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HISTORY OF STRUCTURAL DEVELOPMENT

THE STRUCTURAL [METHODS AND
MATERIALS THAT NOW DOMINATE THE
AMERICAN BUILT ENVIRONMENT ARE
SURPRISINGLY. INEW. STEEL AND
REINFORGED CONCRETE HAVE BEEN
USED N, ARCHITECTURE FOR JUST OVER
A HUNDRED YEARS, AND LARGE SUALE
(RON CONSTRUCTION 1S OhLY &
CENTURY GLDERC N THE WAKE OF THE
EXPLOSION OF MATERIAL AND MANU-
FACTURING INNOVATIONS COINCIDENT
WITH, THE INDUSTRIAL REVOLUTION
CAME A SERIES OF STRUZTURAL
INNOVATIONS THAT CONTINUED WELL
(NTO  THE TWENTIETH CENTURY,
(RON COLUMNS, ELEGANT SYSTEMS OF
REINFORUED CONCRETE, STEEL FRAMES
AND TRUSSES: CARLE INETS AND THIN
SHELL BOMES:

ALTHOUGH TORAY. WEMIGHT SEE LESS
DRAMATIC EVIDENUE OF STRUCTURAL
INVENTION, THIS ERA IS REMARKABLE
FOR THE WAYS IN WHICH POST-INDUS-
TRIAL FORMS ANO MATERIALS HAVE
BEEN REFINED AND TAKEN T EVER
INCREASING STALES. MORE SOPHISTI-
CATED ENGINEERING OF MATERIALS
ANDICUNNECTORS HAS ALLOWED FUR
HIGH STRENGTH CONCRETE AND
STEEL, STRUCTURALGLASS, LONGER
SPANS, GREATER HEIGHTS, AND INVIS-
IBLE ENCLOSURES: THOSE ARCHITECTS
AND! ENGINEERS- WHO  CHOSE To
WORK [N THE TRADITION OF USING
STRUCTURE ARTREULLY CONTINUE TO
PROPOSE AMBITIOUS SOLUTIONS T
THE PROBLEN OF RESISTING FORCE.

SUGH REFINEMENT OF TECHNIQUE WAS
MADE PDESIBLE BY YEARS OF THIAL
N0 ERROR: THIS TIME LINE PRESENTS
THE INCREMENTAL PROCESS BY WHICH
OUR PRESENT STRUCTURAL PRAGTICES
WERE - FORMED AND RECALLS THE
ASSUMPTIONS. MISTAKES: AND:IHNG-
VATIONS THAT PRUMIDED: THE FOUNDA~
TION FOR OUR CURRENT BUILBING
TECHMAOLOGIES,
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READING STRUCTURES

This 1ssue of P cfa grew out

) search lor connectior

betwee architectu

studio and the structures classroom

A

1 students at the Yale School of Architecture in the mid-14990s
my co-editor and | encountered two discussions of structural
engineenng, both taking place in the Art and Architecture

Building. which had little to do with ene another, in studios

were images and romance, and in classrooms wera numbers

and toll. Reading Structures was borne out of the apparent
impossibility of inking these two discussions. It later developed

into a body of evidence suggesting that architects can

acquire rechnic

| knowledge without being consumed by 11

and that structurgl objects are as waortl

f analy

nmy ex

analyz

ed in studio discourse, The tendency to encourage
students to look first for inspiration from broader culture betore
making architecture fosterad a dreamy treatment of structure in

school proje

Pinning up pretty xeroxes of dingibles had
become an acceptable way to understand structural shells

| came to see that the passian lor ideas that makes studio so
valuable can also blind = 11 1s gasy 1o overlook the ments of
examining structural systems and behavior as design @lements
when so many non-gquantitative, sexy theones beckon, But if the
images in the xeroxes are researched and the design and

cor

struction behind them are understood. then the seduc

may be ove zan ente

ne: structural

concept

design
When structure 1s agmutted inig

the realm of ieas. one finds

that there 1s something meaningful about gravity a

1d wind

someathing poetic about post tensioning and banding stres

When these discoveries are lollowed up with a thorough

understanding of prec

how structure works, then an image
of a building that 1s bending, straming, and alive comes into

focus in exquisite detail

It1s instructive

0 speculate on why it 1s nece

ary today to make
anargument tor the consideration of structure in the design
studio; It may be that in the rush toward other lields to iind
inspirational concepts. the physical behavior of structure is the

first part of architect left behind. The randomness witt

which architects borrow ideas 1s telling: deconstruction

chaos theory. structuralism. virtual reality. Tha h diverse

approaches have been us

so interchangably suggests that

they are only temporary vehicles for design, with few intrnsic

links to the architecture th

npears 10 develop lrom them
it s ditficult to predict the hinal success of a building based or

which acquired theory 1s said 1o have generated it or how clearly

EDITORS

the theary s understood. |f the architecture itself 1s strong

then the

shallow reading or rmsinterpretation of
an apprepriated idea s often lorgiven But an unformed or
un-integrated idea based in structural design draws criicism
because the flaws in reasoning are visible in the drawings
models, and. eventually. the building. Structure can indeed
be hmiting. but 1o turn away from il i1s 10 Miss opportunities
When carefully considerad in the context of architectural
design, structure can be manipulated, expressed, or idden

with fluency, it can contnibute to conceptual thought

In the spirit

gagement

ween disciphines. this Reading

1ssue of Perspecta examines structure tha

as been

rehitecture. Te

varying degrees, the articles
that follow share an object-onented approach: builldings and

structures are scrutinized as artifacts

read carelully An
importantcaveat to this exercise s that structures must not be
considered as 1solated products of human ingenuity but, rather
as heterogeneous products of their cultural context, embedded
inthe history of architecture and the built environment and

i turm, intimate 'y connected to the surrounding economy. legal

system. and political chmate

As editar, | learnad that the analysis and design of structure

can be the subject of heated debate as well as measured

atton. We include a written re

yonse to each article 1

show thatthere s much to discuss about structure once t

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 gamn a sense that the decisions behind structures are not

only nipe for reexamination but also well worth arguing about

Carolyn-Ann Foug
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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, wiil seldom produce good architecture. Fietro Bellusch

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 | 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 | 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. Ecro Saarinen, Eero Saarinen on His Work

| 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 Soler

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

| 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

These quotes, excep! thi Saarninen, ware taken from Paul Heyer's 1966 book Archutects on Architectire
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Thomas H. Beeby

ARD A TECHNOLOGICAL ARCHITECTURE?

THE

ILLINOIS INSTITUTE OF TECHNOLOGY COMM

The campus at the [llinois Institute of Technology
in Chicago is one of the few existing complexes in
this country that demonstrates how the dictates
of High Modernism were executed by a major
architect. Mies van der Rohe began the planning
for the new campus immediately upon his arrival
in Chicago in 1939. This commission represents
his first large scale attempt to apply his European
design experience to an American building situa-
tion. As the Director of the School of Architecture
at 11T he drew upon the curriculum of the school
and its student body to explore the conventions
and possibilities of architecture at that moment.
In 1950. the inclusion of the Institute of
Design, the school of Moholy-Nagy, into the
body of IIT as an independent design school
posed the question of the fate of the Bauhaus
legacy in Chicago. At a dinner held that year in
the Blackstone Hotel to celebrate this union,
three speakers rose to deal with the potential of
the moment. Serge Chermeyeff, the successor to
Moholy, spoke at length about the possibility of
the industrial strength of Chicago being directed
toward the development of a truly technological
architecture made of prefabricated assemblies

that would change the nature of building. Walter

Gropius, the founder of the Bauhaus, urged the
architectural profession to abandon the anti-
quated notions surrounding the idea of the archi-
tect as the lonely creative genius isolated in his
studio and turn to group decision-making prac-
tices. Mies in a characteristic manner spoke the
least and insisted on the significance of architec-
ture as a cultural and spiritual force in a world
that had apparently lost its bearing.

The three talks taken together could be
interpreted as the advanced intellectual thrust of
European Modernism about to be released on

the architectural profession in America. For that

reason the buildings being erected twenty blocks
south of this event at the [IT campus can be eval-
uated in terms of the critical positions put forth
that day, for they not only represent the inten-
tion of the architect but reflect the significant
critical forces from Europe that surrounded the
creation of this work.

The discursive writing that most directly
relates to the work of Mies van der Rohe at this
period of his career is the monograph by Ludwig
Hilberseimer, another former Master at the
Bauhaus, who provides an apologia for Mies and

his architecture. The book, Mies van der Rohe,




appears in 1956 just prior to the completion of
Crown Hall, the culmination of Mies’s work at
1IT. However. to understand Crown Hall the
wark completed earlier at the campus must be
understood, particularly those buildings that
immediately preceded Crown Hall's design.

| 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, Chermeyeff, 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 | 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

of Technology prompted me to embark on this
paper before the built artifact isaltered 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

columns, or in front of them." Mies experiments
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

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 fireproofing 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 and

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 fagades. The Library Project was proclaimed
by Hilberseimer as Mies's finest project thus 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.’ Another aspect of this approach that
was troublesome (rom Chermeyeff's point of
view was that it conceptually moved away from

a prefabricated repetitive skin.

A variation of this typology appears in unre-
alized projects for the Student Union (1946) and
Architecture School (1952). Tt 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 1IT, Crown Hall (1956),

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

BEERY

10T Chemcal Engmeaenng and Metallurgy Building

e e RS e
o 4 i
| |
i — i
{ — T
r . 1 1 S T S S |
| - ‘ l
. ; |
| =
[ |
:' ' ‘.~—-‘ i &L”'*‘—‘Ftl
| !
S o
|
| " |
|
\ | .
| S N SN S CHN - . ST~
21T Library and Agministration Butlding
I SR
| Lr: l Joi f_ :‘
i ! T ! |
e

_\

|

|
I

31iT Commars Building

| |

|
S



http://th.it

PERSPECTA

6 IIT Commans Building basement sttucture

T
L W
L

T

T

g

L

6 IT Commans Buillding 4" modutar grid

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

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

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,

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

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-

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,

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

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-



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
funds 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 lIT. 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. Engaged 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 staff lockers 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
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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 mormally
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 1 15.5 that are cut from [
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 [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 Chermeyeff, 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 /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.

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 3/4 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 1/2" on each side for a soft caulk joint




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

bolted in place where possible. The cost of orna-
mental iron rose continuously during the period
of the construction of the 11T campus, eventually
becoming a budget concern of some conse-
Prefabricated steel used

quence, pieces are

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 1/2" fixed steel
glass stops were plug welded on the interior side
of the mullion, forming a /2" 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

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 vertical 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

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 lateral loading
occur the central 1" x 2 1/2" steel bar is length-
ened by 2 12" 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 the bay in fully glazed
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13 Exterior column condition at sides of building
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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 11T.
The overall effect of the exterior expression of
the front of the building is one of incredible taut-
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

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-

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 fagade 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

the building above door level. Curious 1/2" 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

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 this 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

relate in a direct way to the exterior expression
of the fully glazed entry fagades. 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.
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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 Mies'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
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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 jein 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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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

the structural concrete slab that supports the
stair. A 34" 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 IIT 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




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 Alberti 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 poché 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. If anything, the ordinary
technical systems are asked to perform in appli-
cations that no engineer would suggest if left to
his own devices. Engineers were asked by Mies’s
office to accommodate inventive structural and
architectural 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

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 dock. 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

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 floors through grills located centrally

on the face of the kitchen wall upstairs and simi-

larly on the face of the wall enclosing the toilets
in the 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 locared 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-

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 sidewalls 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

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

23 End stair ranling detail

24 Stairralling detail atlanding
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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 are 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
hidden between the

against the column,

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 11T, which was once an ambi-
tious, bold, and experimental building program
has become a candidate for 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 I1IT and was sup-
ported by all those affiliated with the Bauhaus and
their descendents, such as Chermeyeff. These
ideas were slowly abandoned by Mies at the 1IT
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 IIT 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

THE IN-VISIBILITY OF TECTONICS

GRAVITY AND THE TECTONIC COMPACTS

I Abba Tor had inher the Plisterer and Tor

firm after Henry Phsterer's death Henry

Plisterar had bean the engineer of the Yale

Art Gallery Abba Tor, as a younger eng)

neer with Amman and Whitney, had beer
the engineer lor Saarinen’'s TWA pavilion
at Kennedy Airporn

2 Today's Br

1t Center at Yale

“You are lucky....You know that....

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 if 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|

If we didn't have
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of Princeton U

.p];mc. contained at least two pervasive ambigm"
|1ios 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 irre';:u-‘
lar cells was not just columns and beams, but a
closed multiple frame of some complexity and, of
lcourse. cost. The politics of the job, which had mi
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 Saarnen's origingl TWA pawlion at Kennedy Airport

(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 top 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
of the frame and the trajectory of the stresses. [t
is then 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, | feel it is worth-while to review
some detailed points which are of consequence,
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 S|1L’|||

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 withi
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, until the amount of concrete left
is so small that only the minimum distance
allowed by code remains. When the 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 uncommeon condition near points of suppm‘l‘!
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 miraculous(?) solu-
tion for a hinge on the Arve bridge near Vessy-
Geneve (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
ravold 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
|fewur thicker bars, as the cost of a pound of steel

became less, relative to the cubic yard cost of
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11 Kimbell Art Museum, Fort Worth, Louis | Kahn {1966-72)

Model showing the ‘vault' and ‘bheam’ with the even protile
12 Kimbell Art Museumn, Fort Worth, Louis | Kehn(1966-72)
Side ¢ sk

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 wvisual clue. Perhaps ever since S.

Timoshenko represented (in his classic Theory 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
|ge1: Into tectonics in its fullest 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-
;sm'e 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 | 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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‘T will not do it! I...will not do it." That was August
Komendant's answer to my request that he stay
with the original profile that Kahn wanted for
the end ‘beam’ of the ‘vaults’ of the Kimbell
Museum. It had seemed to become an under-
standing in the office that Komendant liked me a
bit better than others in the staff because | knew

a little more engineering (perhaps). Kahn, who

[knew of my work for LeRicolais at the University

of Pennsylvania, thought [ could persuade
Komendant. Komendant had brought a large
drawing with four (plus two variations)
different fully designed and fully calculated
profiles for that end ‘beam.” None with the
equal-width outline that had already been drawn
in 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 time. It seemed rather
improbable to me then (and now) since, in the
same project, a number of high-wire-act struc-
tural elements {(at which Komendant was a
master) went unexploited, 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 of ‘vaults,’ etc.
So, why was that end piece chosen to demon-
strate engineering skill? (There were other
things that made him cantankerous and strained
his relationship with Kahn. Komendant had not
liked the contract with then-East Pakistan, now
Bangladesh - he resigned from that job - and the

finances of Kahn's office were very difficult at

that time...financial matters that brought grow-

VALLHONRAT

ing friction and the eventual break up.) It
seemed that he was saying, ‘You are not listening
to me.' That end beam had to remain as a choice
of one of the four (six) options that Komendant
brought with him. Also, how could several
options represent a rigorous result of the forces
converging at that edge? It was unclear to me,
everything else having been already locked in
and decided. The profile read with some sort of |
specificity as if the curved ‘beam’ was respond-
ing to a larger moment in the middle of the span
and to a smaller one at the supports. This was the
kind of literal specificity that Kahn disliked. (We
have so many more things to do in a building, he
might have said). Only Kahn's extraordinary
skills, which would allow him to redeem other
people’s (sometimes the client’s) impositions on
a design, allowed him this time also to restore
the elementary profile of that end ‘beam.” He did
it by maintaining the profile of the parallel edges
he started with, using the edge of the infill
travertine panel of the end wall, and by making
it fall congruently with the width of the column
(Figures 11 & 12). The issue of Komendant's con-
tribution to Kahn's work between 1959 and
1964 is a subset of the issue of structure’s con-
tribution to tectonics and deserves a separate
article. Another contributor who also deserves
special attention is that immensely able
and wonderful man, the late Richard Kelly, a
master lighting consultant (a graduate of Yale's
school of architecture, by the way), who con-
tributed so much to the quality of the light in
those vaults. He helped make the light, and the
readability of that vaulted space, the miracle
that it is.




13 Rietvpld-Schroder House, Gernt Riatveld
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Thinking 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-
ally understood. I always find it useful to go back
to the painter Kandinsky and his request to the
observer to think of himself as being in the space
of the painting. A painting is no longer a
representation, but a space of which you, the
observer, are an inhabiting part. The architec-
tural parallel is also a new conception of space,
and as such it has some aspects new to the then
conventional thinking. The newly conceived
space is (1) boundless. open ended. continuous
(as per inside-outside). It (2) is up there, and
ignores gravity. As in painting, it (3) doesn't rep-

resent, thus it has no ‘character’ (as in repre-

senting function). It (4) isn't the result of

composing, since there are no parts to assemble
(since there are no boundaries). And it (5), very
importantly, draws on the abstract. Since it
doesn’t represent it draws on things which are
elements of the realm of the abstract, e.g., num-
bers, science, the psyche, math, elements of the
arts themselves, color, light, sound, the physi-
cist's space itself.

A very effective 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
Chair as a paradigm of the new thinking, includ-
ing El Lissitsky, who at about the same time (c.
1922) is assumed to have been responsible for
the acceptance of the use of the term ‘construc-
tivist” to describe the Soviet -ism’ of those years
— a rather unclear choice of name if one thinks
that constructing would have something to
do with tectonics. They liked Rietveld's chair
because it was made with sticks of the same

thickness (like abstract lines. elements) bypass-

ing each other, tangentially and open-endedly.
The shape of the sticks was not affected (except

for the arms, which have a double width) by

Jjoints or by the character of their function (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 which the pieces were painted
were used to somewhat dematerialize the pieces
by having some adjacent faces painted in differ-
ent colors.

Parallel in calendar time was of course the
explosion of new knowledge in science. Its reve-
lations unsettled forever our understanding and
our perception of the physical world. (We were
now seventy percent water!) What we could see
seemed to be so much less than what was there,
so much less than ever before. It was all happen-
ing at the beginning of 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 from
art? And, more importantly, would those new
conceptions or scientists” knowledge alter or fix
our understanding of gravity today? (Whether
gravity should be dealt with conceptually, or
made legible, or not made legible, is an artistic
decision of which we will talk later). Gravity, like
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 view, the scientist’s
truth, rather than the artist’s or the philoso-

pher's, or someone else's, that we should review.




|Of course, the understanding of gravity was, at
the turn of the century, Newtonian. In his most
extraordinary (and wild perhaps) book The Fabric
of Reality, David Deutsch, the British physicist,

says, in some of the most reassuring parts of his

text: ‘Newton gave us the first universal theories
of gravity and a unification 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 of gravity. Not only did it figure in
'Newton's then unrivaled system of laws, but
‘everyone could feel it, all the time, even with
their eyes shut...or so they thought." And then:
‘Today we understand gravity through Einstein's
theory rather than Newton's, and we know that
no such force exists. We do not feel it! What we
feel is the resistance that prevents us from pene-
trating the solid ground beneath our feet.” And
then, as if we could have expected the very reas-
suring statement: ‘The list of acceptable modes
of explanation will always be open-ended, and
consequently the list of acceptable criteria for
reality must be open-ended, too.’

Roger Penrose in his The Emperor's New Mind is
more detailed in going through the evolution of
the understanding of gravity. He begins recalling
Galileo's great insight that all bodies fall equally
fast in a gravitational field. (This is Galileo
dropping two rocks from the leaning tower of
Pisa). Then, Penrose recalls Newton's distinction
between a body’s mass and a body's acceleration,
referring to the conditions of ‘free fall’ in space
(no air, no air friction), which means ‘following
the appropriate orbit under gravity. There is no
need for this “falling’ to be straight downwards,’
toward the center of the earth. Then Penrose
describes how ‘the viewpoint of general relativity

is to regard the freely falling motions as natural

motions." We can ‘call world-lines of freely falling
particles geodesics in space-time. Of course, we
are already on the physics of the universe,” and.
‘..a concept of ‘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 with what we have

learnt...of special relativity = the geometry of

space-time that we now know applies in the
absence of gravity." One can't avoid thinking that
these speculations on the space of the physicist
imight have fed the early modernists’ conception
‘of space, with its unmentioned ‘absence of grav-
ity." Penrose continues, ‘But when gravity is pre-
sent..a flat surface gives an approximate
description to the geometry of a curved surface.’
If 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 Jocally like a Euclidean plane. In

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

gravity, space-time is Jocally like...flat space-time,
but we allow some ‘curviness’ on a larger scale.’
It is comforting to be back in Euclidean space

and to have Penrose describe Euclidean geometry

as a ‘sublime and superbly accurate theory of

physical space — and of the geometry of rigid
bodies’ while saying that, ‘We now know that
Euclidean geometry is not entirely accurate as a
description of the physical space that we
actually inhabitl...Over a meter's range, devia-
tions from Euclidean flatness are tiny indeed,
errors in treating the geometry as Euclidean
amounting to less than the diameter of an atom
of hydrogen!" (The exclamation point is his.) Not
bad for Euclid. whose ‘sublime’ Elements was writ-
ten around 310 B.C. (Figures 15 & 16).
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It is useful here to remember that the Greeks
expressed geometric magnitudes as numbers in
order that they could be studied according to the
laws of arithmetic. Again Penrose: ‘The ancient
Greeks thought of real numbers as things

given...as properties of ‘actual’ space....'Real’ num-

bers were things to be extracted from 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 think of the real numbers as logically
more primitive than geometry. This allows us to
construct all sort of different types of geometry,
each starting from the concept of number.’

That lead toward the abstract anticipates in
one of the clearest ways that frontier point
where we can sense the separation between
physical reality and the abstract, which | have |
argued is the dramatic break that makes the
modernists new. We can get there via mathe-
matics. ‘Mathematical objects are just concepts;
they are the mental idealizations that mathe-
maticians make, often stimulated by the appear-
ance and seeming order of aspects of the world
about us, but mental idealizations nevertheless.
At the same time, there often does appear to be
some profound reality about these mathematical
concepts, going quite beyond the mental delib-
erations of any particular mathematician. It is as
though human thought is, instead, being guided
toward some external truth = a truth which has
a reality of its own, and which is revealed only
partially to any one of us.’

The mathematician Richard Courant, in his
book What is Mathematics in the chapter on
maxima and minima, presents what is known as
Steiner's problem. Three villages on a map. or
three points on paper, are given in a roughly tri-
angular pattern, and a fourth must be found that
will make the sum of the distances between each
point (A, B and C) and the fourth (P) the minimum.
The resultant three lines will 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 goes 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 will bei
less than the sum of 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 ‘films’ being a favorite
of mathematicians). We are in the realm of nature

now. He takes two parallel acrylic plates and con-‘
nects them with 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?
Of 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
difficult to see why mathematics is not part of
most of the curricula for architectural programs
in this country. Corbusier had his doubts, of|
course, when in 1907, paying his respects to the
elder grand master, he was told by August Perret,
‘T would study mathematics, if | had time....
They form the character.” Which made Corbu say
shortly afterwards, somewhat cynically: ‘I stud-
ied mathematics and in practice they were never
of any use to me afterwards. But they may have
formed my character.’ If 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, [ have argued, makes
abstraction a break-away world that feeds this
century's art, and thus architecture, with a non-
physical ‘substance’ legitimate enough to exist
with total independence. We no longer abstract
the natural reality to find its skeletal structure.
Instead we recognize that abstract elements are
real, however immaterial. 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 confirm 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, with the physical, with 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 of experience.” And
that physical sensation interpreted in the light
of experience still, and complicated by the
macro and micro offerings of science, is what we
have that allows us to read art.

Recognizing the impact of science's offerings
of the macro and micro scales seems imperative
every time someone resorts, not knowing very
well, to the refrain: ‘gravity is not what it used to|
be." Our comfort is in reading in Penrose that rel-
ativity’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, within
our piece of the gravitational fields.

