst Mach identified force 

with the product of mass and acceleration and thus reduced 

it to a purely mathematical expression relating certain mea­

surements of space and time 

But even after this process of purification and divest­

ment of a/I causal or teleological implications, the concept of 

force was not eliminated from the conceptual scheme of 

physics. Its methodological justification lies in the fact that it 

enables us to discuss the general laws of morion irrespective 

of the particular physical situation with which these motions 

are associated. In contemporary physics the concept plays 

somewhat the same role as does the middle term in the tra­

ditional syllogism, it is a methodological intermediate in 

terms of which we can study the kmematical behavior ol a 

physical body independent of the particular configuration m 

which it is found 

REID AND JAMES 

That critical attitude toward force, initiated bv Berkeley and 
Hume and continued by the positivist thinkers, removed any 
trace of causal or teleological explanations Yet they opened 
up new explorations: since lorces were no longer seen as a 
real agents of cause and effect, the only place they could still 
be investigated was the same place they originated, within 
human consciousness Philosophy turned toward mental and 
bodily perceptions in the early twentieth century Our source 
concludes this history of force with an account of its retreat 
into the physiological and psychological realm 

The first to deal at length with this problem was 

Thomas Reid. Hume s immediate successor and founder of 

the Scottish school He derived the concept of force from 

the consciousness we have ol operations ol our own mind, 

and especially from the consciousness of our voluntary exer­

tions in producing effects. Reid concluded that if we were 

not conscious of such exertions, we would not have lormed 

any conception of force and consequently would not have 

projected its notion into nature and the changes in it which 

we observe. Kant's younger contemporary. Maine de Biran. 

considered our own will as the source of the notion of force: 

in his view, the resistance to muscular effort felt in the case 

of voluntary activity makes us aware that certain actions are 

not involuntary acts, but the results of our ego as a source of 

force From the twofold nature of the ego as an individual 

source of action and as inseparably united to a resisting 

organism, we acquire the universal and necessary notion of 

force While 'he Berkeley-Hume criticism led almost to the 

exclusion of the concept of force from science and natural 

philosophy, at the same time it supplied to the more psycho­

logically and physiologically oriented philosophy important 

arguments to oppose such elimination For it was claimed 

that the concept of force stands in the same relation to the 

sensation ol muscular effort as the concept of motion to 

visual perception, and science without the concept ol 

motion is inconceivable 

Moreover, if one kind of sensation is to be pre/erred to 

the others, i: should certainly be muscular sensation, the 

nearest to the psychological experience of volition. Even 

William James, who. in The Feeling of Effort, m Collected 
Essays and Reviews f 1920). rejected the so-called feeling ol 

innervation and opposed the view that the resistance to our 

muscular effort is the only sense that brings us into close 

contact with reality, contended that reality reveals itself in 

the form of force like the force of effort which we exert our­

selves. The concept of force, according to James, thus 

remains one of those universal ideas which belong ol neces­

sity to the intellectual furniture of every human mind 

FORCE AND EMPATHY 

This brings us finally back to architecture for as observers 
and inhabitants of structures, we are aware of the forces 
acting on them Heinnch Wolfflin's theory of empathy, which 
claims we share with the architectural column a physical 
understanding oi heavy loads, is perfectly suited to the 
twentieth century's reduction ol lorce to a psychological 
phenomenon 

Sharon L Joyce 

Jammer Max 'Force. Tlw Encycluppdm ol Philosophy 1967. Ill, 

p 2 0 9 - 2 1 2 

Sambursky S T h e Dynamic Continuum, Physics ol the Stoics 

(Princeton Pnrceton University Press 1959 ) pp 1-2 

Kuhn. Thomas 5 The New Urnvorse. The Copernican Revolution 

(Cambridge Harvard University Press. 1957 ) p 2 4 5 - 9 
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P E R S P E C T A 

Q U E S T I O N S 

N E W R E F L E C T I O N S 
THE E D I T O R S S U R V E Y E D A G R O U P 

O F E X P E R I E N C E D A R C H I T E C T S TO 

G E T A P I C T U R E O F H O W S T R U C T U R E 

IS A D D R E S S E D IN C U R R E N T P R A C ­

T I C E W H A T F O L L O W S A R E F I V E O F 

T H E R E S P O N S E S W E R E C E I V E D 

' T H E F U S I O N OF S T R U C T U R A L F U N C T I O N AND A B S T R A C T 

F O R M C R E A T E S A KIND O F B U I L D I N G T H A T IS S O F U N ­

D A M E N T A L L Y R IGHT THAT M O S T O T H E R A R C H I T E C T U R E 

S E E M S S U P E R F I C I A L B E S I D E IT. ' A D A L O U I S E H U X T A B L E 

IN PIER LUIGI NERVI. 1 9 6 0 . DO Y O U A G R E E ' E L A B O ­

R A T E . IF Y O U DO NOT A G R E E . DID Y O U E V E R A G R E E ' 

A N D W H Y H A S Y O U R V I E W C H A N G E D ? 

