
The history of architecture is primarily a history of
man shaping space.

—Nikolaus Pevsner, An Outline of 
European Architecture, 1943

Today, at the dawn of the twenty-first century,
digital artists can create a virtual image of the

inside of a building. This is a most useful operation,
suggesting what a building will be like long before
costly construction is begun. But the total physio-
logical, kinesthetic, sensory, and psychological expe-
rience is missing. Architecture must be experienced
by walking around and into it.1

Architecture is the art into which we walk, the
art that envelops us. Besides making a distinction
between “architecture” and “building”—a concept
with which there might be disagreement— Nikolaus
Pevsner’s further observation that architecture is the
shaping of space is undisputed.2 As he notes, painters
and sculptors affect our senses by creating changes
in patterns, and in proportional relationships be-
tween shapes, through the manipulation of light and
color, but only architects shape the space in which
we live and through which we move. Frank Lloyd
Wright believed space was the essence of architec-
ture and, early in his career, discovered that the same
idea had been expressed centuries earlier by Laozi
(Lao-Tse) and paraphrased in 1906 by Okakura
Kakuzo in The Book of Tea. The reality of architec-
ture, Kakuzo observed, lay not in the solid elements
that seem to make it but in the empty space defined
by those elements: “The reality of a room, for in-
stance, was to be found in the vacant space enclosed
by the roof and walls, not in the roof and walls them-
selves. In just the same way, the usefulness of a water
pitcher dwelt in the emptiness where the water
might be put, not in the form of the pitcher or the
material out of which it was made.”3

The architect manipulates space of many kinds
in many ways. There is first the purely physical
space, which can be imagined as the volume of air
bounded by the walls, floor, and ceiling of a room.
This can be easily computed and expressed as so
many cubic feet or cubic meters. But there also is
perceptual space—the space that can be perceived
or seen. Especially in a building with walls of glass,
this perceptual space may extend well beyond the
boundary of the glass and may be impossible to
quantify. Related to perceptual space is conceptual
space, which can be defined as the mental map we
carry around in our heads, the plan stored in our
memory. We navigate through our house, work-
place, or community by referring to our mental map
of its conceptual space. Buildings that work well are
those whose plans and spatial arrangements can be
easily grasped and held by users in their mind’s eye
and through which they can move about easily with
a kind of inevitability; such buildings can be said to
have clear conceptual space. The architect can also
decisively shape behavioral space, or the space we
actually move through and use. Behavioral space
can be imagined as a clearly defined room with four
walls, a ceiling, and a floor—an easily calculated
volume. But now picture a large hole that has been
cut into the floor, with the opening covered by a
cloth. The physical space has not changed at all,
but a person now must walk around the periphery
of the room instead of diagonally across it. The
 behavioral space has been changed.

All the types of space just mentioned can be il-
lustrated by examining the Lloyd Lewis House in
Libertyville, Illinois, 1939, by Frank Lloyd Wright
[1.1]. From within the living room, as we look to-
ward the fireplace, the view is defined by the built-
in bookcases, the brick of the fireplace mass, the
floor, and the ceiling [1.2]. All the surfaces are
opaque and suggest a clear sensation of confinement
and protection; the physical space is evident. As we
look left, however, the view stretches out through a
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1.1. Frank Lloyd Wright, Lloyd Lewis House, Libertyville, Illinois, 1939. Plans of the lower level and the upper living level.
Drawing: L. M. Roth.

1.2. Lloyd Lewis House. View of the living room, looking toward the fireplace; from this vantage point, the space is sharply
defined and suggests comforting enclosure. Photo by Hedrich Blessing. Chicago History Museum, negative HB-19240-C.



broad bank of glazed French doors to the meadow
and woodland beyond [1.3]. From this vantage
point, the perceptual space reaches out across the
field and to the sky, as far as the eye can see. Moving
toward the dining area, we see the built-in dining
table, fastened to a brick pier [1.4]. To move from
the living room through the dining area and into
the kitchen, we must move around that built-in
table, since it cannot be moved. In purely physical
terms, the table takes up very little volume, a very
few cubic feet compared to the many hundreds of
cubic feet in the combined living and dining space,
but in behavioral terms, it determines in a decisive
way how we can move about in that space.

Architectural space, in all its various forms, is a
powerful determinant of behavior. Winston Chur -
chill understood this well when he addressed the
House of Commons in 1943, noting that first “we
shape our buildings, and afterwards our buildings
shape us.”4 What prompted his observation was a
debate on rebuilding the severely burned House of

Commons. The chamber in which the Commons
had been meeting for nearly a century was gutted
by a German bomb in 1941, and Parliament was
considering alternative ways of reconstructing the
chamber. When Parliament had first begun to meet
in the thirteenth century, it had been given the
use of rooms in medieval Westminster Palace and
had occupied the palace chapel. A typical Gothic
chapel, it was narrow and tall, with parallel rows of
choir stalls facing each other on either side of an
aisle down the center. The members of Parliament
sat in the choir stalls, dividing themselves into two
groups: on one side the government in power and
on the other the loyal opposition. Seldom did mem-
bers take the brave step of crossing the aisle to
change, and hence visibly declare, their new politi-
cal allegiance. When the Houses of Parliament had
to be rebuilt after the catastrophic fire of 1834, the
old Gothic archetype had been followed, and Chur -
chill argued that this ought to be done again in
1943. There were those who advocated rebuilding
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1.3. Lloyd Lewis House. View of the living room, looking toward the screen of French doors; from this direction,
a person’s view can pass into the countryside, into a large perceptual space. Photo by Hedrich Blessing. Chicago
History Museum, negative HB-06485I.



the House with a fan of seats in a broad semicircle,
as used in legislative chambers in the United States
and France. But Churchill convincingly argued that
the essence of English parliamentary procedure had
been permanently shaped by the physical envi -
ronment in which it had first been housed: to so fun-
damentally change that environment, to give it a
different behavioral space, would be to change the
very nature of parliamentary discourse and govern-
ment. The English had first shaped their architec-
ture, he said, and that architecture in turn had
shaped English government and history. Through
Churchill’s persuasion, the Houses of Parliament
were rebuilt with the old arrangement of parallel
seats looking across a central aisle [1.5].

These concepts of physical, perceptual, and be-
havioral space have been applied here to spaces
within individual buildings. With slight redefining,
such terms can be used to describe experiences in
large outdoor spaces as well. Consider the huge
outdoor living room in Venice—the Piazza di San
Marco [1.6, 1.7]. From the middle of the piazza as
one looks west, the space is clearly defined and en-
closed by the walls of the buildings on either side
and straight ahead. Much the same is true if one

turns around and faces east, toward the Church of
San Marco, but with this perspective the light com-
ing from the right gives a hint of an opening. Mov-
ing eastward, approaching the front of the church,
one must move around the soaring tower of the
Campanile, which stands in the piazza and deter-
mines one’s walking behavior. Once around the
Campanile, one sees the smaller piazzetta, which
extends toward the south. Past the pair of free-
standing columns that mark the boundary of the
piazzetta, one’s view crosses the canal, and the en-
closed physical space opens up in a virtually bound-
less perceptual space.

The plan of the Lloyd Lewis House also illus-
trates clearly the possibility of fluidity of space—
 interwoven spaces as contrasted with static spaces.
Wright was a master of interweaving connected
spaces, creating what has been described as fluid or
flowing spaces, beginning in his Prairie Houses of
1900 to 1910 and continuing in Fallingwater, near
Mill Run, Pennsylvania, built for the Kaufmann
family in 1936–1938 [1.8]. In these houses, there
is no isolation of the living and dining rooms or the
library alcove; all are loosely defined as component
areas of a larger fluid space. Wright developed this
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1.4. Lloyd Lewis House. View of the
dining area, showing the built-in table;
the fixed table clearly determines how a
person is directed through this space,
thereby determining behavior. Photo by
Hedrich Blessing. Chicago History
Museum, negative HB-06485i.
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1.5. Sir Charles Barry and A. W. N. Pugin, House of Commons chamber, Houses of Parliament, London, England, 
1836–1870; restored 1946. Following extensive damage after being hit by a German bomb, the House of Commons chamber,
an example of the impact of behavioral space, was rebuilt at the urging of Winston Churchill nearly exactly as it had been,
since to have changed it, he argued, would change the operation of parliamentary governance. Photo: © Richard Bryant/
Arcaid/Corbis.

1.6. Piazza di San Marco, Venice, Italy, 830–1640. Plan of piazza. Drawing: L. M. Roth.
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1.7. Piazza di San Marco. This exterior enclosure contains aspects of physical, perceptual, and behavioral forms of space.
Photo: © Yann Arthus-Bertrand/Corbis.

1.8. Frank Lloyd Wright, Edgar Kaufmann residence, Fallingwater, near Mill Run, Pennsylvania, 1936–1938. Plan. 
Here space is molded in a fluid way; it opens out through the banks of glass on the south to the wooded ravine. Drawing:
M. Burgess and L. M. Roth.



conception of space as a result of studying Japanese
architecture. In the traditional Japanese house, a
wooden structural frame supports rails along which
screens slide. These screens define the “rooms” of
the Japanese house by being closed, or they permit
the house to be opened up by being pushed back
[1.9, 1.10, Plate 1]. In the traditional Japanese
house, there are no solidly enclosed rooms in
the conventional Western sense. The influence of
Wright’s earlier decompartmentalized Prairie House
plans on European architects is illustrated in Ludwig
Mies van der Rohe’s German Pavilion for the inter-
national exposition held in Barcelona in the sum-
mer of 1929 [19.20]. There are no rooms in the
ordinary Western sense here, either, but rather a

 series of planes arranged in space, capable of defin-
ing a group of interrelated areas.

Conversely, more traditional European or Amer-
ican houses of the turn of the century were sub -
divided into discrete rooms, each intended to
accommodate a clearly understood function: for
lounging, dining, reading, receiving guests, and so
forth. One example is the William F. Fahnestock
House at Katonah, New York, 1909–1924 (now
 demolished), by Charles A. Platt, with its cluster of
individual rooms [1.11]. This was similar in many
ways to Platt’s Harold F. McCormick House in Lake
Forest, Illinois, 1908–1918. Originally, a different
house had been designed for the McCormicks in
1908 by Frank Lloyd Wright (it would have been

Architecture: The Art of Shaping of Space 15

1.9. Shokin-tei (Pine-Lute Pavilion), Imperial Villa of Katsura, near Kyoto, Japan, 1645–1649. View from inside the
pavilion out toward the Middle Islands. This view indicates the sense of difference between internal enclosed space and 
the expanding external space in the garden. Photo from: Akira Naito, Katsura: A Princely Retreat (Tokyo, 1977).

1.10. Shoi-ken (Laughing Thoughts Pavilion), Imperial Villa of Katsura, 1645–1649. Plan. The plan arrangement, based on the
module of the tatami floor mat, and the use of sliding wall screens, allows for many spatial arrangements. Drawing: L. M. Roth.



his largest Prairie House ever), and in it, he devised
a number of broad, interwoven spaces that opened
up and flowed into one another. As it happened,
Mrs. Edith McCormick wanted a more formal
and traditionally compartmentalized lifestyle, and
for that, Platt’s compartmentalized plan proved
more  suitable.

Space can determine or suggest patterns of be-
havior by its very configuration, regardless of barri-
ers or hindrances. We speak of directional space, as
distinct from nondirectional space. The plan of the
German Pavilion at Barcelona effectively illustrates
nondirectional space, for there is no one obvious
compelling path through the building but, rather, a
variety from which to choose [19.21]. In contrast,
in a Gothic cathedral, the emphatic axis directs
movement toward the single focus—the altar at the
end [1.12, see p. 8]. This gravi tational pull seems
especially strong in English cathedrals, such as the
cathedral at Salisbury, with its superimposed and
emphasized horizontal lines creating a strong visual
focus on the altar in the  distance.

We can speak, too, of positive and negative
space. A positive space is one that is conceived as
a void, then wrapped in a built shell specifically
erected to define and contain it. One example
would be the plaster interior shell of the pilgrimage
church of Vierzehnheiligen (Fourteen Saints), in
the countryside of Franconia, southern Germany,
1742–1772, by Johann Balthasar Neumann [16.45,
p. 414]. There is nothing structurally substantial
about this suspended plaster shell; it is there solely
as an envelope to define a particular space and
shape a particular architectural and religious expe-

rience. In contrast, we can speak of negative space,
created by hollowing out a solid that already exists.
The earliest ready-made habitations of the human
species may have been naturally hollowed-out
caves, memories of which linger in such rock-cut
caves as those at Ajunta and Karli, India, carved
out from 2000 BCE through 650 CE [1.13].5 In
these cave temples, the space was created by labo-
riously cutting away the existing solid rock to create
the desired void, often leaving columns and vaults
that resemble buildings built of wood.

The concepts of positive and negative space can
be applied in a somewhat analogous way to urban
space as well. In this context, negative space might
be defined as open space that is simply left over after
the construction of surrounding buildings, but pos-
itive urban space would then be defined as deliber-
ately and abstractly conceived and constructed in
accordance with a preconceived plan. These two
differing ideas can be seen in the city of Florence,
Italy. The major public space, the Piazza della Sig-
noria, is in front of the principal municipal building,
the medieval Palazzo Vecchio, 1298–1310, which
juts out into the irregularly shaped open space
[1.14]. The irregular Piazza della Signoria, given
shape as disparate buildings were erected over sev-
eral centuries, could be described as a resultant neg-
ative space. However, as the Renaissance developed
in Florence during the following century, an entirely
new attitude toward space and its definition arose
there—a notion of space closely related to the in-
vention of mathematical perspective in painting and
to the grid concept being used in contemporaneous
mapmaking. In 1419, when Filippo Brunelleschi
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1.11. Charles A. Platt, William F. Fahnestock House, Katonah, New York, 1909–1924 (demolished). In this residence the
spaces are clearly compartmentalized for separation of activities and for acoustical privacy. Drawing: L. M. Roth.



 designed his Ospedale degli Innocenti (Foundling
or Orphans Hospital) about half a mile north of the
Piazza della Signoria, he divided the facade into a
row of identical square arcade modules. The space
in front of the hospital was then opened up into an
urban square, the Piazza Annunziata, and the archi-
tects of all the surrounding subsequent buildings
based their facades on the Brunelleschian arcade
module. The result was that the piazza became an
orderly rectangle governed by an implied mathe-
matical grid that seems to determine the placement
of every part of its defining walls [1.15 and 15.7].
The Piazza Annunziata could be described as a pos-
itive space, defined in accordance with precon-
ceived geometric ideas.