As we reexamine our understanding of grav-
ity and of geometry, we can better pursue a
legitimate understanding of the material struc-|

ture of what we can perceive. And here our|




'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 in soap froth as the archetype
of cellular systems. Geometry, in its new (mid-
nineteenth century) branch as ‘analysis situs’ or
topology, gives its organization and rigor to
graphic and numerical aspects. Although its
object has been hard to define, it is given by
Courant as ‘the study of the properties of geo-
metrical figures that persist even when the
figures are subjected to deformations so drastic
that all their metric and projective properties
are lost." Topology has proven fundamental to
the manipulation of planer and three dimen-
sional form. Its Euler formulas are considered
basic for problems of subdivision of space in two
and three dimensions. The wonders of Euler's
law made Cyril S. Smith, the author of that won-
derful book A Search for Structure, say, ‘Even more
than Euclid, 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 of

the theories of reticulated structures ever since.
Perhaps more than anyone else working
within the panorama of architecture this cen-
tury, Robert LeRicolais, drawing on his formida-
ble instincts, formulations, 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

Experiments in Structures (at the University of

Pennsylvania between 1957 and 1974), he pro-
duced an extraordinarily varied set of 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 with
their hands) while (as if following Euler) he
worked on graph theory for computational con-
trol. And, of course, he used loading and strain
gauges as the mechanisms to test the theoretical
hypothesis of configuration. He used steel almost
exclusively. The linearity resulting from its fabri-
cation, as rolled. extruded. or in cable form, par-
alleled the linearity of configuration and analysis
in spite of steel's isotropic character. That linear-
ity meant mostly the manipulation of the direc-
tional axial stresses of compression and tension,
with rare concerns about buckling and torque.

Bending. of 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 ‘prestre

ed’ 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 thickening

of the ‘struts’ at every intersection does not form

a hinge — this thickening implies the ability of

these joints to take bending as well (Figure 23). A
complex composite there. It was the same net-
work of flexural nodes we referred to in Tor's
multiple frame at Yale, except that those were
on a rectangular network, while in bone they are
on a roughly triangular one. They are, of course,
the same flexural stresses that we find in any
ordinary concrete beam of even section, which

we calculate principally for maximum bending
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moment. And here is where. because that sec-
tion has large portions of it in tension, concrete
is disregarded, and one ends up talking about
portions of dead weight. An aspect which is also
intrinsically true of steel I beams — those much
idolized icons of early believers in industry. But
it would be too long here to expand on that. Let
us simply state that bending in solid beams,
frames, and cantilevers, seldom represents a
very refined or very scientific structural display.

So. we have different stresses to be repre-
sented and we have subclasses of the same mate-
rial (for steel, rolled steel, extruded metals,
cables, etc.), all made harder to recognize by the
fact that fabrication techniques avail the
designer with a growing number of type options.

It takes, for instance, a very trained eye to distin-

guish between the thirteen different kinds of

steel in the Verazzano Narrows Bridge.

Perhaps because LeRicolais’s structures were
more structural elements than buildings, and he
never built one (unless one counts a 15" span

monkey saddle roof structure we built at the

school, which later adorned a small courtyard of

the campus for some time), (Figure 24), there
were never ancillary building elements to
obscure the structure itself. ‘It" was “it,” just as, in
a different panorama of things. structure never

was an issue of readability in the wonderful

greenhouses of the nineteenth century, glass
being what it is.

LeRicolais’ aphorism ‘zero weight, infinite
span,” inspiring as it was and is, obscures the fact
that structural systems must of necessity be
closed or bound. and that weight or gravity in
the realm of our Euclidean space is the reason
for that. The notion of minimum weight is par-
ticularly significant because it points toward the
ideal position of available material within the
structural network for the demand of known
loads. That is why dead weight can’t but be seen as
negative. That old statement of Nervi's that
‘dead weight increases stability' rings false, or
too coarse to offer a clarifying guideline.
Excessive weight should be seen as a potential
element to extend safety factors, or as material
able to absorb improbable loads, or material to
absorb decay (by fire, for instance) or weather-
ing. The fact that any weight would get labeled
dead was the reason why bending was always
considered a stress equation to be minimized in
LeRicolais’ structures. He did, of course, go way
beyond elementary equations, using pulleys to
equalize tension in cable networks, or the pre-
stressing and rotation of cables, to experiment
with the ‘travel’ of stresses from areas of tension
to areas of compression, within the same struc-

tural form.




| The fascination with nineteenth-century conser-
vatories has to do with the fact that, unlike
‘bridges or other emerging structures of what
Cerbusier called first ‘the age of metal,” then ‘the
steel age.' and then ‘the machine age’ (writing
1arn:mnd 1925), they were, first, transparent about
telling (all)! and then clear about the inherent
separation between structure and ‘the rest’
(what later we will call ‘closure’), since there
seemed to be no ‘the rest' there, as another of
|the principle ingredients of tectonics. They also
were the buildings which seemed to, very com-
forting that, avoid the querulous contention of
jarchitects and engineers being creators of differ-
lent ilk. (Or equally as querulous if I said: the
same ilk!).

The nationalistic French have made much
|about the fact that, although the nationalistic
English with Paxton and others claim them-
selves pioneers of the emerging steel age, it was
the French engineers/mathematicians Coulomb,
Navier, Cauchy, Poisson, who laid out the basis
for the establishment of statics early in the nine-
‘teenth century. Paxton to them was simply an
empiricist, working by trial and error, doing
greenhouses for the landed English. It is true
that there isn’t much structurally or mathemati-
‘cally innovative in the Crystal Palace (1851), or
its immediate precedent the Great Conservatory
‘at the Duke of Devonshire's estate (Bicton Palm
‘Housc]. We today admire it mostly as a devilishly

remarkable precedent of prefabrication and

assembly. It is the middle and second half of the
nineteenth century that saw the basic criteria
that were to spark the development of fabrica-
tion techniques for steel and steel structures
later. Those greenhouses are a very satisfying dis-
play of building intuition, technique, economy,
and craft. They knew much less than we do, and
did much more.

Of the many conservatories throughout
Europe, the Palm House in Park Herrenhausen,
in Hanover (1879) (Figures 25 & 26), is a perfect
example of a fully reticulated structure within
the restraint of conventional orthogonal and
planar geometry of walls, decks, and roofs. [t was
praised in its time for having resisted hurricane
force winds (in October 1882) without causing
any perceivable vibration,” a critical issue in
many of the single curvature roofs. The Great
Subtropical House at the Botanical Garden,
Berlin-Dahlem (Figures 27, 28 & 29), shows a
more refined resolution of the lateral stresses of
racking, within the plane, due to wind 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 time

to make them feasible.
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It is easy, as | have done, to go from materi-
ality 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| form the character.” And tempting as it
‘is. it does seduce us and makes us revert again to
the expedient separation of ‘structure,” where
science reigns, and ‘closure,” which is fully in the
realm of art. The moderns with their invented
theoretical space (not the physicists’ as we've
seen) nearly got it right. They almost avoided
that separation...by denying gravity. Closure was
chosen as if 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. After planes of concrete
cracked, and cambers flattened and sagged.
steel rusted, plaster peeled off, and paint wasn't
enough, ‘building well" started to come back.
Corbusier did it well, not with the Domino
house, or its idea rather, but with the Jaoul and
Sarabai houses. Kahn did it well because build-
ings had to, just like nature, ‘show the way they
lwere made.” What we like is that they did it as if
with a ‘compact’ - few materials very well under-
stood. Webster's defines compact as ‘having parts
or units closely packed or joined...being a metric
space with the property that for any collection of
open sets which contains it, there is a subset of
the collection, with a finite number of elements
which also contains it.” At the Jaoul and Sarabai
houses, a barrel vault with ceramic tile (center-
ing left to be seen) and simple walls do it (Figure
30). Kahn did it at Exeter, building with brick,
things of brick scale, by the bricks' rules, wrap-
ping around the large scale of concrete, built by
‘the rules of concrete, with big heights, big spans,
and big holes (Figure 31). In Ahmedabad (at the
School of Management of the University of
Gujarat) he built by the brick rules and when the
arches of the openings were too big to avoid lat-
eral thrusts, he brought in concrete so that the
act of restraining the horizontal forces gener-
ated by the arches’ thrust would prestress the
concrete and make it thinner (Figure 32). They
did not demonstrate structural behavior here
and closure there. They built at once and with
the enormous clarity that comes from the con-
ception of what I here have thought to call ‘tec-

tonic compacts.'

‘In-Visibility," as in the title of this article might
deserve some comment as a word. | did think
[that ‘In-Visibility’ put the theme where it
belonged. that is internalizing the issue of visi-
bility into that of tectonics, whether you see
|things or not. Tectonics, of course, is less than
clearly defined anywhere, because of all that has
been done to the word. We all vaguely think of
the Greek origin in its etymology and satisfy our-
selves with its generally accepted meaning of
‘building well" (1 like that) or “art of construc-
| tion.” Funk & Wagnall says for the adjective ‘per-

taining to building.’ or ‘relating to construction,’
and reminds us that in Greek tekton means car-
|penter (and tekhne skill, of course). Webster's
|(Ninth New Collegiate) doesn’t even have the
term other than as a branch of geology con-
cerned with structure, especially with folding
and faulting. Maybe the word doesn’t belong to
us, after all.

Speculating on tectonics has kept people

busy. as if ‘disassembling” the full scope of our

art should let us gain in clarity...as if subsets of

meaning will keep us clear of ambiguities. This
‘atll made more complex on account of the so-
called expressive intent (empathy, to some), which
was being forcibly injected into tectonics in its rel-

atively young life — I have covered only very par-

tial aspects on a sort of epistemological track to
understand its substance. Much more of this has
to be done. The variations of that ambitious
theme of expressive intent 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 architectural mag-

azines, I recently read an article, not very long,

in which the author, trying to pursue that
evasive(?) exactitude, cites more than forty
authors, from the middle of the nineteenth cen-
|lur_y until today, on the subject. I found myself
' reflecting on: What if tectonics had in its mean-
ing the full latitude of ‘expressive intent™? What

then..would architecture be?
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COLLABORATION

Guy Nordenson

GUY NORDENSON SPOKE WITH THE EDITORS ON
SEVERAL OCCASIONS ABOQUT THE CHANGING ROL!
IF STRUCTURAL INEERING IN ARCHITECTURA
DESIGN. WHAT FOLLOWS |58 A SYNTHESIS OF HIS
i E I W

ENGINEERS WORK AND THINK

NORDENsON: [t is sometimes useful to think of

a structural engineer's practice as that of either
technician, artist, or collaborator. Obviously
these usually 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 particular tectonic "look" about it as
conceived by the architect. At other times it will
mean that the structure disappears behind the
scenes. | remember one engineer friend telling
me he saw his task as making an exposed struc-
tural detail work as the architect imagined it did,

executing a specific mechanical script. Often the

result is a great project. But, in all these cases, if

uncovered, the facts will show that the script
was driven by an architectural idea, not necessi-
ty nor engineering.

The artists, like Maillart, Nervi, Candela, and
Calatrava develop a distinct style out of the mate-
rials and methods of structure. Usually the form
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. The practice is clearly that of
an artist working in the medium of structure.

The collaborators work as part of design, and
sometimes  construction  teams, usually
on-going. One thinks of groupings: August
Kommendant and Louis Kahn, Paul Weidlinger
and Marcel Breuer or Gordon Bunshaft, Fred
Severud and Eero Saarinen, Peter Rice and Renzo
Piano {and Tom Barker, the services engineer),
Leslie Robertson and [.M. Pei. The collaborations
evolve and deepen over a series of projects.

The contributions are not always distinct or

identifiable. Usually the only way to discern the
engineer's contribution is by looking at the
architect’s work with or without them.,

The hand of the collaborator engineer is elu-
sive, but recognizable when projects are studied
over time. It is manifested in a sensibility instead
of a style. If two of Bunshaft's projects using
Vierendeel trusses are compared, one with
Weidlinger's involvement and one without, it is
much easier to see the engineer's influence. In
the Weidlinger projects, such as Beinecke Rare
Book Library, the delicate connections between

moment-resisting intersections are articulated

with a precision that reflects the participation of

someone who knows what is possible; they are
pushed beyond the conventional.

Where 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 think of these categories — technician, artist,
collaborator - is as all interconnected in a circle,
so that Rice is more artist/collaborator while
Fazlur Kahn is maybe more collaborator/techni-
cian, and so on.
epiTors: In describing how he and his col-
leagues™ worked with Steven Holl on recent
projects, Nordenson claborates on the working
method of the collaborators, emphasizing how
fluid 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 thinking reflects
this conceptual experience and, in turn, embeds
structural thought in an intellectual culture.
NorDENsON: In Steven Holl's work, the struc-
ture comes and goes in the space like an actor

on the stage.

NORDENSON

*Ove Arup 8 Partners were engineats for both Kiasma and

Cranbrook, with Guy Nordenso principal in charge and

for CALA and MIT, collaborating with Ellerbe Beckatt and

Simpson imperzand Heger, respectively

lop left: KIASMA construction

above: KIASMA curved wall — view from the north
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topleft - KIASMA section through light well
hottom lefl. KiasMa bulding section

right: Ktasma third floor gallery with hight well

HELSINKI MUSEUM OF CONTEMPORARY ART: KIASMA
The large scale forms in the Helsinki Museum express
Holl's idea of intertwining. A linear block intertwines
with a curved shape. The torus geometry of the curve
lent itself to a structural 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 from the ground and arch
over to tall columns set inside the glass wall. The
cavity in between trusses harbors the mechanical and
electrical systems that feed the building.

Helsinki marked a new development in our col-
laboration with Holl's office. The formal moves —
thick wall and glass wall - were tangled up with the
technological requirements of the building from the
very start of the design competition. The structure
and mechanical and electrical systems are all closely
integrated and become occupants of the form- there
is an added meaning to this form, the curved wall,
when you begin to understand that it has a signifi-
cant, dramatic thickness, and that the thickness is
occupied by supporting systems because the wall is
designated as a chase. The thickness becomes part of
the character of the space.

When Mies was given his architectural licensing
exam in Chicago, he was asked what he thought
about technology. He drew two lines on the black-
board. He pointed to the top line and said, ‘this is the
slab,” then pointed to the bottom line and said, ‘this is
the ceiling.” Pointing to the space in between he said,
‘this is technology.’ This zone, whether it is beneath
the slab or above it in a raised floor, is the stuff of
technology.

At Helsinki we turned that stuff in the middle, the
poché, into an actor in the design. The thickness of
the curved wall implies technology on some level, but
it's not technological exhibitionism. Observers do not
immediately become aware or may never become
aware of the technological contents of the wall,
except by inference. The cuts for skylights reveal the
wall's thickness, and it is up to the viewer to sense
that the building is supported by the wall - both

structurally and mechanically.




CRANBROOK INSTITUTE OF SCIENCE ADDITION
Again we were interested in housing mechanical
and electrical systems in structural elements. The
thick wall adjacent to the stairs contains these
systems. The pre-cast planks, which support the

floor of this gallery space are fabricated with hol-

lows, to reduce dead load. We took advantage of

these hollows and used them as ducts.

Within the thick central wall, flexiduct car-
ries air from main 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 took this piece of structure -
this ready-made, precast. hollow core plank -
and ventilated it. It is in the tradition of hollow-
ing out structure so it can act as a plenum.,
except the structure itself was not designed to
perform that function, but was adapted to do so.

The building structure at Cranbrook is orga-
nized around a notion of base and super struc-
ture, There is concrete structure up to a certain
datum, and above that is steel = in the form of
trusses, two of which bridge between the two
concrete ground forms. The exterior does not
reflect this structural system (the masonry runs
uninterrupted between the two levels) but
instead reflects the circulation system - changes
in material and texture show where interior
ramps are. And inside the building, the idea of a
steel frame popping out above masonry is
expressed only locally in glimpses of the struc-
ture, a series of vignettes.

The glimpse of structure is part of the col-
laborator’s repertoire — it is a rhetorical device. a
synechdoche. At Beaubourg, you can walk right
up to Peter Rice's enormous gerberette and
inspect a piece of it. At Cranbrook we have a por-
tion of a truss sitting quietly in the corner of a
gallery. The idea is that in getting quite close to a
piece of structure and trying to figure out why
it's shaped the way it is, one enters into a local

relationship with the piece instead of reading a

NORDENSON
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diagram of the whole system. In a diagram build-
ing, with say, a giant truss like on the Hancock
Building, one can see and understand the struc-
ture immediately from a distance. At Cranbrook
there really is no evidence of technology at a dis-
tance. But at a smaller scale you get glimpses
that add up to a knowledge of the systems fig-
ured out over time.

Since this is a place for science, the structure
takes something of an archaeological character -
you're shown a few bones of the dinosaur, and it's
up to you to figure out the rest of the skeleton,
The use of structure does not have to be blatant;
it is not necessary to broadcast all of the compo-
nents of the building at once. Much of the struc-
ture is hidden from view. or discovered by
spending time in the building. Its organization -
base and steel

the concrete superstructure

above, a full height truss that becomes the
bridge - is very straightforward. Independently
the structural vignettes have an order and clari-
ty of organization, so that when observers want
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
architectural aims in relation to one’s movement

through the building.

There is a tension between the episodic
(slightly fetishistic) presentation of structure and
the fact that it's not just a display of structure, it
is the structure. This ambivalence is inherent in
using the language of exhibits with structure,
particularly when the glimpses occur in gallery
space.
Eprrors:  So you did not necessarily design a
pure engineering structure to resist force.
which would be selectively revealed by Steven
Holl. You pay attention to where and how it is
revealed and detail accordingly.
nvorpEnson:  There is no such thing as pure.
There is only organized or disorganized. You
either have an overall strategy for the structure,
or you have to solve problems locally and inde-
pendently. Most engineers have a strategy.

What you do is weave a collection of ideas
together that work off each other, starting with
form, then the organization of the structure, and
then the resulting implications for structural
expression. One of the examples of structure
participating in circulation ideas at Cranbrook is
the shearing column that occurs at the pivot
point of the plan. It is not just a column, but an
element of a larger truss running above. The
column drops down to participate in circulation.
This was Holl's expression of the circulation in

the structure.

NORDENSON
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ARCHITECTURE, CALA UNIVERSITY OF MINNESOTA
The idea of structure harboring technology that
was developed in Cranbrook found its way into
Minnesota. Again, there was an architectural
idea of removing the clutter of systems from
underneath the slab and placing it in a thickened
wall. A good deal of effort was required here to
design the concrete [rame in a way that cleared
a path for these mechanical, electrical, and
plumbing systems. A series of independent
frames marches along the two axes, braced by
pre-cast concrete planks spanning between
them. During construction., before the planks
are in place, the frames will look like soldiers. In
the finished building, no beams will connect the
frames. The voids where perimeter beams would
normally be allow for a clear reading of the zone
of wall in between frames. Again, the airflow

happens in the walls instead of in the floors.

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
epitors: When do you begin to draw structural
models that work with architectural ideas?
When do the back-and-forth conversations
become real structural schemes?

vorpeNson: The schemes as well as the ideas

can happen very early on. At MIT, Holl is devel-

oping concepts for a dormitory, and we have
been drawing the structure that goes with
them. In one, the ‘Folded Street,’ the architec-
tural idea of having public and private spaces
ramp up around the core of the building clearly
depends on a clean structural solution. Rooms
are in blocks on both sides of building. Each
room faces the exterior 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 cantilevered
off the core, which allows for column-free space
in the circulation areas.

In the second dorm project, the ‘Sponge.” my
colleague Christopher Diamond invented a new
precast concrete ‘perfcon’ of which the exterior

walls were made,
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EpiTars: You have described structure as being
narrative, didactic. and rhetorical. What are the
differences between these three treatments of
structure?

vorpenson: If you allow that there is a lan-
guage of structure, architecture and technology,
and assume it's a language that people are some-
what familiar with, it is possible to ‘write’ in
that language in ways that are clear, elusive, or
allusive. You could develop a rhetoric of struc-
ture.

The language that is employed in narrative
structure — the conventions of trusses, arches,
bridges, hi-tech- are used to tell a clear story. At
Cranbrook the trusses were detailed in such a
way that it was familiar enough that a part could
speak for the whole.

Didactic structures give as direct an account

of what's going on as possible. like those of

Fazlur Kahn, or of Maillart. The goal is to be
clear, straightforward. and complete - to show
the whole of what’s going on structurally.

Holl's work is more rhetorical. There is a
hide-and-seek where a revealed part represents
the concealed whole. It 1s similar with Mies. The
exterior of Crown Hall tells a structural story
that is incomplete, but clear — the series of
frames is visible, but how they are stabilized
across the grain remains hidden. Once inside
that story is taken away - there is no way to tell
what is column or mullion.
eprrors: Can structure be subverted?
NORDENSON: Structure can be manipulated to
express ‘weightlessness’ — not just by suspend-
ing it and making the supports invisible like a
magic trick, but by manipulating structure so
that the scale of the things still visible gives the
Because

appearance of weightlessness.

observers can move around in buildings, it is

possible to orchestrate these kinds of experi-
ences. Looking at Crown Hall from a distance,
one can perceive that roof trusses are being sup-
ported by columns. On the interior everything is
de-materialized - you only see the ceiling plane.
At Peter Rice's and RFR's La Villette project in
Paris, the main stability for the structure is hid-
den from sight: a large concrete pillar sheathed
in mirror finished metal. Some things are given,
others hidden,

The critical analysis of structures, and their
rhetoric, is impossible without a study of con-
struction drawings and photographs, especially
in collaborative work, for example Kahn's with
Kommendant. There are always drawings; ulti-
mately things get worked out, or they wouldn't

stand up. Defiance of 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 visible in the archi-

tecture, and how to work that language.




on TOWARD TECHNOLOGICAL ARCHITECTURE?
Edward R. Ford

Of the Mies buildings at IT that are steel, built and
unbuilt, there are three types. types that employ
different, even opposite, methods of structural
expression: 1) Utilitarian buildings, such as the
boiler plant, one-story steel structures in which the
method is literal - the steel is exposed. 2) Academic
buildings — classroom and labs - that are two 1o
three stories, steel-framed, and encased in layers of
concrete, secondary steel framing, and brick.
Here the method is symbolic- the visible steel is
structurally representational, not unfunctional. but
not structural in the true sense. 3) Institutional
buildings - the Library and Student Union (both
unbuilt)- that are long-span. one-story structures in
which the method is also literal; the steel is
exposed.

There are three explanations for this. The
first, emphasized by Beeby. is that they reflect the
development of Mies's architectural ideas. The
second is that they are a reflection the building
code — the multistory academic buildings required
fireproofing. the frames of the one-story lab and
library buildings could be expaosed. The third. and
the most convincing, is that they are typological,
that these differences were designed to reflect
each building's relative importance. This is an
argument supported by the typological character of
the non-steel buildings - the concrete framed-
dormitories and load-bearing brick chapel

Mies said that he wanted the Library and
Student Union to be more ‘monumental’ and gave
them longer spans and larger glazing sizes— requir-
ing deeper mullions and thicker masonry walls
Unlike the square-bayed academic buildings they
were framed with long and short bays on their
front and sides respectively, giving each facade a
different character. The difference in the cormer
details that Beeby peints out is perhaps develop-
mental, but itis also a reflection of the differencesin
the two building types.

The small Commens building of 1956 shares
many characteristics with its predecessor, the
1946 Student Union. It is a one-story exposed
frame symmetrical about its entry axis and has the
same ‘grain’ of long and short bays. Thus while it is
a design that looks forward to Crown Hall. with
which it shares these characteristics, it looks as
much backward to its predecessor.

While these buildings deserve preservation, it
is with the understanding that they are poor models
for literal imitation. The walls have no insulation. no
waterproofing cavity, abound in thermal bridges,
and use single-glazed. high-maintenance, steel-
framed windows. The solid masonry wall required a
header exposed inside and out. and Joseph
Fujikawa recalls that in at least one building this
could not be achieved without sacrificing a smooth
surface on both sides due to variations in the
lengths of the bricks. The headers were broken in
half, smoothing out the wall but eliminating the
function of the header in the process. It is true that
many of IIT's shortcomings were common practices
when built. but it is also true that Saarinen's GM
Technical Center, built at the same time and often
dismissed as derivative of IIT, contains none of
these deficiencies.

T quoted in. Fritz Neumeyer. The Artless Word: Mies van der Rohe on
the Buidding Art (Carmbridge. Mass.. MIT, 1991). pp.261. 270

2 Josaph Fujikawa and Edward Duckett. impressions of Mies
(Knaxwville: University of Tennessee), p 8

Edward R. Ford is a professor at the University of Vieginia School of
Architecture. He 1s the author of The Details of Modem Architecture
Volumes T and 2

on COLLABORATION
William J. Mitchell

Guy Nordenson remarks that you could develop a
‘rhetoric of structure.” | agree, and I'd add that cunningly
constructed biguity— which op up a space for
multi-layered, cross-connected readings—is a particula
ly fundamental and effective rhetorical device. It's one of
the things that distinguishes poetry from flat-footed
declarative prose.

Take Steven Holl's ‘sponge’ dormitory project for
MIT, for example. You might read the precast concrete
exterior as a wall penetrated by a grid of punched
openings, as in Aalto’s nearby Baker Dormitory. Maybe
(you can speculate) it functions as a stiff plate, thus

llowing the picuous cantilevers in the plane of the
exterior skin.