AT W H A T S T A G E IN T H E D E S I G N P R O C E S S DO Y O U 

C O N S I D E R S T R U C T U R E ? D O E S IT S H O W UP IN N A P K I N 

S K E T C H E S ? H O W D O E S T H I N K I N G A B O U T S T R U C T U R E 

C O N T R I B U T E TO T H E D E S I G N P R O C E S S ? 

A S Y O U R K N O W L E D G E O F C O N S T R U C T I O N I N C R E A S E S . 

DO Y O U R I D E A S A B O U T S T R U C T U R E B E G I N TO C O M E 

F R O M D I F F E R E N T P L A C E S ? H O W A R E Y O U R S K E T C H E S 

O F S T R U C T U R A L S Y S T E M S D I F F E R E N T F R O M T H O S E 

Y O U M A D E A S A L E S S E X P E R I E N C E D B U I L D E R ' 

W H E N D O E S T H E S T R U C T U R A L S Y S T E M H E L P TO 

S H A P E Y O U R A R C H I T E C T U R E ? D O E S T H E S T R U C T U R A L 

C O N C E P T E V E R I N S P I R E OR D I C T A T E S P A T I A L C O N F I G ­

U R A T I O N S . R A T H E R T H A N C O N F O R M TO T H E M ' 

D O E S T H E W E I G H T A N D M A S S I V E N E S S O F A S T R U C ­

T U R A L S Y S T E M . OR T H E L A C K O F IT. P L A Y A R O L E IN 

Y O U R D E S I G N P R O C E S S ' 

W H E N DO Y O U T R A N S F O R M W H A T IS C O N V E N T I O N ­

A L L Y S U P P L I E D BY S T R U C T U R A L T R A D E S 

( E . G . , A H O L L O W C O R E S L A B U S E D A S A P L E N U M ) ? 

H O W C O N C E R N E D A R E Y O U A B O U T T E C T O N I C 

L E G I B I L I T Y - E I T H E R T H R O U G H O R N A M E N T OR 

E X P O S E D C O N S T R U C T I O N ? IF Y O U V A L U E T H E E X P R E S ­

S I O N O F A S S E M B L Y ( W H E T H E R A C T U A L . F I C T I O N A L . 

OR R E P R E S E N T A T I O N A L ) P L E A S E E L A B O R A T E . 

DO Y O U H A V E A N O N G O I N G R E L A T I O N S H I P W I T H 

A S T R U C T U R A L E N G I N E E R ' H A V E Y O U E X P E R I E N C E D 

A P A R T I C U L A R L Y R I C H C O L L A B O R A T I O N ? 

AT W H A T A G E DID Y O U D E C I D E TO B E C O M E AN 

A R C H I T E C T ' L I S T T H E T O Y S Y O U L I K E D A S A C H I L D . 



D E B O R A H B E R K E R I C H A R D C L U C K M A N 

I agree with Ada Louise, but think that description 
can apply to many works of architecture and 
the work of many architects - even the ones thai 
one might not immediately think of as being 
structurally driven 

I consider structure pretty early on. I also consider 
material pretty early on. I believe they are closely 
linked. It is part of the design process because I 
don't sketch things I think are unbuildable Recently 
our work is pushing this a little but building is our 
ultimate goal in every proiect 

3 My knowledge of construction has increased but 
the size and complexity of the proiects we are doing 
has also increased, so it is hard to distinguish what 
is directly linked to experience other than experi­
ence makes one an all around better at thinking 
holistically about the project' architect 

Structural systems are coordinated with spatial 
configurations from the beginning - although space 
comes first, it's usually not by much 

5 The weight of structure is of great interest to me 
although I haven't had much opportunity to play 
with it in my work. As the buildings get bigger. I'm 
hoping to work with that potential. 