There is still another social way of defining
space, and although it might not be thought of as
strictly architectural, the architect nevertheless is
well advised to take it into account. This is personal
space, the distance that members of a particular
species naturally and automatically put between

themselves. This is illustrated by the way birds
space themselves along the ridgeline of a building
or on a telephone wire, or by the way humans space
themselves when resting on a bench in a shopping
mall [1.16].6 For most animals, this zone of comfort
is genetically programmed. On rocky coastal out-
croppings, seals and walruses heap themselves on
top of each other in apparent bliss, while swans and
hummingbirds generally take great care to avoid
contact with or close proximity to others of their
kind. Experiments in which animals are forced to
exist in crowded conditions, in conflict with their
internal genetically programmed code, can produce
seriously aberrant behavior.

Humans, however, have proven themselves to
be extremely flexible in their determination of per-
sonal space; they seem not to have any particular
programmed genetic spatial code; or perhaps hu-
mans train themselves to ignore biological alarms.
Instead, among humans, personal space is cultur-
ally determined and is largely fixed in childhood,
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1.13. Cave temple, Karli, India, c. 100 CE. Plan and section. This example of “negative space” was created by hollowing out
the solid rock of the cliff, leaving columns and a vaulted chamber inspired by traditional wooden architecture. Drawing: L. M.
Roth, after Susan and John Huntington, The Art of Ancient India (New York, 1985).
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1.14. Piazza della Signoria, Florence, Italy,
1298–1310. This “negative urban space”
developed out of what was left after the
construction of the surrounding buildings. 
L= Loggia della Signoria (Loggia dei
Lanzi); PV = Palazzo Vecchio; U =
Uffizi (municipal offices). Drawing: 
L. M. Roth.

1.15. Filippo Brunelleschi and others,
Piazza Annunziata, Florence, Italy, begun
1419. This “positive urban space” was
deliberately planned in conjunction with the
modular facade of Brunelleschi’s Foundling
Hospital. FH= Founding Hospital
(Ospedale degli Innocenti); SA = Santa
Annunziata. Drawing: L. M. Roth.



so that later in life, enforced changes in personal
distance may produce severe anxiety. Typically Ital-
ians and the French prefer much more densely
packed social arrangements, as in the seating in
outdoor cafés, than do northern Europeans, Amer-
icans, or the English. Asians, however, customarily
place themselves in extremely dense congregations.
Even within the same culture, however, different
sets of rules are adopted by males and females. Two
unacquainted men will maintain a greater distance
than will two unacquainted women, particularly in
the United States. If an architect should happen
to violate these unstated dimensions of personal
space—for example, by placing workers in an office
arrangement too close together, even if every other
architectural variable is optimized—the result may
be an environment that is resisted by the users and
hence detrimental to the entire business operation.

Failure to understand these nuances of personal
space and similar cultural factors creates a particular
risk when an architect is designing for users belong-
ing to a culture or social group to which he or she
does not belong. This problem was vividly demon-

strated by the design of the Pruitt-Igoe public hous-
ing of Saint Louis, Missouri, 1952–1955. This hous-
ing had been designed by well-intended, well-trained
middle-class architects for very low-income residents
but was done in such a way that its inhabitants could
not visually supervise either the public spaces or the
hallways in their long apartment blocks. The design-
ers had little or no idea of how the intended residents
might use (or misuse) the buildings. As a result, mug-
gings steadily increased once the complex was occu-
pied. In growing numbers, prospective residents
simply began refusing to live there. Eventually, the
housing proved so hazardous to inhabit that the city
destroyed it in 1972 [19.56].7

In short, architects must think in terms of space:
the space around and outside of a building, the
space that people walk through when moving in-
side a building, the “borrowed perceptual space”
that they can see but perhaps not directly access,
the behavioral impact of that space, and the per-
sonal spatial interval that people desire to have be-
tween each other. The shaping of usable space is
the primary function of architecture.
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1.16. An example of personal space. This photo taken in Toronto (at the Eaton Centre shopping mall) clearly indicates the
degree of acquaintance between individuals. While the young couple snuggle together closely, the other disparate adults keep
as much distance between each other as is possible on this crowded bench. Photo courtesy of photographer John Ferri, from his
2011 photo series “Bench.”



2.5. Adler & Sullivan, Wainwright Building, Saint Louis, Missouri, 1890–1891. The arrangement of the parts of this office
building clearly expressed the differing functions of the parts of the building, effectively demonstrating what Sullivan meant
when he wrote later that “form ever follows function.” Photo by Hedrich Blessing. Chicago History Museum, 
negative HB-19240-C.



Haec autem ita fieri debent, ut habeatur ratio 
firmitatis, utilitatis, venustatis. (Now these [aspects 
of building] should be so carried out that account 
is taken of strength, utility, grace.)

—Marcus Vitruvius, De Architectura, c. 25 BCE

In architecture as in all other operative arts, the end
must direct the operation. The end is to build well.
Well-building hath three conditions: Commoditie,
Firmeness, and Delight.

—Sir Henry Wotten, The Elements of Architecture, 1624

The basic definition of architecture framed by
the ancient Roman architect Marcus Vitruvius

Pollio (c. 90–c. 20 BCE), in about 25 BCE, has
never been improved upon. However, Vitruvius
noted that architecture had been the subject of
critical writing long before his time. Several Greek
architects compiled books on their profession dur-
ing the centuries before the Common Era, leading
up to the text written by Vitruvius. He listed sixty-
three Greek and Roman books on architecture that
he consulted, some dating back to the fourth cen-
tury BCE.1 Sadly, with time and periodic upheavals,
both natural and human-caused, all but the treatise
by Vitruvius himself have been lost. Consequently,
his sole surviving book has carried extraordinary
importance for Western architecture.

The basic elements of architectural design de-
scribed by Vitruvius have remained essentially un-
changed since the time that humans first began to
shape their environment. Architecture, Vitruvius
wrote, must provide utility, firmness, and beauty
or, as Sir Henry Wotten later paraphrased it in the
 seventeenth century, commodity, firmness, and de-
light. By utility, Vitruvius meant the functional
arrangement of rooms and spaces so that there is no

hindrance to use and so that a building is perfectly
adjusted to its site. Firmness referred to foundations
that were solid and to building materials being used
wisely to do their required work. Beauty meant that
“the appearance of the work is pleasing and in good
taste, and [that] its members are in due proportion
according to correct principles of symmetry.”2 No
matter how this notion of beauty, or venustas, may
have been construed in the intervening centuries,
the Vitruvian triad still remains a valid primary sum-
mary of the elements of good architecture. The ul-
timate tests of architecture are these: First, does a
building work by supporting and reinforcing its
functional use; does it enhance its setting? Second,
is it built well enough to stand up; will its materials
weather well? But third and equally important, does
the building appeal to the visual senses; does it pro-
vide a full measure of satisfaction and enjoyment—
does it provide delight?

In the creation of architecture, there is another
fundamental triad, however, that Vitruvius does
not discuss directly. First is the person or group who
calls the building into being, the client who pro-
vides the commission. The client is the source of
funding—and of all the arts (except the perform-
ance of large-scale musical and dance works, and
making motion pictures), architectural building is
the most expensive to produce. And in terms of all
aspects of building, it is the client who ultimately
calls the shots. Second is the architect or designer
who gives the client’s wishes physical form, whether
on clay tablets, papyrus, parchment, or paper or in
bits of binary memory. To this should be added the
assistant architects, the scores of drafts-people, cost
estimators, materials specialists, and many other
employees in a large architectural office. Third is
the even larger army of builders who carry out the
construction process following the architect’s in-
structions: those who excavate and build the foun-
dations, fabricate the structural frame and walls,
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apply the external and internal surface finishes,
 install the complex plumbing and mechanical sys-
tems (which today can easily account for half the
cost of a building), and construct the furnishing
called for by the architect. Architecture, in contrast
to all the other durable arts, requires the services
and contributions of many hundreds of partici-
pants, especially in large structures. Because of this
commitment of energies and resources, building is
no trivial or impulsive endeavor; it is a “bottom-
line” activity, involving the expenditure of signifi-
cant amounts of money. William A. Starrett, the
general contractor of the Empire State Building,
wrote in 1928 that “building skyscrapers is the
nearest peace-time equivalent of war,” so complex
are the intertwined logistics of such construction.
Architecture is arguably the most accurate, the
most truly revealing, human cultural artifact.3

Function
The Vitruvian three-part definition of architecture,
incorporating utility, firmness, and beauty, begins
with the element that, on the surface, would appear
most straightforward but that, since the mid-
 twentieth century, has proved extremely complex
and multifaceted. This element is function. Func-
tion, or the pragmatic utility of an object—its being
fitted to a particular use—was a criterion analyzed
by such Greek philosophers as Plato, Aristotle, and
Xenophon.4 Part of the difficulty we face is that
there is only one word in English for function,
whereas we need variations to describe different
kinds of function. Our alternative has been to make
compound words such as circulatory function or
acoustical function.

Making the problem worse, in about 1920 the
definition of function became restricted to a nar-
rowly utilitarian or mechanical sense with the rise
of what became called International Modern
 architecture—the “International Style,” as it was
christened in 1932 by Henry-Russell Hitchcock
and Philip Johnson. Two models of this type of
building are the AEG turbine factory, Berlin, 1908–
1909, by Peter Behrens, and the Fagus factory,
Alfeld, Germany, 1911, by Walter Gropius [2.1,
2.2]. In both of these buildings, the form was al-
most totally determined by a linear analysis of the
internal industrial processes. In 1926, Gropius de-
signed the new building for the Dessau (Germany)
Bauhaus school, whose workshop wing exemplified
the same industrial determinism [19.18]. At the
same time, Gropius wrote of the new architecture:
“A thing is determined by its nature and if it is to
be fashioned so as to work properly, its essence

must be investigated and fully grasped. A thing
must answer its purpose in every way, that is fulfill
its function in a practical sense, and must thus
be serviceable, reliable, and cheap.”5 The Swiss-
French architect Charles-Édouard Jeanneret (who
wrote under the pen name Le Corbusier) described
the functional inadequacy of the contemporary
house, saying that, for the twentieth century and
the new architecture demanded by it, “the house is
a machine for living in.”6 The architect Bruno Taut
summarized the intent of International Modern
 architecture in 1929: “The aim of architecture is
the creation of the perfect, and therefore most
beautiful, efficiency.”7 In short, beauty would result
automatically from the expression of the leanest,
strictest utility.

The problem that became increasingly manifest
from the mid-twentieth century onward, however,
was that few buildings (other than factories or
other similar industrial structures) have the kind of
internal process that can determine building form
in such a direct, linear, and utilitarian way. Most
human activities cannot be reduced to a kind of
mechanical formula. And if the internal functional
use is changed, does beauty shift? Stanley Aber-
crombie made an interesting observation regarding
functional accommodation equating to beauty. He
noted that Brunelleschi’s Foundling Hospital in
Florence, Italy, was essentially built by 1427 but was
not completely finished until January 1445 and,
further, that it was not put into operation for the
care of orphans until February 5 [15.7]. When did
it become beautiful—in 1427 or 1445, in January
or February?8 Furthermore, simply accommodating
all the utilitarian functional requirements ignores
much. The American architect Louis I. Kahn be-
lieved that “when you make a building, you make
a life. It comes out of life, and you really make a
life. It talks to you. When you have only the com-
prehension of the function of a building, it would
not become an environment of a life.”9

Another problem we have had to face in the last
two centuries is that few buildings have continued
to accommodate the function for which they were
originally designed. This has necessitated enlarge-
ments, modifications, or the construction of wholly
new buildings, with the original building being con-
verted to a new use. The temptation would be to
say that an old building was never functional be-
cause it cannot easily accommodate the new use we
want it to serve. It may, in fact, have accommo-
dated its original use very well.

An alternative is to design a building so that any
possible future activity can be accommodated. This
approach was taken in the mid-twentieth century
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2.1. Peter Behrens, AEG Turbine Factory, Berlin, Germany, 1908. Behrens hoped in such factory buildings to create a more
noble architecture, to raise the design of the factory to a higher aesthetic plane as a type to inspire all architecture. Photo: Foto
Marburg/Art Resource, NY.

2.2. Walter Gropius and Adolf Meyer, 
Fagus Factory administrative wing, 
Alfeld-an-der-Leine, Germany, 1911–1912.
Gropius followed the direction of his teacher
Behrens in using an industrial expression for
the administrative office wing of the factory.
Photo: Vanni Archive/Art Resource, NY. 
© Artists Rights Society (ARS), New York/
VG Bild-Kunst, Bonn.



by Ludwig Mies van der Rohe, who devised what he
called the Vielzweckraum, the “all-purpose space” or
“universal space.” Indeed, Mies said that he and his
associates did not fit form to function: “We reverse
this, and make a practical and satisfying shape, and
then fit the functions into it. Today this is the only
practical way to build, because the functions of most
buildings are continually changing, but economi-
cally the building cannot change.”10 This multifunc-
tional approach is demonstrated in the huge single
room of Crown Hall, the school of architecture of
the Illinois Institute of Technology, Chicago, 1952–
1956 [2.3]. While such a vast single room can in-
deed hold any variety of future activities, it does not
function at all well acoustically, for a sound gener-
ated in any part of the room ripples and reverberates
through the entire space. Mies van der Rohe put
into built form what a number of International
Modernist architects had believed since the 1920s:
that there was a universality of human needs and
function. Le Corbusier even claimed it was possible
to design “one single building for all nations and cli-
mates.”11 Unfortunately, this notion, so appealing in

the mid-twentieth century because of its apparent
simplicity, ignores the idea that function is socially
and culturally determined and that a building’s form
is, in addition, a response to its psychological char-
acter, its physical setting, and the climate. As will
be noted in Chapter 20, the impact of social con-
vention and of regional and ethnic factors was re-
discovered late in the twentieth century.

Function, therefore, has many components, the
most basic of which is utilitarian or pragmatic util-
ity, or the accommodation of a specific use or ac-
tivity in a specific room or space. A room might be
used to contain a single bed for sleeping, it might
be an office cell containing a desk, or it might be a
large orchestral hall or some other public space.