The ratio of solid to void subverts that reading,
though, and suggests that you might think of it as a
column and beam structure instead — more like some of
the utilitarian industrial structures in the neighborhood.
But why, then, do the verticals and horizontals have the
same dimensions? And how do the cantilevers work ifit's
constructed that way?

Maybe it's not load-bearing at all, but a curtain wall
hung from the floors? Then again, the frames of the
square openings seem a bit too heavy to support that
reading. In any case, where are the floors? Since the
openings are uniform, perfect squares, and the floor lines
are not expressed, it's almost impossible to tell. Maybe
it’s even in fill, a scaled-up version of the square glass
blocks on the Necco factory up the road. No wonder the
designers coined a logi - 'perfcon’— to describe
this baffling and provocative element!

It would be trivial to make some small adjustments
which resolved its ambiguities — and that’'s precisely, of
course, what most modernists would reflexively do.
Create more solid and less void and you clearly have a
wall with punched openings. Make the voids larger, while
articulating the difference between columns and beams,
and you end up with a pretty conventional trabeation.
Lighten the structure, express the floors, and you're in
curtain wall territory. But these are just the sorts of
moves that Steven Holl and his structural collaborators
have refused; they are playing a different game here.

It seems to me that this interplay of ambiguities
offers a particularly compelling resolution to the problem
of relating to an urban xt that's a plex, diverse
patchwork, and in the process of rapid transition. The
limply historicist strategy of making new buildings look
as much like their older neighbors as possible — much
favored, unfortunately, by planning Pooh-Bahs in places
such as Cambridge, Massachusetts — just doesn't work.
There’s no consistency to maintain, A strategy that picks
up cues from the surroundings but internalizes multiplic-
ity and contradiction, and sets up slippages and t

that resist facile readings, has much more to offer.

Witharm J. Mitchell is Dean of the MIT School of Architecture and
Planning. He is the author of City of Bits. Space. Place and the
Infobghn. and his most recent book is E-topa: Urban Life, im
But Not As We Know It

IN RESPONSE

on THE IN-VISIBILITY OF TECTONICS
lgnasi de Sola-Morales i Rubia

It is stimulating that Carles Vallhonrat, with his long
experience as an architect, as a professor at Princeton,
and as a close collaborator with Louis Kahn at an
important period in Kahn's life, presents the problem of
tectonics from the perspectives of this experience.

His characteristic modesty and sensitivity bring him
to use the term “tectonic’ with caution, relating it to the
visible and the invisible.

Evidently, the manifestation and the intelligibility
of the weight-bearing structure of a building is a typically
modern way of making visible the invisible technical and
weight-bearing complexity of an architecture.

When Vallhonrat refers to that laboratory of careful
investigation, with Le Ricolais and Kahn reconsidering
what were much more than a few technical problems of
suppert, he is indicating a necessary direction. ‘Tectonic
describes, it seems, the visible, and therefore synthetic,
hierarchized manifestation of a central question of archi-
tecture: the Vitruvian firmitas; durability; the ingenuity to
make support possible; defying force, gravity, and changes
of dimate.

There are, in my judgement, other possible
architectures, other ways to narrate a building, beginning
with other priorities - farm, place. use, message.

If auto-referentiality is always a sure way for artistic
narration, we also know in architecture how few
referents, such as those of logic, reasons, decisions of
stability in space and time, a building has at its disposal.

Itis from this conviction that structure and its
visibility put the architectonic appearance at the limit of
visualizing simply the complexity of the invisible.

Ignasi de Sola-Morales | Rubid is a professor in the Department of
Architectural Theory and Histary a1 the Architectural School of Barcelona
His article. The Origins of Modern Eclecticism: Thearies of Architecture in
Early nineteenth century France” was published in Perspecta 23 and he
has pubtished several books on atchutectural history and criticism
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Basement, Seagram Building, New York City, Ludwig Mies van der Rohe
and Philip Johnson (1956-58)
(previous page) Entrance facade of Seagram Building




IN ORDER TO LOOK LIKE A CONCEPTUAL STRUCTURE, A LOAD BEARING STRUCTURE MUST
BRAZENLY DENY THE FACT OF ITS BURDEN

Robin Evans
Excerpt from 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 principle
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 Mies's 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? | 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 Mies's 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. | recognize plant life when |
see it, and | recognize rationality in architecture when |
see it, because | begin to understand, after much practice,
what the word is applied to. | 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
Mies's 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. | 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 objects. but which remain conceptual, like the
structure of a sentence.

‘The language of architects is notorious for its impre-
cision, pretentiousness, and addiction to cliché’ admits
Peter Gay, in a last ditch attempt to gain us some sympa-
thy." Architectural critics are just as guilty. | 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 adhered 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 of 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 |sidre Puig Boada. L'Esglesia de la Colonia Guell (Editorial Lumen.
1976)

3 Peter Gay, Weimar Culture (New York, 1970) p. 101

4 Acceplance speech on receiving the AlA Gold Medal, 1960. See
Peter Serenyi, abstract. JSAH. Vol. 30, no. 3 (October 1971) p. 240
4 Pater Blake. ‘A Conversation with Mies,' Four Great Makers, p. 93.
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READING SIRUCTURE THROUGH THE FRAME




If we set out to read a building or structure, we could mean simply that we intend to have a closer look
at the object, collect the numerous facts and weave an interpretation or explanation around them. 1s
this all it means to read an object, or can our reading go further than that? If an actor reads a part well,
he or she not only delivers the lines with a particular interpretation, but also reads or speaks in a way
that both reveals and creates a living character. To read a building as thoroughly would similarly

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

In the case of architecture, we are all potential readers if we 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 limited to the

visual effects. Only in a clear tour de force of structural invention do we pay attention to the system of

transferring forces. In most cases, the structural frame is taken for granted, a mere necessity.

FONTEIN

We have also grown accustomed to seeing these two words, ‘structure’ and ‘frame,’ side by side, to the
point where they are often used interchangeably. | would like to step back and consider the inflections
of these terms more carefully. It is no accident that structure and frame are increasingly being con-
sidered synonymous. What kind of role does the idea of frame play in the interpretation of a building’s
structure? By reading structure ‘through the frame,’ one discovers how these terms differ and how

they coincide, and how this pairing of ideas shapes our view of architectural structure.

In using the word ‘through' in the phrase ‘through the frame.’ [ intend a multi-dimensional interpre-
tation: the sense of going through or beyond: the sense of being in the midst of; as well as its use in the

sense of, by way of, or by agency of. All three meanings resonate here simultaneously.

Structure comes from the Latin ‘'struere,” which
means 10 arrange, pile up or build, to set in arder

As Vico eloguently lays out for us in his master

work, The New Science, we build upon the things

that we already know and we know the things that
we ourselves have made. ‘The first people created
things according to their own ideas.. by virtue of a

wholly carporeal imagination...for which they

were called poets which is Greek for Creator To

build a structure 1S in 115 as
interpretation. We put ||u|\:__1l_i together. and through
the juxtaposition or arrangement of the constituent

parts. we determine the particular nature of charac

In turn, we are able to read within the structure all
the knowledge. dreams, and imaginations of the

pecple who made them. In its ancient sense, all

technological activity involved revealing, a bringing
forth of things into appearance, the potential to lib-
erate the manitold natures of thing




PERSPECTA

Does technology still function in this revelatory capac-
ity? Has the meaning of the word technaology
changed? Has the meaning of the word structure
changed?

Maore often than not, we speak of a structural ‘sys-

tem’ or framework

Frame, like structure, also means to fashion, con-
struct, or make, but comes with the added connota-
tion from the Anglo-Saxon ‘framian’ and from the
word ‘fram’ (from), meaning to make progress, hence
to prosper; to contrive; to manage; to determine or

regulate the course of.*

Framing has the sense ordering but by means of
enclosure, of removal from the context, of getting nd
of extraneous matenal The idea of economy and

profit has been introduced

Economy 1s achieved by means of repetition and pat-
tern. Thus, we speak of a structural framework or
grid, the delineation in three dimensions of ‘neutral’
space, which stands ready to be finished to suit a par-
ticular program. The grid is a skeleton waiting to be
fleshed out. It is about hierarchy, the permanent
frame is something upon which more mutable things
are hung. This contrasts with the idea of arranging
mare-ﬁ'ial u; an additive way, building from the ground

up. as the original idea of structure suggests

Enframing (Ge-stell) is the word Heidegger uses to
distinguish modern technology from the original
sense of technology. Heidegger claims that the origi-
nal sense of technology as the bringing forth af
things into-appearance has been subsumed by a sin-
gle-minded type of revealing which he identifies with
the modern instrumental way of thinking.” The things
of the world are no longer "brought forth” but rather
they are ‘brought about.’ There is an emphasis on the
issue of cause and effect which excludes other forms
of revealing. The essence of modern technology
resides in the fact that the things of the world are
now ordered exclusively according to their ability to
store energy (energy being the universal currency),

they have been ‘enframed.”™

I find myself in a building for lease, one very similar to a vacant parking garage. My horizon is trapped
between two slabs of concrete held apart by row upon row of slender round columns which seem to
be dispersed chaotically, until the vector of my movement through the space brings them into line.
|Order is never more than a few steps away. Occasionally, a hollow concrete shaft penetrates the space.
These rectangular shafts keep the structure from shearing sideways and collapsing upon itself.

Through the shafts, I am able to exit...

to another, identical floor.

The real estate agent points out the columns which will define the office space that 1 will be leasing.

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

Is that gross or net area; does the square footage include the thickness of the curtain wall that enclos-
es the building structure? It does, but the agent points out that one gains space vertically, since the flat
planes of floor and ceiling are two way slabs, thickened to avoid beams. All the space can be used. right

up to the slab’s underside.

|
This is what my office area amounts to. | am leasing space, square footage, an enframed area defined

|by a structural grid.

I mention to the agent that it all 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 will disappear. All this concrete
will be covered over with drywall. 1 can have any style of decor | want.

How many such square feet are there in the world?

'Enough to make us think of the rest of the world in similar terms.




How many blocks of urban slum to be redeveloped?

How many acres of suburban subdivisions to be carved out of agricultural land?
How many acres of tropical rainforest to be exploited?

How many barrels of oil to be found under the ocean floor?

How many gallons of water to be trapped for hydro-electric power?

There is no doubt that the vast n-lajm'it;' of decisions related to construction are made on the basis of
cost. This is particularly true of the speculative project which by its very definition is being built to sell|
at a profit. Speculation implies an element of risk taking: as with any investment the challenge is to
predict the market and turn that insight into a profit. The site is therefore chosen for its current lamd!
value in relation to its potential land value. Land is often bought and ‘stored’ until an appropriate

moment when its stored energy. its dollar value, is released at a premium.

Decisions about construction materials and systems are made based on strategies regarding first cost

-~ . ‘
versus life cycle costs. What is the value of the material now, and what will it be in the future? Will the
building be difficult to dispose of or replace when it is no longer viable? In other words, what kind of ‘

energy does the material have stored in it?

To deny this agenda would be to opt out of modern culture and dismiss the historical facts that have
brought us to this point. Any decisions that I make about the space that | lease will inevitably have tol
take economic factors into account . The challenge is to remember that this is not the only way to imer-I
pret the world. [ can choose to view these few square feet simply as an investment, or I can read into
them other meanings. Depending on the extremity of the case, the extent to which it has been
‘enframed,” [ may have to resort to subversive or ironic tactics when it comes to adapting it for my own
use. In whatever way [ choose to inhabit the space, it is important to clearly demonstrate my intention |
with respect to the structural frame, one which acknowledges the role that it plays in my perception
of space in general, and might allow me to think of this particular space differently. Imagining the pos—l

sibility of other worlds is essential. |

FONTEIN

Heidegger uses the following example to illustrate
his point: the difference between modern technolo-
gy and the original sense of technology is like the
difference between a hydro-electrnic dam built into a
river and a windmill built in a field. Both produce
energy but the first traps the water and stores it as
potential energy to be released when needed. In the
case of the windmill, the power intrinsic to the wind
is released as soon as it is captured in the rotation of
the vanes and i1s converted directly to mechanical
gnergy in the grinding of the grain. If the wind stops,
the milling stops. The windmill does not unlock
energy from the air currents in order to storeat The
power of the wind has been revealed, yet it has not
become the servant of technology as has the power

of the water in the case of the dam

In our enframed world, the danger i1s not anly that
everything revealed through the use of technology
will be interpreted in terms of stored energy or prof-
|?hut in llim tace of such unperatrvé; s ;;O_SSIbre
that the concept of revealing as bringing forth” itself

may be blocked or forgotten entirely.

This is the world that we have constructed. Vico
suggests that there are aspects to our lives that are
eternal {circular), and aspects that are historical (lin-
ear). The condition we face today is that the histori-
cal vectar of technology. embodied in the

idea of progress. has eclipsed those dimensions that
provide critical balance. We are caught in a
tradition of progress (commonly known as the
Western metaphysical tradition) yet we no
longer have a larger view of where that vector
is going. It seems to have taken on a lite of its own
to the point where humans are also in the process
of becoming enframed. stored energy to be released

when needed?®

This is not a hapeless situation however Heidegger
makes a clear distinction between fate and what
he calls destining.” He speaks of the open space of
destning implying a freedom that derives from

our ability to isten and hear, and not simply abey.
We need not push on blindly with technology,
nor simply rebel helplessly against it. We can,
if we choose, imagine other worlds to coexist with

the one we have created
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Ay in this extreme danger that the

ngingneass of man

within granting may come to ight, provided

that we, for our part, begin to pay heed to the

caming presence o

nology... Eve

then, depends upon this. that we pander this

arising and that, recollecting, we watch over it

How can this happen? Above all through our

catching sight of what comes to presence in

technology. instead of merel

technological. So long as we represent tech-

nology as an instrument, we

in the will to master it."

The Saving Power 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 1s a reasonable way to deal

with danger, accept it and confront it head on

Canfront is probably not the right word

nowever

The metaphor of the balance of ener

gy described in martial arts 1s perhaps mare

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

ather avenues

Verwindung A similar sentiment 1§ taken up

by Gianni Vattimo in his book The End of

A lormit
Modernity

His aim is to perform an act of

Verwindung on the metaphysical tradition; to

remember and recollect the tradition, to tra-

verse it once again but with a critical edge

‘The Intent 15 to distort and dissolve the tradi-

tion from the i

2, erasing th

metaphysical thought stll present in it, while at

the same time

SCious Irony

inevitably, but with self con-

prolonging it as well "' The term

‘Verwindung indicates, as Heidegger told his

translators

a going be

rat 1s both an

acceptance (or resignation) and a deepening

while &

suggesting both a

convalescence

I now find myself in another concrete frame building. At first glance it appears to be not very different
from the previous one. It is oppressively grey. A strict column grid runs throughout, while a concrete

shear wall elevator shaft extrudes up through the slabs.

This building is the Carleton University School of Architecture in Ottowa, designed by Carmen Corneil
and Jeff 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, [ have concluded that this is no ordinary building, Its struc-
tural configuration challenges us to rethink how we relate to our physical surroundings, and to each
other; it points to larger questions about the frame itself. Unlike the earlier concrete frame building,
the School reveals and twists the ‘enframed logic' of technological imperatives at all levels of archi-
tectural design. The structural frame establishes the site wherein, or rather through which, the world

may be understood anew.

This reading of the structural frame of the School uncovers the building's capacity to strike a delicate
balance between accepting technological imperatives and offering a clearing, or alternative way to

experience the architectural frame.

The School of Architecture is a three-story building structured on a regular grid of concrete piers
spaced 16 feet from east to west and in a tartan pattern ranging from 8 to 32 feet from north to south.
The ground floor, with its major east-west ‘street’ extending the full three-story height, is dedicated

to public spaces, classtooms, and workshops. The design studios, computer labs, and faculty offices of




the top floor are organized along another street, which runs perpendicular to the ground level. It
becomes a bridge connection to the neighboring engineering building. The middle mezzanine floor
contains the director’s office and some faculty offices. Throughout the building the concrete structure
is exposed; partitions of concrete block define the more irregular enclosed areas. There is not a square

foot of drywall to be found.

The only exception to the standard 12-inch by 24-inch pier is a single 36-inch diameter round column
which rises through a 30-foot unbraced height at the virtual heart of the building. It literally plays a
pivotal role in the building, marking the intersection of the major north-south ‘street” at the upper
at the ground level. Paradoxically. sth shelters the intersection from

level and the east—west ‘street’

but equally connects this intersection to, ‘the pit," the main collective space of the building. This
robust column is at once part of the collective, as it takes its place along the regular column grid, yet
it is revealed in its particularity. It oscillates between acting as a support to the activities 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.

[t would have been very easy to eliminate this column by means of a transfer beam. Nobody would

have questioned such a move, which 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 structural frame ! o]l

1s been accepted, but then twisted so as to make explicit its pres-

ence. [t would be a mistake, however, to think of this column simply in terms of a linguistic anomaly
or ironic comment on conventional building practice. Its presence has the palpable effect of anchor-
ing the life of the school. It stands in a place where conventions are both accepted and respected for
the knowledge with which they are imbued, but equally challenged to create opportunities for
thought and imagination, The single-minded interpretation of structure as ‘frame,’ that which sup-

plies and delineates usable space, has been weakened.

I r—.-.a.!.-

The presence of the round column sets into relief the other columns of the building. Whether con-
sciously or subliminally, the students seem to recognize the extra layer of meaning attached to the
structural grid of the School. Numerous installation projects have been done that attach themselves to

the structure as if to take upont hemselves some of its aura.

FONTEIN

cure or healing and a distorting ar twisting. As

winaurig (over

opposed to 'Uhe

aming)

itopian thinking

being with things in such & as to weaken the

strength of the enframed world.

Returning to the martial arts metaphor, we can take

the possibility of interpretations other than that

N puts to na re th nreaso ble d land
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 enfr

notogical world, one that 1s

gvercomes the world that we ha

‘Human actuvity can never directly counter this dan

ger. Human achievement alone can never be

wman reflection car
all saving power must bhe of a h gher essance than

what 1s endangered at the same time
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In attaching to the structural frame, one wonders whether the students aren't actually taking a clue
from the other systems of the building. The mechanical systems are engaged in an elaborate dance
with the structure: either bracketed by it, or bound to it, or woven around and through the frame. It is
as if the strict rectilinear structural system finds its reciprocal in the more voluptuous aleatory wan-
derings of the air ducts. The system of electrical distribution acts as the sinew between the mechani-
cal and electrical systems. At its extremities, it is a rectilinear conduit embedded into the bottom edge
of the beams. These are tied back via round conduit and ultimately follow the duct risers back to the

power source.

The partitions, all in concrete block, complement the poured-in-place concrete structure, juxtaposing

the plastic quality of the concrete against the porous but rigid masonry unit of the same material. In a
similar fashion to the mechanical systems, the structural and partition systems are in dialogue, the
partitions sometimes [ramed by the concrete structure, at other times they slip right by as if seeking

liberation from the frame's entrapment.




What does it mean for the occupants of the School to function within such an emphatic structural

framework? How does it affect the life of the School?

Like most architecture schools, the building appears incomplete without the constant presence and
ever-changing installations of its occupants. The overall impression is of a factory. The frame encloses
an area that hums with activity and production all hours of the day. At the beginning of each year, the
students intuitively respond to the inexorable concrete structure by engaging in a form of nesting
activity, attaching to and personalizing their private spaces. Similarly, at the school-wide scale, the
yearly student-organized Kosmic Party provides a pretext for the complete transformation of the famil-
iar structure into an alien and wondrous landscape. During such times, a palpable connection to the
building structure is established and endures well beyond graduation. Alumni constantly refer to the

school building as the mnemonic device that structures their recollections of school life.

The structural frame also establishes places of politics within the school; it presents a series of stage
sets that demand that we act, and take a stand. Evidently, the students are quite aware of the political
dimension of the sites they choose for insertions into the School. The mest provocative installation
projects tend to be sited in the vertical public spaces adjacent to the pit, stair landings, and near the
round column. Students intrigued with the idea of ‘frame’ are likely to explore the ‘balcony’ spaces on
either side of the pit. These sites remain visually in the public realm but are physically less obtrusive.
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 all cases. the location and means of attachment to the building
structure are executed with extreme care, not because the students are admonished to do so, but

rather out of a sincere respect for the integrity of the building.

At a more phenomenological level, the concrete structure stands as a mirror, ‘the other,” against which
life is set. At times, one may stand amid the concrete piers and feel empathy with the strength and sta-
bility of the material. Other days. the concrete frame appears inflexible and heavy. One feels confined
until one recognizes this confinement as a way to act through the frame, to go beyond its limits while

still in its midst.

In all its dimensions, the building defines and challenges us in our lives and our teaching, Tt situates
itself as a pedagogical tool for the entire architectural curriculum, and shows how the system of fram-
ing may be used not passively, but in a way that reveals something to us abeut our own most ubiqui-

tous structures.

The irresistibility of orde g and the restraint of

the saving power draw past each other like the

aths of two stars in the course of the heavens, But
f

precisel

this, their passing by, 1s the hidden side

i nearness
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All the photos for ‘Reading Structure through the Frame”
ware taken in the Carleton University School of Architecture in
Dttowa, Canada. The building was designed in 1973 by
Carmen Corneil and Joff Stinson
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PROFESSIONAL AND INDUSTRIAL TERRITORIES

Engineers design strucrure and architects design curtain walls. This professional defini-
tion is repeated on site, where structural trades (concrete, steel, etc.) and cladding trades
(glass, aluminum cladding, etc.) work in their discrete territories. The building industry
is organized around these distinctions between professions and trades to the extent that
everyone involved with a typical project assumes the standard procedure will hold: struc-
ture is employed for the single purpose of supporting the building, while 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 fagade of a brick or stone building was both a structural and waterproof skin. As the
construction industry developed and the building trades became more specialized, the
use of the weatherproof skin as structure became more and more rare.

This divisions exists for reasons of professional and industrial expediency. At the
design level, each profession concentrates on specific and distinct aspects of the build-
ing. To avoid risks of legal responsibility, one does not encroach on the field of the other,
a precaution that also simplifies the analytical process of understanding the different
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 in
Paris by M. Pei, is characterized by this fundamental separation. An aluminum frame for
the silicone glazing system is fixed to an independent steel frame. This leads to a doubling
up of ‘structure’ - the main skeleton in steel and the cladding framing in aluminum -
despite the expressed minimalist architectural intention of maximum transparency.

Yet, it is possible to merge glass and steel into a single structural surface. An exam-
ple of design before the modern tendency of ‘layering’ professions and trades is the
Bicton Palm house, where the hundreds of small glass panes form a daring shell struc-

ture with a delicate minimal steel frame and tiny glazing bars.

Glazing tetail on Pyramid

DUTTON

a doubling up of strycture
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INTEGRATED APPROACH TO DESIGN
The construction industry’s recent
technical developments in engi-
neering and material science and
the building industry’s new techni-
cal capacities provide new opportu-
nities for architecture. These inno-
vations can be used to integrate
structure and the building enve-
lope, or ‘skin.’

For an integrated approach to
design, borders between the dis-
tinct professional, industrial, and
construction territories must be
transgressed. The success of this
exploration depends on architects
understanding of the capacities
and constraints of each separate
field during the design process.

An extreme approach to inte-
gration lies in the use of structural
skins. A lot of work was done in
this area in the ‘50s, '60s and '70s
by Buckminster Fuller, Frei Otto,
Nervi, Isler and others, where the
structural potential of curved sur-
faces was exploited through the
use of shell or membrane analysis
theory. In these cases, surfaces
could be both structural and water-
proof, and as such are perfect
examples of integrated structure
and skin. They are natural 3-D sur-
face structures with very specific
forms, which are the result of the
optimal passage of loads in sur-
faces. The architectural images of
these projects were total expres-
sions of structure and its formal
requirements. Today we can fully
explore complex structural shapes
because the description of surface
geometric complexity has become
more manageable and analyzable
through the use of computers.

The following examples of
integrated designs are presented
in an order defined by scale, from

airport to curtain wall.

INCHON INTERNATIONAL AIRPORT —
ARCHITECTURAL DESIGN OF STRUCTURES

For this airport, ceiling structure was designed to
work integrally with the ceiling surfaces. The
design brief called for the architectural develop-
ment of the roof and facade structures of the air-
port initially designed by Fentress and Bradburn
of Denver in association with KACI, their Korean
based partner for the competition. The design
involved both a concave roof over the entrance
hall spanning 95 meters and a repetitive module
for the main roof measuring 60 x 70 meters,
convex in shape with supporting masts and con-
sciously reminiscent of a traditional Korean
pagoda. HDA's work, done in collaboration with
Ove Arup and Partners of London, concentrated
on creating steel roof structures consistent with
the architectural forms of the ceilings as well as
making a clear expression of the structures
themselves and how they function.