We transform whenever we can that which is 
conventionally done - but usually to make it more 
profoundly conventional, more extreme 

7 I am interested in tectonic legibility although it does 
not have to be literal to be legible. It is a motivating 
design criteria I value the expression of real assem­
bly or connections. In my early work I argued that 
was instead of ornament - I don't know how suc­
cessful I was Visible connecters may be what sepa­
rates our recent work from the more minimal mini­
malists like Pawson 

8' I have an ongoing relationship with two engineers 
Ross Dalland on small residential projects and Robert 
Silman on larger projects I don't know that I'd call 
it rich collaboration as I don't think we push their cre­
ative limits at all - but. yes. I have learned from both 
of them, and respect them immensely 

I decided to become an architect at age fourteen 
so. My childhood toys had nothing to do with it. 
walking around New York City and in particular my 
neighborhood in Queens did 

01 

The terms Structural Function and Abstract Form 
seem obsolete today In the simplest terms, it's impos­
sible not to agree with this statement. However, in light 
of the enormous changes that have taken place in the 
past few years with regard to the making of form, the 
idea that there is a direct connection between concep­
tual form and material reality must be questioned 
Conceptually, on paper, on the computer screen, new 
and totally wonderful forms can be visualized, drawn, 
even computed and calculated However, until the 
general construction industry is able to make the same 
step that architects and engineers have, the making of 
these forms will be restricted to only the most gener­
ous budgets While the chemical and physical proper­
ties of new materials are known in the lab. it may be a 
while before these materials can be utilized for their 
structural properties in the f eld. In the meantime, the 
construction and structural resolution of non-orthogo­
nal shapes will have to be done on an armature using 
small modular components 

In the middle of the scheme design, as the idea of the 
building evolves in to a volume With a small building, 
the structural idea may come earlier as an expression 
of the limits of the dimension of the space. Structure 
is as integral to the design process as thinking about 
skin or proportion 

Yes The means of defining space become less 
schematic and assume characteristics of structural or 
material ideas at an earlier phase 

Applying the appropriate structural solution to a spe­
cific spatial problem is integral to the proper design of 
the space. 

Oppositional characteristics weight and lightness, 
solid and void, light and shadow, ad infinitum, are 
a part of our architectural vocabulary which, we hope, 
gets expressed in a rational way This rational 
expression of oppositions may contribute to a repre­
sentational ambiguity. That is. structure or skin does 
not necessarily demarcate space, but can allow for an 
ambiguous definition based on layered readings of 
transparency and depth 

Using compressive material in tension or tensile mate­
rials in compression Eg Glass shingles 

Very, but not as an end in itself Tectonic clarity is 
simply the result of structural clarity This clarity can 
lead to an economy of form and, in turn, to an econ­
omy of means. 

Yes, yes We engage our engineering consultants, 
whether they are structural or mechanical, at an early 
stage in the design process The nature of designing 
buildings is too complex to separate or sequence the 
disciplines involved 

9 or 10, when my father described to me what an 
architect did Wood blocks. Erector set. Electric trains 

155 



M R S P B C T A 

T H O M M A Y N E 

1 Fundamentally rignt. in that architecture lor Pier 
Luigi Nervi was structure, in the sense that there is 
very little distance between structural logic and the 
demands of a logic of an abstraction I would sug­
gest a strategy that places a greater distance 
between the initiating concept (abstract') and the 
system of construction that accommodates and 
supports it. An architecture emerges as an expres­
sion of a dialectic between these two realities 

2 Subsequent to an elaboration of an organizational 
idea and the emergence of a language that is inte­
gral to an idea - structure is at the service of the 
broader intentions of the work (a means to an end) 

3 The changes taking place in our studio recently 
have to do with the increase in complexity and 
scale which puts new demands on 
construction methodologies. 

4 The development of an architecture at some point 
is completely integral to its materialization, its 
methods of making - seamless. Certain problem 
types (a bridge, a concert hall, a dormitory) 
place demands on a work which require an early 
involvement of a structural or constructional logic. 
In most cases, economies of repetition effect orga­
nizational or spatial qualities. But in most circum­
stances, it's the other way around - structure 
accommodating the spatial qualities of out work 

5 The desired effect of weight - the resolve of 
gravity, etc . is specific to the interpretive demands 
of the work, and not limited to the engineer's sub­
mission to economy and calculation 

6 O f ten 

7 Between 1980 and 1990. the expression of 
material and assembly was equated to an attempt 
at an authenticity After, an elaboration (maybe, 
sometimes, not always) of construction was idiosyn­
cratic to a particular condition. 

8 For fifteen years we have worked with Ove Arup & 
Partners on large projects and Joseph Perazzelli on 
smaller scale work. This collaborative environment 
(an understanding of intentions) is as essential to 
our studio as would be a cinematographer to a 
director in cinema. 

9 When I was eighteen years old Vacuum cleaners, 
lawn mower engines, small tractors, most things 
that either moved or made loud noises. 

C E S A R P E L L I 

1 Ada Louise Huxtable was exaggerating to honor Nervi 
There are many great works of architecture where the 
fusion of structural function and abstract form' is far 
from obvious or non-existent. Just think of the build­
ings of Antonio Gaudi She was also expressing, in the 
1960s. a still rather wide spread hope of a brave new 
world to be built based on science and reason Of 
course, her sentence is ambiguous enough that it can 
be made to apply to any building we admire. 