Most buildings, of course, are composed of nu-
merous rooms with interrelated functions. People
therefore need to move from one room to another,
so that almost as important as the utilitarian func-
tion is the circulatory function, the making of
 appropriate spaces to accommodate, direct, and fa-
cilitate movement from area to area. When Charles
Garnier designed the Paris Opéra, 1861–1875, he
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2.3. Ludwig Mies van der Rohe, Crown Hall, Illinois Institute of Technology, Chicago, Illinois, 1952–1956. The interior
consists of one vast room designed to house a variety of differing utilitarian functions. Photo: Rosenthal Collection,
Department of Art History, Northwestern University.



analyzed just what the true function of the opera
was. Certainly, he realized, Parisians went to hear
the latest opera, but as Garnier also correctly un-
derstood, there was perhaps an even more impor-
tant social reason for going to the opera—people
went there to see and be seen. Its social function
was as important as, or even more important than,
its musical function. In fact, Garnier spent time at
existing facilities around Paris examining how
people moved, the numbers of people strolling in
small groups, and how much distance the groups
maintained between themselves as they moved
about. These became his modules of measurement
in designing the new Opéra. Further, as he quickly
realized, the circulatory areas were every bit as im-

portant as the stage house and the auditorium, and
as his plan clearly reveals, the grand stair, the foyer,
and the vestibules make up a significant portion of
the total floor area [2.4, Plate 2].

Similarly, when, toward the end of the nine-
teenth century, Louis Sullivan set out to design
some of the first metal-framed commercial skyscrap-
ers, he first examined just what this new type of
building enclosed.12 He discovered that there were
five distinct utilitarian zones. The bottom-most was
the basement, which contained machinery, storage,
and other strictly utilitarian uses [2.5, p. 20]. Above
that were four distinctly different functional uses:
(1) the ground floor (containing the entrances, the
elevator lobby, and shops at the perimeter facing
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2.4. Charles Garnier, Paris Opéra, Paris, France, 1861–1875. Stair Hall. For the 
Paris Opéra, social interaction, observing and greeting one another in the circulation
spaces, was perhaps the primary function. Painting in the Musée Carnavalet, Paris;
photo: Scala/Art Resource, NY.



the street); (2) a mezzanine level that might house
support rooms for the shops below or offices opening
onto an internal court; (3) the central section (floor
upon floor of identical office cells arranged around
the elevator); and (4) the terminating upper floor
or floors (with elevator machinery, water tanks, stor-
age, and other miscellaneous uses). For simplicity’s
sake, Sullivan himself often described this as being
like a Classical column with a base, a mid-section
shaft, and a capital or top. Since the new, tall office
block was decidedly vertical in form, Sullivan ar-
gued that it was the architect’s responsibility to em-
phasize this verticality and to express clearly the
three functional zones, as he did in the Wainwright
office building, Saint Louis, Missouri, 1890–1891.

Another architect who exploited the potential
for expressive form by celebrating different func-
tional activities was the Finnish architect Alvar
Aalto. Among his best examples is one of the two
buildings he designed in the United States: the li-
brary for the Benedictine monastery at St. Benedict
near Mount Angel, Oregon, 1967–1971 [2.6]. Its

principal pragmatic function is simply to contain
books, which are arranged in bookcases that fan
out northward from the central reading and circu-
lation core. But its other support activities require
different spaces, so on the north side are closely fit-
ted rectangular offices and workrooms for the staff
and to the south is a wedge-shaped auditorium.
Each of the spaces is placed where it needs to be, is
shaped in the best way to accommodate its use, and
joins with the other spaces to form a harmonious
whole.

A building often also has a symbolic function
and makes a visible statement about its use. We
usually expect some correspondence between what
the building’s use appears to be and what the use
 actually is. From the time of the Egyptians, Greeks,
and Romans, up through Renaissance and Baroque
architecture (that is, until about 1750), there were
general guidelines regarding the form and appear-
ance of buildings for ceremonial uses, but now there
is much greater latitude. Since roughly 1920, there-
fore, architects have had to do two things simulta-
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2.6. Alvar Aalto, Mount Angel
Abbey Library, Mount Angel,
Oregon, 1967–1971. The plan
arrangement illustrates the
differing functional activities:
public entry, staff work areas, the
auditorium, and reading/book
storage. Drawing: L. M. Roth.



neously: invent original forms using new building
technologies and, at the same time, devise appropri-
ate new symbolic representations for the functions
that their structures are housing. Often, the ex-
ploitation of new technologies has taken prece-
dence over symbolic representation, and many
mid- twentieth-century buildings truly tell us almost
nothing about what goes on inside them. As an ex-
ample, compare two buildings designed by Mies van
der Rohe for the campus of the Illinois Institute of
Technology (IIT) during 1940–1950 [2.7, 19.39].
One is the boiler house, perhaps the most utilitarian
building of the ensemble; the other is the chapel.
Yet nothing in either the form or the material of the
chapel tells us how its function differs from that of
the boiler house. In fact, using Early Christian
buildings as prototypes, since one of the IIT build-
ings has high clerestory windows with a tower set
to the side, we might mistakenly take the power
plant for a church. Perhaps Mies van der Rohe was

viewing the chapel as an all-purpose space and
shunned the creation of a fixed image, allowing a
new use to be accommodated later (in fact, by
1998, the IIT chapel had been converted to storage
space). One might contrast the all-purpose IIT
chapel with the interior of the Zion Lutheran
Church, Portland, Oregon, 1950, by Pietro Bel-
luschi [2.8], which to most observers suggests the
character of a church without attempting to liter-
ally re-create Gothic vaults, crockets, or finials.

In the United States, the national Capitol
Building in Washington established an image of
governmental architecture, and since 1800, that
image was recalled many times in successive new
state capitols. One example is the Minnesota State
Capitol, Saint Paul, 1895–1905, by Cass Gilbert
[2.9]. Like the national capitol, this has two cham-
bers on either side of a central circulation chamber
that is capped by a tall dome. The Minnesota dome
is specifically patterned after that of the Basilica of
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2.7. Mies van der Rohe, 
Boiler House, Illinois Institute of
Technology, Chicago, Illinois,
1940. Heating plant building.
With its tower-like chimney and
high clerestory windows, this
building has the physical
attributes of early churches.
Photo by Hedrich Blessing.
Chicago History Museum,
negative HB-12979B.



Saint Peter in Rome, but the image conveyed is of
a building in which the legislature does its business;
the high dome of glistening white marble proclaims
that function across the landscape of Saint Paul. In
another more abstract example, when Eero Saari-
nen was engaged in 1956 to design a terminal
building for Trans World Airlines at Idlewild (now
Kennedy) Airport, New York, he set out to shape a
building that, in architectural terms alone, would
convey symbolically the mystery and magic of flight
[2.10]. He and his associates conceived a building
with great concrete shells cantilevering out from
the center like giant wings, and interior surfaces
that sweep, curve, and rise without sharp angles or
corners. The fluid, sculptural architectural form
psychologically prepared travelers for the miracle
of flight as they passed through to board a plane.

Seldom is a building devoted wholly to one kind
of function. Most buildings contain a mixture of
purely utilitarian function and symbolic function.
For any given building type, the mix of utilitarian

and symbolic elements shifts over time. In the mid-
twentieth century, a public library or a city hall
might have been more purely utilitarian, but by the
end of the twentieth century, just as in the nine-
teenth century, these buildings favored symbolic
function much more. With the general spread of
the various Postmodernism alternatives at the end
of the twentieth century, such buildings have been
given a greater component of symbolic functional
expression.

Architecture also has important psychological
and physiological functions to fulfill. For example, a
hospital emergency waiting room is a place where
most people experience great apprehension and dis-
tress. The architect might determine that creating
a restful, domestic atmosphere like that of a home
living room—perhaps with a view out to an en-
closed garden, rather than an antiseptic, clinical
space—would help reduce those anxieties. To men-
tion just one example among many, the Riverbend
Sacred Heart Medical Center in Eugene-Springfield,
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2.8. Pietro Belluschi, Zion Lutheran Church, Portland, Oregon, 1950. Through the simple use of colored glass and laminated
arches in wood, the traditional image of a church is suggested. Photo: © Wayne Andrews/Esto. All rights reserved.
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2.9. Cass Gilbert, Minnesota State Capitol, Saint Paul, Minnesota, 1895–1905. Based on the Capitol in Washington, DC,
this building clearly evokes the image of an American government building. Photo: L. M. Roth.

2.10. Eero Saarinen, Trans World Airlines Terminal, John F. Kennedy Airport, New York, NY, 1956–1962. With its
soaring cantilevered concrete wings, Saarinen endeavored to shape in the TWA Terminal a symbolic representation of the
magic of flight. Photo: L. M. Roth.



Oregon, 2002–2008, by Todd Tierney and Bill Lee
of Anshen + Allen Architects, was conceived from
the outset as a place not just for physical healing but
for mental healing as well. Accordingly, the site se-
lected is adjacent to the McKenzie River in a mature
grove of towering Douglas firs, allowing for a paved
path to weave among the trees where family mem-
bers can stroll and reconnect with the natural envi-
ronment. The exterior of red brick with massive
wood beams and trusses opens to a two-story visi-
tors’ entry lobby with wood paneling and a stone
fireplace that suggests more the lobby of a ski lodge
than that of a sterile clinic. Small lounges on the
upper floors, strategically located near intensive care
and cancer wards, have broad windows that open
onto roof gardens arnd use rain water to form “green
roofs” [2.11]. In each patient’s room is a built-in win-
dow seat/daybed so that, for example, a parent can
sleep overnight to comfort an ill child. Clearly, in
the design of this building, the needs of distressed
family members were as carefully considered as those
of the injured and seriously ill patients.

Besides what was achieved in this hospital there
is a special psychological function that we might de-

fine as the optimum satisfaction of all the types of
function just described. One modern architect who
strikingly achieved psychological function on an ab-
stract level was the American architect Louis I.
Kahn, whose work is represented in the Jonas Salk
Institute for Biological Studies, La Jolla, California,
1959–1965 [19.55]. Just as Garnier did for the
Paris Opéra, Kahn penetratingly analyzed what
the range of functions was to be in the laboratory,
and he saw that satisfying the purely utilitarian and
highly specialized function of providing space for
conducting experiments was only part of his task.
He was fortunate, too, that his client, the scientist
Jonas Salk, likewise perceived the need for some-
thing more than the utilitarian. As Kahn said, Salk
recognized that “the scientist . . . needed more than
anything the presence of the unmeasurable, which
is the realm of the artist.”13 Accordingly, the labo-
ratory spaces were separated into two parts: large
antiseptic spaces for work and small, private hu-
mane spaces for reflection. The large, universal
spaces for setting up the experiments are on the out-
side of the U-shaped plan, while budding from their
inward faces are the private studies. The work
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2.11. Todd Tierney and Bill Lee, with landscape architect. RiverBend Sacred Heart Medical Center, Eugene-Springfield,
Oregon, 2002–2008. In various internal locations, and on various rooftops, where the most at-risk patients would be located,
healing gardens are provided either as visible respite or as quiet places to withdraw, places to promote spiritual and
psychological healing. Photo: L. M. Roth, 2013.



spaces are expansive and functionally efficient,
whereas the studies are small, intimate, and private,
paneled in teak, with windows angled so that the
researchers look out westward toward the open ex-
panse of the Pacific Ocean. The work spaces are fo-
cused on empirical research; the private studies are
designed to encourage a community of minds and
private contemplation of the meaning of the re-
search at hand. As Kahn and Salk wished to make

clear, science is more than simply the raw accumu-
lation of data. Although medical science grows out
of the inextinguishable human desire to know, such
knowledge inevitably influences the quality of
human life and hence calls for the most penetrating,
sober  reflection.

Architecture is more than functional utility or
structural display—it is the vessel that silently, per-
petually, and inescapably shapes human life.
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3.1. Temple of Poseidon, Paestum, Italy, c. 550 BCE. This stone column, larger than structurally necessary, conveys a clear
impression of its strength. Photo: G. E. Kidder-Smith.



Architecture . . . is the crystallization of its inner
structure, the slow unfolding of form. That is the
reason why technology and architecture are so
closely related.

—Ludwig Mies van der Rohe, speech to 
Illinois Institute of Technology students, 1950

The most apparent part of a building is its struc-
ture, or what makes it stand up. This has been

more obvious since the mid-twentieth century,
when architects and engineers took particular de-
light in making structures do more work with less
material, seemingly in defiance of gravity, while
showing the structure more clearly. The tension we
may feel when looking at a modern structure so del-
icate as to seem in danger of imminent collapse il-
lustrates the difference between the physical
structure, that is, the “bones” of the building that
do the work, and the perceptual structure, or what
we see. They are not the same, for a column may
be much larger than structurally necessary in an en-
gineering sense simply to reassure us that it is in-
deed big enough for its job. Such is the case with
the extraordinarily thick columns of the Temple of
Poseidon at Paestum, Italy [3.1, p. 32].

In a comparison between Lever House, New
York, by Skidmore, Owings and Merrill, 1951–1952
[3.2], and the neighboring New York Racquet and
Tennis Club, by the office of McKim, Mead &
White, 1916–1919, we see a contrast between a
wall of glass that hides the structure and a tradi-
tional massive masonry wall. The wall of the Rac-
quet and Tennis Club looks stronger than it needs
to be and reassures us through its structural excess,
whereas the actual physical columns of Lever House
are covered by a suspended skin of green glass, and
there is no readily perceptible clue as to what holds

the building up. Since we sense from experience
that sheets of glass by themselves cannot hold up a
building of that size, we must therefore visually hunt
for the actual structure (the architects force us into
a kind of game) until we finally see the columns
emerge at the base of the building. This play be-
tween what we know to be a heavy building and
its apparent weightlessness is part of the visual tease
of these glass-skinned skyscrapers. Some modern
viewers take delight in the idea that gravity has been
cheated (although observers of earlier periods might
have considered the structure of the building poorly
expressed).

The emphasis in the preceding paragraphs on
visible structure ignores perhaps the most important
structural element in a building, the nonvisible por-
tion—how it is supported on the ground itself (that
is, on its foundation). There is a balancing act be-
tween the weight of the finished building and what
the soil beneath it can bear. In mid-town New York
City it is typically the case that the Manhattan
Schist bedrock is just below the surface (and above
the surface in parts of Central Park), so that exca-
vating a basement means drilling and blasting the
bedrock to create a hole. Buildings erected directly
on this bedrock sit solidly and immovably. In
Chicago the conditions below the sidewalk level are
altogether different. During the Ice Ages the gla-
ciers that repeatedly pushed through this area left
behind layer upon layer of material—soft clay, hard-
packed clay, gravel, sand—multiple layers in no par-
ticular order. Solid Joliet Limestone bedrock can lie
anywhere from 100 to 200 feet below the many lay-
ers of softer materials [3.3]. The earliest commercial
buildings built there in the 1850s through the 1870s
had spread footings below their supporting masonry
walls, but as the buildings got taller and taller in the
1880s, problems began to emerge in connection
with uneven settling of the larger, heavier buildings.
By the 1880s, Chicago architects and engineers had
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developed ways of measuring the bearing capacity
of the soil underneath the various parts of a pro-
jected building and then proportioning the size of
each footing pad under a wall or column to match
the bearing capacity at that point; the buildings set-
tled into the soft soil as anticipated, but they did so
evenly. Architects who did not adopt this practice
started to notice that parts of their buildings, par-
ticularly high towers, began to settle more and cause
cracks to open up in their just-finished buildings.