The configuration of steel truss members and
the connection detailing intend to show how
large scale wind and earthquake forces, which
are as much a concern as gravity forces in this
case, are resolved. The geometry of the architec-
tural curves of the entrance hall vaults is
exploited for structural shell action. The roof sur-
face is entirely cross-braced with diagonal mem-
bers, which makes it stiff in plane. As such, it is
able to span on its own between stiffening edge
trusses. The ceiling plane is then as free as possi-
ble of vertical structure, thus leaving a smooth
surface. The ceiling panels are fabricated in tri-
angles to express the bracing, allowing the view-
ers a clear view of all of the primary structure.

Critical to the success of a shell structure is the
buckling analysis of the surface. Arup’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 of
crescent shaped trusses are suspended from a
central vierendeel spine truss and tall masts. The
mast and spine truss configuration is designed
for ductility to absorb seismic forces such that
the suspended trusses are given a degree of pro-
tection from the seismic energy. The spine truss
is open and clearly visible, with skylights above
to highlight it. The crescent trusses are curved
on their lower surfaces following the convex
shape of the ceiling as designed by the archi-
tects. At each truss, the ceiling surface is cut

open giving a full view of the trusses.



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 within a
structure as it deforms. Traditionally, if a tension
member in a structure went slack its presence
would be excluded from consideration. However,
with nonlinear analysis, if the member 1s able to
resist force after the structure has deformed

under the load, then its capacity is considered.

COLUMBIA UNIVERSITY LERNER HALL

GLASS WALL AND RAMPS — STRUCTURING
ARCHITECTURE — A SYNTHESIS

This project is a demonstration that structure
should not only be conceived as the most
economic or efficient solution to an architectural
problem: if thought of as a design element, struc-
ture can address architectural objectives while
resisting loads. The design involves a total inte-
gration of steel structure and structural glass

The hub glass wall and its supporting ramps
make a transparent counterpoint in the compo-
sition of the Lerner Student Centre building by
architects Bernard Tschumi and Gruzen Samton
of New York. Its clearly visible steel structure and
glass surfaces act as a foil to the two masonry
clad wings of the building on either side. The
structure spans between these two blocks, and
the glass encloses the hub void between them.
The articulation of the trusses and steel ramp
structures expresses the activity and movement
zone of the hub itself; these functional structural
components —ramp wind beams, main trellis
truss, suspension rods, and cantilever glass sup-
port arms - all animate the space.

The inclined arrangement of the ramps and
truss is a logical consequence of the change
in levels between the Broadway street level and
the main campus level, which is half a typical
floor height above it. The angular geometry of this
arrangement is carried through into the layout
of all of the components of the fagade and
the ramps. The glass grid follows the incline of
the ramps, as do all of the support arms and
fixing brackets.

The inclined fagade truss is a simple triangu-
lated trellis beam with tubes as compression

members and rod ties as tension members. This

truss partially supports the ramps,
which are an intricate mesh tex-
ture of plates assembled diago-
nally. The inner edges of the ramps
are suspended by a virtual plane of
inclined ties from another, much
heavier triangulated trellis truss at
roof level. Each of these structural
C(!Ill[‘()lIL‘l1l\ dare lI'iIﬂ.‘:]\lI'L'IH n
one way or another. The glass
plane, with its own inclined grid
matrix of joints, is fixed to the
ramps with cantilever arms
arranged as a series of "X’ points
punctuating the elevation.

The glass is used structurally
without glazing bars. [t is a laminate
of clear toughened glass units, It is
fixed to the end of arm 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
allowing a moment free connection
to the glass at its holes.

Walking surfaces on the ramps
are also executed in glass, They are
made from laminated tiles with the
upper sheet toughened and cov-
ered in an anti-slip treatment. A
dust of tiny glass beads is laid on
the top surface and then flamed to
vitrify it to the surface.

The design also addresses visual
expression of the critical functional
details, which are carefully studied
and drawn to express each specific
function. They are designed to
demonstrate how they work.

Each cantilever arm ‘X’ consists
of two lower ‘gravity’ arms that
support the dead weight of the
glass and ‘wind' arms that support

the wind loads only. The reason for

this configuration is to cl:

analysis of how the glass is to

Axial forces under maximum
down load
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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 in the manner for which it 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 all of the
details. In the case of the gravity arms, the glass is
supported on cast brackets at their ends, One lite
is suspended from the bracket and the other rests
on it. For the wind arms, the end bracket is used
to fix a group of small articulated struts that can
only resist wind loads perpendicular to the glass
plane. They are free to rotate in all 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 with
a crowd of people, the glass panel suspended from
it remains free to move downward slightly with-
out pushing on the arm of the ramp below it. This
principle is critical to the compositional idea,
because it allows the glass to be fixed to each
ramp independently and directly without any sec-
ondary framing, as would probably have been the
case in a conventional glazing application.

The arms are hung from the ramps with
a system of adjustment turnbuckles for correction
of construction tolerances that can be achieved
even if 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.

The castings themselves are also equipped
with adjustment devices for fine tuning correc-
tions, and. in particular, angular correction to
compensate for differences in arm 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-
alignment of the ramp slope with the glass grid,
which is the result of the two mid-slope landings
required by the New York building codes. The
castings are important components of the
design, because they resolve in a single piece the
consequences of the geometric complexity. The
casting process gives these key parts a unique
identity specific to this project and allows them
to express in an almost sculptural form the reso-
lution of the overall geometric composition at a
small hand-sized scale.

In engineering terms, though the main com-
ponents, with the exception of the ramps, are
simple and classic structural elements, their

movements and interactivity require careful

analysis. The analysis included
3-D electronic models of the
design to evaluate the interactive
behavior of the different compo-
nents of the structure and, in par-
ticular, the relative stiffness of the
two different trusses and the
ramps that they support.

Full volumetric analysis was
required to understand the com-
plex geometry of the ramps them-
selves and the structural capacity
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 fully exploited for its
structural capacity as well as its
role as a support element for sec-
ondary finishes or cladding items
such as handrails, glass support
arms, glass floor tiling, etc. There is
no distinction between any ‘pri-
mary' and ‘secondary’ structure or
framing; everything is ‘primary.’
Glass flooring can be paved directly
onto the main structure and has no
secondary framing.

Such an intricate interface
between what are traditionally dis-
tinct trades requires a particular
contractual arrangement to ensure
that necessary coordination hap-
pens smoothly. Indeed. the design
depends wholly on the success of
these delicate interfaces to work.
To help make this happen, the
designers proposed that one con-
tractor be globally responsible for
all components in the glass wall
and steel ramp design, and that all

of it be let under one single bid

package. Given that this type of

work was not at all common in the
United States, and particularly in
New York, competition outside the
United States was recommended.
A French firm, Eiffel Constructions
Metalliques, was selected as the
winning bidder. This firm is princi-
pally a steel fabricator with consid-
erable experience in structural
glass as well.

Complications arising from a

European steel company working

DUTTON







in New York using European product standards
and measurement systems required significant
effort and cooperation of all concerned. Beyond
the issue of standards there was also a profes-
sional culture barrier to break. The tried and
tested methods, practices, and contractual
responsibility conventions in one country’s con-
struction industry are very different from those

in another country.

OSAKA MARITIME MUSEUM AND

SOCIETE GENERALE GLAZED STEEL DOMES —
STRUCTURAL SKINS

In the two projects presented here, glass and
steel work together as two parts of a single sur-
face. Both are spherical surfaces using a spiraling
radial Lamella pattern for the steel frame. In
each case, the design of steel detailsis specifically

adapted to the glass surface it supports.

SOCIETE GENERALE
The new Société Générale bank headquarters at
La Defense in Paris by the architects Andrault
and Parat consists of two towers rising from a
forty meter high base plinth. The plinth contains
the main entrance hall with a full height cylin-
drical atrium space topped by a thirty meter
diameter glass dome centrally situated between
the twin towers.

The stainless steel structure consists of a
series of ribs spanning between a central com-
pression ring and a perimeter ring beam. The
steel ribs are triangular in section and vary in
depth from 250 millimeter deep at the edge to
100 millimeter deep at the centre. The crossover
nodes are designed as bolted joints to permit fac-
tory assembly and avoid welding on site without
any visual thickening of the members.

Light falling on the polished stainless steel
members, which are inverted isosceles triangles,
would be reflected downward into the space and
would thereby not create shadows on the profiles
when viewed from below. Thus the structure
would appear light and not in silhouette against
the sky. The glazing gasket system is applied
directly to the upper ‘base’ of the triangles.

The structure would have been more efficient
if circumferential members were added in com-
plete rings at the crossover nodes, thus creating a
perfect triangulated grid-shell dome, but it was
decided that the fluidity of the spiraling ribs
would have been compromised, so the rings were
left out. This means that the ribs function as arch

members relying on their bending capacity to

span from the center to the edge.

The crossover connections, how-
ever, prevent the arches from
buckling sideways, allowing the
deep individual sections to be thin
in plan.

The circumferential ring mem-
bers would also have made glazing
easier. This is because it is not pos-
sible to glaze the lozenge panels
with flat planes given the spherical
geometry. The ring could have
provided a glazing bar forming a
fold line, and the glass could be
applied in planar triangular pan-
els. Instead, the glass itself is made
in folded panels that are bent
along the circumferential line
forming twin triangular planes,

and no joint is visible at all.

OSAKA MARITIME MUSEUM
Contrary to the Société Générale
project, the 73 meter diameter
hemispherical Osaka Maritime
Museum dome, designed with
architect Paul Andreu, is a fully tri-
angulated grid shell structure
braced by an *x’ of steel rods. This
‘x" also forms a point support for
the glazing. Four glass panels are
used to clad each lozenge of the
dome structure. At the mid point
of each, the rods cross over and a
glazing support bracket supports
the internal corners of the four
sheets of glass

The dome glazing has a dou-
ble role as necessary shading for
the internal volume in addition to
keeping the rain out. Osaka's cli-
mate is relatively hot, and the
greenhouse effect of the entirely
glazed volume would have made
it intolerable for the users. The
glass is a laminate with a perfo-
rated steel sheet incorporated in
the interlayer. The density of the
perforations in the glass vary as a
function of the shading require-
ments for the internal volume.
The annual solar exposure of the
dome is plotted as a contour map

projected onto the dome surface,

top 1o bottem

Societe Gendrale

Société Genérale grid

Osaka construction
Osaka

Osaka grid
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Each contour represents a different density of
perforation in the interlayer metal sheet, such
that it is highly shaded at the top and more
translucent towards the base where the sheet
disappears. Views of the surrounding seascape
are unhindered while the space is protected

from sunlight coming from above.

STRUCTURAL GLASS
An 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 Villette greenhouse facades with
architect Adrien Fainsilber, one of the first pro-
jects to use the glass itself to its full structural
capacity, is a poignant example. The array of
toughened glass panels supports its self weight
in each 8 meter x 8 meter bay, exploiting the
glass’s in-plane strength as well as each individ-
ual panel's capacity to resist wind loads without
any aluminum framing. The resulting curtain of
sixteen glass sheets is then braced using cable
trusses that support the only loads it is unable to
resolve itself, which are the overall wind forces.

The structural glass advances at La Villette
depend on three principle technical achieve-
ments that set it apart from traditional glass wall
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. And
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 structural members. In this case, sufficient
care must taken in detailing 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 material or object is recreated as an
electronic model simulating the material struc-
tural properties.

The appearance of the structural glass con-
nections becomes an explicit tactile expression
of their function. Beyond making the force lines
themselves readable, there is the aesthetic
potential of the details for their own decorative

value. The cast stainless steel structural glass

connections are modeled for visu-
alization using computer graphics
software to refine their shape.
Once the final shape is agreed on,
then the models are used as a basis
for fabrication drawings and cast-

ing mold fabrication.

TECTONIC ARCHITECTURAL
COMPOSITION

The work reviewed here is orga-
nized in a gradual progression
from large scale structures to struc-
tural glass and its connections.
From structure to structural skin.
One might conclude that with such
an approach the total architectural
form 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 when the various tech-
nologies involved in building are
fully understood and composed as
a conscious whole.

An integral approach to design
requires a deep understanding of
the technologies of architecture.
We design with this technology. It
is a critical tool of our design
methodology. It is important to con-
trol it as designers.

There is a danger as architec-
tural technologies become so com-
plex and difficult that it is impossi-
ble for designers to master them. [t
is important not to be over-
whelmed. Architects work at the
beginning of the building process
and can still remain in control at
the level of first principles. There is
a risk in the profession’s growing
tendency to flee responsibility and
readiness to leave the resolution
of the detailed work to the contrac-
tor. This means that we shall gradu-
ally lose the required skills, and
clients will go directly to builders
and engineers. In time the
designer's role shall become less

and less significant.

left and nght: B0 Avenue N
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Antonio Juarez

TOPOLOGY AND ORGANICISM IN THE WORK OF LOUIS I. KAHN

NOTES ON THE CITY TOWER

Louis Kahn and Anne Tyng's proposal for a new
office building at the Philadelphia City Hall is a
[speculative project in its purest form - a forceful
iexprcssion of ideas present in more subtle forms
lin actual built work, which, in turn, enlightens
our understanding of that work. In fact, an
examination of the City Tower reveals a pattern
of planning in Kahn's previous and subsequent
projects where either frameworks or clusters of
cells, or a combination of the two systems is
employed to organize space. The proposal is a
visual record of the ideas Kahn and Tyng had
been talking about, reading about, and sketch-

iing: growth, organicism, topology. structure.‘
‘and monumentality. |

Kahn's early preoccupations with structure
surfaces in his 1944 paper, Monumentality, where
he looks for ‘a continuous structural unity
worthy of being exposed,’ and can be seen as pre-

liminary ideas for what he will develop
later with Tyng in the City Tower. As Kenneth
Frampton suggests, Kahn's idea of monumen-
tality can effectively be called ‘structural monu-
mentality.”” Tyng's interest in molecular
structure is clearly manifest in the City Tower
project, where structure is the language used to
explore connectivity and growth at a monumen-
tal scale. Kahn's interest in topology and organi-
cism is magnified in this project, which was an |
opportunity for him to reach beyond accepted

dispositions for columns, beams and walls.

THE NATURE OF THE STRUCTURE
Kahn and Tyng published the final 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 with 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

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."

The proposed building is described as the
product of a constant search for order. This
order, and the structure that delineates it,
could not be concealed. As Kahn had written
before, the nature of spaces and their making
had to be identified.'

The tower is explained in the proposal as
‘a gigantic wind resisting, weight-distributing
space-frame consolidating the many needs of a
central city location." Kahn does not hide the
wind-resisting frame but forcefully expresses it.
His intent is to clearly show how the building
was made - it was important that none of the
|levels of the construction process be erased.
|Kahn presented the project as a structural idea
allowed to grow into a building, without being
forced into a preconceived, purely formal notion’*
(figure 1)

The structure is a precast, pre-stressed, con-
crete, triangulated strut frame, integrally braced
by cross framing that intersects the column
system every 66 feet. Each intersection is
crowned by a capital 11 feet deep that houses
'storage. toilets and sub-stations for mechanical
services. (figure 3) Conduits and pipe run‘
through hollow columns. Intermediate level|
floors (up to 6 within the 66 foot vertical bays)
can be moved up and down within the triangu-
lated envelope to suit specific planning and sec-
tional requirements. No two adjacent floors
align in plan.

Triangulated membranes and arteries form 3
foot deep precast light-weight concrete floor
slabs that can span up to 60 feet and harbor air
conditioning, lighting, wiring and all piping. The
continuous mechanical system affords flexibility
in space division. A central core of vertical

shafts, which houses stairs, elevators and air

ducts, rises through the building without dis-
‘mrbing its structural continuity.

‘ Modernism required the separation of a
tower's structure from its skin- both elements
had to be pure in their function. Instead, Kahn
conceived of building skin as an intermediary
element between interior and exterior- the
beginning of the structural reaction against
wind and gravity forces.

The proposal shows a permanent scaffolding
of aluminum, which would secure the glazing
panels and block sunlight, covering the entire
exterior. From a distance, windows would dis-
solve into the flickering collage of the skin as a
whole. The multi-plane form of the building sets
up a range of positions for the sun louvers,
which also break up and distribute wind loads.
This 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. *

FROM THE YALE GALLERY TO THE CITY TOWER

Many of the ideas for the City Tower originated
lin the Yale University Art Gallery (1951-53)
‘(ﬁgure 4). The sketch Kahn made in the process
of designing the Adath Jeshurun Synagogue
(figure 5), after finishing the construction of the
Art Gallery, represents an understanding of the
frame as an organism with an integral, geomet-
rical order. In her elementary school project
Tyng ‘increased the layers of the single layer
tetra hedron/octahedron truss used by Fuller and
Le Ricolais to ‘grow’ columns of the same geom-
etry.”” The integral frame idea would later be
developed in the tower by Kahn and Tyng, where
the structure is understood as a continuous

framework, instead of as a cluster of separate
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elements as in other Kahn's projects of the 50's.
The Adath Jeshurun Synagogue drawing can also
be interpreted as a postscript of the earlier art
gallery, or some sort of recognition of what the
project should have been. Kahn noted when he
made that sketch that the structural order
implicit in the tetrahedral floor slab of the
recently finished Art Gallery should also have
been extended into the columns:

A tetrahedral concrete floor asks for a column of

the same structure. *

However, in the building as it was made, the
construction system of the floor was not actually
a space frame, but a conventional floor slab in
which the beams were inclined, and the hollow
spaces between the concrete tetrahedrons
allowed the utilities to be exposed. The value of
the project as a space frame is more its intention
than its reality, and that intention is pushed fur-
ther in later projects.

In the mid-50's, after the Art Gallery was fin-
ished, Kahn became severely critical of it. The
tetrahedral floor slab adequately housed ducts,
lighting and acoustic utilities while protectively
‘harboring’ those beneath it, but the concrete
columns did not work with the whole. At that
moment, it became clear to Kahn that it was illog-
ical to place a triangular grid within a rectangular
building. The absolute continuity of the gemm-bl
rical order, without 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 fully

explored during the design of the City Tower, in

which Kahn and Tyng derived forms by extend-
ing the triangular space-frame vertically. A three
dimensional extension of the Art Gallery's tetra-
hedral floor slab is the basis for early sketches of
the City Tower (figures 6, 19, 20). Although all of
[the versions of the Tower use the triangular
geometry, the later version reflects a much clear-
er structural principle and hierarchical order
(figure 2). The main difference amongst the
designs is the external presence of the space
frame and its relationship with the enclosure. In
the first project, the glazed walls do not clearly
express the major structural order against the
forces of wind, which is so important in the
others, The development of the tower design can
be described as a progressive liberation of the
glazed skin from the traditional conventions
regarding prismatic office buildings. In the
series of proposals, one can see increasing inter-
play between enclosure and structure, ending
with the glazed skin becoming part of the struc-

ture in the last version.

THE HISTORY OF AN UNBUILT NOTION OF GROWTH:
THE CONTEXT OF THE CITY TOWER SPACE FRAME
In projects surrounding the City Tower proposal
Kahn and Tyng invesitgated the occupied space
frame idea from different approaches; while
|Kahn thoght of it as occupied by mechanical ser-
vices, Tyng introduced the idea of a space frame
occupied by humans. While Kahn was working
on the Yale Art Gallery, Tyng was designing an
addition for her parents’ house using large scale
tetrahedral geometry (figure 13). Tyng refers to

her parents’ house as ‘the first built habitable

total space frame' and the tower as ‘the first con-
ceptual tower structure that was a totally trian-
gulated habitable, space frame.’ Kahn later used
the tetrahedral frame in the roof of Clever House
(figure 14). Tyng's Wolworth 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 distinction between the two tectonic orders
that Frampton calls earthwork and roofwork and
develops a more gradual connection to the
ground.' The roof can be read as an exploration
of Tyng's organic geometry, while the massive
elements in contact with the ground are closer
to Kahn's interest in the physical materiality of
the ‘beginnings’ of architecture. As in the
Trenton Bathhouse, (figure 12) the walls and roof
have independent structural forms.

If Tyng defines architecture as ‘the art of
giving form to number and number to form,'
that is to say, the possibility of giving sensible |
reality to numerical order and vice versa, Kahn's
way to give physical presence to his ideas was
fused with his reflection on the contruction
process, the experience of material, and his ideas
about space.”

The remainder of Kahn's search for app-

roaches to the hovering or habitable structural|

| ;s 2 i
frame occurred in unbuilt projects, where the

strongest structural ideas lie in the intermediate
stages of design.

The Trenton Bathhouse that was actually
constructed represents a minimal part of the
entire proposed complex. The main part of the
project, the Community Building, was never
built. One scheme for this building uses a spatial
grid composed of octagons and squares, more
complex than previous grids using the sole tetra-
hedral element. The elevation ( figure 16) clearly
shows ideas about the natural growth of struc-
ture that also occur in the City Tower.

A proposal for the Bryn Mawr Dormitory
(figure 15) shows a three-dimensional grid of
interlocking octagons and squares forming the
stepped-back volume of five floors. This octago-
nal grid is similar to the one used for the
Community Building 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 frame, very
close in concept to that of the City Tower. Tyng
prepared most of the material in this first stage
of the project.” The similarity of this version of
|rhe building to the DNA models developed by
James Watson and Francis Crick has been sug-
gested. For that reason, this scheme was called

‘the molecular plan.” Although an ingenious
solution for the problem of the multiplicity of

dorm rooms, it was not satisfactory for the|

[public spaces. Kahn finally decided on a very dif-|
ferent solution, paying more attention to the
public courts. Tyng remembers that Kahn reject-
ed the first scheme because he ‘did not like the
zig-zagging facade of the rooms."

Tyng's devotion to molecular form came to
fruition in her scheme for the the General
Motors Exhibit (figure 17) at the 1964 -65 New
York World's Fair, which is based on the four
fold carbon atom bond. Individual pavilions, in
the shape of halved tetrakaidecahedrons
form a semi-circular cluster, which is supported
by inflated forms derived from the geometry
of the cluster and anchored down by cables.
This scheme was rejected by Kahn, but it is evi-
dence of the intensity of Tyng's investigation
into organic form, which was a presence in

his office.”

TOPOLOGY AND GROWTH
As reflected in the title of the Universal Atlas
Cement Company brochure, ‘A City Tower: A
Concept of Natural Growth,' the notion of
|‘growth’ seems to be central in the City Tower, as
well as in other projects realized during those
years.” The Adath Jesurum Synagogue and the
Adler House (1954) are two projects that epito-
mize Kahn's ideas toward organic form, and they

sit at the two poles that underlie the City Tower

organicism: ‘branched’ and ‘cellular’ structure. |

From one project to another, throughout his
career, these two extreme models fix the limits
of Kahn's work: the natural growth of the space
frame and the addition of space units. Kahn's
work can be seen as an interplay between these
two poles: the continuous framework vs. the
clustering of elements.
both

extremes: on the one hand, it is generated from

The City Tower seems to reflect

a tetra-octahedronal tree-like structure as a
whole; on the other, the connectivity between
the geometric cells is also a concern in the spa-
tial conception of the tower. This duality,
expressed with the most strength and clarity in|
the City Tower, is a thread that runs through all
of his work.

There is an approach to the building as a
living being, as an organic structure. Kahn's own
organic approach can be compared and related
to two main references. The first one is a scien-
tific discipline: Topology. through the influence
of the French engineer Robert Le Ricolais. The
second refers to the notion of ‘growth' and
D'Arcy W. Thompson's ideas on biology in his

book 'On Growth and Form," which comes to

Kahn through the influence of Tyng and her
interest in the geometric principles of form.

Topology is the branch of mathematics that
studies properties of geometric forms lh;ll|
remain constant under continuous transforma-
tions. Two figures are topologically equivalent if
one can be obtained from the other by stretching
or curving without cutting it. This property has
caused topology to be called ‘rubber sheet geom-
etry,’ since a square can be transformed into a
circle, but not into a ring. Ideas of opened and
closed, connected or disconnected are central to
this discipline. Topology is also the science of
connectivity in the realm of form.