2 I start thinking about the constructibility of my designs 
from the very first moment. Structure is a component, 
sometimes a key component, of constructibility I 
avoid napkin sketches. I consider them misleading 
and. therefore, harmful to the design process We tend 
to be seduced by our own sketches and become 
attached to them while they may end up having little 
to do with the problem at hand 

3 Thinking about structure is just as important as think­
ing about function, or suitability to the site, or budget 
limits. They are all essential aspects of a project that 
need to be addressed and well resolved to have a 
good building 

4 Sometimes the structural system has to adjust to the 
forms required by a complex functional problem, for 
example, in a theater And sometimes the structure 
plays a leading role in the project, as in an airport In 
such cases, the structure may suggest spatial configu­
rations It can never lead them because spaces are 
built firstly to satisfy the physical and spiritual needs of 
people. If we make the needs of people secondary to 
the dictates of the structure, something is wrong with 
our view of the world 

s Yes. weight and massiveness sometimes are neces­
sary for purely technical reasons Sometimes they are 
desirable as part of our architectural intention 

6 We transform what is supplied by structural trades 
whenever our design requires it But if it does not. we 
prefer to leave them alone because it is cheaper if we 
do not alter them much 

7 Structural legibility is not always important I don't need 
to see the bones in a body to understand its physical 
integrity If the structure does become apparent, then I 
like it to be clear, straightforward, and not prettified 

8 We have worked very well with several structural engi­
neers Perhaps my longest association is with Charlie 
Thornton of Thornton Tomasetti in New York with 
whom we have designed several key structures that 
include the Petronas Towers in Malaysia, which have a 
very elegant and sophisticated structural system 
Charlie is very inventive and clearheaded. He also 
understands well my architectural intentions 

9 I entered the school of architecture when I was seven­
teen years old. but I did not decide to become an 
architect until I was eighteen As a child, my favorite 
toys were books 



T O D W I L L I A M S 

1 I quest ion the need to use the word abst ract . ' un less 
she is referr ing to h is O lymp ic pro jec ts in R o m e 
Nerv i 's forms a c h i e v e a h igher degree of abst rac t ion 
w h e n the requ i rements are principal ly for cover 
and con ta inment 

2 S t ruc ture is both implicit and occas iona l l y explicit in 
the ear l iest s k e t c h e s W h e n it is implicit , w e m a k e an 
effort to recogn ize its p resence 

3 I increas ing ly be l ieve that a structural sensibi l i ty 
e m e r g e s f rom forms found m nature, and I increas­
ingly trust my intuit ion 

4 T h e st ructura l s y s t e m s h a p e s cu r work very ear ly on 
T h u s the (s t ructura l ) concep t can both inspire spat ia l 
conf igurat ions a n d conf igure to t hem For examp le , 
conc re te block may be s imply unders tood a s a bear­
ing wa l l T h e n too a s ing le block and its mult iple 
might ac t pr incipal ly a s a s p a c e maker A s work 
deve lops , they should have a d ia logue O n e might 
h a v e a louder vo ice , that needn' t be pedant ic 

6 I of ten ask myself w h e t h e r or not the bui lding shou ld 
be heavy (in fact, they are a l w a y s heavy ) O n c e I k n o w 
w h e r e and h o w it is heavy, then I c a n unders tand 
w h e r e and how il might be light. 

6 It is a l w a y s t rans formed, rarely properly Your e x a m ­
ple, one I learned in schoo l , s e e m s too s impl is t ic 
W h a t the p lenum is for and h o w it is t rans formed (so 
that it m a k e s s e n s e structural ly and as an air del ivery 
sys tem) is c ruc ia l In your e x a m p l e w e m u s t recog­
nize both st ructure and air a re s y s t e m s and not 
ob jec ts Perhaps the p lenum might be cons idered a s 
part of a sys tem of s t ructure independent of any 
capac i t y for we igh t bear ing 

7 Tec ton ic legibil ity is not an end . It is one aspec t of 
mak ing remarkab le bui ldings, bui ld ings w h i c h live 
through their use . 

8 Yes. I have admi ra t ion and respect for h im. a n d a l w a y s 
enjoy meet ing wi th h im. 

9 I thought about life it) the ar ts at a n ear ly age I real­
ized arch i tec ture cou ld prov ide an end less ly r ich and 
reward ing life in co l lege Grow ing up in the first 
house in a suburb, the sur round ing s i tes w e r e my 
p layground w h e r e I en joyed toys, ca rs a s we l l a s 
dol ls, that I imag ined to be rea l 
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