The same foundation problems seen in Chicago
had been observed centuries earlier in the city of
Pisa, Tuscany, Italy, in the twelfth century [3.4].
Begun in 1173, when the foundations for the free-
standing bell tower were laid, the tower soon began

to lean to the side when construction had reached
only the second-floor level in 1178. Foundations
only 9 feet deep rested on soil that had less bearing
capacity on one side. Construction was stopped
(since, in any case, Pisa was involved in political and
military contests with surrounding cities) but re-
sumed in 1272 when the architect at that time
 decided to build the new floors with one side higher
than the other, making the tower look straighter but
giving it a curve. The final seventh floor was built
in 1319, continuing this countercurve. The tower
continued its slow leaning, year after year. In 1964
the Italian government requested aid from engi-
neers worldwide to prevent the tower from toppling
(though there was no thought of trying to undo
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3.2. Skidmore, Owings & Merrill,
Lever House, New York, 1951–1952.
With its glass envelope suspended 
from the inner skeleton, Lever House
visually hides its structure, whereas the
adjacent New York Racquet and Tennis
Club (by McKim, Mead & White,
1916–1919) has a boldly expressed 
wall structure. Photo: L. M. Roth.



the sideways lean altogether, due to its appeal for
tourism). Considerable study was focused on the
problem, and the tower closed to the public while
it was stabilized with cables attached to anchors sev-
eral hundred meters away. The solution involved
the removal of around 100 cubic meters of soil
under the higher side of the tower base, allowing it
to slowly lean back and straighten up slightly—
pulling back roughly 45 cm (15 in) to re-achieve its
angle as of 1838. In 2008, engineers declared that,
due to the remedial measures taken, the tower had
stopped its slow leaning motion for the first time in
its history; it is now open to the public once again.

Through our childhood play we grow up devel-
oping a good intuitive sense of gravity and how it
affects objects around us, for from the first moment
we try to move our limbs (once removed from the
comparative weightless state of the womb), we ex-
perience the unceasing pull of gravity. As infants,
we must figure out how to raise our bodies erect
and maintain a state of equilibrium, or stasis, while
standing, and then how to move on two legs. Ac-

cordingly, long before we can articulate the concept
in scientific terms, as infants we have a clear idea
that objects that are not supported will fall straight
down, or, to be exact, toward the center of the
earth. And that is the essence of architectural
structure—making sure that objects will not fall to
the earth, despite the incessant pull of gravity.

We develop early a way of understanding objects
around us through empathy, of imagining ourselves
inside the object and feeling how gravity works on
it. So, for example, when we see the pyramids in
Egypt, we sense that they are inherently stable ob-
jects, whereas when we see something like the
 inverted pyramid of Shapero Hall of Pharmacy at
Wayne State University, Detroit [3.5], we feel a
sense of instability and perhaps marvel at the work
of the architect and the engineer who placed such
a structure on its head. In the case of Lever House,
the architect played with our differing perceptions
of solid stone and transparent glass, knowing that
we would sense one building (the Racquet and Ten-
nis Club) as solid and heavy, and Lever House as
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3.3. Diagram illustrating varying
subsoil conditions in Chicago. Because
of repeated glacial scrapping and deposit
of differing soils over many millennia,
the subsoil of Chicago is made up of
numerous layers of sand, gravel, and
clay, all varying in bearing capacity.
Drawing: L. M. Roth.



light. Some architects, in fact, have taken pains to
accentuate the sense of weight, as did Frank Fur-
ness, a nineteenth-century architect from Philadel-
phia. His Provident Life and Trust Company,
Philadelphia, 1876–1879 [3.6], a building regret-
tably now demolished, projected a sense of immense
weight, so that the parts of the building seemed to
be compressed, sliding downward and telescoping
into one another under the pull of gravity.

Part of our perception of architecture has to do
with this empathetic analysis of how forces are han-
dled in buildings. Hence, what we perceive at Paes-
tum and in the Parthenon in Athens [11.28] is a
careful balance of vertical and horizontal elements,
neither of which dominates, suggesting a delicate
equilibrium of forces and thus exemplifying the
classical Greek philosophical ideal. In contrast,
Gothic architecture, as represented by the east end
of the cathedral of Beauvais, France, is character-
ized by soaring, thin, vertical supports and a multi-

plicity of vertical lines [3.7]. All of this suggests as-
cent, lift, weightlessness, aspiration, and a visual
denial of the tremendous forces being generated by
the roof and inner stone vaults 140 feet (42.7 m)
in the air, both vertically and laterally or spreading
outward, all insistent on being conducted safely
down to the ground and to the invisible founda-
tions below.

Elements of the Oldest Architecture
We will likely never be certain just when humans
began to fabricate structures to protect themselves,
because once out from under the shelter of the
primeval cave, the earliest structures humans put
together used tree saplings, thatch, grass, animal
skins, and other organic materials that all quickly
returned to the earth. Most such shelters probably
lasted no more than 10 or 20 years. In at least one
instance (discovered so far), such organic dwelling
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3.4. Guglielmo, Giovanni di Simone, and
Tommaso di Andrea Pisano, Campanile Tower
of Pisa, 1173–1350. The alluvial soil beneath
Pisa is made up of varying layers, with the
bearing capacity per square inch on one side of
the tower being less than on the other side,
resulting in the tower’s settling more into the
softer side. Photo: Art Resource, NY.
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3.5. Paulsen and Gardner, Shapero
Hall of Pharmacy, Wayne State
University, Detroit, Michigan,
1965. This unusual building,
seeming to rest on its smallest point,
makes the viewer wonder how it is
held up. Photo: University
Archives, Wayne State University.

3.6. Frank Furness, Provident Life
and Trust Company, Philadelphia,
Pennsylvania, 1876–1879
(demolished 1959). The architect
deliberately exploited strong
contrasts in form, scale, and texture
to create an image that was bold
and unique. Photo: Penrose
Collection, Historical Society of
Pennsylvania.



building materials did survive for more than 13,000
years, to be uncovered in the 1970s. These were
the wood timbers and hides of shelters found at
a site called Monte Verde, Chile, discussed in
Chapter 9 [9.4, p. 171]. Far older, however, are the
in dications of branches being used to enclose a
shelter some 400,000 years ago, at a location called
Terra Amata off the Mediterranean coast of south-
ern France. The branches themselves long ago
 dis appeared, though their indentations remained
in the ancient soil when it was uncovered in the
1960s.

When European settlers first arrived on the At-
lantic coast, dwellings similar in construction to
those found at Monte Verde, Chile, were being
lived in by the Powhatan and Wampanogue Native

Americans (to name just the tribes encountered
by the first English settlers in Virginia and New
 England). Rounded wigwams, and also somewhat
elongated rectangular round-topped houses, were
built of saplings pushed into the ground and bent
over in a series of parallel U-shaped hoops, the
frame then being covered with sheets of elm or
birch bark, layers of sewn reed mats, or animal skins
[3.8]. In analogous ways—also exploiting local ma-
terials such as thin saplings, wood lattice covered
with adobe (wattle and daub), palm, grass thatch,
or even adobe bricks—various African tribes
 continue to use ancestral building techniques to
construct dwellings.

Another ancient building material is adobe, used
to great advantage around the world where earth
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3.7. Choir of Saint-Pierre Beauvais,
France 1225–1569. In this 
building, devoted to the aspiration 
to heaven, the vertical line dominates
everywhere. Photo: Anthony Scibilia/
Art Resource, NY.



with a clay content can be mixed with water (with
perhaps an admixture of grass or straw to serve as an
additional binder) to form building blocks or bricks.
Typically these building units are dried and “baked”
in the sun. Adobe’s density and mass make it a good
thermal insulator (or heat storage mass); these as-
pects of adobe are discussed in Chapter 6. Adobe
is highly serviceable in dry desert-like environments
where rain is light and infrequent. So long as a sac-
rificial outer coat of adobe plaster is continually
maintained through periodic replastering, the pro-
tective plaster keeps the inner structural adobe
building blocks from dissolving. That this easily
crumbled and rain-vulnerable material can be used
for long-term durable buildings is illustrated well by
the Taos Pueblo structures built in northern New
Mexico during 1000 to 1450 CE (and replastered
every autumn) [3.9], as well as the Great Mosque at
Djenné, Mali, Africa, built initially in the thirteenth
century and rebuilt in 1906–1907. The projecting
bundles of rodier palm provide scaffolding for annual
maintenance [AF-4, p. 552].

The Elements of Lithic (Stone)
Structure: The Post and Lintel
The beginning of a more durable structure is the
stone wall, but a room enclosed with walls has no
light or view, so the wall must be opened up. The
blocks or bricks over that opening must be sup-
ported against the pull of gravity, and this is done
either by means of a beam (of wood or, after 1750,
metal) or by means of an arch. Such a beam inserted
in a wall to support the wall above is called a lintel.
The wall could also be cut away, so to speak, and
replaced with slender stacks of blocks to form piers,
or rounded shafts forming columns, with lintels
spanning the spaces between them. The architect
Louis Kahn spoke of “the momentous event when
the wall parted and the column became.”1 The col-
umn and beam—or post and  lintel—system is as old
as human construction [3.10]. Archaeological and
anthropological evidence suggests that post and lin-
tel systems of wood or bound papyrus reeds were
used long before they were translated into more
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3.8. Algonquian longhouse and wigwam dwelling types. An Algonquin Indian village traditionally was made of bark-covered
dwellings such as wigwams and longhouses in the Northeast woodlands. Photo: Copyright Marilyn Angel Wynn. Courtesy of
The Institute for American Indian Studies, Washington, CT.



durable stone. Such a post and beam system is called
a trabeated system (from the Latin trabs, “beam”).
One of the most straightforward examples of post
and lintel construction is the Valley Temple east of
the pyramid of Khafre, in Giza, Egypt, built between
2570 BCE and 2500 BCE [3.11]. Here, finely pol-
ished square lintel beams of red granite rest on
square piers of the same material, contrasting with
the alabaster floor. All beams, whether of stone,
wood, or any other material, are acted on by gravity.
Since all materials are flexible to varying degrees,
beams tend to sag or deflect in the middle of their
span as a result of their own weight, and even more
as loads are applied. This means that the upper part
of a beam between two supports is squeezed to-
gether and is in compression along the top surface,
while the lower part is stretched and is said to be in
 tension.

Extending the beam over the end of the column
results in a cantilever [3.12]. In a cantilever, the
situation is exactly reversed over the supporting
post, for as the extended projecting beam sags due
to the pull of gravity, the upper part is stretched
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3.9. Taos Pueblo, Taos, New Mexico, c. 1450. Photo: © Wayne Andrews/Esto. All rights reserved.

3.10. Diagram of the post and lintel system. Drawing:
L. M. Roth.



(put in tension) and the lower portion experiences
squeezing compressive stresses. In the cantilever,
these forces are strongest just over the support. In
fact, it is the continuity of the material of the beam
over the support that makes the cantilever possible.
The perception of weightlessness that the can-
tilever suggests (together with the strong emphasis
on the horizontal line) were characteristics greatly
favored by Frank Lloyd Wright, perhaps nowhere
more so than in the dramatic cantilevers he incor-
porated in his famous weekend house for Edgar
Kaufmann called Fallingwater [4.24].

Wood, being a fibrous material, resists tensile
stresses relatively well, as do wrought iron and
rolled modern steel; beams of steel can span signifi-
cant distances. The tensile forces along the bottom
of a beam (or along the top of a cantilever) are de-
termined by the length of the span and the load
placed on the beam, so that eventually, given a suf-
ficiently great span and high load, the tensile
strength of the material will be exceeded; the beam
will crack at the bottom (or along the top in a can-
tilever) and will eventually collapse. Stone and
solid plain concrete have far less tensile strength
than do fibrous wood or metal, so that a wooden
beam over a given span might carry a load that
would crack a stone beam [3.13]. Of course, the
stone beam starts out being far heavier by itself, cre-
ating a significant load from the outset. In beams
of concrete, which has great strength in areas of
compression, the solution is to place something
within the concrete that will take or resist the ten-

sile forces. The solution to this problem, used by
early Romans and modern-day builders alike, is to
place iron (and now steel) rods in the formwork
into which the liquid concrete is then poured. The
result is reinforced concrete. As the dotted lines in
3.10 and 3.12 indicate, the steel is placed where
the tensile forces accumulate—on the bottoms
of concrete beams and at the top of concrete
 cantilevers.
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3.11. Valley Temple,
Pyramid of Khafre, Giza,
Egypt, c. 2570–2500 BCE.
This is one of the purest
and most direct expressions
of stone post and lintel
construction. Photo:
Hirmer Verlag, Munich.

3.12. Diagram of a cantilever. Drawing: L. M. Roth.



The ancient Greeks also faced this problem.
The central opening of the gateway to the Akropo-
lis in Athens, the Propylaia, built in 437–432 BCE
[11.21], had to accommodate the passage of pairs
of sacrificial oxen with their handlers. The gateway
had to have a broad span of 18 feet (5.5 m), far too
great for a solid block of marble that also had to
carry the roof load. The solution adopted by the ar-
chitect Mnesikles was to hollow out the beam to
reduce its own weight (it still weighed eleven tons)
and to place iron bars along the top of the beam,
apparently to carry the weight of the marble blocks
above. In this unique instance, the iron bars are at
the top of the beam, not the bottom, where they
would be expected today. Even so, over the cen-
turies, cracks developed in the marble lintel beam.

The Classical Orders
The columns of the Propylaia are splendid examples
of one of the three column types the Greeks devel-
oped for their civic and religious architecture:
Doric, Ionic, and Corinthian [3.14]. These three
columnar types, or orders, were adapted by the Ro-
mans, who added more ornate variations of their
own (Tuscan and Composite), and the orders later
became part of the basic architectural vocabulary

from the Renaissance in the fifteenth century down
to our own times. The columns of each Greek order
consist of three basic parts—base, shaft, and
 capital—and, in Greek usage, rise from the three-
stepped temple base composed of the top stylobate
(from the Greek stulos, “column,” plus bates, “base”),
with a two-step stereobate below. In all the Greek
orders, the height of the column and the relative
size of all the related component parts, as well as of
the entablature, are proportional derivatives based
on the diameter of the column.

Aside from each of the orders rising from some
sort of base platform, each carries a stylized beam
and cross-beam ends, all capped with a cornice. This
assembly of beams atop the column is called the
entablature and consists of three basic layers, varying
slightly between the different orders. The entabla-
ture of the Doric order is made up of (1) the lower
architrave (from arch, “main,” plus trabs, “beam”),
(2) the middle range made up of alternated triglyphs
(stylized beam ends) and metopes (sculpted infill
panels), and (3) the uppermost cornice, formed of
several progressively projecting moldings.