Topological ideas were central to Robert Le
Ricolais’ thought. As a ‘mathematician of struc-
tures,” Le Ricolais was the first to introduce
Topology as a tool for mathematical structural
analysis.” In the fall of 1953, Kahn received a
letter from Le Ricolais, who had seen the pro-
ject for the City Tower in Perspecta and told
Kahn about his coming to teach at the
University of Pennsylvania in 1954. In that issue
of Perspecta appeared the famous statement by|
Kahn about ‘the hollow stone'* that houses a
building's systems. A parallel thought from Le
Ricolais’ mathematical approach to structures
appears when he states that his goal was hol-
lowing the solid, in the paradoxical com'lusinn|
that ‘the art of structure is how and where to
put the holes."” Le Ricolais would teach courses
in experimental structures in tandem with

Kahn's design studio.
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In 1955 Le Ricolais wrote an article called
Topology and Architecture that opened with the
following quotation by Cyril Stanley Smith, then |
director of the Chicago Institute of Metals: "How
could Architecture, which deals with connec-
tions, ignore Topology, which by itself is the sci-
ence of connectivity?* Actually, what Kahn|
understood as form - ‘conceptual patterns with-
out dimensions’ - was very close to some kind of
‘topological order’ in the project.

For Le Ricolais, the realm of structures and
poetics was based on the same quality: ‘arrange-
ment,” or ‘topological organization." Creative
energy is only liberated in ‘disposition,” not
‘composition,” which is based only on visual con-
siderations. 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 Ricolais' notion of ‘arrangement’ in con-
sidering form as a more open way ol analysis
than ‘composition’ also explains what Kahn
understood as Form. Kahn's projects can be ana- |
lyzed following Le Ricolais’ suggestion that what
constitutes the project is not the external form,
but its internal topological arrangement.

Kahn's desire seems to lie in seeking out the
formal structure of the project. This means that |
the origin of the project can be traced beyond
any specific formal solution. What Kahn me;ms‘
by ‘Form’ can be understood as a flexible dispo-
sition or arrangement, an open form organizing
space. The nature of the building, what the
spaces ‘want to be,’ is rooted in the relationships

between spaces, in their internal connections or

disconnections, and in their proximities and sep-
aration, but not in the concrete form.

Many of Kahn's projects clearly show ‘con-
nectivity.” There are clusters of cells, basic ele-
ments following different topological patterns.
Sometimes they are merely juxtaposed; other
times they are connected or interlocked. They
also constitute a kind of synthesis between the

addition of unconnected elements and the nat-

ural growth of the structure. The total autonomy
of the cells interacts with a proposal for totality
when their structures connect or intersect. Even
in three-dimensional terms, the connection
reveals the nature of the structure in the City
Tower. The capitals crowning the intersections
| of the triangulated strut frame were called the
‘knuckles’ of the structure. Kahn tells us with
these ideas that a definitive part of 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,

The connection with D'Arcy Thompson's
idea of growth is more explicit than others. Kahn
had Thompson's book and became excited with
discussions about it at his office. Tyng, who more
thoroughly went through Thompson's ideas,
points out that Kahn was always interested in
connection to nature and that he was motivated
by Thompson's drawings, which related natural
and man-made products. She also remarked that
Kahn's own drawings of natural elements such

|as people and trees, with their intense vitality,
show his connection to nature, ~

These ideas connect Kahn with the general
context of the architectural debate in the 50's

l and later. After Bruno Zevi's Towards an Organic
Architecture (published in English in 1950)
many different attitudes were labeled ‘organic’

and recognized as critiques to rationalism.

Broader than the Wrightian interpretation of|

the concept, Alison and Peter Smithson's ideas

of ‘growth and change.,” Fumihiko Maki’'s
Investigations in Collective Form, and Reyner
Banham's Megastructure reflect successive read-
ings of organicisms metaphor. Some of the
the Adath

Jeshurun Synagogue (figure 20) are not far from

drawings for Kahn's project of

Maki's definition of megastructure as a large,
harboring frame that houses the functions
of the city.”

Referring to the idea of growth in the Tower,
"Fy‘ng explained some of their intentions as a
non-literal representation of natural principles.
Linked to Kahn and Tyng's notion of growth is
the idea of hierarchy:

W0 unigque opportunity to express hierarchical

shape as well as hierarchical quantity that can res-
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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 vertical dimension as an
extruded two-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 [. 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
maovement. Hierarchical expression occurs in varia-
tions in floor level between the main 66-foot struc-
tural levels, in the hollow triangulated ‘capitals’,
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 growth' (figure 18) show
Kahn's interest in the notion of growth, linked to

the idea of connectivity and in harmony with

| geometric principles. 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 himself all the laws of nature,” at
the same time he admits an essential difference
between the conscious and the unconscious.”
Kahn asserted that architecture is not only the
expression of natural, organic forces, but also
comes from conscious Inspiration, an impossible
to elude desire-to-express, because ‘nature does
not build a house, nature does not make a loco-
motive, nature does not make a playground.

They grow out of a desire to express.’
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IN PERSPECTIVE: SKIN

Modernism has consistently
divided buildings, new or old,
into load-bearing-wall and
frame-and-curtain-wall struc-
tures, and the frame structures
themselves into the skeleton
and the skin. It is easy to find
examples that defy this classifi-
cation: the Baths of Caracalla
seem to be neither wall nor
frame, as does the typical wood
platform house. The frame -
skin dichotomy itself is simply

an abstraction imposed on a far
more complex reality.

Edward Ford Details of Modern
Architecture, Volume 1

From the time of Francis Il the
architectural form diminishes
more and more in the construc-
tion, leaving visible the geomet-
ric character, like the bony
framework of the emaciated
invalid. The fine lines of art

make way for the cold, inex-
orable forms of geometry. An
edifice is no longer an edifice; it
is a polyhedron.

Victor Hugo Notre Dame de Paris

Until the end of the eighteenth
century construction was car-
ried out with methods that
evolved from those used in'the
High Middle Ages and the
Renaissance. The expressive

traditions of these periods con-
ceived of the integration of con-
struction and architecture in
essentially the same way. But
suddenly, between the eigh-
teenth and nineteenth cen-
turies, it became possible to
use iron as a construction mate-
rial (first cast iron, then various
types of steel), and very quickly
this material began to be manu-
factured in pieces of prismatic
wholes that were then assem-




Karsten Harries

on READING STRUCTURE THROUGH THE FRAME

I welcomed the essay's general strategy, the way it
juxtaposes a quite personal account of two spaces
with definitions and reflections that are very much
indebted to Heidegger. The trajectory of the essay is
indicated by the sequence of words that appear in
boldface in the latter: structure; frame; enfram-
ing; we are caught in a tradition of progress,
commonly known as the metaphysical tradi-
tion, yet we no longer have a larger view of
where we are going; we need not push on
blindly with technology. nor simply rebel help-
lessly against it; verwindung; to weaken the
strength of the enframed world. No one familiar
with Heidegger will find this sequence surprising.
And though | do not favor the expression commonly
known as the metaphysical tradition,” |'do ‘think that
we face no more significant task today than to show
how it is possible to say ‘yes tothe technological
world without losing our soul. Ms. Fontein provides
us with some welcome pointers

The two buildings discussed in the main part
of the article help to make more concrete what is
discussed in the quite literally marginal observa-
tions on which | have commented so far. In the first
section the ‘building for hire” becomes a figure of
our modern world, the world of Heidegger's Ge-
stell There is the suggestion that ironic or subver-
sive strategies are necessary to make such a
structure genuinely habitable; and that they would
be necessary also to live a fully human life in this
modern world.

The second building discussed, the Carleton
University School of Architecture, complements
the first: it offers an example of how 10 ‘reveal
and twist the ‘enframed logic’ of technological
imperatives.' Key here is the abtrusive column that,
even as it accepts, ‘twists’ the structural frame and
renders it explicit in its presence. The rectilinear
structural system is engaged in a kind of counter-
point by the wanderings of the air ducts and the
electrical system, and of course by the human
occupants of the school. The cancrete structure is
said ‘to stand as a mirror. ‘the other’” against which
life is set.” Here is anather place where | would have
wished for more discussion, Is 'mircor’ the right
word here? The.ambivalence of this other,’ too,
deserves more discussion,

The maost questionable part of her presentation
here is the seemingly easy movement from struc-
ture.” to ‘frame.” to ‘enframing.’ The German Gestel/
‘enframing’ unfortunately does not derive from the
German for ‘frame’ - Rafirnen. This lets the reacder
wonder to what extent the points made here trade
on associations that work only in English. | would
have welcomed at any rate a fuller discussion of
these terms. But perhaps it is in the nature of such
quickly moving suggestions to raise a multitude of

guestions and to open up a whole hast of issues.

Karsten Harries is Professor of Philosophy at Yale University, He
has pubhished widely on art and architecture including a num-
ber al articles for Perspecta the most recent baing “Contaxt
Confrontation, Folly™ for Perspecta 2 7. His most recent book is
The Ethical Function of Architecture. His next book will be

Robert A. Heintges

__ _onAN INTEGRAL APPROACH TO STRUCTURE AND ARCHITECTURE_

The ‘integrated design’ ideal championed by
Hugh Dutton is not the Holy Grail of high tech
fagades, but rather a reductive form of mod-
ernism. The works cited as examples of ‘inte-
grated design’ are all commendable

- achievements, but it is simplistic to maintain

that building structure and cladding structure
are somehow elevated to a higher art form if
one is inseparable from the other. The
dichotomy of structure and cladding has
existed since the neo-Gothic architect Sir
Gilbert Scott defined the term ‘curtain wall’ in
the 1850s, and has generated one of the pri-
mary dialogues of architectural form ever since.
The literal integration of structure and cladding
is therefore ironically regressive: it is one valid
approach, but, in my view, far too limiting as a
governing design principle.

The pyramid. Le Grand Louvre, by |.M. Pei
15 cited by Dutton as an example of the presum-
ably conventional, i.e., non-integrated design
methodology. In fact, Pei’s firm worked closely
with the engineers to design the layering of
glazing and structure in order to satisfy very
real and demanding performance criteria.

In the ambitious and innovative point-sup-
ported glass wall of the Lerner Hall project,
cladding and structure are indeed integrated; in
designing the bridges to support the glass, the
need for an interstitial curtain wall structure is
eliminated. The irony. of course, is that the
bridge structures and the cantilevered dead load
supports for the glass have become so massive
that the net effect of transparency and lightness
is compromised. Would it have been indefensi-
ble to have bridges floating independently of the
glass wall, and the glass independently sus-
pended on thin tensile elements? s such a non-
integrated approach really too conventional’?

A contemporary example of the alternative
is the new planetarium for the Rose Center for
Earth and Space of the American Museum of
Natural History, by James Stewart Polshek
Architects and engineer Weidlinger Associates.
Here, the larger architectural goal was to articu-
late the objects within, and therefore to mini-
mize the overall structure of the glass
enclosure. The resulting design. withian inter-
stitial structure to carry the point-supported
glazing. was realized with the concept notto
integrate structure and cladding.

If point-supported glazing is to be
employed, presumably for lightness, trans-
parency, or even dematerialization, then scale
is an essential determinant in the choice of
detailing strategy. The glass wall of Lerner Hall,
itself only a portion of the north elevation, is
simply too small for its ambitions. An analogy
might be the gothic cathedral’s seeming
weightlessness despite its tracery of heavy
limestone ribs: reduce the scale of the space
and buttress spans by half or more, and the
desired effectis lost. By contrast, the success of
the Osaka Maritime Museum and the Societé
Générale steel dome projects is due in partto
their larger scale.

Finally, aword about ‘structural glass, an
expression used throughout Dutton’s article to
describe point-supported glazing. The term
implies that glass is being used structurally,
when in fact it is simply being supported in a
different way, and is no more structural than
conventional two- or four-side edge supported
glass. Integrating the words ‘structure” and
‘glass’ is, however, a convenient metaphor for
the premise of Dutton's article.

Robert A Heintges is Associate Professor (Adjunct) of
Architecture at Columbia University Graduate School of
Architecture. Planning and Preservation. His firm.

R.A. Heintges Architects Consultants, has consulted on
ovar fifteen million square feat of curtain wall, cladding, and

~_ onTOPOLOGY AND ORGANICISM IN THE WORK OF LOUIS |I. KAHN_ = eI
Anne Griswold Ty

ARCHITECTURE WITH A LIFE OF ITS OWN

Antonio Juarez’s article offers an interesting
distinction between ‘organic’ growth expressed in
the proposed City Tower and other Kahn projects
based on the clustering or addition of space units.
The distinction should not be understood as
‘organic’ Tower versus ‘non-arganic’ clustering or
addition of space units. They both embody principles
of organic growth — one more vertical and the other
more horizontal accretions. In both cases units of
form are involved, some tetrahedron/octahedron
and other cubic. All lie within the space-filling four-
fold ordering of the ‘Simpler’ of the five Platonic
Solids - cube, tetrahedron and octahedron - while
the non-space filling ‘Higher’ Solids - dodecahedron,
and icosahedron - have five-fold ordering. The Five
Platonic Solids are the only regular forms possible in
three-dimensional space, in each of which all the
faces are the same and all the angles at which those
faces meet are the same. They represent the dice of
the universe - with an equal chance of landing on
any face - and are the basis of all the infinite variety
of natural or synthetic matter.

The architecture of Wright, and especially
Gaudi before him, expresses connections between
geometry within us ~ the DNA molecule in 1953 and
the hemoglobin molecule in 1964 - and the extraor-
dinary geometries found far our in space are all
forms that give life. In the close packed density of

black holes and in trailing wisps of stardust, recog-

hia kil

al, r i lly helical, and spiral
geometries are being found.

Kahn and | experienced our own breakthrough
in exploring the direct expression of natural trian-

1 A

] P filling g try, extending our

vocabulary of architecture beyond cubic or orthog-
onal networks.

| believe the proposal for the City Tower is the
first concept of a totally triangulated tower harbor-
ing all its spaces within continuous geometry. The
structural members act simultaneously as both
columns and beams, lightening the structure by
optimizing on the multiple directions of connectivity
to resist earthquake and wind stresses. The
Tower’s resistive undulation appears to be in
motion with a life of its own. Our explorations freed
Kahn to go beyond any style of architecture power
and living energy in original expressions of organic
monumentality. Our explorations freed Kahn to go

beyond any style of architecture to the beginnings

of form as a universal timel ce, giving his

architecture p and living gy in original

expressions of organic monumentality.

IN RESPONSE

Anne Grisworld Tyng is anarchitect based in Philadelphia and a
Fellow of the American Institute of Architects. She collaborated
with Lowis Kahn on a number of projects including the
Philadeiphia Tower. She is the editor of Lows Kahn to Anne



“Lever House, New Y. itk, Gordon B unshaft of Sk.dmora, Owings and Merrill (1950-82)

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

COns (11N

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
value. Every type of structure is

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-

L Poi & Partners (1966-78)

unified in the creative process
after having dwelled in the
architect’s mind. Construction
will always be indiscernible
from architecture. It is its flesh

eflections 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”

SKELETON

LF:

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
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building 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

CNGIBDCM!: Center. Skidmore, Owings and Merrill (1

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

963-86)
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SITE VISITS:

An Engineer Reads Le Corbusier’'s Villas

Many architects avoid thinking about structure.
| They prefer to ignore gravity, wind, seismic, er
thermal forces. But to disregard these real forces
is to miss architectural opportunities. Instead
of ignoring the physical necessity of structure,
Le Corbusier used it to create architecture. At

the same time, he is not a slave to structure; he

BRSNS . force structural regularity for the sake of

purity or economy. Instead, he manipulated
structural elements for architectural ends -
depicting gravity in one place and defying it in
another. He made peace with structure by facing
it and understanding it thoroughly. The result-
ing virtuosity allowed him to manipulate struc-
tural ideas as easily as he would formal ones.

In a way, Corbusier's approach to structure
has an ancient Greek sensibility. In that pre-
statics world, no one had a clear understanding
of structure, but the architecture shows a capti-
vation with the visual drama of loads and strain.
Gravity was awesome, Corbusier was equally

enthralled by these forces, but he understood

structure so well that he could levitate it.

MAISON JAOUL
More than some of Corbusier's whiter residences,
Maison Jaoul looks like 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 building to

its foundations.

SPIEGEL

lirsction atarches. and windows are placed under
bond beaims

at lelt, Beaning wall ant bond beaim

pravious page top Interor of Maison Jaoul

Neully-Sur-Senne, Le Corbuser (1857)

paqe

Poissy. Le Corbusier { 1929-31)
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Maison Jaoul appears to have grown out of
three structural devices: the bearing wall, the
bond beam, and the Catalan arch. Corbusier
understood them and expressed them. His longi-
tudinal concrete bond beam works against three
sets of forces at once; gravity, thermal expan-
sion/contraction, and thrust are addressed by
the beam’s depth, top and bottom surfaces, and
width, respectively. The beam takes the gravity
loads of the bearing wall, roof and third and
second floors, knits the masonry together longi-
tudinally, and resists the continuous thrust of
the interior arches between the tie rods. The
beam is large, so it is economical to reinforce, It
is exceptionally efficient in all directions - later-
ally, vertically, longitudinally, economically, and
architecturally.

Corbusier oversized the depth of the bond
beam, and, in doing so, depicts on the exterior
the full depth of the interior floor, arch, and tie
rod assembly. The impact structurally is that
the beam is deep enough to allow huge liberties
to be taken with the placement of openings in
exterior walls and the sizing of interior spaces,
because it can supply enough bending, shear.
and deflection resistance to span over the widest
openings. This early structural decision gives
him the architectural freedom to shift elements
around, pop openings in, do whatever he wants.
The masonry is indeed a bearing wall, transport-

ing all load down to the foundation. But the
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three continuous beams truly solve most of the
structural concerns.

It looks effortless, because it is. The fact that
a structural parti enabled him to depart from
convention makes the fenestration forceful
instead of flippant: the jumping windows exhib-
it a command of structure, not an affront to it.

The beam is working longitudinally as a
bond beam as well. [ts top and bottom surfaces
adhere to the masonry through friction, pre-
venting the bricks from spreading apart over the
years and ending up on the ground, which is
their natural inclination. Of course, there are
bond beams in every brick structure, occurring
at every floor level, but the convention is to hide
them behind exterior brick facing. Corbusier
engages the bond beam architecturally and
structurally by exposing it and asking it to bear
gravity load and resist thrust as well.

The three beams receive rods that tie the two
concrete arches spanning between them. Thrust
is delivered continuously along the spring line of
the arches, and the beams act in bending later-
ally between the ties that take the thrust out.
Corbusier threads the rods through the beam,
anchors them with bolts and washers, and then
hides them with those little concrete caps. In
order to simplify construction for the builder,
an engineer might work out a regular spacing
for the ties and line those knobs up one right

over the other. Not Corbusier, He did line them
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up once to let us know that he's aware of how it
is normally done.

The oversized section of this bond beam also
accommodates the depth of the arch from spring
line to crown plus concrete fill and ceramic tile.
There is just enough beam depth left underneath
the spring line of the tiles to accept the tie rods.
which are centered precisely at the location of
thrust transfer. Corbusier played with the arches
themselves as well, choosing a stacked bond for
the tiles instead of the traditional staggered as
more commonly used by Antonio Gaudi and
Eduardoe Gaustavino.

The two roof arches and three beams form a
structure that is stable and balanced when just
the dead and uniform loads are considered. But
add non-uniform live loads (snow, earth, and
plantings on roofs). and the structure may
become unbalanced. Because the two arches
have unequal spans but the same vertical rise,

the imbalance resulting from non-uniform load-

ing allows tension to intrude into the arches,
which basically want to remain in compression.
Corbusier and his engineer did what | would

do - provide enough dead load in the roof arches

and size and reinforce the three beams for the
worst case scenario. On a small building project

this 1s the most economical approach.

Corbusier used concrete formwork to write
above clockwise

a layer of commentary over his arch and beam

Patchwaork of bioard hing

system. This project was constructed before ply-
wood was commonly used in Europe, and the [ I stresses whe .
typical board formwork system provided him
with a palette of narrowly spaced lines. At the atright: St nestratior
short facades, where the arched vaults terminate
and the two arches are rendered in concrete. he
destroyed any expression of the existing hori-
zontal forces pushing against each other at the brick walls.are:all stratoht
crown of the arch. A lot of designers would want
to clearly emphasize the compressive forces, but
Corbusier puts vertical lines on one side of the
crown and horizontal lines on the other, and at
the spring line he does the same. He completes
the subversion by, on one end elevation, placing
a window under the center beam. The patch-
work of board lines breaks up the massive beams
along their length, and, over many of the win-
dows, vertical and horizontal lines deny the
spanning action of the concrete they mark.

Corbusier liked to cantilever canopies, which
means that no columns muddy the structural
picture. He put that slender drainpipe close to
the wall 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 delineation of work-

ing structure and veneer. Corbusier sorted out




panels and bearing wall by material. The facades
are assembled of masonry, and the resulting
gaps are filled in by glazing or wood panels.
Inside, some of the working structure is made to
look like veneer, The interior concrete columns
and piers are dematerialized with bright colored

paint on one face, allowing the center beam to

read as if it were spanning the entire length of

the house.

The sculptural, stepped underside of the inte-
rior concrete stair required a more complicated
formwork, steel reinforcing fabrication/installa-
tion, and concrete placement than a conventional
sloped soffit. If Corbusier's stair is reinforced with
1/2" diameter #4 bars, the effective depth is only

)

"to 3.5", which 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 from the conventional, more fun to work
out. And as Corbusier has so economically
resolved the major structural issues, the stairs are
a negligible blip on the economic screen.

Although not apparent to my eye, Corbusier
did labor over the mechanical and plumbing
articulation as well. Madame Jaoul told me that
she didn't understand why he spent so much
time working these systems out and painting
pipes different colors, especially since the results
were so mundane.

On the whole Maison Jaoul is a beautifully

conceived and executed tour de force.

VILLA SAVOYE
Compared with the obvious presentation of
structure at Maison Jaoul, where exterior
expresses interior, the structural story unfolds
more subtly at Villa Savoye.

The beauty of the Villa Savoye's structure lies
in its column grid. When establishing a structur-
al bay size, it is common to space colummns as
far apart as economically possible (usually spans
of 18'-24" or more), and to think that fewer
columns means more design freedom. But some-
times this strategy backfires. The problem is that
once that grid is set, there's no changing it with-
out a struggle. With every column removal
comes the possible addition of a large transfer
beam and, without fail, coordination issues to
solve among all the consultants. Unless the
architecture will remain as rigid as the structure,
sometimes it makes sense to start with comfort-
able spans instead of maximum spans. This gen-
erally was Corbusier’s approach. At Savoye, he
established a grid of five columns in each direc-
tion set at about 156" on center, a spacing so
comfortable that the grid can easily be violated.
Integrating the columns into the architecture
becomes an artistic and practical process instead
of a tortured one,

From the exterior, Savoye's columns are pre-
sented on a regular five-by-five grid. Driving
from the northwest and circling around the

south of the house back to the north entry, the
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eft. Center ramp looking toward top landing lumn in

reground allow

isual velocity that greets visitor upon entenng 1o continue

above: Beam and teardrop column at roof deack

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
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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 it 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 flow 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 clockwise firabox masonry changes directian

Almost cantilevered table

stair curves around it. Corbusier wanted to make

Qlass

clear that this pipe column does not support the Columinsatramp: looking ionart Bhiry

Cracked trunsor

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
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Beam tapers according to bending stress
View of beam from balow

Notch detail of beam

Pipe column at stair
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devoted to
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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.
['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 | 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 Savoye.
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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 are 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 flaws 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
are 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 timber.
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 i;1 its shape by a pattern of shearl
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
artifacts of the beam assembly and a description

of material resistance.

ORGANSCHI

a7

House m Litchheldiview rom the east



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 the
logistical complexities of even the small archi-
tecture ot‘ houses, stru al materials are con-
sumed as prepackaged
characteristics of wood, for example, are deter-

mined by the dimensioning systems inherent to

manufacturing processes of the timber and
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joinery. But by making this leap in scale, while
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ing of varying kinds of forces through appropri

ate material components of a building envelope.

The endoskeleton 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-
formarion 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 of 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 rb was placed.

plumbed, and propped. The panels were then
applied. Those steps of assembly, like the lamina-
tion and bolting 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 articu-
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 different
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 compenents: 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 the 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.
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ble shock absorber. By separating each layer by
the thickness of a large fender washer, the 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

ORGANSCHI

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. |
think that the means are always embedded in
the end, and [ believe that the character of the
spaces we imagine are inextricably intertwined

with the processes by which we form them.
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ON REPOSITIONING

On that first terrific night, Crusoe had to choose between a cave or a tent; he chose both

— Daniel Detoe, Robinsan Crusoe

For thirty-nine years [ 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. [ 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 | would wake up exhausted but relieved that daylight had
returned to restore reason- the relief would be tainted, however, when [ 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, frictional
linea occultae carved into the toothy paper of my pad. But, perversely, at a certain
point,** | 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 if not multiple, as in the model of the megaron.