Doric columns [3.15], the most massive of the
three Greek orders, are four to six and a half times
as tall as the diameter, and the Doric entablature
(the stylized system of beams and beam ends resting
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3.13. Balcony House, Mesa Verde, Colorado, c. 1250–1280. Photo: L. M. Roth.



on the column) is roughly one-fourth the height of
the column. The shaft of the Doric order rises di-
rectly from the stylobate platform; it has no base.
The shaft itself has twenty broad scalloped inden-
tions, or flutes, with sharp outer edges. Atop the
shaft, the capital of the Doric column consists sim-
ply of a banded necking, a gently outward-swelling
echinus, and a final square abacus slab.

The more slender Ionic order [3.16] has an or-
namental base, from which the shaft rises. The col-
umn itself is roughly nine times as high as its
diameter, and the shaft has twenty-four flutes with
flattened edges. The capital has unique curled vo-
lutes resting on an egg-and-dart molding; over the
egg-and-dart molding is a swelling pulvinus (Latin
for “pillow”), connecting the curling volutes. The
Ionic entablature is roughly one-fifth the height of
the column and is made up of an architrave of two
or three vertical flat surfaces or faces, with a middle
frieze, most often filled with a continuous narrative
band of relief sculpture. Atop this is the cornice.

Slightly more slender still is the Corinthian
order [3.17], whose column is ten times the height
of its diameter. It rises from a base similar to that
of the Ionic order and, like it, normally has twenty-
four flutes. The Corinthian capital is the tallest of
the three, with two or three concentric bands of
lush outward-curling acanthus leaves. The entab-
lature is similar to that of the Ionic order.2
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3.14. Comparison of the five Classical orders. The Greek orders consisted of the Doric, Ionic, and Corinthian. To these the
Romans added the Composite (a combination of the Ionic and Corinthian) and the simpler and thicker Tuscan Doric.
Drawing: L. M. Roth.

3.15. Doric capital (Parthenon, Athens). From: Stuart &
Revett, Antiquities of Athens (London, 1762).



The Greek orders were subsequently adopted by
the Romans, who used them largely as decorative
elements; one of the principal changes introduced
by the Romans was making the Doric order into
the more slender Tuscan Doric, with the addition
of a base and usually a smooth, unfluted shaft
[3.14]. The other major addition was the Com -
posite order, formed by placing the volutes of the
Ionic capital atop the curled acanthus leaves of the
Corinthian. The Romans also introduced a deco-
rative adaptation of columns, merging the column
with the wall, so that a half-column, or engaged
column, seems to emerge from the wall [3.18]. The
Romans also developed a flat, pier-like projection
on the wall, the pilaster, complete with base and
capital corresponding to those of a column of the
same order. Both these devices allow the rhythm
of a colonnade to be continued along an expanse
of an otherwise flat wall.

Structural Frames
If the two-dimensional planar structural system of
posts and lintels is extended into three dimensions,
the result is a frame. This can be a frame like that of
the stone columns and beams of the Valley Temple,
or of large, square, wood timbers fitted together with
mortise and tenon joints. Today frames are more
typically of nailed wood lumber [3.19], as in the con-
ventional balloon frame used for home construction
in North America since the mid-nineteenth century,
or made of riveted or welded steel members [3.20],
as in much commercial construction. (The differing
nature of iron and steel as building materials is dis-
cussed in Chapter 19.)
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3.16. Ionic capital (Erechtheion, north porch, Athens).
From: Stuart & Revett, Antiquities of Athens
(London, 1762).

3.17. Corinthian capital (adapted from Choragic
Monument of Lysiscrates). From: Stuart & Revett,
Antiquities of Athens (London, 1762). 3.18. Pilaster and engaged column. Drawing: L. M. Roth.
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3.19. Balloon frame. Photo: L. M. Roth.

3.20. Steel frame of the Lake Shore
Drive Apartment towers under
construction, designed by Ludwig Mies
van der Rohe, 1948–1951. Photo by
Hedrich Blessing. Chicago History
Museum, negative HB-13809I4.



The Arch
In masonry construction, the alternative for span-
ning an opening is the arch [3.21]. Like the lintel,
the arch can be made of stone, but the arch has two
great advantages. First, the masonry arch is made
up of many smaller parts, the wedge-shaped vous-
soirs, so the necessity of finding a large stone lintel
block free of cracks or flaws is eliminated, as are the
delicate logistics of handling large blocks of stone
for lintels. Second, because of the physics involved,
the arch can span much greater distances than can
a stone lintel, and within certain constraints can
span long distances. The gravitational forces gen-
erated by the wall above the arch are distributed
over the arch and converted in the voussoirs to di-
agonal forces roughly perpendicular to the lower
face of each voussoir. Each voussoir is subjected to
compressive forces. One of the drawbacks of arch
construction, however, is that during construction,
all the voussoirs must be supported by a wooden
framework, called centering, until the uppermost
voussoir, called the keystone, is inserted, locking
the arch in place. At that precise instant, the arch
becomes self-supporting and the centering can be
removed to be used to build the next arch.

Traditionally, centering was semicircular in
form, as this shape was the easiest to lay out with
pegs and rope on the job site. Unfortunately, the
semicircular arch is not a truly perfect structural
form for the arch, because the forces at the base of
an arch of this shape are not going straight down.
In many structural forms that span an opening,
there are lateral (sideways) forces generated in ad-

dition to vertical forces (those generated by gravity
and going straight down). This is especially true in
the semicircular arch, and the problem increases in
direct proportion to the vertical forces the arch car-
ries. These lateral forces would cause the base of
the arch to spread unless suitably restrained, as in
a large arched bridge in which the feet of the arch
push against the bedrock on either side of a gorge.
In an arch that has no superimposed wall bearing
down on it, there is another problem—the arch’s
own weight. A single point load focused at the
apex, or crown, of the arch will cause the arch to
rupture or bulge upward on its upper surface at
roughly 40° up from the horizontal, but this prob-
lem quickly diminishes as an additional uniform
load (such as a superimposed wall) is spread over
an arch and also pushes down against the arch.

Several arches placed end to end form an ar-
cade. In an arcade, the lateral forces of one arch
are exactly counteracted by the opposed lateral
forces of the adjacent arch, with the resulting force
over the column being purely vertical [3.22]. With
this arrangement, the arches can be placed on slen-
der piers or columns, for the lateral forces are can-
celed out—except, that is, at the very ends, where
there must be buttressing. The Romans used this
structural action to excellent advantage in their ar-
cades and aqueducts, as for example in the Pont du
Gard, a combination bridge and aqueduct over the
Gard River near Nîmes, in the south of France,
built in the late first century BCE [3.23]. The total
length of the bridge is 900 feet (274.3 m), with arch
spans of 64 feet (19.5 m), except for the center
span, which is roughly 80 feet, 5 inches (24.5 m).
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3.21. Diagram of an arch system. Drawing: L. M. Roth.



Vaults
In an arcuated structure, one built up of arches, the
arch acts structurally along a flat plane, but if the arch
is imagined pushed through space, the form that re-
sults is a semicircular vault. In the case of a semicir-
cular arch, the resulting vault is called a tunnel or
barrel vault [3.24]. Usually, such masonry vaults
were placed on thick walls. Since the solid barrel
vault is heavy, this causes the walls to spread out at
the top. These lateral forces can be resisted by sub-
stantial buttresses along the walls or by thickening
the wall. An example of a barrel vault raised to great
height is the nave of Saint-Sernin, Tou louse, France,

built in 1077–1096 [14.25]. But, as Saint-Sernin also
shows, solid barrel vaults result in dark interiors. A
solution devised earlier by the Romans was to run ad-
ditional barrel vaults at right angles to the main vault
so that they intersected, resulting in a groin vault,
opened up by wide, semicircular lunettes at each end
and along the sides [3.25]. With this arrangement,
the forces are channeled down along the groins,
where the vaults intersect and are concentrated at
points at the foot of the vaults. A three-section, or
three-bay, groin vault was used by the Romans in
many of their large public buildings, such as baths and
basilicas. An excellent example is the immense Basil-
ica of Maxentius, Rome, c. 307–c. 312 CE [3.26,
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3.23. Pont du Gard Nîmes, France, 25 BCE. A combination bridge and aqueduct with superimposed arches. Photo: Touring
Club de France, Paris.

3.22. Diagram of an arcade. Drawing: L. M. Roth.



12.11]. Built with a form of concrete developed by
the  Romans, this had three center bays measuring 88
by 83 feet (26.8 by 25.3 m) each, for a total length of
265 feet (80.8 m). The lateral forces of the groin
vaults, lifted nearly 80 feet (27.8 m) into the air, were
carried to the foundations by walls of adjoining cham-
bers on each side, each chamber measuring 76 by 56
feet (23.2 by 17.1 m). Three of these side chambers,
themselves barrel-vaulted, are the only portions that
survive today.

Domes
An arch rotated about its center vertical axis gen-
erates a dome; a semicircular arch thus makes a
hemispherical dome. Domes, too, were much used
by the Romans, both for structural reasons and also
because domes symbolically suggested the over -
arching heavens. The largest, clearest, and most
impressive of all was the immense dome of the
 Pantheon, Rome, c. 118–c. 128 CE [3.27, 12.13].
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3.24. Diagram of a tunnel or barrel vault.
Drawing: L. M. Roth.

3.25. Diagram of a groin vault. Drawing: L. M. Roth.

3.26. Basilica of Maxentius, Rome, Italy, 307–315 CE. This legal hall (that is, court house), now largely destroyed,
demonstrated how the Romans could cover vast public spaces with concrete vaults. From: Boëthius and Ward-Perkins,
Etruscan and Roman Architecture (Harmondsworth, England, 1970).



Here, the clear span is 142 feet, 6 inches (43.4 m).
The dome is a massive shell of concrete, 4 feet
(1.2 m) thick at the top, where there is the broad,
single opening of the eye, or oculus, 30 feet (9.1 m)
across. The thickness of the dome is greatly in-
creased at the point where rupture would tend to
occur (at about 40°), and continues to increase in
thickness down to its base, where it is 21 feet
(6.4 m) thick. The total weight of the dome is
 reduced by deep recesses, or coffers. In fact, as a re-
sult, the Pantheon dome functions structurally as
twenty-eight radial quarter-arches run from the
oculus to the wall of the supporting drum below.
The wall of the lower supporting drum is equal in
height to the hemispherical dome; it is 21 feet
(6.4 m) in depth but is structurally made up of eight
pairs of double-wall piers (acting like radial but-
tresses) connected at their tops by radial barrel
vaults. Moreover, both the dome and the drum wall
are interlaced by numerous brick relieving arches

and stubby barrel vaults set in the concrete to help
direct the forces to the supporting piers.3

Concrete (commonly and incorrectly called ce-
ment) was a material developed and exploited by
Roman builders. Their remarkable structures prob-
ably could not have been built without the use of
concrete. Concrete is in essence an artificial stone
that begins as a viscous mixture of water and as-
sorted aggregate pieces of broken rock (caementa in
Latin), combined with a binding material, or ce-
ment, derived from lime that will bond everything
together. By changing the type of caementa used in
the concrete, the weight per cubic foot of concrete
used in the Pantheon could be varied by the Roman
architects and engineers. At the top of the dome,
where the weight to be carried was the least, the
caementa aggregate was light volcanic pumice filled
with gas bubbles; at the foundation ring at the base
of the drum, where the weight carried is greatest,
the aggregate is the very densest and heaviest basalt.
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3.27. Giovanni Paolo Panini,
Interior of the Pantheon, c. 1750.
This painting conveys better than
any modern photograph the effect
of the space inside the Pantheon.
Photo: Samuel H. Kress
Collection Image © 2005 Board
of Trustees, National Gallery of
Art, Washington, c. 1734, oil on
canvas, 128 x 99 cm (50½ x 39
inches); framed: 144.1 x 143 cm
(56¾ x 56 inches).



It might be well to clarify the difference between
Roman concrete and what is commonly used today.
In both materials, the basic composition is similar,
but the binding agent in Roman concrete was poz-
zuolana, a volcanic ash that undergoes a chemical
action when ground and mixed with water, forming
an artificial stone. In modern concrete, developed
in 1824 in England by Joseph Aspdin, the binding
cement is made of chalk and clay, carefully roasted
or fired, with the resulting nodules ground to a fine
powder. When this cement powder is mixed with
water, sand, and gravel aggregate, the resulting ar-
tificial stone closely resembles the fine-grain natu-
ral limestone found in the region of Portland,
England, as Aspdin observed. As a result, this arti-
ficially produced cement is still called Portland ce-
ment to this day. For both the Romans and us, the
cement or binding material itself is far too costly for
people to make entire buildings, sidewalks, or other
constructions out of it alone. Even the mortar used
between bricks and stone is stretched by the addi-
tion of sand aggregate, and in making concrete,
gravel and sand are mixed in as the aggregate. An-
other major difference in Roman concrete is that
the Romans incorporated large volumes of fired tile
and brick, formed as in the relieving arches, and
this also served as a kind of large-scale aggregate.
In all likelihood, newly mixed Roman concrete was
thick with a consistency like dense oatmeal,
whereas modern concrete is a more liquid slurry.

Like stone, concrete is immensely resistant to
compressive, or squeezing, forces, but relatively
weak resisting tensile, or stretching, forces. Realizing
this, the Romans added iron bars to concrete in
some instances, but they preferred to use integrated
relieving arches of brick and tile. Since the mid-
nineteenth century, iron or steel rods have been
placed in the formwork for modern concrete wher-
ever tensile forces will occur, resulting (as described
earlier) in reinforced concrete.

While the new viscous concrete is curing or
hardening in its first days and weeks, it must be held
in place by formwork, which constitutes one of the
cost disadvantages of using concrete. The formwork
(called shuttering in England) is like the centering
used for arch construction. Unlike arch construc-
tion, however, which becomes instantly structurally
self-supporting the moment the keystone is dropped
into place (so that the centering can be moved else-
where and reused), the formwork around and under
concrete must remain in place during the early cur-
ing process. As a common saying reveals, to make a
concrete structure you construct two buildings—
the first one in wood and the second one in con-
crete, and then you throw the wooden one away. In

large structures, both in Roman times and now,
the construction of substantial and expensive form-
work is time-consuming and expensive, and then
the formwork must often be destroyed to reveal
the concrete structure. In the last two centuries,
builders have partly surmounted this disadvantage
by using reusable, standardized forms to make build-
ing parts of precast concrete.