WALDMAN
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1 sketch by Le Carbusier
2 Caryatids, Erectheum, Acrapolis. Athens
3 cave Neolthic Hut, Mycenas

A

4 1ent Mative Amenc wigwam

B cave! General Assembily Building. Chandigarh

Le Corbuster {1 )

6 tent. Maison Domino, Le Corbusier
7 megaron

8 View fram the south af Parcel X, North Garden, Virainia
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9 Four Progresswe sections through Parcel X begmning witl

the East cave-like elevation (a), moving west every 26 feet

(b.c)and ending with the diaphanous frame (d)

10 The Maisan du Weekend amploy

lightness Pans. Le Corbusier (1935)

11 Ronchamp in part is.a tant, which looks like a cave. part
rubble of tha former sanctuary. part gunnite over a velled
steal tabinc, with a heavy concrete cloud of a roof flo

point supports
12 Plan and section of the Chapel of Notre Dame du Haut

Ronchamp, Le Courbusier {1961

13 Genesis—Construction of the Earth
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ON LANDSCAPES OF AGGRESSION
In the beginning God created Heaven and Earth, and all was without form —Genesis

Ever since Genesis, 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
structuring 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 roday. 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 frictional 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 characteristics of an architect.




The 3.84 acre Parcel X sils at the margin
of a still vast pastoral landscape It was
already marked long before map-makers
surveyors, and soil-samplers came to
project their scars upon its surface
|Geological ongins were recorded in
massive oblique granite ridges — these
ravines are the source of one of the most
generous wells in Albemarle County,
which is led by a constellation of cisteimns
To this parcel have jpurneyed two
nomads, ona with a ruler, the other

with a compass They seek to prepare the
iunmnrx to tend a garden, and eventually

to engage the earth
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17 Let there be light- eschatological renewal

ON SPECIFICATIONS FOR CONSTRUCTION

The first architectural act is to break the ground; the second is to raise structure

vertically to the sky — Semper

I read Specifications for Construction as instructions for alchemy, strategizing the
sotling of foundations before eschatological finishes are burnished. They define archi-
tecture as the collaboration of Engineer and Gardener.

The sixteen divisions of the Specifications are prefaced by a section enumerating the
Preconditions of the Site before construction. The preconditions of Parcel X record a site
already full. not empty. of geological fissures and colluvial soil where ancient forests of
vertical tulip poplar trees are metered by split rail fences.

The first eight divisions of Specifications for Construction determine the strategic
repositioning of trades for the material and temporal metering of space. Yet the final
eight divisions of Specifications for Construction retreat from this frictional process
with provisions for external and internal finishes, as if to stabilize or fix the now objec-
tified artifact.

But visceral structure is appreciated most in terms of the lingering construction site.
It is an architect’s privilege to bear witness to the growing structure over time and refer
to the accreted process when understanding the building as it stands after Specification
16: the product of eons of local geology, centuries of local history, and months of local
labor. The architect can see in the building individuals from the past, repeating routine,
familiar tasks.

Building as a verb, as an ongoing phenomenal process. is in crisis if one accepts the
notion of substantial completion; with 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 stabilization of structure over stress scars and watermarks. I suggest an architecture
that celebrates the instrumentality of structure in action. The Spatial Tale of Origin
recounted in Specifications for Construction should begin and end with yet another
eschatological beginning, always in water and watermarks, soil and stain, darkness and

encrusted patina, fire and ash, secret springs, manholes, and volcanic eruptions.
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PERSPECTA

LESSONS LEARNED
Reading structures as products of both the permutations of immutable Numbers in

the Night as well as the visceral choreography of the Construction Site is an apology for

Parcel X, a temporal encampment where the steel frame creaks and the concrete walls
display stress cracks; structure groans when it is harnessed to an architecture that holds

a covenant with the world again,

In the nomadic Narth Amarican condition
one can never tell if your next move is to

our last. Precautions should

' day dreams and r

mares, ancient Hlues must guard deep
cisterns. household goods must be kept at

a distance while the pre-caonditions of the

site puncluale ¢ of Parcel X

fromy within. This Genesis of Revelation 1

the ancient rite ol all Nomads who know

that the City and the Gardan have origing

inthe O

22 Parcel X - view from the Wast ‘

chitact

Joe Atking, Pat Byrne, Dave Ackerman, Robert Corser, Todd Ray,
Dasign Team, Robert Corser. Model Maker

Consultants: Roben Corser, Structural; Robert Corser and

Todd Ray, (the landscape within)

Ganatal Contractor: Ace Constuction Company
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On reading Herman Spiegel’s
assay, what came to mind were
two articles written some b0
years ago by two then young
British Turks: Colin Rowe and
James Stirling, Their essays,
respectively “The Mathematics of
the Ideal Villa™ and "Garches ta
Jaoul,” approach Le Corbusier's
work from different directions but
arrive at a similar pasition — 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 lrequent
visitor, their assays became
touchstones for a generation of
students’ understanding of this

on MATERIAL, WORK AND RESISTANCE

influential architect's work. For
Professor Rowe, the ‘white’ waork
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 avoud thinking about struc-

ture,’ is surely the voice of a state-
ly, experienced engineer, The
insights that follow articulate how
this aversion was not 5o of
Corbusiar, 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 fashionable
obfuscative analyses so prevalent
in recent architectural writing
What is enjoyable about this essay

Eeva-Liisa Pelkonen

The work of Gray Organschi
Architecture is known for its fine mater-
ial and tectonic sensibility. The build-
ings are often, at least in part, produced
in the office workshop. The projects
built so far speak about the care and
precision the firm gives to their work,
as well as about clients who are willing
to invest in such quality.

Organschi, a trained carpenter and
furniture builder, is at an interesting
turning point in his career where after
having now executed small residential
work, bigger work is on its way. Along
with an increase in scale and a shift
from private to public and institutional
clients comes an intensification of pres-
sure, and a problem always latent in
building becomes more immediate: how
to maintain high quality against the now
stronger forces of budget and schedule.

Understanding the word ‘resis-

tance,” which appears in the article’'s
title, is key to understanding how
Organschi starts to address the issue of
cost in his text. The word can be read as
both a technical and critical concept.
Overtly, Organschi employs the former
usage: ‘resistance’ refers to structural
forces and their formal outcome. Also
implied in his text is an argument which
uses the word critically: architectural
form and structure should be resistant
to socio-economic forces. One could
make a connection with, for example,
Kenneth Frampton’'s argument that cer-
tain types of structure and form -
unique, well crafted, and sometimes
expensive - can be used to resist the
economic imperative which results in so
much of the built environment being
generic, badly made, and cheap.

Both readings suffer from what |
would call a ‘purity problem.’ Decisions

on ON NUMBERS IN THE NIGHT

Edward Allen

Many years ago. while still a student. | formulat
ed a goal for mysell that | sull believe to be a
worthy one. That each building | design should
be more tascinating at the time of its comple:
tion than at any time dunng s construction
This has proven to be difficult if not impossible
1o achieve. A partially-finished huilding reveals
countless Piranesian wonders and mysteries
that are larer concealed, and possesses the
nharent tension and multiple imagined possi-
bilines of a creative work-in-progress. How can
ane ratain and reveal for the anjoyment of the
occupant and onlooker the endless, constantly
changing thrills of construction?

Peter Waldman addresses much the same

guestion. His prose, open-ended and inconciu

sive, leavas numerous dangling, highly-
charged. spark-spewing conductors of thought
to which the archwlecturally savvy reader can
connect to be jolted out of the terminal com-
placency that threatens us all He celebrates
the incomplete, the unstable, the ‘under con-
struction,’ as distnguished from the complete
the stable, the well-studied, the fully resolved
His sentances caress and curl about such rest
less words as ‘shifting,” ‘syncopation,” ‘friction-
al, 'vulnerable,’ ‘struggle.’ turbulent,” ‘tortured,
fragmentary, incomplete,’ 'volatile,” dynamic,’
‘temporal.’ His buildings are true to his words
His own house, Parcel X, with its creaky steal
frame and cracked, honeycombed concrete, is

as far ramoved trom the forced, funereal per-

fection of the Farnsworth House, as is his pre-
occupation with the transient phenomena of
construction from Nhes's compulsive pursuit
of dead, static resolution

Waldman, like |, in his career-in-progress
as gardener and engineer, has found it mad-
deningly difficult to transform the ever-shifting.
always-provocative lerrors.and delights of a
building under construction into long-term
virtues of an inhabitable building, it isn't
enough for a building to leave a few stones
lying about, as Stirling did in his Stuttgart
Staatsgalerie, or to spill a pile of bricks, as SITE
did in some of its retail buildings. Neither is it
enough to celebrate in exquisitely finished hi-

tech details the necessities of structure and

is the sheer delight this engineer
evokes when describing
Corbusier's work. Using Le
Corbusiar as an exemplar of an
architect steaped 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 itin another,’ Spiegel speaks
more to the realm of poetics than

mere calculation

Grant . Marani is an associate partner
a1t Robert A M. Stern Architects He is
also an associate (adjunct) professor of
dasign at the Columbla Umversity
School of Architecture, Planning, and
Preservation, where he coordinates the
housing studio

of structure and materiality cannot and
should not be bracketed to pertain only
to structural problems. Total resistance
of i ic f in the field of
architecture is neither possible nor
desirable. | would thus encourage medi-
ation and negotiation between architec-
tural structures and what could be

called ‘reality structures.’ Here | would
argue for the use of mass produced ele-
ments and materials, even cheap mater-
ial alone or along with hand-crafted
elements. It is through this negotiation
that we can expect the work of
Organschi and Gray to gain new rich-
ness and present new challenges.

Eeva-Liisa Pelkonen is Assistant Professor (Adjunct) in
Architectural Design at the Yale University School of
Architeciure and a design partner at Turmer Brooks
Architects. She has written extensively on 20th century
European architecture and s the author of Achitung
Architektur: Image and Phantasm in Contemporary
Austrian Architecture

IN RESPONSE

mechanical services. Somewhere out there
waiting to be discovered but virtually unattain-
able. is a way of building in which the risky,
heady euphoria of expenment and artisanry
ramains, sometimas restless and unsettling
somehmaes cumulative and reassuring, 10 give
a building’s occupants new Insights each day,
in parpatuity, into the work of making and

occupying architecture

Edward Allen is the author of Fundamentals of
Bunding Construction. Architectural Detarling. and
the co-author of The Architect's Studio
Compamon. He has taught design studios and
technoiogy courses for 25 years at many schools
mcluding Yale and MIT,



Architecture being in its perfection the earliest, as in its elements it is the first of all arts, will always
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 | 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 feit 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 of Architecture

IN PERSPECTIVE 14t APPEARANCE OF SOLIDITY

Despite the manifold difficulties in achieving a monolithic construction, it remains perhaps the most
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 walls 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 |
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But the moment that the iron in the least degree takes the place of the stone, and acts by its resistance
to crushing. and bears superincumbent weight, or if it acts by its own weight as a counterpoise, and so
supersedes the use of pinnacles or buttresses in resisting a lateral thrust, or if, in the form of a rod or
girder, it is used to do what wooden beams would have done as well, that instant the building ceases, so
far as such applications of metal extend, to be true architecture.

John Ruskin The Seven Lamps of Architecture

One advantage of painted architecture is that the laws of statics do not take full toll; they need only
appear to apply. Inside the frame of the painting, architecture may divest itself of its rigid, cautigus rec-
tangularity. As it is compressed and flattened into pictures, it is made free. A dimension is relinquished
and a freedom is gained; a reasonable exchange. | use the word exchange because | want to suggest
some kind of bargain struck within an established economy. This economy affects all sorts of transac-
tions between wishes and fulfiliments, but the cost increases with the extent of that fulfillment. We all
recognize this crude precept that permits us to wander freely in the imagination while opting for a con-
fining security in reality.

It is the application of this same formula for localized indulgence that leads to the parceling of architec-
ture into businesslike and gamelike aspects. The business is to make stable structures, and the game is
to invoke illusions that make the building appear to contradict its own necessarily stable constitution.

[The painter Francesco] Salviati’s ‘capricious and ingenious inventions’* are easily assimilated because
they are understood to be fictions. When a comparable caprice is realized in stone, its status is not so
clear. The game has gone further, perhaps too far. There is masonry that defies its own material consti-
tution and the pull of gravity; there is building that escapes the straight line and the circular arc.

Rohin Evans The Projective Cast: Architecture and its Three Geometries

-~ Calviati's Palazzo Sacchett frescos



The Getty Center, Los Angeles, Richard Meier (1984-97)




PERSPECTA

Tom F. Peters

INTRODUCTION

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 thinking
for its formal implications, but it is only recently,
and from outside the field, that anyone has
attempted to examine the act of making form and
structure in space as a thought mode. What build-
ing technology and its thought form are, however,
has never been clearly defined, neither in
Semper's much-cited Der Stil,' Viollet-le-Duc's
Entretiens or Dictionnaire raisonné de l'architecture
francaise..., nor in Sigfried Giedion's influential
Mechanization Takes Command.’ Philosophers have
not contributed to a definition of technology in
building either. The weaknesses in Martin
Heidegger's article “Die Frage nach der Technik™
are not surprising, since Heidegger had no profes-
sional connection with 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 Adolf Loos admired, his
sister’s house in Vienna. Wittgenstein knew how
technologists think, but he too left us neither a
clear definition of technology nor an examination
of its role in our thinking. He did, however, dis-
cuss the related concept of 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 form that gives us tech-

nology either.

TECHNOLOGICAL THOUGHT IS DESIGN’S

OPERATIVE METHOD

It has only been recently that Subrata
Dasgupta.” coming from a background in com-
puter science and engineering, has begun to dis-
cuss how technological invention occurs as
distinct from evolution, while Antoine Picon” and
Ulrich Pfammatter” are examining how aspects of
technological thinking influence engineering
and architectural education. Nevertheless, we
still have no clear idea of what it is that distin-
guishes the technological mode from other forms

of thinking.

A HYBRID OF ANALYTICAL AND
MATRIX THOUGHT
There are m_yriéd variations in thought, of which
three, the scientific, the artistic, and the techno-
logical, interest us here. The practitioners of sci-
ence. the arts, and technelogy are complex
humans who cross borders between many cate-|
gories of thought, and we must therefore care-
fully distinguish between the thought mode and
the profession. We can, however, say that the
underlying interest of natural and social science
is to discover knowledge or gain insight, while in
art it is to create objects that fulfill non-physical,
intellectual, or psychological needs, and in tech-
nology it is to make objects that primarily satisfy
physical requirements. Technological thought,
which this last group employs, is a hybrid mode
that combines the ‘matrix'” or contextual form
of intuitive thinking, which is the prevalent
form usually associated with artists, and analyti-
cal thought, which underlies scientific method.
All thinking is linear in nature and path-
bound. However, matrix thinking is bedded in a
multidimensional field of choices. Like analyti-
cal thinking, it can follow the linear pathways
of logical sequences bedded in a context of par-
allel, converging or diverging tracks. But it can
also make associative ‘leaps’ from one linear
track to another or from one level of thinking to
another. This gives matrix thinking a personal-

ized character, since the apparently discontinu-|



|

ous path a thought process takes depends on the
[thinker's innate proclivities and conscious prior-
ities, which are largely dependent on the indi-
vidual's intellectual and associative makeup. Its
unstable flexibility makes this form of thinking
adaptable and powerful. especially when it is
coupled with analytical thought. Matrix think-
ing, for which there is a long tradition in all
‘cu]tures, strongly influenced scientific and
humanist thought - the Industrial Revolution’s
dominant models - from the beginning to the
middle of the nineteenth century.

While technologists concentrate on objects.
purely analytical thinkers deal with abstractions,
that is concepts, hypotheses, and theories,
Scientists, a group that typifies the most formal-
ized type of analytical thinkers, are of course very
‘1‘1‘1uch influenced by matrix thought, especially
when they generate or speculate on their prob-
lems, but scientific method, which, in contrast to
the ancient field of analysis, is a Renaissance
‘development. remains rigorously analytical. It
stays within clearly delineated boundaries and is
constructed to be independent of the thinker's
personal or even cultural 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 in a limited 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. Their use of
matrix thinking is not random. It follows meth-
ods that have never before been clearly defined.

Design, construction, manufacture, and
assembly are linked processes. Since these
|processes are connected by causality more than
by concept, builders rely on accumulated experi-
lence. on subjective criteria based on personal and
|cultural values to help them forge the links and
'define relationships between design and process.

\In contrast to the scientific method, a technolog-
|

ical method's correctness lies ultimately in the
functioning of the object, not in its abstract logic.
That is why technologists are more concerned
with subjective experience than with epistemol-
ogy, the objective method of knowledge. This
also explains why unschooled inventors continu-
ally try and invent the perpetuum mobile in spiteI
of its proven impossibility. Science, they argue|
uninformedly, has been proven wrong before;
there is no reason why it will not be proven
wrong again. This argument can certainly apply
when the parameters of a problem change, but
not, of course within a given framework."

While building the Eddystone Lighthouse off]
the southern coast of England in 1756, John
Smeaton introduced scientific method to dcsign‘
by analyzing how hydraulic cement worked|
chemically." 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 finally
stayed with a natural hydraulic cement and did
not use any artificial cement based on his analysis.
Although his

rather than scientific, his results, published in

intentions were technological
1791, sparked interest in the nascent field of
material science. Materials researchers (Pasley
and Tredgold in England or Vicat and Treussart in|
France)” expanded on Smeaton’s work, while
others, like the creators of analytical engineering|
theory (Eytelwein in Prussia, von Gerstner in
Austria, Navier in France, and Hodgkinson inI
England)"” analyzed other materials and struc-
tures, discovered their properties, and ultimately
increased our structural knowledge. These|
researchers did want to provide better knowledge
of building materials for practitioners, too, but|

this was not their primary focus.

Builders dascribes those who are actively engaged in some
aspect of the actual building process. The term can includa
civil and structural engineers, architects who build, contrac:
1ars, and sometimes developers. There are many i the build
ing professions today. both in Europe and in North Amernica
who are trainad as architeots, but have expandad into
becoming bullders ILis @ teom thal is more comprehensve

| think parteularly of the growing group af design-bulld

haps except

people. a type c 1 most of Europe

ing France, Swaeden, and Denmark) but untilrecently notin
the Uruted States They can be.one persan or small enter
prisas, like Simon Ungers or the Jarsey Devil. or large lirms
They are captunng an ever increasing segment of the
markel and taking control of the whole process of making
architecture once again in the United States. However, 4
builder may simply be a contractor as well A builder's
mediuny s the Bulding, and his or het concentration hes in

the process

Designers describes thase who design buldings and anvi-
ranments but who are not directly engaged in bullding them
Designers also create plans for industnal objects, cars, and
the like Itis not confined 1o the building world. | useitin this
article, hawever to designate arghitects, | rely on the trad-
tiohal Amencan understanding of who architects are = those
who design and then pass their drawings an 1o contraclors,
developers, or tabncators lor realization: Ther chief profes
sional medium s the plan, nat the building, and they concen-
trate on the product. The term doesnotapply to most
analysts. theoreticians. or historians. and certainly not to

those who do talketecture

Eddystone Lig yuse off the coast of southern

England. John

Smeaton ( ‘ﬁﬁn
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As an example, Eaton Hodgkinson's dispute

with Robert Stephenson over the time he took
to analyze the novel, hollow-box beams for
the Conway and Britannia railway bridges
1846 -1850 was directly related to Hodgkinson's
scientific concerns. Hodgkinson was not at all
willing to be hurried, and his goals were diamet-
rically opposed to those of the owners and the
contractors building the bridges. Stephenson, as
chief engineer of the London-Holyhead Railway
Line, was bound by contract to push the deadline
for opening the line as far forward as possible.
The goal. of course, was to begin earning a return
on the shareholders’ capital investment quickly.
William Fairbairn, who manufactured the beams
jand headed the research effort, had solicited
Hodgkinson's participation 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-

engineer whom he understood equally well."
Henri Navier had formally incorporated sci-
entific method into building thinking seventy
years after Smeaton's pioneering use of it, but
the ramifications of what he had done hadn’t yet
manifested themselves throughout the industry.
What Navier had done was develop analytical
structural models that were independent of scale
and material and codify analytical statics. Navier
defined live-loading on bridges for instance as a
unit of 200 kg/m? to replace the previously used,
predicted site-specific load. This allowed engi-
neers to compare different spans and loading
conditions objectively, and thus scientifically,
and to abstract quantifiable characteristics that
they could then apply to a range of specific
cases."” While this made physics useful in under-
standing and predicting structural behavior,
Navier hadn't defined the relationship between
theory, construction, and erection. Scientific
thinking certainly helped builders understand
technological behavior, but it could not help

‘them design or build.

stood, and the railway’s directors and their chief

THE INTRINSIC DILEMMA

Analysis is a tool we use to examine and optimize
predetermined design aspects, but not to create
an object. Builders, architects, and engineers
need associative matrix thinking, the other half
of technological thought, to create structures or
processes. The resulting hybrid thought form is
a continuous balancing act.” Only those of us
who practice it and balance between associative
synthesis and analysis realize that homo sapiens
and homo faber are one and the same
in technology. It is not a Jeckyll-and-Hyde with
shifting characteristics, but a Janus with two
faces and a single brain. The fluid, almost form-
less relationship creates tension, even stress.
Science and design follow different goals that
coexist in an uneasy relationship in technology.
[t can be characterized as an unstable intellectual
equilibrium that works to create useful solu-
tions. Creative people find this exhilarating,
while those who exclusively practice the one or
the other find the ambivalent duality disturbing.
The ceaseless balancing act between the analyti-
cal and the synthetic sides of technological
thought demands more flexibility than either
component on its own. Calatrava's work
attempts to make this unstable equilibrium visi-
ble. Sigfried Giedion's fascination with trans-
formable furniture reflected this inherent
ambivalence fifty years ago,” and more recently]
Antoine Picon has discussed it from another
standpoint as a technological preoccupation
with ‘movement."”

The most curious feature of technological
thought is that hard technology. the analytically
driven part of this thought mode, cannot be
‘digested” by matrix-driven ‘soft’” technology.
The two cannot be reconciled or synthesized
through a dialectic process cither, because they
are not opposites: they are intrinsically other in
nature. Hard technology remains a foreign body
imbedded in the contextual matrix, and this is

what causes the un-relievable, yet self-regulating




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 characteristic ol technological thinking.
Equilibrium, whether stable or unstable, is
usually between roughly equivalent partners. In
this case, it is not, and that's why technological
thought is so unusual. It works quite differently
from a traditional dialectic relationship. It is
[this unique characteristic that Dasgupta and
Chandrasekaran have tried to define." Builders
use this balancing to meld theories of form and
perception, analytical methods of science and
mathematics, and practical processes for dealing
with humans and materials into tools for manip-
ulating the environment. Because of the tenuous
equilibrium it manages to sustain, technological
thought crosses the boundaries between the
ideal and the pragmatic in many ways. [t is inclu-
sive, open to external influences, and it has sev-
eral aspects that are evaluative rather than
quantifiable. The principle of equilibrium is
reflected in the special role that issues of scale,
system, and procedural thinking play in technol-
makes thinking

ogy. and it technological

__unusual and dominant.

SCALE
One of the principal differences between the
‘hard” and the ‘soft’ components of technologi-
cal thought lies in their divergent concept of!
scale. This is reflected in their different use of
professional vocabulary. ‘Small” means less to an
analyst, to whom a ‘detail’ is a ‘hierarchically|
minor and subordinate part,” while to a designer
a ‘detail’ is a ‘small-scale problem,’ small in size
but not lesser in importance. Misunderstanding

this difference can lead to structural failure. The

‘Oring’ gaskets that failed on the space shuttle|

Challenger in 1986 for instance, were a vital
small-scale problem, not a minor part. The NASA
engineers apparently knew that the rings were
faulty and tried to warn the project managers,
who, because many of them were not technolog-
ically trained, failed to understand that the
‘small part’ that worried the constructors was
crucial, not ‘minor.™”

True technologists have the field experience
to know that details are crucial. They work com-
fortably in the both realms of theory and prac-
tice, a milieu that has origins in a nineteenth
century shift in Parisian education. The industri-
ally oriented Ecole centrale des arts et manufac-

tures, founded in Paris in 1829, crossed this

boundary and bridged the distinction between

scientific experiment and technological practice.
The school's founder, Auguste Perdonnet, and
his group of disaffected engineering practition-
ers reacted to the intellectual bias and the drift
of the Ecole polytechnique toward abstract, sci-
entific thinking by linking engineering theory
and practice to manufacturing and assembly
processes.” Others soon followed their lead to
found innovative architecture and engineering
schools in Karlsruhe, Stuttgart, and Zurich.
Together they spread technological thinking
throughout the building professions and even
influenced the older builders’ academies in
Prague, Berlin, Manchester, Schenectady and
West Point, New York, and even the Ecole poly-
technique itself. Based on the new thinking
propagated by the Ecole centrale from which he
graduated in 1854, Gustave Eiffel successfully

developed a component assembly system for his
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bridges and the tower that hinged on issues of
scale, while another graduate, William Jenney.
became deeply involved in the development of

the tall-building frame.

SYSTEM CONCEPT
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 primary from the subordinate, while
the designer-builder usually understands it as a
layered or sequentially organized, yet non-hierar-
chical kit-of-parts. While 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 English
iron bridge builders did not design solely from
the whole to the part, but the other way, too:
from the part to the whole. They developed stan-
dardized sets of prefabricated members and con-
nections out of the process of iron casting from
‘below’ so to speak, while they designed the
overall form from ‘above." They used a recipro-
cating method that is typical of technological
design, balancing back and forth between differ-
ent scales, each design decision influencing the
next step in circular feedback loops throughout
the design process.” This method made the
detail as important to them as the whole and it

changed both their thinking and their use of
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language. The act of balancing or reciprocation

implies equilibrium, and the bridge builders’
design method reflected the unstable ecuilib-
rium that exists in their technological mode of
thinking. Engineers above all regard equilibrium
as the goal of their design thinking. But it is not
limited to engineers alone. Designers like
Calatrava, Norman Foster, Renzo Piano, Peter
Rice, or Jorg Schlaich have tried to express this in
visual form.

The reciprocating, iterative, balancing
method also occurs elsewhere in technological
thought. Its clearest manifestation in building
may have been in Hardy Cross's moment distribu-
tion method, the first useful method for
calculating three-dimensional, moment-resistant
frames for tall buildings. Cross's method balanced
bending moments and deflections from node to
node, back and forth throughout three-dimen-
sional frames until equilibrium was achieved. It
presaged the iterative way computers work and
gradually became redundant when computer pro-

grams began to supplant it in the late 1950s.”

PROCEDURAL THINKING

The early iron bridge builders' preoccupation
with equilibrium as both an intellectual and a
structural phenomenon led to their understand-
ing of design, manufacture, and assembly as
dynamic processes. Giedion’'s and Picon's
thoughts about the dynamic principle in tech-
nology span half a century and confirm an ongo-
ing concern with this aspect of technological
thought. The procedural aspect of system think-
ing has its roots in military thought. The basic
elements of this thought mode are strategy and
tactics, aided by logistics.” Military campaigns
try to reach a goal defined by politicians (if
armies have anything to do with defining the
goals of their actions, they become dictator-

ships). Military thinking concentrates exclu-

bit Viaduct over the Truyere

France, Gustave Eiffel( 1B84)

sively on procedural matters and not on the
| product, and it led nineteenth-century builders
to develop standardized relationships between
structural members.

The main material they used to achieve this

change was iron. Both the material and iron
components are manufactured away from the
building site, so instead of constructing their
structures from the materials, they began to
l;tsscrnblu them from industrially manufactured
| parts. This was a drastic change. Construction
implies putting together, creating, changing,
and manipulating interfaces and connections by
altering components. Assembly, on the other
hand, is one degree removed from manufacture.
| Tt implies fitting together without alteration.
This means that components arrived on site
| ready to use with no adaptation needed.

As a result, designers began to stress the con-
nections between components, and this is what
distinguishes industrialized building from the

lprv-inclusll'ial. The principles of industrialized
building spread quickly from iron to traditional
| materials, The standardized connections and
members that builders developed through
system and process thinking gave rise to eco-
nomical, repetitive component manufacture.

The new assembly and connection techniques

| Garabit Viaducr detail showmng

the Eiffel kit-gf-parts system

gave rise to concepts like monolithic structural
behavior, mass prefabrication, and structural
redundancy. These concepts, in turn, gave us our|
modern building systems. Eiffel’s construction‘
system, a design-matrix of structural constants
and variables, carried the idea of building system
to maturity at the end of the nineteenth century.
His simple and yet sophisticated catalog of
wrought-iron parts, connection rules, and erec-
tion sequences for the Garabit Bridge (1884)"
and his tower (1889)* paved the way for modern
steel-bridge and high-rise construction. It also
spilled over into our general culture through
instructional toys like Erector Set and Lego.”
Builders develop intellectual strategies to
support their system-approach in design. The
associative characteristics of matrix thinking
lead them to transform or to translate informa-
tion from one format to another. Transformation|
remolds information within the boundaries of a
field, while translation crosses borders and|
moves it from one field to another. Both forms
are characteristic of matrix thinking since they|
rely on non-predictable, and therefore seem-
ingly illogical, ‘leaps’ in thought processes.
Transformation and translation are strategies
implemented by ‘creative misundurs{anding.""‘
Where misunderstanding occurs inadvertently,
it is a flaw as the example of the Challenger
accident showed. But where it is consciously
manipulated as ‘creative misunderstanding,’ it
becomes one of the methods matrix thinkers use
to create. Creative misunderstanding is a per-
sonally and culturally determined phenomenon,
not an abstract, analytical one. .
There are many examples of both transfor-
mation and translation in building. In 1818, the
engineer Marc Brunel observed how a salt-water
mollusk called ‘pipeworm’ or terredo navalis

drilled through ship timbers and translated the|

process into the first mechanical tunneling




shield for the Thames Tunnel in London
(1824-1843). Cultural border-crossing can foster
1the translation process, too. While working on
‘Robert Stephenson's Victoria Bridge over the St.
Lawrence River in Montreal (1854-1859), site
‘engineer Arthur Helps noticed that the British
'mechanics who had emigrated to the building
site in North America seemed able to build more
lreljable machinery than those who had stayed in
‘the component factory at home."

Another common strategy in procedural
thought is ‘divida et impera’ or ‘divide-and-con-
iquer.” It demonstrates a combination of analyti-
|cal and synthetical skills in technological
'thinking and shows how the combination of the
two is more than the sum of the parts. This
imethod is in a way ‘political,’ since it strategizes
the analytical process. The strategy consists in
|dividing problems with conflicting require-
ments into their constituent parts, solving the
compenents serially. and then reuniting the
results into an overall solution.

Richard Turner designed the Palm House in
London's Kew Gardens (1846 —48) as a rigid frame
‘that can expand and contract with temperature
ich'angles. In order to solve the novel problem with
its conflicting requirements of stiffness and flex-
1ibility Turner separated the function of his
jpurlins into three distinct layers. The first and
largest were the structural purlins. Turner
}designed them as tension rods running through
tubular spacers that post-tensioned the webs of
the structural arcs. The second layer of thinner
‘ones was balanced above the first and carried the
glazing panels, and the third layer, composed of
the thinnest purlins, stabilized the glass mul-
‘lions. Turner formed flexible joints or disconti-
nuities between each of these layers. Since the

secondary purlins were too thin to carry on their

Gross-section thraugh the Tameas Tunnel
shaild, Marc Brunel (1824-43)

The shield wasa translation ol thesway a
marnne mollusk drills from a biological

farmat inte mechanical terms

own, Turner welded them to struts fixed to the
primary spacer tubes. These struts were so thin
and flexible that they served as al'ticulations!
between the two layers. At their ends, the sec-|
ondary purlins were bolted to the top flanges of
the structural arcs with an offset lag, and this too!
gave them additional flexibility. Finally, the third

purlin layer, that ran still farther out and con-

1o to bottom

Palm House, Royal Botanical Gardens at

Kew, England. Richard Turner [ 1848)
Detail of the first two purlin lgyers dunng
restoration of the building in 1988
Cross-section and alevation of the threg
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nected the glazing mullions above the arcs, had
no direct connection to those below.” By means
of all these 'semi-fixed' connections and disconti-
nuities Turner created an adaptable yet rigid
structure. It was complicated, but it has survived
the past 150 years well. Today, French designers
practice similar ‘divide-and-conquer’ strategies in
high-rise glazing techniques.

Builders have long used similar decoupling
mechanisms in processes too. When a proce-
dural bottleneck threatened to disrupt the roof
assembly of the London Crystal Palace in 1850,
the contractor Charles Fox accelerated the
process by decoupling the linear erection
sequence from the frame’s modular geometry.
His mobile glazing staging ran in the gutter-
purlins from module to module over the entire
length of the roof and obviated the need for
time-consuming and labor-intensive scaffolding.
Robert Stephenson carried this tactic one step
further into the design process. While building
the Conway and Britannia Bridges (1846-1850),

he saved construction time by using a primitive
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form of critical-path method to decouple and
then coordinate the experimentation on the iron
tubes, the design of the structural system and
erection of the masonry towers in parallel. The
critical-path method is based on the military
concepts of strategy, logistics, and tactics, and it
provided builders with a useful tool to solve
problems with continually shifting, linked para-

meters and unanticipated occurrences.

LANGUAGE AND THE DIVERSIFICATION OF
TECHNOLOGICAL THOUGHT
For all its distinctiveness, there is no single form
of technological thought. It is a continually
developing mode, not a codified entity like sci-
entific method. It takes many variant forms that
the professions that use it continually modify to
suit their needs. This is how it has come to influ-
ence older forms of thinking like scientific, artis-
tic, or humanist thought. Even two fields as
closely related as architecture and structural
engineering have developed distinctive variants.
One of the most important differences between
the two stems from the fact that engineers today
generally use the abstract and analytical lan-
guage and notation of mathematics to develop
their designs, whereas architects employ the
more matrix-based visual language and graphic
notation. The separation began with the intro-
duction of analytical statics in the early nine-
teenth century by Navier and others.

The result is that today engineers and archi-
tects are conditioned to see different things in
the same object. Engineers instinctively trans-

late what they see into an abstract model and fre-

ladd ta a bottfeneck in the ere

rystal Palace Fox rationg

embly ot the root glazing by invanting a glaz

ng n the gutter-purlins. makmg it

alinear process

quently ignore the visual aspect, while architects
attempt to recognize a formal logic or pattern
and commonly block out non-visual concepts.
An engineer looks at a complicated node in a
trussed structure and sees a ‘point,’ an abstract
diagram denoting the convergence of forces,
where tension and compression ideally come
together along axial trajectories. An architect,
on the other hand, tries to discern a visual pat-
tern, a recognizable structural geometry in
space. The engineer tries to abstract structural
qualities and override the visual impact while
the architect strives to stress the visual often to

the detriment of intellectual comprehension.”

top: Bowstiing Truss patented by

uire Whipple (1841)

bottom: Whipple Trt

s at Union College

The engineer sees a ‘simply supported beam’
in Squire Whipple's 1841 bow-string truss
because it exerts only vertical forces and no
thrust on its supports, whereas the architect sees
an arch with a tie rod. Such different views of the
same object vary over time too. A century ago
builders saw the bowstring truss as an erection
procedure. They called it a ‘suspension bridge’
because the primary member, the deck, is sus-
pended from the arch. ‘Beam,’ ‘arch,” and ‘sus-
pension system’ are all correct interpretations of’
the object. Our knowledge of the object and its
naming is inherent to our thinking, not implicit
in the object itself. Each viewpoint we develop
depends entirely on what we consider to be the
most important issue, and the name we give it
depends on the mix of analytical, design, and pro-
cedural thought modes prevalent in the segment
of the building profession we occupy at the time.

There is an incipient method hidden in this
example, and that is the potential for a quick
and subtle shift in the way we view an object.
This shift is another characteristic of matrix
thinking and typical both for the divergence of
the architectural and engineering variants of
technological thought and for technological
development generally.

Squire Whipple called his invention a sus-
pension bridge because what he saw was an over-
lay of kingposts with all their members in
rension, radiating down from the arch to carry

the deck. The overlay method was the way

designers developed ever larger and heavier
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structures in the pre-industrial and early indus-
trial era before the concept of system spread.”
Carl Culmann saw Whipple's bowstring truss on
his celebrated voyage of industrial espionage
to the United States in 1850. Whipple had
designed his bridge as overlapping kingposts,
but Culmann intentionally misunderstood
Whipple's idea creatively and saw iterative
panels. He shifted his viewpoint half a module
and ‘invented’ the concept of the modern truss.
Others were making similar shifts. This subtle
translation may have seemed minor at the time.
but it was a detail in the true technological
sense, a small-scale change of great import to the
development of subsequent truss theory and
construction practice. It is this kind of shift that
changed the Western world’s way of seeing
structure. And as a result, it irrevocably changed
our nomenclature, and with it our concepts.

We find shifts in viewpoint at key moments
of change throughout technological history.
Robert Maillart experienced one such shift in his
viewpoint when his first independent structure,
the small Zuoz Bridge over the Inn River in
Switzerland, twisted slightly and cracked its
spandrels across the calculated direction of the
shear stresses in 1901. Any normal engineer
would have been horrified and have decided to
strengthen the spandrels next time so that the
failure could not recur. But Maillart shifted his
viewpoint and did the opposite. Since the bridge
had not collapsed he argued, the cracks proved
that the spandrels were not transferring shear

and must therefore be extraneous. So when he

designed his next bridge, the Tavanasa Bridge in

s as a panel system 1905, he omitted them and created a distinctive
tice bridge ) under . 3 4
PR SR new bridge type. The method he used in this

con Wwing the companents

and connectors ) transformation process was an inversion of logic,
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THE SAYN FOUNDRY
The intellectual shift, the principle of inversion,
and the creative role word meanings play are
some of the ways translation and transformation
work in technological design. The medium they
use is creative misunderstanding, which depends
on interpretation. Karl Ludwig Althans built the
Sayn Foundry in Bendorf, Germany in 1830.

This building is one of the still unrecognized
icons of nineteenth-century iron construction.
The multi-leveled complexity of this machine-
building is astounding due partly to the way
Althans used transformation in structural inno-
vation. The gantry crane that carried molten iron
from the furnace mouth to the casting floor rests
on a fishbelly truss. The fishbelly truss was an
unknown structural form in 1830," so in order to
invent it Althans had to overlay other structural
and non-structural models familiar to him. The
underspanned beam, long known in wooden
construction, was one. Gothic tracery was
another, and he used that to transfer shear
between the top and bottom chords. But the
model that really demonstrates transformation

is Althans's use of a gigantic, laminated carriage

Sayn Foundry. Bendorf, Germany, Karl

spring made of crucible steel for the lower ten-
sion chord. We can follow Althans's observation
of the way a carriage spring transfers bending in
the middle into tension at the ends, but it is
difficult to follow his highly personal leap of cre-
ative misunderstanding from the spring to the
truss chord. We can only wonder at the high cal-
iber of Althans’s invention when we remember
that the very concept of a truss still lay twenty
years in the future.

Another of Althans's transformations by
means of creative misunderstanding was his use
of cannonballs, one of the foundry's products, as
ball bearings for the swiveling derrick cranes,
which rotated around the columns of the casting
floor. Again, ball bearings were only patented in
France twenty-seven years later in 1857." It
appears that ball bearings may have originated i:1|
nautical tackle arrangements,” but other than
that, Althans had nothing in machine construc-
tion to build on as a model, and we can only spec-
ulate on the observation he must have made that
initiated the translation process. He certainly
coyld never have designed his cranes the way he

did without ball bearings.




Althans probably used both linguistic inter-
pretation and overlay to design the fagade and
clerestory of his casting hall. Although the trac-
ery reminds us visually of Gothic church design
more than anything else, the clue to the transla-
tion process is the spread of knowledge at the
time about the prefabricated and standardized
wooden bridge system Ithiel Town had patented
in the United States in 1820. The novel charac-
teristic of Town's truss was that he used a single
timber cross-section and only one type of con-
nection, the dowel, called ‘treenail’ in timber
construction. This vastly simplified its manufac-
ture and erection. European engineers immedi-
ately grasped the construction potential of

Town's idea and soon transformed it from wood

to iron in Ireland around 1845, and in
Switzerland and Germany in the mid- and late
1850s.” But two decades before they did that,
Althans reformulated the Town truss into a shear
panel and a bracing mechanism. The foundry
hall had to withstand heavy dynamic live loads
rolling back and forth and swiveling to and fro
on the brittle, cast-iron framework. Althans
braced his frame laterally with surrounding
masonry walls. However, the exposed glazed
front needed further stiffening. The crisscross-
ing ‘tracery’ of the Town truss served his purpose
well. And the small panes of glass Althans
inserted in the interstices of the truss trans-
formed it into a partial shear membrane, not a

wall, but a planar structure that resists in-plane

top 1o bottom
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forces. Althans did the same for the clerestory,
which connects the heavily loaded nave columns
and transfers thrust generated by the swiveling
cranes and the hall gantry the whole length of
the nave to the furnace block at the back of the
building. In yet another innovative maneuver,
he transformed the characteristic doweled cross
ings of Town's diagonals into monolithic cast-
ings. and shifted his connection points to the
interface between the panels, a masterful feat of
creative misunderstanding. This shift in connec-
tion technology is paralleled by Culmann's later
shift from the traditional way of regarding
bridges as incremental overlays of simple king-

[1(!\'(5. L|LlL‘QI1‘pUSl.\', and slanted struts to our way

of looking at them as a panel system.
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CONCLUSION
Technological thought is a subtle thought form
that developed its current level of complexity
over the past two centuries. Its hybrid and fluctu-
ating nature is an unstable equilibrium of its
unequal parts — analytical and matrix thinking -
and it is primarily this characteristic that causes
the creative tension designers need and that dis-
tinguishes it from other thought forms.
Technological thought crosses intellectual, pro-
fessional, and cultural borders and borrows freely
from other thought modes, like military thinking,
whose basic concepts of strategy. tactics, and
logistics have become some of its strongest char-
acteristics. Technological thought translates and
transforms ideas. concepts, and solutions using

methods and strategies such as thought shift,

|divide-and-conquer, or inversion by creative mis-

understanding. Its inventiveness and flexibility
make this thought mode adaptable to many situa-

tions and, as a result, technological thought and

especially the variants it developed in building
have gradually infiltrated most other forms of]
thinking and disciplines, including such abstract
fields as the philosophical discipline of aesthetics.
It is not by chance that computer programmers
and hardware developers both call their abstract
configurations and their physical assemblages of
electronic modules ‘architecture.” Nor is it sur-
prising that biologists 'engineer’ genetic solutions
or statesman ‘engineer’ agreements or social con-
tracts. Today, natural and social scientists, artists,
economists, businesspeople, soldiers, politicians,
and humanists have adopted many more aspects
of technological thinking than they acknowledge.
This is precisely what makes technological
thought the premier thought mode of our age,

intimately connected to the creation and develop-

ment of new concepts.
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BUILDING MYTHS:

THE 'EVOLUTION' FROM WOOD TO IRON IN THE CONSTRUCTION
OF BRIDGES AND NATIONS _ -




Gregory K. Dreicer
The complete knowledge of a machine as an

object tells us nothing about it as a machine.

onél pwiedge (1958)

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

We need a bridge, not a divide, to under-
stand a history that includes the full gamut of
cultural and physical forces, including national-
ist fervor, creative genius, capitalist greed, a
yearning for professional prestige, and tension
and compression. Examining the effect of these
forces on bridge design will reveal much about
the origins of the frameworks that undergird our
world. It will also give us a better idea of what a

culture is and isn't: what it means for a thing or

a person, or a group of things or a group of
people, to be labeled "theoretical,” ‘iron,” ‘sophis-
ticated.” and ‘European.’

Using a nineteenth-century structure, the
lattice bridge, as a touchstone. I will examine
three interlocking myths held dear by histori-

ans of building: evolutionary theory as explana-

tory device, the hierarchy of wood and iron,
and the influences of nations on the develop-

- . - ment of structure.




PERSPHCTA

UNNATURAL SELECTION

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

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

of standard bridge specifications, and the

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

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

most insidious kind.

William Caw 2 Unwin, Professor of Hydraulic

and Mechanical Engineering, Royal Indian Civil

Engineering College (c. 1889)

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

I'he intelligent investigator does not decide upon the

merits of any developed system by the failures which

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

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

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

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



seem to come to life, join with his aspirations,
like him, When
writing his 1979 dissertation on the ‘evolution of
“The

early railroad systems were, in fact, experimen-

and, struggle for existence.’

truss bridge design,’” George Danko stated,

tal laboratories in which the simple truss was
allowed to develop. Different models were tried
and the most successful design survived.”
Engineer Henry Petroski recently claimed that
‘with the increasing production and application
of iron in the nineteenth century, trusses natu-
rally evolved into a plethora of types and styles
employing the new material.’ To building histo-
rians, Darwinism was a Siren, and they headed
toward the rocks.”

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

An ‘improvement in the construction of
wood and iron bridges’ was registered with the
U.S. Patent Office in 1820 by Ithiel Town
(1784 —1844), an architect, bridge engineer, and

builder. His invention, consisting of frameworks

of diagonally intersecting planks, became a pro-

Jjumps’)

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

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

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

[t was apparently conceived by combining struc-
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Diaganal bracing of ship frames. Rabert Seppings ( 1806 — 181

tures, ideas, and processes that could be found in
a fence, a ship frame, or a garden trellis. Yet the
amalgamation was startlingly novel in both con-
ception and physical form.
When Darwin wrote, ‘almost every part of
every organic being is so beautifully related
its complex conditions of life that it seems as
improbable that any part should have been sud-
denly produced perfect, as that a complex machine
should have been invented by man in a perfect
state,” he implied what many now believe about
technological objects — that they become perfected
through evolution." Darwin's analogy points to the
decidedly technological character of evolution,
whose mechanical processes of variation and
often

autonomously: nature's slow-going assembly lines

selection are noted. Evolution proceeds
deliver species.” In clarifying a natural process.
evolution made biology ‘mechanical” and thereby
scientific. When the analogy was then re-applied
to its source = human activity - it made technolog-
ical development mystical: individual designers
actions, but

had reasons for their as a group

they became agents of autonomous progress.
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regard every production of nature as one

which has had a long history; when we con-

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

But there is no ideal building or bridge
design; there are always many choices.
Designers must confront a technological (also
known as a cultural, physical, economic, politi-
cal) environment that they interpret and manip-
ulate to make an invention succeed. For an
architect, it is a matter, as Le Corbusier pointed

out, of first formulating the question."

template every complex structure and

= instinct as the summing up of many con-

: trivances, each useful to the possessor, in
;,1: the same way as any great mechanical
invention is the summing up of the labour,
the experience, the reason, and even the
blunders of numerous workmen; when we
thus view each organic being, how far more
interesting — | speak from experience - does
the study of natural history become!

Charles Darwin, Origin of the Species (1859)
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THE NATURELESSNESS OF MATERIALS

In order to explain bridge development, histori-
ans have classified bridges by appearance: by
types of forces (tension or compression); by
designer (hero-genius); by location; by size (the
bigger the better); by chronology (in which ‘firsts’
are all-important); and by material. The ideas

behind these classifications are rarely examined.

Size and scale are only two of many measures of

significance, and chronology may reveal little
about kinship. Grouping by material, a practice
taken from engineering textbooks, may result in
skewed conclusions: one finds pronouncements
such as, ‘the iron truss came soon after the iron
arch.”™ An examination of design conceptions
rather than material manufacture reveals that the
relationship between an iron arch bridge and an
iron truss bridge was not direct. Before chaining
systems together, one must understand the rea-
sons behind their emergence.

The fact that a bridge was 100 percent iron is

not_necessarily significant for the history of

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

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

pegs. Iron was considered a disadvantage rather
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stone missile begat the spear,

1e arrow and then the bolt,

so on to Star Wars. Human voli-
have less to do with this develop-
he potentialities inherent in the
elves.

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

The lattice system. moreover, was greater

than the sum of its wooden parts: the sides of

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

The construction of the first railroads greatly

affected the development of strength of materials by

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

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

The classifications ‘wooden’ and ‘iron’ in
this context require re-examination, because
many of the most well-known ‘wooden bridges’

of the eighteenth and nineteenth centuries

had tons, literally tons. of iron, in the form of

critical parts such as bolts, straps, and suspen-

sion rods. Iron played an integral role in

these bridges, just as wood was
design of “all-iron’ bridges.