Domes, particularly those the size of the Pan-
theon in Rome, are powerfully evocative spaces,
but they require circular plans, making it somewhat
difficult to add adjacent spaces. This problem be-
came acute by the fourth century CE, but the so-
lution devised by Byzantine architects was to place
a dome over a square plan. What made this possible
was the curved-triangle-shaped, spherical segment
called a pendentive [3.28]. Imagine a square over
which you wish to place a dome. First, cover the
square with a larger hemisphere, which just touches
the corners of the square; then slice straight down
along the sides of the square so that looking down
on the cut hemisphere, you see a square. Then, just
at the top of the semicircles now forming the sides,
slice off the top parallel to the square below. The
resulting form has a circular shape at the top while,
at the bottom, it is a square. The four curved seg-
ments that remain are the pendentives, making the
transition from the square plan below to the circu-
lar plan above. An excellent example of the use of
pendentives is found in the church of Hagia Sophia
(Holy Wisdom), Istanbul, 532–537, designed by
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3.28. Diagram of pendentives. Drawing: L. M. Roth.



Isidoros of Miletos and Anthemios of Tralles [Plate
3, 3.29]. As with the Pantheon in Rome, the space
enclosed is huge; here the dome is 107 feet
(32.6 m) across, but with the extended half-domes
below and the barrel-vaulted spaces beyond, the
total clear distance from one end of the church to
the other is more than 250 feet (76.2 m).

The base of the dome of Hagia Sophia is raised
nearly 132 feet (40.2 m) above the floor, and the
considerable weight of the brick dome gradually
caused the side walls to spread. After two earth-
quakes, in 553 and 557, the dome collapsed; al-
though rebuilt, it collapsed again after another
quake in 989. To prevent further spreading, enor-
mous buttresses were then built against the penden-
tives on the northeast and southwest sides; along
the main axis, the dome was already well buttressed

on the remaining sides by the two half-domes,
which in turn were buttressed by smaller half-domes
and stubby barrel vaults resting on columns and
piers. The result was that along the main axis, the
forces exerted outward and downward by the dome
were conducted by this cascade of half-domes and
vaults to the broad expanse of the lower part of the
church and to the foundations [13.18]. But on the
shorter cross axis, on the other two sides, the origi-
nal piers proved inadequate to resist the stresses ac-
centuated by earthquakes; it was here that the later
external buttress towers were added [13.19].

Once the hemispherical Roman dome was
placed on pendentives, it became possible to put a
dome over a square or rectangular room, and to
add additional spaces to the sides, each perhaps
with its own lesser dome, as in the arrangement of
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3.29. Hagia Sophia,
Istanbul, Turkey, 532–537.
Interior view. Photo: Erich
Lessing/Art Resource, NY.



the cross-shaped church of San Marco, Venice,
with five domes [13.26, 13.27, 13.28].

As serviceable as the Roman groin vault was, its
disadvantage was that it worked well only over
square bays; when the bays became rectangular or
especially trapezoidal, the lines of the groins (where
two vaults intersect) became curved and the vault
lost structural strength. Besides, such vaults were
difficult to cut in stone. The solution to this prob-
lem was the rib vault, which was developed in
about 1100 at Durham, England, and at Saint-
Denis, France, in 1135–1144. Construction of the
rib vault entailed first building the ribs, or free-
standing diagonal arches, along the lines of inter-
section of the groin vault, as well as along the outer
edges of the vaults [3.30, 3.31]. The remaining
webs of the vaults could be filled in afterward. One
advantage of the rib vault was the great reduction
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3.30. Diagram of rib vaulting.
Drawing: L. M. Roth.

3.31. Robert de Luzarches, Notre-Dame de
Amiens, Amiens, France, 1221–1269. The
vaults of Notre-Dame in Amiens are
quadripartite, having four diagonal curved webs
crossing in each bay section of the choir and
nave. Photo: L. M. Roth.



in the amount of centering needed; in a structure
with repeated bays, only one set of centering sup-
ports was needed. Once the ribs and webs were up
in one bay, the centering could be moved to the
next bay. Even better, in addition to the rib vault,
medieval masons soon substituted ribs of pointed
or “broken” arches, made up of two segments of cir-
cles. By shifting the centers of the two arcs making
up the arches, masons could create arches on all
sides of a trapezoid or any irregular square or rec-
tangle, all of roughly equal height, some arches
sharply pointed, others less so. The result was
Gothic rib vaulting as used in most French, English,
and German Gothic cathedrals, such as Notre-
Dame of Amiens, France, begun in 1221.

Trusses
In timber construction, the Romans also used an-
other structural type that has proved basic to large
constructions since the nineteenth and twentieth
centuries—the truss. A truss is made up of straight
wood timbers (or, nowadays, steel members) ar -
ranged in triangular shapes or cells [3.32]. By virtue
of its built-in geometry, the triangle cannot be

changed in shape without distorting, bending, or
breaking one of its sides. Hence, through the
process of adding triangle to triangle, it is possible
to construct extended figures that are quite strong
despite being relatively light. Wooden trusses were
used in a wide variety of forms for roof construction
in Roman buildings and continued to be used dur-
ing the Middle Ages, especially in the roofs of the
large tithe barns. One superb example of medieval
wooden truss construction is the hammerbeam
truss roof of Westminster Hall, London, built in
1394–1399 by Henry Yevele and Hugh Herland
and spanning 68 feet (20.7 m). This building has
the broadest wooden span of medieval times in the
West [14.46]. The great Gothic cathedrals such as
Amiens were covered by such wooden roofs built
over and protecting the masonry of the rib vaults
below [14.38].

During the nineteenth century, many new forms
of trusses were devised, often identified by the name
of the engineer who first used or patented them
(some of these are shown in 3.32). The truss, partic-
ularly when built up of steel members, proved capa-
ble of great spans and hence was used to enclose vast
spaces. An example is the Palais des Machines, the
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3.32. Comparison of truss types. The trusses include medieval types (queen post, king post, and hammerbeam) and patented
nineteenth-century forms (Howe, Pratt, Whipple, Warren, Fink). Drawing: L. M. Roth.



largest of the buildings in the international exhibi-
tion held in Paris, in 1889 [18.23]. The building had
a series of curved steel arch trusses that spanned 377
feet (114.9 m). Here, as with any arch, there were
considerable outward-pushing lateral forces at the
base, but massive buttresses were made unnecessary
because the bottom ends of the arched trusses were
connected by steel rods just beneath the floor.

Space Frames and 
Geodesic Domes
Like the post and lintel or the arch, the truss can
be extended in three dimensions, forming a new
type of structure. The truss extended in three di-
mensions becomes a space frame, a relatively new
structure in widespread use only since about 1945.
Like the planar, or flat, truss, the space frame can
span considerable distances. Properly designed, it
can be supported at virtually any of the junctures
of its members, permitting large cantilevers, as in
McCormick Place, Chicago, 1970–1971, by C. F.
Murphy and Associates [3.33]. An intriguing vari-
ation is the R. Kemper Crosby Memorial Arena,
Kansas City, Missouri, 1975, also by C. F. Murphy
and Associates [3.34]. In the arena, substantial
three-dimensional trusses, built up of tubes of steel

and having a clear span of 342 feet (104.2 m), carry
the roof slung from their underside.

Just as the arch can be rotated to form a dome,
so a truss can be curved in three dimensions to
form what R. Buckminster Fuller christened the
“geodesic dome.” Like the truss, the geodesic dome
is built up of small, light, easily handled steel mem-
bers. Fuller began designing and building these
domes after 1945, and in 1967 he was asked to de-
sign the US Pavilion for the international exhibi-
tion held in Montreal, Canada [3.35].

Shells
Another innovative structural type developed dur-
ing the twentieth century is curved shells. Typically
constructed of concrete, shells can be very thick and
heavy or extremely thin and light. The American
 architect Eero Saarinen was particularly interested
in shell forms and used a portion of a sphere cut to a
triangular plan in his Kresge Auditorium at Mas -
sachusetts Institute of Technology, Cambridge,
in 1954. He then devised sweeping, reinforced-
 concrete cantilevered shells for the Trans World Air-
line Terminal at Idlewild (Kennedy) Airport, New
York, 1956–1962 [19.46]. The total covered space
is 212 by 291 feet (64.6 by 88.7 m), with enormous
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3.33. C. F. Murphy and Associates, McCormick Place, Chicago, Illinois, 1970–1971. Designed by Gene Summers, this space
frame has spans of 150 feet (45.7 m) in both directions and covers a total area of 19 acres. Photo: Courtesy, Murphy-Jahn.



canti levers at the ends of 82 feet (24.9 m). Typically,
the edges of such shells are subject to significant in-
ternal stresses and deformation, so large curved
beams run along the edges of such shells to stiffen
them. As can be imagined, the massive, foot-shaped
piers that support the canti levered shells are packed
with reinforcing rods to take up the enormous tensile
stresses generated by the 82-foot overhangs.

One can, however, build shells with much less
material, as the Mexican architect Félix Candela
demonstrated in a number of buildings in the 1950s
and 1960s. A good example is his restaurant at
Xochimilco, Mexico, 1958 [3.36]. The concrete,
applied by hand over steel wire mesh, is only about
4 inches (10 cm) thick, but what gives the structure
its strength is not the mass of the material itself but
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3.34. C. F. Murphy and Associates, Kemper Crosby Memorial Arena, Kansas City, Missouri, 1975. Designed by a young
Helmut Jahn, this has three lateral trusses, each 27 feet high and spanning 324 feet (8.2 by 98.8 m), from which the roof is
suspended. Photo: Courtesy Murphy-Jahn.

3.35. R. Buckminster Fuller.
United States Pavilion, 1967
World’s Fair, Montreal,
Quebec, Canada, 1967
(destroyed by fire, 1976). In
this structure a space frame is
curved to enclose a sphere.
Photo: Ilse Friesmen, courtesy
of R. Buckminster Fuller.



the geometric curves of the shell. The rigidity of the
structure is, in a truly mathematical sense, a func-
tion of its double curvature, for it is curved radially
as well as circumferentially. This was the structural
technique used by the Spanish architect Antoni
Gaudí in Barcelona at the end of the nineteenth
century, although his shells were built of thin tile
laid in a very tenacious cement mortar [19.3].

A shell may also be curved or folded in only one
direction—for instance, an accordion-fold shell, as
in the Minneapolis International Airport terminal
building, 1962–1963, by Cerny Associates [3.37].
A particularly interesting use of a folded shell is
in the Assembly Hall at the University of Illinois,
 Urbana-Champaign, 1961–1962, by Harrison and
Abramovitz, and engineers Ammann and Whitney
[3.38]. This dome consists of an enormous radially
folded plate, 394 feet (120 m) in diameter, which
rests on a series of radial supports reaching upward
from a footing ring at the base. The enormous lat-
eral forces exerted at the outer edge of the dome
are taken up by a girdle belt of almost 622 miles
(1,000 km) of steel wire wound under tension

around the base of the folded-plate dome. Even
more visually dramatic are the protective awnings
of the Hippodrome in Zazuela, Madrid, 1935–1936,
by engineer Eduardo Torroja, working with archi-
tects Arniches and Dominguez. Here, one sees a
combination of slightly curved concrete shells held
out over the seating by cantilevered concrete
beams [3.39].

Suspension Structures
Technologically emerging peoples have used vines
and ropes for suspension bridges since time imme-
morial; good examples are the rope suspension
bridges built by the Incas in Peru. Among many still
being built is the Qeswachaka bridge about 62
miles outside Cuzco, Peru [3.40]. Spanning 120 feet
over the Apurimac River, the bridge cables must be
rewoven every year by a group of roughly one hun-
dred Incan descendants who weave together many
strands of the local Qoya herb to form the rope.
How long the bridge has been in existence is not
clear, but the fact that it was destroyed by the Inca
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3.36. Fèlix Candela, restaurant, Xochimilco, Mexico, 1958. The building shell is built of concrete applied over a mesh of steel
wire, with a total thickness of about 4 inches. Photo: George Andrews, courtesy of the Visual Resources Collection,
Architecture & Allied Arts Library, University of Oregon.
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3.37. Cerny Associates, Minneapolis International Airport Terminal, Minneapolis, Minnesota, 1962–1963. The roof has the
form of a folded plate similar to a simple accordion-fold fan. Photo: Ron Tadsen.

3.38. Harrison and Abramovitz with Ammann and Whitney, engineers, University of Illinois Assembly Hall, Champaign,
Illinois, 1961–1962. This folded plate shell dome has folded corrugations radiating from the center. Photo: Courtesy,
University of Illinois.
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3.39. Eduardo Torroja, Hippodrome, Zarzuela Horse Racetrack, Madrid, Spain, 1935–1936. In an elegant combination of
efficient structural forms, Torroja used cantilevered thin curved concrete shells to create an awning over the hippodrome
seating. Photo: From W. Hoffmann and U. Kultermann, Modern Architecture in Color (New York, 1970).

3.40. Qeswachaka suspension bridge, over the Apurimac River, 62 miles from Cuzco, Peru, first built well before 1533.
Photo: Isaiah Brookshire.



in 1533 to prevent the troops of Francisco Pizarro
from reaching Cuzco gives some idea of its antiq-
uity. (The maneuver failed to stop the advance, and
the bridge was rebuilt several years later and has
been annually rebuilt ever since by the present-day
Inca as a ceremony of respect for their ancestors.)

Beginning in the early nineteenth century, sus-
pension bridges began to be built of iron chains and
then bundled iron or steel wire cables. The classic
example of the modern suspension bridge is the
Brooklyn Bridge, begun by John Augustus Roebling
in 1867 and finished by his son, George Washing-
ton Roebling (with construction supervised by
George’s wife, Emily), in 1883 [3.41]. In this bridge,
steel wire was used in the cables for the first time.
The Brooklyn Bridge has remained the model for
iron (later steel) cable suspension bridges since its
construction.

A tension structure is especially efficient in
structural terms, since the entire cable is in tension,
whereas most other structural forms have mixed
stresses (as was noted in connection with the simple

beam, which is in compression along the top and in
tension along the bottom). A suspended cable as-
sumes a curve described mathematically as a cate-
nary (very close to a parabola) and is an ideal
structural form, for it is entirely in tension. In fact,
if it were possible to freeze that form and invert it,
the result would be a catenary curve virtually en-
tirely in compression. Gaudí used such arches, and
the vault forms derived from them, at the start of
the twentieth century in Barcelona [19.3].

Only since 1955 has the principle of cables in
tension been used extensively for buildings other
than bridges. Eero Saarinen, so interested in pow-
erfully expressive shell forms, also used suspension
in a number of buildings. In his Ingalls Hockey
Rink, Yale University, New Haven, Connecticut,
1955–1956, Saarinen built a reinforced-concrete
parabolic arch rising like a spine and running the
length of the rink. From it, suspended cables sweep
down to curved ground-level walls on either side of
the rink. A wooden roof deck was then laid on the
cables. Saarinen enlarged on this idea in his Dulles
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3.41. John Augustus Roebling,
Brooklyn Bridge, New York, NY,
1867–1883. This bridge
established the structural basis for
all modern suspension bridges; its
wrapped steel wire cables were
among the first instances of steel
being used in an American
structure. Photo: Courtesy, The
Long Island Historical Society.



Airport Terminal, outside Washington, DC, 1958–
1962 [3.42]. Here he created two opposing rows of
outward-leaning column arms, curving over at the
top to carry beams running the length of the ter-
minal. Between these two elevated parallel beams,
cables were suspended. Concrete slabs were placed
on the cables to create the roof deck. This was not
a lightweight structure, since fairly heavy concrete
roof panels had to be used to keep the roof from
lifting and fluttering in the wind.

Another building using the same principle is the
Federal Reserve Bank in Minneapolis, 1968–1973,
by Gunnar Birkerts. The written requirements

for this building stipulated that there be a large,
 column-free area below the ground-level paving, so
that within this open subterranean area armored
vans could move about to deliver and pick up ship-
ments of currency. This meant that there could be
no supporting columns coming down from any
structure above. Birkerts’s solution to this dilemma
was to concentrate the support structure for the en-
tire building into two towers and then to support
all the upper floors on cables suspended from the
tops of two towers, much like a suspension bridge
[3.43]. The side walls are rigid grids attached to the
cables, and all floor beams are fastened to these
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3.42. Eero Saarinen, Dulles International Airport Terminal, Washington, DC, 1958–1962. The roof is suspended on cables
anchored in the beams running along each side of the building. Photo: © Wayne Andrews/Esto. All rights reserved.

3.43. Gunnar Birkerts, Federal Reserve
Bank, Minneapolis, Minnesota, 
1972–1973. Diagram of the structural
parts, showing the principal structural
cables and the restraining truss at the
top. Drawing: David Rabbitt.



cable-supported wall grids; hence all floor and wall
loads are carried by the cables back up to the tops
of the towers and from there down to the founda-
tions. However, with the tops of the towers being
constantly pulled in, they would be drawn together;
to counter this, spanning the top of the building is
a truss serving to keep the towers apart. Birkerts
also provided for the construction of two arches
atop the towers from which additional floors could
be hung if the building needs to be enlarged verti-
cally. If that is ever done, the outward-directed lat-
eral forces created by the arch carrying the added
upper floors will counteract some of the inward-
 directed lateral forces created by the lower floors
hanging from the cables.

Buildings and bridges can also be suspended
by cables from a single support or from multiple
mast supports. In fact, most large buildings are con-
structed nowadays using such a suspension-based
device: the cranes that lift construction materials.
These cranes have cables or steel rods from a central

mast supporting the ends of the boom of the crane.
A striking early example of this cable-stay technique
employed as the principal structure of a building is
the Westcoast Transmission Building, Vancouver,
British Columbia, Canada, 1968–1969 [3.44], by
Rhone and Iredale, architects, and Bogue and
Babicki, engineers. In this building, the floors are
suspended by cables coming out from the central
core that rises above the topmost floor. More re-
cently, since the mid-1980s, Spanish-born and
Zurich-based architect and engineer Santiago Cala-
trava has used striking mast and cable-stay designs
for several successive bridges.

Membrane (Tent) and 
Inflated Structures
The use of tents for human shelter is likely a tra -
dition thousands of years old, and tent structures
are still constructed around the globe, such as by
Berber groups in the Moroccan desert. Another tent
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3.44. Rhone and Iredale, with
Bogue and Babicki, engineers,
Westcoast Transmission Building,
Vancouver, British Columbia,
Canada, 1968–1969. The floors
are carried on beams and
columns attached to exterior
cables that angle back to the
central structural mast. Photo:
Jack Lindsay, Vancouver,
Canada.



dwelling overly familiar to Americans and people
around the globe who have watched cowboy and In-
dian movies is the tipi of the American high plains.
Used originally by the central plains natives, it may
seem a simple and perhaps crude enclosure, but the
Native American tipi (“dwelling place” as it was
called by the Sioux) was a highly sophisticated struc-
ture incorporating many aerodynamic refinements
[3.45]. Beyond the rich symbolism associated with
living within the protection of the bison (for the cov-
ering was made by sewing together ten to twelve
bison hides), the tipi was traditionally positioned fac-
ing east, meaning that the door was on the eastern
downwind low-pressure side. The hide cover was at-
tached to the last of many lodgepole pine poles,
which in turn was placed centered on the west side.
The hide cover could then be pulled around to the
east side, where the two edges were fastened to-
gether by willow pins. The tent poles were positioned
not in a true circle but in the oval shape of an egg,
with the wider side just west of the center (meaning
that the tipi was larger west to east but had a nar-
rower width north to south—the dimension that
faced the prevailing winds). The poles were arranged
so that they leaned slightly west into the wind. The

upper ends of the cover, the wind flaps pushed out
by two individual poles, opened up just above the
center of the tipi so that the dense mass where all
the poles converged was just behind the wind flap
opening. Depending on the weather, the wind flaps
could be either adjusted to the wind direction or
closed during beating rain storms. Like the door
opening next to the ground, the wind flap opening
at the top was in a low-pressure area so that, in ac-
cordance with the Bernoulli Principle (see Chapter
6), smoke from the central fire would automatically
be drawn outside. Inside, an inner dew lining facili-
tated better ventilation, and during winter months
the space between outer cover and inner liner was
often stuffed with dry grass to provide  insulation.

Since the mid-twentieth century, a number of
manufactured materials including fiberglass and
various plastics have permitted exotic construction
techniques. Eventually, these may become just as
commonplace as metal framing. Remember that in
1851, when masses of identical precast iron mem-
bers were used to build the Crystal Palace in Lon-
don, cast iron was a novel building material. Today,
iron-based steel is one of the most common framing
materials. In the 1960s, the German architect and
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3.45. Blackfeet Yellow Buffalo tipi with a group of women preparing a new tipi cover. Although constructed in the traditional
way, the tipi cover here was canvas since the buffalo had already been severely depleted. Photo: Photographed by Walter
McClintock in western Montana in the later 1890s. Courtesy of the Yale Collection of Western Americana, Beinecke
Library, Yale University.



engineer Frei Otto focused his energies on devel-
oping membrane structures in which the tent is
supported by masts carrying a net of interwoven ca-
bles stretched to tie-downs anchored in the earth
(this prevents the membrane from fluttering in
the wind). Over this net, the membrane itself is
 attached. A good example was his German Pavilion
for the international exhibition in Montreal,
Canada, 1967 [3.46]. Similar to this is the tent-like
roof of Teflon-coated fiberglass fabric enclosing the
entry pavilion of the Denver International Airport,
1991–1995, by C. W. Fentress, J. H. Bradburn and
Associates [3.47].

Another new membrane building type is the in-
flated structure, also made possible by new advances
in textile fibers, weaving, and plastic impregnation.
One application is for temporary covers over swim-
ming pools and other such seasonal facilities. Often,
a pneumatic structure has a single membrane sealed
to the ground or floor deck, and the atmosphere
within the structure is pressurized by fans, inflating
the structure. An alternative is the double-wall in-
flatable (a sort of enlarged version of the inflated
 tubular child’s swimming pool), in which tubes are
fastened together so that the inflated tubes have
structural integrity and the atmosphere inside the

building need not be pressurized. A good example
of this type was the Fuji Pavilion at the international
exhibition at Osaka, Japan, 1970, designed by Yu-
taka Murata [3.48]. This structure was made up of
sixteen tubes, each 12 feet (3.7 m) in diameter, po-
sitioned in a circular plan measuring 150 feet across;
the tubes rose to 75 feet (22.9 m). Far larger is the
Pontiac Stadium, Pontiac, Michigan, built in 1980,
its roof designed by David Geiger. This has a cable-
reinforced fiberglass Teflon skin attached to the
upper rim of the octagonal building wall. Supported
by an internal air pressure of 3.5 pounds per square
foot, the skin covers an area of 10 acres. The dis -
advantage of inflated structures is that they require
a nearly constant input of energy to power the fans
to maintain the pressure, and they are susceptible
to holes and rips in the fabric. (The Pontiac Stadium
roof fabric was damaged by a heavy snowstorm on
March 4, 1985, and was subsequently replaced by a
new roof supported by steel girders.) Membrane and
inflated structures are increasingly being used to
cover sports areas and other structures needing
broad covered spans, but it remains to be seen how
well these materials will stand up to decades of ex-
posure to the elements so successfully resisted by the
Pantheon in Rome and medieval Gothic churches.
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3.46. Frei Otto, German Pavilion, 1967 World’s Fair Montreal, Quebec, Canada, 1967. In this building the protective
enclosure is provided by a membrane held taut by cables stretched from masts to the ground. Photo: From W. Hoffmann and
U. Kultermann, Modern Architecture in Color (New York, 1970).
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3.47. Fentress Bradburn Architects, Denver International Airport arrival terminal, Denver, Colorado, 1991–1995.
Fiberglass-reinforced fabric is stretched from several masts to create this multi-peaked tent-like pavilion. Photo courtesy of
Fentress Bradburn Architects.

3.48. Yutaka Murata Fuji Pavilion, 1970 World’s Fair, Osaka, Japan, 1970. In this building the protective enclosure is
provided by a membrane held taut by cables stretched from masts to the ground. Photo: From D. Sharp, A Visual History 
of Twentieth-Century Architecture (Greenwich, CT, 1972).



Building Technology and Risk
It seems that part of the expression of human aspi-
ration in recent times, at least in modern Western
cultures, has been to push the limits and immedi-
ately exploit new technologies and building meth-
ods. Humans have an apparently irrepressible
desire to “push the edge of the envelope.” And, as
is often sadly the case, the risks and disadvantages
of a new procedure or material are discovered only
after a structure is in use. Perhaps Greek architects
learned by bitter experience just how big a stone
lintel could be lifted into place before cracking and
collapse occurred, and French Gothic architects re-
alized they had reached the limits of their technol-
ogy when the vaults of the Beauvais cathedral
repeatedly collapsed (see Chapter 14). The com-
pulsion toward extreme structural leanness and
novelty became particularly evident in modern ar-
chitecture after 1920, when the goal was the visual
dematerialization of architecture (as in the trans-
parent glass wall of Lever House). The objective
was to get the maximum structural performance
from the minimum amount of material, with joints
and connections made as small and invisible as pos-
sible, so that the building seemed immune to the
pull of gravity.

The result has been that some designs have
proved deadly, as in the case of the suspended “sky-
walks” of the lobby of the Hyatt Regency Hotel,
Kansas City, Missouri, built in 1978–1980. The
U-shaped building was wrapped around a large
atrium court, with the upper floors connected by
skywalks suspended by the slenderest of steel rods
to steel trusses overhead. Designed only for periodic
use by occasional guests who needed to walk from
one side of the building to the other, the skywalks
nevertheless became highly popular among the
hundreds of people who came to the hotel on week-
end afternoons for refreshments and big-band danc-
ing. The skywalks offered excellent elevated vantage
points from which to watch the dancing below. The
manner in which the walks were fastened to the
slender rods, however, proved too weak to with-
stand the pulsing, rhythmic loads generated by the
crowds of dancing people—a use totally unimagined
and unanticipated when the skywalks were de-
signed. On the afternoon of Friday, July 17, 1981,
the aerial walkways, one placed above the other,
were filled with stomping crowds. Suddenly, the
minimal connections of the suspension rods gave
way, with everything crashing to the floor in a mat-
ter of seconds, instantly crushing 113 people and
permanently maiming 180 more [3.49].4
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3.49. Hyatt Regency Hotel, Kansas City, Missouri, built 1978–1980; the skybridges collapsed July 17, 1981. Photo: From
The Kansas City Star, July 18, 1981 © 1981 McClatchy. All rights reserved. Used by permission and protected by the
Copyright Laws of the United States. The printing, copying, redistribution, or retransmission of this Content without express
written permission is prohibited.



The collapse of the Hyatt Regency skywalks,
due to unanticipated intensive dynamic loads, was
one of the worst building disasters up to that time,
the result of minimal and defective support for the
skywalks subjected to loads never dreamed of by
the designer and engineers.

Yet that death toll, bad as it was, paled in the
shadow of the thousands of deaths caused by the
2001 terrorist attack directed at the twin World
Trade Center Towers, built in 1962–1973. As
American office towers soared from 90 to 100 sto-
ries and beyond in the 1960s and 1970s, the logis-
tical problems of construction resulted in the taking
of calculated risks to reduce the amount of material
in the ever-taller towers. Moreover, there was a
push to devise construction methods streamlining
construction and the building process, since delays
had significant financial implications. Every pound
lifted up 110 stories was money spent. Such was the
case with the design and construction of the World
Trade Center Towers. The 110-story towers were
designed to be just adequate in strength to meet
anticipated worst-case hurricane wind loads; the
designers even factored in the improbable possibil-
ity of an accidental collision by an errant Boeing
707, the largest commercial aircraft at the time the
building was designed. In an effort to reduce costs
and maximize rentable floor space, the designers
made the interiors column-free by moving some of
the structural steel columns to the exterior, spacing
them close together, and placing the rest around
an inner core. The structural columns around the
perimeter and the core were connected by the long,
lightweight, open-web steel trusses supporting the
floors. Then, the steel columns and the open-web
floor joists were given the required legal minimum
of fireproofing in the form of a lightweight sprayed-
on concrete mixture. As a means of further reduc-
ing total building weight (and building time), the
emergency-exit stair towers in the core were en-
closed in standard gypsum board instead of being
encased in their own protective concrete walls.
Structurally, the towers met the letter of the law
(in 1962) and were adequate to the task of standing
up—but only just barely. There was no margin for
any extreme imposed conditions.5

The towers were targeted by radical Islamic ter-
rorists who, on September 11, 2001, shortly after
takeoff, hijacked several large commercial passenger
aircraft scheduled for nonstop transcontinental
flights (and hence fully loaded with jet fuel). Using
the planes as aerial missiles, the terrorists flew two
of them at full speed into both towers, one after the
other. The built-in safety measures were totally
overwhelmed. The impact sheared off numerous

structural columns, although the towers initially re-
mained standing.6 It was the enormous and long-
sustained heat of the subsequent fires that caused
the ultimate disaster. The impact explosions not
only blew off the insulating sprayed-on concrete, ex-
posing the thin steel rods of the open-web floor
joists to extreme heat, but also destroyed the fire-
control sprinkler systems. In addition, they blew
away the gypsum board enclosing all the exit stairs,
so all of the people working above the impact zones
became trapped. Soon the exposed open-web floor
joists began to soften and collapse, leaving the struc-
tural columns without lateral support. In time, even
the enormously thick steel structural columns soft-
ened in the heat and started to buckle. The weight
of the intact upper floors started causing the struc-
tural columns below to buckle. The stored kinetic
energy invested by raising the steel to 110 stories
could not be stayed; the upper sections of the towers
dropped to the floors below, causing the columns
below to collapse in turn under the unanticipated
dynamic vertical load surge. The towers pancaked
down, one floor after another. Once started, the
total collapse took only a matter of  seconds.