Builders seesawed between -
Around mid-century, the New
Railroad decided to replace its in
wooden ones after the collapse o
patented by Nathaniel Rider; it
railroad owners' financial intere
something to do with it."” In :
action, the Compagnie de I'Or
replaced its wooden arch bridge:
arches, in order to secure them ag
(The oak and pine arch bridge at.
which carried three important ra
required major reinforcing an
during political upheaval of 184¢
local movements in which ‘evol
tered politics and not infreque
went into reverse, By 1854, w
banned for railways in the C
although some engineers contir
and by 1863. both wood and
been ‘removed from the field o
the former by negation, ar
by direct condemnation.™' Infla
maintenance issues were ‘obvic
reject wood, although only as o
conditions; one historian report
railway bridges were common
States until the 1890s."

As wooden bridges were rejec
ways, the importance of the type
required to build with woo
Because wood fails with forewa
penter could learn through obsery
ing his own work. The engineer
not ordinarily have this opport
iron breaks with no or little wai
not lend itself to direct evaluatic
more dependent on the manufact
ematical calculation for the s¢
bridge. The manufacturer becar

for creating a material which met




There is generally sufficient evidence to
warrant the view that the evolution of
building techniques, like other inventive
and creative activities, is an organic
process. When the historian surveys the
past, all that he really sees is an ever-
branching continuity extending through all
the aspects of culture. Technical invention
reveals the same characteristic. It pro-
duces a series of mutations rather than a
few original creations...The nature of
invention in the nineteenth century and
the requirements which motivated it were
such as to exhibit to a striking degree the

dard; this standard was established by testing, the other side of the ‘great divide:" for less com- oxganicintesrslytions with techmiosl

processes and between such processes

which usually was done independently of the
bridge designer. This ‘liberation’ of engineers
from the material was an important factor in
allowing the mass-construction of bridges.

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

Iron is considered the classic material of the

‘industrial revolution,” although lumber was no

less an industrialized product, no less the stuff

of ‘revolution.” Many considered wood suitable

for temporary structures or for nations on

plex, less civilized societies. As historian Carl
Condit asserted: ‘Wherever wood was plentiful
and industrial techniques less advanced than

in Western Europe. timber construction was
bound to be the natural choice.’” For him, wood
framing belonged to a ‘vernacular tradition” - it
was unscientific, practical.” From the evolution-

ary viewpoint, the wood-wiclding inventors,

builders. and engineers who developed our

industrial technologies were primitives.

THE NATURE OF NATIONS

Technology was — and is - regarded as a defining
clement of national culture. Observers from
Europe therefore examined ‘American’ technol-
ogy at least as carefully as they examined
American citizens. Like the naturalists and geol-
ogists who studied North American plants, ani-
mals, and rocks. engineers and entrepreneurs
came to the United States to explore technology
that could be of use to them. That a sparse popu-
lation had built an enormous infrastructure

within a few decades made the ‘new World" an

obligatory object of study. The missionaries of

industry who stalked the latest inventions were
as much technologists as promoters, politicians,

proselytizers, and prophets.

The political and economic importance of

transportation networks meant that many tech-

nological tourists scrutinized Town's lattice

and utilitarian demands.

Historian Carl Condit, American Budding Art

Nineteenth Century (1960)




| have seen more beautiful, graceful, and
convenient ploughs in positive use here [in the
United States), than are probably to be found in
the whole of Europe united. In this single fact
may be traced the history of the character of the

people, and the germ of their future greatness.

lames Fenimore Cooper. Notions of the Americans

Picke.

Im Nordling { TB68.~70)

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

As the United States and the states of
Western Europe transformed themselves into
industrial powers, the exchange of ideas allowed
a scale of technological development that would
not have occurred in one country alone. Building
technologies flourished within a reciprocal rela-
tionship: exchange of information in these
fields was essential for their development, and
their development helped exchange to occur.
Ihe networks of roads and bridges essential
for transportation, communications, defense,
and trade were central to the physical and con-
ceptual construction of nationhood. Despite - or
because of — the transnational character of tech-
nological development, nations erected national
identities along with their bridges.

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

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

claims of national superiority, Strengthened by




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

Engineer Berthault-Ducreux (1845)

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

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

how ideas are interpreted and employed, and

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

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

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

understand a culture, look at its bridges.
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Kinzig Bridge: OHanburg, Germany, Karl Ruppert (1852-53)

Peacock Bridge, near Reading, Pennsylvania, Moncure Robinson
(1839-40)

Lattice budge, Phdadelphia-Wilmington Railroad. South Carolina (c 183¢







on BUILDING MYTHS
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 thamn 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 1sacurator in the Division of the History of Technology at the National Musaum of American

History. Smithsonian Institution, He writes on the history of 1Technology and material culture, and is the author of
InfaCulture: The Smithsenian Book of Information Age Inventions

on BUILDING MYTHS
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 p iced

g historians of technology. Gregory Dreicer is one of the
ki tions at the National Building

exceptions. Already known for his path-b
Museum, Dreicer, in this article, deals head on with the historiographic problem of how to

.

write a 'hi y of logy.’ 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 E ates how this bridge, when

viewed on its own, forces us to rethink basic premises. Neither the conventional notion

Drei d

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-

i b

izad abstractions of earlier hi iograp PP but rather to demonstrate that
thing 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 ds, tech hi for that matter, is never

disinterested from its history, and this means that today's historians, struggling to define

one has to view technology not as

logy, like ar

technology as a cultural product, have the burden of re-evaluating the legitimacy of some
of these hi ical mythologi

Mark Jarzombek is Professor of Architectural History in the History, Theory, Criticism Saction of the MIT School of
Architectura; His most recent book is The Psychologrzmg of Modarnity: Art, Architecture, History.

IN RESPONSE

on TECHNOLOGICAL THOUGHT IS DESIGN'S OPERATIVE 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, 1 will anly 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
consaequence, 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’ (4 la Thomas Kuhn) science, has been often concerned with clarifying small
details. Think of the ever-increasing accuracy in measurement technigues 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 | 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, | 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,
| expressed a similar view using different terms. Following Michael Polanyi's notion,
| 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 know/ledge.

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
hypathesis that deserves to be examined seriously.

Subrata Dasgupta holds the Eminent Scholar Chair in Computer Science, and is Co-Director of the
Institute of Cognitive Science. University of Louisiana at Lalayette, where he is also Professor of History.
He is the author ol fTechnology and Creativity:



IN PERSPECTIVE

CULTURAL REVERBERATIONS

You believe in the Palace of Crystal, eternally inviolable, that is in

something at which one couldn’t furtively put out one’s tongue or

make concealed gestures of derision. But perhaps | fear this edifice

just because it is made of crystal and eternally inviolable, and it will

not be possible even to put out one’s tongue at itin secret.

It's like this, you see: if instead of a palace it was a hen-house, and it
began to rain, | might creep into the hen-house so as not to get wet,
but | shouldn’t take the hen-house for a nalace out of gratitude
because it had protected me from the rain. You laugh; you even say
that in that case it doesn’t matter whether it's a hen-house or a
mansion. No, | answer, if not getting wet was all one had to live for.
But what if | have taken it into my head that thatisn't the sole
object of living, and if | have to live, let it be in a mansion? That is my
will and my desire. Well, change it then; attract me by something else,

give me a different ideal. Meanwhile, | still refuse to take a hen-house

for a palace. Let us grant that a building of crystal is a castle in the air,
that by the laws of nature it is a sheer impossibility, and that | have
invented it out of nothing but my own stupidity and certain antiquated
irrational habits of my generation. But what does it matter to me if it
is an impossibility? What difference does it make to me, so long as it
exists in my desires, or rather, exists while my desires last? Perhaps
you are laughing again. Laugh if you like: | will accept all your ridicule,
but all the same | won’t say I've had enough to eat when I’'m hungry,

I won't be satisfied with compromise, with the constantly recurring
decimal, merely because it exists by the laws of nature and exists in
reality. | will not accept as my crowning wish a block of flats for poor
tenants on thousand-year leases and, in any case, with "Wagenheim,
Dental Surgeon’ as the signboard. Destroy my desire, blot out my
ideals, show me something better, and | will follow you. Perhaps you
will say it is not worth while to getinvolved; but in that case | can
make the same answer to you. We are discussing seriously; and if you
don’t choose to honour me with your attention, I'm not going to plead
with you.

Meanwhile, | am still living and still wanting — and may my hand
wither if | bring one brick to the building of that block of flats! Don’t
pay any attention to the fact that just now | rejected the palace of
crystal for the sole reason that one won‘t be able to stick one’s tongue
outatit... | didn't say that because | am so given to sticking out my
tongue. Perhaps | was angry simply because no edifice at which itis
impossible to stick out one’s tongue is yet to be found among all your
constructions. On the other hand, | would let my tongue be cut right
out in mere gratitude if only things were so arranged that | never
wanted to put it out again. What does it matter to me that that kind of
building is impossible, and that one must content oneself with blocks
of flats? Why was | made with such desires? Can | have been made for
only one thing, to come at last to the conclusion that my whole make-
up is nothing but a cheat? Is that the whole aim? | don't believe it.

Do you know one thing, though? | am certain that underground
people like me must be keptin check. Though we may be capable of
sitting underground for forty years without saying a word, if we do

come out into the world and burst out, we will talk and talk and talk...

Fyodor Dost k

vevsky Nates from Underground
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For [the Russian radical critic Nikolai] Chernyshevsky, the Crystal
Palace symbolizes a death sentence against ‘your St. Petersburgs,
Londons, Parises’; these cities will be, at best, museums of back-
wardness in the brave new world.

This vision should help us locate the terms of Dostoyevsky's
quarrel with Chernyshevsky. The Underground Man says he is afraid
of this edifice, because ‘one would not be able to stick one’s tongue
out, or to thumb one’s nose, even on the sly.’ He is wrong, of course,
about Paxton’s Crystal Palace, at which thousands of genteel and
cultivated tongues were stuck out, but right about Chernyshevsky's;

wrong, in other words, about the Western reality of modernization,

which is full of dissonance and conflict, but right about the Russian
fantasy of modernization as an end to dissonance and conflict. This

point should clarify one of the primary sources of Dostoyevsky's love

for the modern city, and especially for Petersburg, Ais city: this is the

ideal environment for the sticking out of tongues — that is, for the

acting out and working out of personal and social conflict. Again, if

the Crystal Palace is a denial of 'suffering, doubt and negation,’ the

streets and squares and bridges and embankments of Petersburg

are precisely where these experiences and impulses find themselves

most at home.

Marshall Berman AN That Is Solid Melt

L

ey
'y

Ll ., AW i ]

%

¥

—— T ————— T —p———-  S—— pp—_——
— S =gt g . g e e
S S———tog g o s oo st

~w — e e

e o e







On [the Empire State Building's] opening day a carnival atmosphere
reigned in the area. Clusters of people craned their necks to study the
new structure as far away as Bryant Park on 42nd Street. People jostled
for a chance to inspect the marble lobby and buy a ticket to the obser-
vation platform on the 86th floor. They crammed into the elevators and
shot up to the observation deck, to emerge from the relative darkness
of the car into another world. The sudden break with the ordinary
cityscape known at ground level could hardly be more dramatic.

One man is quoted as saying '‘Central Park looked like a small
pasture dotted with tiny puddles of rainwater,” another as remarking
that ‘the Chrysler Building, its spire gilded by the sun, appeared small
and like a toy.’ Official visitors...saw men and motor cars crossing like
insects through the streets; they saw elevated trains that looked
like toys. The New Yorker noted ‘Bryant Park is a pancake and the
Statue of Liberty something to throw at a cat.’ People standing on the
observation point felt how enormous the building was, and, by
extension, felt themselves suddenly enlarged in relation to the rest of
the world. They were particularly impressed to see that "the shadow of
the building stretched across the East River and into Brooklyn.’
The sun projected their own shadows just as far. Even in bad weather
the building attracted visitors. One reporter for the New York Sun found
himself unable to see more than twenty stories below. ‘Street noises
came up to him, but his sensation was that of having been wrapped in
cotton batting and suspended between earth and sky." The intimation
that one has moved into closer contact with heaven was an important
aspect of the skyscraper, expressed in its very name.

Europeans neither invented nor embraced the vertical city of the sky-
scraper. Europeans banned or restricted electric signs, and rightly saw
the landscape of Times Square as peculiarly American. Europeans did
not see atomic explosions as tourist sites. Europeans seldom journeyed
to see rockets go into space, but Americans went by the millions. There
is a persistent American attraction to the technological sublime.

Not only is the sublime a recurrent figure in American thought;

potential sublimity has also justified the creation of new technologies in

the first place. This was not merely a matter of the rationalization of
new projects, or a simple form of class domination in which an over-
awed populace acceded to new displays of technological power. There
is an American penchant for thinking of the subject as a consciousness
that can stand apart from the world and project its will upon it, In this
mode of thought, the subject elides Kantian transcendental reason
with technological reason and sees new structure and inventions as
continuations of nature. Those operating within this logic embrace the
reconstruction of the life-world by machinery, experience the disloca-
tions and perceptual disorientations caused by the reconstruction in
terms of awe and wonder, and, in their excitement, feel insulated from
immediate danger. New technologies become self-justifying parts of a
national destiny, just as the natural sublime once undergirded the
rhetoric of manifest destiny. Fundamental changes in the landscape
paradoxically seem part of an inevitable process in harmony with nature.

both passaqes by Dav




A SPIDER'S WAY OF STRUCTURE

Open-ended research leads to the most exciting results and stimulus.

The spider and the structural engineer share similar requirements and

constraints when designing a new structure. The key to the structure ’ .
of the spider's web lies in its shape and stress distribution. By allowing

large elongation of the threads, the maximum proportion of kinetic !
energy from a flying insect is absorbed as strain energy. The multiple
redundancy of the radial threads ensures that the web will function
even if many radials break.

A distinct structural hierarchy in the web is defined by the large

difference in prestress. Radial threads are highly tensioned compared

to the spirals. If a bee hits and sticks to a few strands of spiral thread =

they break the impact. The load travels from the spirals to the radials,
where much of the kinetic energy is absorbed, and then continues
straight out to the supports. Meanwhile, the whole web gently
vibrates, dissipating energy through air resistance.

The spider is using the techniques of the late twentieth century
engineer, but with much more elegance and precision.

Pater Rice An Engineer Imagines



MENDED SPIDERWEBS

)mag,e is frorn the Nlpdod Spldbrwgz’ series which came about
’ : 4"y _duringa m-waalt peri ne and July of 1998 which | spent on Pnrté
a Swedish-speaking m;d in the anish archipelago. In the forest and

s living, | loarched for broken spldemm
sewing thread. All nf'th. natchcs were made bq
uona atatime dlreuiy inta the web. Sometimes

around the h_ausa'w
which Trepaired usin
inserting thread
the thfeads were h d in place by the stlcluuess of the spiderweb itself:
longer threads were reinforced by dipping the tips into white glue. | fixed
the holes in the web until it was fully repaired, or until it could no longer
bear the weight of the thread.

The morning after the first patch job, | discovered a pile of red threads
lying on the ground below the web. At first | assumed the wind had
blown them out; on closer inspection it became clear that the spider had
repaired the web to perfect condition using its own methods, throwing
the threads out in the process. My repairs were always rejected by the
spider and discarded, usually during the course of the night, even in webs
which looked abandoned.

Nina Katchadourian Mended Spider Webs and Other Natural Misunderstandings



EMPATHY

After all that has been said, there can be no
doubt that form is not wrapped around
matter as something extraneous but works
its way out of matter as an immanent will.
Matter and form are inseparable. In all
matter there lives a will that aspires
toward form, but it cannot always fulfill
itself, Nor must we imagine that matter is
the enemy; rather, form without matter is
inconceivable. Everywhere the image of
our own physical existence presents itself
as a type by which we judge every other
phenomenon. Matter is the evil principle
only insofar as we experience it as a life
negating gravity.

The effects of gravity are always associ-
ated with a decrease of vital energy. The
blood runs more slowly; the breath
becomes irregular and wheezing; the body
has no support and collapses. . . .
Everything living tries to escape from this
and to achieve the natural posture of regu-
larity and balance. The relation of form to
matter is conveyed in this effort of organic
will to penetrate the body.

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 Heinrich Wolfflin,

Psychology of Architecture



Avila Chapel, Santa Maria‘in Trastevere, Rome, Antonio Gherardi (1680-86)

atleft: Templs of Apollo, Corinthy



ANCIENT GREEC

FORCE

DEFINITIONS




NEWTON

After Kepler, the clear formulation of 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 rather 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 that the same set of
laws governed both the falling of a stone and the movement
of heavenly bodies toward each other, as did Newtan. In the
late seventeenth century, Newton determimed the gravita-
tional formulas that underlay both the celestial motions
descnbed by Kepler's laws and the terrestrial motions of
falling objects. 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 for gravity would eventually be
found

Jammer's Encyclopedia accoumt ol torce summarizes
Newton's three interrelated laws of motion

Newton's definition of 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 Moton or Law of Inertra, according to
which every body. unalfected by a force. persists ina state of
rest or of uniform motion, may be regarded as a qualitative
defimuon of force (namely. as change of state of motion). the
Second Law quantified the concept and provicled a meanming
for the notien of mass. The Newtonian characterization of
force 15 completed with the Third Law, which states, n
essence, that every force mamifests itself invariably in a dual
aspect: it has a mirrorimage twin, For it claims that if A acts
on B. then 8 acts on A with equal magniiude in the opposite
direction; or i other words, to every action there s always
opposed an equal reaction. Forces, consequéntly, arse only
as the result of a combined interaction of at least two ent-
ves. In a umverse composed of only one body. no forces are
conceivable

Having thus explored the quantitative aspects of force,
and of grawtational force m particular, Newton does not
specify the metaphysical nature of force; as far as physical
seience (s concerned, foree is an witimately irreducihle
noton. Newton's contribution may thus be regarded as the
culmination af & conceptual development iy & search for a
quantitative detersinanon of an otherwise obscure and
indiscernible. yet necessary. notion.

Newton and other scientists were reluctant to subscriba
to the idea that torce of gravity could act over a distance with
no intermediary material Yet others considered this sort of
explanatian. 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-
ject to forces acling over distances

BERKELEY AND HUME

Elegant as Newton's concept was, It was subject to critique
by eighteenth century philosophers who objected to the
treatment of force as a real entity when 1t was, they said. anly
a mental construct These pure empiricists dened any exis-
tence ol torce as the cause behind events by claiming that
there was no such thing as cause and effect at all, but merely
a succession of 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 Newtoman corniception of
force from the philosophical point of view, however, was
chrected agamst the hypostatization of force as a metaphys-
ieal entity of an autonomeus ontelogical status. Berkeley. in

s De Motu (On Motion, 1721) opposed this appraach and
wewed the notion ol force as a convement auxihary fiction
with which to wark; for the notion had the same stalusin scr
ence as the concept ol epicycle hasin astronomy. Terms like
foree, gravity. and attraction, he admitted, are convement for
purposes of reasoring or computation; for an understanding
of the nature of motion itsell, however, Berkeley regards
thern as wholly irrelevant. They should not lead us to the fal-
facy that they could throw any light on the real efficient
causes of motion, for the only obrective of physical scrence is
the establishment of the requiarities and uniformities of nat-
ural phenomena; to account for particular phenomena
means reducing them under. and strewing their conformity
to. such general rules’ (Siris, 1744) Hume. Fierre de
Maupertws, and especially the early proponents of madern
positivism. .. followed Berkeley in assertng that force is
merely & construct inthe conceptual scheme of physics and
that it should not be confounded with metaphysical causal-
ity Mast radicalin tfus respect was Mach's antimetaphysical
attiude. inaceordance with-which he tried to divest mechan-
1cs of all conceptions of cause and force and to adopt a
purely functional pomnt of wew. .. Ernst Mach idenufied force
wath the product of mass and aceeleration and thus reduced
it toa purely mathematical expression relating certam mea-
surements of space and lime

But even after this process of purification and divest-
ment of all causal or teleological implications, the concept of
force was not eliminated from the conceptual scheme of
physics. Its methodological justification hies i the fact thatit
enables us to discuss the general laws of mation irrespective
of the particular physical situation with which these mations
are assooiated, In contemporary physies the concept plays
somewhat the same role as dees the middle termin the tra-
ditvonal syllogism: {t is a methodological intermediate in
terms of which we can study the kinematical behavior of a
physical body independent of the partecular configuration i
which itis found,

EDITORS

REID AND JAMES

That ermical atutude toward torce, initiated by Berkeley and
Hume and eontinued by the positivist thinkers, removed any
trace of causal or teleclogical 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 nvestigated was the same place they onginated. within
human conseiousness. Philosophy turned toward mental and
badily perceptions in the early twentieth century, Our source
concludes this history of force with an account of its retreat
nto the physiological and psychalogical realm

The first 1o 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 of operations af our own mund,
and especially from the consciousness of our voluntary exer-
tians i producing effects. Rewd concluded that if we were
nat conscious of such exertions, we would not have formed
any conceplion 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 e Biran.
considered our own will as the source of the notion of force:
in fus view, the resistance to muscular effort felt in the case
ofvolunitary activity makes us aware that.certan actions are
notinvoluntary 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
argamsm, we acquire the universal and necessary nation of
force. While the Berkeley-Hume criticism led almost to the
exclusion of the concept of force from seence and natural
philosophy, at the same time it supphed o the more psycho-
logueally and physiologically oriented ptulosophy important
arguments to oppose such elimination. For it was claimed
that the concept of force stands in the same relation to the
sensation of muscular effort as the concept of motion to
wvisual perception. and science without the concept of
mation s lﬁCﬂ.’TC‘E‘.’Vﬂbe‘

Mareover, if one kind of sensation is to be preferred to
the others, 1t showld certainly be muscular sensation, the
nearest to the psychological experience of valiton. Even
Witham James, who, in The Feeling of Effort,” in Collected
Essays and Reviews ( 1920), rajected the so-called feehng of
mnervation and opposed the view that the resistance 10 our
muscular effort 1s the only sense that brings us into close
contact with reakty, contended that reality reveals itself in
the form of force like the force of effort which we exert our-
sefves. The concept of force. according to James. thus
remains one of those universal ideas which belong of neces-
sity to the intellectual furniture of every human mind.’

FORCE AND EMPATHY

This brings us finally back 1o architecture lor as observers
and inhabitants of structures. we are aware of the lorces
acting on them. Heinrich Wolfflin's theory of empathy. which
claims we share with the architectural column a physical
understanding of heavy loads, Is perfectly suited to the
twenteth century's reduction of force to a psychological
phenomenon

Sharon L Joyce

Jammer, Max, Forae.” The Encyelapedia of Philasophy. 1967, 111,

n208-212

Sambursky. S, The Dynamic Cantinuum,” Physics of the Stow:s
(Princeton Prrceton University Press, 1959) pp 1-2

Kuhn, Thomas 5. The New Universe.” The Capernican Revalutian

{Cambridge: Harvard University Press, 1967) p. 245:8
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DEBORAH BERKE

| agree with Ada Louise. but think that deSCNphO—ﬂ - 1
can apply to many works of architecture and

the work of many architects — even the ones that

one might not immediately think of as being

structurally driven

| consider structure pretty early on, | also consider
material pretty early on. | believe they are closely
linked. Itis part of the design process because |
don’t sketch things | think are unbuildable. Recently
our work 1s pushing this a little but building 1s our
ultimate goal in every project

My knowledge of construction has increased but [
the size and complexity of the projects we are doing

has also increased, so itis hard to distinguish what

1s 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 2
comes first, it's usually not by much

The weight of structure is of great interest to me
although | haven’t had much opportunity to play
with 1t in my work. As the buildings get bigger, I'm
hoping to work with that potential

3
|
We transform whenever we can that which is
conventionally done — but usually to make it more
profoundly conventional, more extreme
4

| am interested in tectonic legibility although it does
not have to be literal to be legible. It is a motivating
design criteria. | value the expression of real assem-
bly or connections. In my early work | argued that 5
was instead of ornament = | don’t know how suc-
cessful | was. Visible connectors may be what sepa-
rates.our recent work fram the more minimal mini-
malists like Pawson

| have an ongoing relationship with two engineers

Ross Dalland on small residential projects and Robert

Silman on larger projects. | don’t know that I'd call

it rich collaboration as | don't think we push their cre-

ative limits at all — but, yes, | have learned from both 6
of them, and respect them immensely

| decided to become an architect at age fourteen ar 7
so. My childhood toys had nothing to do withit,

walking around New York City and in particular my

neighborhood in Queens did

RICHARD GLUCKMAN

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 field. 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 valume. With a small building,
the structural idea may come earlier as an expression
of the limits of the dimension of the space. Structure
1s 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, ight 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. Woad blocks, Erector set, Electric trains
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