Because the towers had been the target of a pre-
vious unsuccessful terrorist attack in 1993, and reg-
ular exit drills had been implemented, workers
inside below the impact levels of 2001 were able to
quickly exit the buildings, even as rescue workers
poured into the towers behind them in an effort to
assist the people on the upper floors. Although the
towers did indeed stand for many minutes, as mor-
tally wounded as they were, the ensuing collapse
took the lives of hundreds of firefighters and police
as well as those trapped on the upper floors. It was
the single worst building disaster ever recorded,
 resulting in nearly three thousand deaths. The
question remains whether the economies taken in
design and construction in the 1960s and ’70s
 exacerbated the collapse. But as strong as the
twin towers seemed to be, clearly no buildings are
 destruction-proof when targeted by persons intent
on mass  annihilation.7

Structure As Cultural Expression
Structure is more than just a simple matter of cre-
ating a frame or an envelope. The materials that
are selected and the way they are assembled, sug-
gesting either massiveness or dematerialization, are
part of a culture’s view of itself and its relationship
to history. Thus, as will been seen in Part II, the
massiveness of the Egyptian pyramids was an ex-
pression of the unchanging nature of the universe
held by the ancient Egyptians, the balance in Greek

66 3.  “FIRMENESS”: STRUCTURE, OR HOW DOES THE BUILDING STAND UP?



temples a representation of the ideal of equilibrium
in Greek philosophy, the upward reach of the
Gothic cathedrals an expression of the hope of
heaven, and the slender supports of the Hyatt Re-
gency skywalks a demonstration of cockiness in the
modern desire to defeat gravity. The proud, free-
standing, soaring slender towers of the World Trade

Center, at least in the minds of their attackers, were
interpreted as the preeminent symbol of American
economic hegemony and arrogant cultural domi-
nance over the rest of the world. In the attackers’
view, the towers had to be destroyed, taking with
them as many people as possible. What we build
says as much as how we build.
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4.5. Notre-Dame de Chartres, Chartres, France, 1134–1507. The simpler south tower, built 1134–1155 in the Early Gothic
Period, contrasts sharply with the more ornate north tower, begun in 1507 in the Late Gothic Period. Photo: Clive Hicks, London.



Our eyes are made to see forms in light.
—Le Corbusier, Towards a New Architecture, 1927

Life is not life at all without delight.
—C.V.D. Patmore, The Victories of Love, 1863

As Sir Henry Wotten put it, the third element
in Vitruvius’s description of architecture, fol-

lowing utility and sound structure, is delight. This
is the most complex and diverse of all the compo-
nents of architecture, for it involves how architec-
ture engages all our senses, how it shapes our
perception and enjoyment of (or discomfort with)
our built environment. It is perhaps the area with
which most people, architects and users alike, have
difficulty. This is partly because delight involves, at
every turn, subjective responses that differ from in-
dividual to individual, culture to culture. But per-
haps even more important, for over half a century,
from 1910 to 1965, Western architects and others
around the world whom they influenced chose to
believe that delight in architecture had no inde-
pendent existence, that beauty resulted automati-
cally through maximizing functionality and the
clear expression of structure. Advocates of what
came to be called International Modernism argued
that the Vitruvian formula had been forever dis-
pelled, so that commodity plus firmness equaled de-
light, or, as Bruno Taut wrote, architecture was
the creation of “the perfect, and therefore most
beautiful, efficiency.”1 Since about 1965, however,
architects, critics, and historians have reversed this
position, arguing again that there can be an inde-
pendent quality of delight in architecture and that
the most esteemed architecture endeavors to pro-
duce the greatest pleasure for the price, with func-
tion and durability being satisfied as well.

Visual Perception
Because our visual pleasure in architecture arises
from our perception of it, we must start by consid-
ering how the human eye and mind receive and in-
terpret the visual data of architectural experience.
How does the psychology of vision and sensory
stimulation affect our perception of architecture?

Perhaps the most fundamental concept is that
the mind, particularly the human mind, is pro-
grammed to seek meaning and significance in all
sensory information sent to it. This, no doubt, is
linked with the instinct for survival, for eons ago, the
eye, the ear, and the mind learned to interpret a
change in color in the grass or the snap of a twig as
indications of an approaching predator. The result,
as far removed from our primeval origins as we be-
lieve ourselves to be, is that the mind seeks to place
all information fed into it into a meaningful pattern.
The mind does not interpret incoming data as signi-
fying nothing. Even purely random visual or aural
phenomena are given a preliminary interpretation
by the mind on the basis of what evaluative infor-
mation it has already stored away. Hence, what we
perceive is based on what we already know. How the
mind interprets forms and patterns presented to it is
the subject of Gestalt psychology (from the German
Gestalt, “form” or “shape”).2 Faced with random or
unknown visual information, the mind organizes the
data according to certain built-in preferences. These
preferences are for proximity, repetition, simplest
and largest figure, continuity and closure, and  figure-
to-ground relationship.

Proximity: Objects close to one another are
seen to represent a pattern, and points in space are
interpreted as lying on a single plane, even if one is
distant and another is closer. The ancient interpre-
tation of star constellations as the figures of the
 Zodiac and as gods and goddesses is a classic exam-
ple [4.1]. Although the seven stars making up the
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4.1. Diagram of seven dots illustrating the concept of proximity. The dots are close enough to be interpreted as a unified
figure, commonly called the Big Dipper. Drawing: L. M. Roth.

4.2. Row of dots illustrating the concept of repetition. The slight irregularities in the spacing are largely ignored by the
eye/mind in favor of seeing an even row. Drawing: L. M. Roth.

4.3. Diagrams illustrating the concept of continuity and closure. The mind attempts to complete each form on the basis of
known forms in the simplest way possible (the principle of simplest and largest form). Drawing: L. M. Roth.



Big Dipper are in fact at various distances from the
earth, we cannot see those astronomical differences
in distance and so we interpret the stars as being
on a single plane and forming the outline of a dip-
per with a long handle (or a bear with a long tail,
or a caribou with extended antlers).

Repetition: Equalities of spacing or distance are
seen even where none exist, so that a row of lines
or dots will be seen as being equidistant and two
parallel lines, slightly different in length, will be seen
as equal in length [4.2]. This is one reason why the
corner columns of Greek temples are of interest, for
they were purposely made a little thicker than the
others and were positioned a little closer to each
other, so that what we want to see as a series of
equal objects arranged in space is, in actuality, a
carefully calculated sequence of subtle inequalities
[11.29].

Simplest and largest figure: When presented
with elements that suggest an image it can recog-
nize, the mind fills in any missing pieces to form the
simplest and largest meaningful figure. The related
mental operation that makes this possible is the im-
pulse toward continuity and closure [4.3]. What ap-
pears to be a fragment of a circle will be completed
as a circle rather than as a crescent or some other
shape, and the curved line will be seen as being
solid where the short line “crosses” it.

Figure-to-ground relationship: A shape seen in
the context of an enclosing shape will be interpreted
as a form against a background, with the mind delib-
erately choosing which is which [4.4]. In the standard
illustration of this phenomenon, we can choose to
see either a turned white vase against a dark back-
ground or two faces in silhouette against a white
background. This principle, too, seems to have been
employed in the Greek temple colonnade. The cor-
ner columns were thickened, since they alone of all
the columns were seen silhouetted against the sky;
these corner columns would have been seen as a dark
mass against a light sky, whereas the other columns
would have been seen as light masses against the
shaded naos wall behind them. (The naos chamber is
discussed in more detail below.)

The mind seeks to find order, regularity, and uni-
formity. It craves information, constantly varying
 information, and when that input is cut off—when
sight, hearing, smell, and touch sensors are com-
pletely unstimulated, as in an isolation flotation
tank—the mind will eventually invent its own stim-
uli, and hallucination will result. Alternatively,
when information becomes purely repetitive, the
mind tunes it out and focuses instead on the devia-
tions from the anticipated pattern. This happens
 automatically, or it can be made to happen as the

result of a conscious mental decision; we choose
not to hear street traffic at night so that we can
sleep, but the slightest cry of an infant rouses par-
ents from sleep as a distress signal—it is the infor-
mation that deviates from the accustomed accepted
norm. Again, the Greek temple illustrates this point
[11.28]. One reason the Parthenon in Athens has
been considered intriguing for so long may be be-
cause there is not a single straight or regular line in
it. What appears at first glance to be repetitively
uniform is in fact, as will be shown in Part II, a subtle
and mathematically precise arrangement of inequal-
ities and curves. So, too, many observers prefer the
facades of the Gothic cathedrals of Chartres and
Amiens [4.5, p. 68] because their facades are not
 bilaterally symmetrical. In fact, the towers of the
west end of Chartres were built four centuries apart
(1134 and 1507) and represent two different stages
of architectural development in France. Or, to take
more contemporary examples of similar function,
we might contrast the repetitive facades of the Fed-
eral Center buildings in Chicago, by Mies van der
Rohe, 1959–1964 [4.6], which exploit the industrial
production of building parts, with the variation of
window shapes and sizes in Boston City Hall, by
Kallmann, McKinnel & Knowles, 1961–1968 [4.7].

There is also a kinesthetic, empathic bodily re-
sponse to forms and lines. Thus, the horizontal line
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4.4. Figure/ground illustration. Depending on what the
mind chooses to interpret as the background, one sees either
a turned white vase in front of a dark background or the
profiles of two faces against a light background. Drawing:
L. M. Roth.



is sensed empathetically as being at rest, just as the
human body is at rest when horizontal. Frank Lloyd
Wright exploited this response in his Prairie Houses
around Chicago [18.34], stressing and emphasizing
the horizontal lines and planes of his houses—not
only to relate their form to the flat Midwestern
prairie but also to convey the image of domestic
tranquility. In contrast, the vertical line is sensed
as one of aspiration, reaching, assertiveness [4.5].
There is a sense of dynamic equilibrium as a result
of forces at work in the vertical line (just as our

bodies are maintained erect by a multitude of con-
stant, dynamic muscle actions). But the line that
most strongly conveys dynamic action and move-
ment is the diagonal. This phenomenon was ex-
ploited in numerous compositions in Baroque and
Romantic paintings from 1600 through 1900, but
it has also been used for dramatic effect in such
 architecture as Walter Gropius’s Memorial to the
March Victims at Weimar, Germany, 1920 [4.8]. It
can be seen, too, in the well-known Marine Corps
War Memorial in Washington, DC, 1945–1954, by
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4.6. Mies van der Rohe, Federal Center Chicago, Illinois, 1959–1964. In this design, Mies van der
Rohe pulled the glass curtain wall outside the columns, resulting in absolutely uniform window bay
units, and suggesting that activities within were all similar. Photo by Hedrich Blessing. Chicago History
Museum, negative HB-27043d3.
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4.7. Kallmann, McKinnel and Knowles, Boston City Hall, Boston, Massachusetts, 1961–1968. Although housing functional
activities similar to the Chicago Federal Center, this building has considerable variations in external window forms. Photo:
© Wayne Andrews/Esto. All rights reserved.

4.8. Walter Gropius, Memorial to the March Victims, Weimar, Germany, 1920. A series of sharp diagonals is used for
dramatic effect in this memorial to victims shot in a street uprising; the pointed angularity can also be described as being
“hard.” Photo: © Wayne Andrews/Esto. All rights reserved.



the sculptor Felix W. de Weldon, based on the grip-
ping Pulitzer Prize–winning photograph by Joe
Rosen thal taken on Iwo Jima, February 23, 1945.

The crystalline angularity of Gropius’s memorial
also enhances its visual effect. Such faceted objects
can be described as hard, in contrast to the rounded
Einstein observatory tower in Potsdam, Germany,
1919–1921, by Erich Mendelsohn, which, in con-
trast, could be said to be soft [19.13]. In literal fact,
both are hard, for the Einstein observatory is built
of brick covered with stucco.

Proportion
The mind also seeks out mathematical and geomet-
rical relationships—or proportions—in patterns.
The ancient Greeks believed that all nature was
governed by abstract universal laws. The philoso-
pher Pythagoras demonstrated that two taut
strings, having a ratio in their lengths of 2 to 3,
would produce what is called a fifth when plucked
together. And a string twice as long as another
(having a ratio of 2 to 1) would produce the same
tone an octave lower. Moreover, since the ancients
also believed that human form was based on that
of the gods, universal and divine geometric and
proportional relationships could be observed in the
proportions of the human body. Vitruvius described
how, by taking the navel as the center, the extrem-
ities of the human body lie on the edges of both a
square and a circle, the most elemental and ideal
of geometric figures [15.4].

Vitruvius also described how to generate geomet-
ric figures with irrational numbers (that is, numbers
that cannot be expressed as the ratio of two whole
numbers). His demonstrations all begin with a
square. The particular advantage of this system, and
the basis of many Greek proportional systems before

Vitruvius, was that such geometric figures could be
laid out on the flat earth of the construction site
with only wooded pegs and lengths of rope. Whole
building plans, therefore, could be scratched out on
the ground with utmost regularity of part to part. By
measuring off the diagonal of a square, and then
 rotating it down along one side of the square, one
creates what is described as a M2 rectangle [4.9] in
which the sides have the proportional relationship
of 1 to 1.414 (or 1:M2). Or, one might lay out two
squares, end to end, measure off the diagonal of this
rectangle, and then rotate it down to the long side
to form a M5 rectangle [4.10], in which the sides
have the proportional relationship of 1 to 2.2361 (or
1:M5). Many medieval churches show these propor-
tional systems in the arrangement of their plans. An-
other proportional system followed by the Greeks
was the relationship of x to (2x + 1), so that Greek
temples normally had six columns across the ends
and thirteen along the sides (6 to 2×6 + 1) or, less
often, eight columns by seventeen (8 to 2×8 + 1).

Perhaps the proportional system most associated
with Greek architecture and design, and with Clas-
sical architecture as a whole, is what is called the
Golden Section, or Golden Mean. Just as gold is
the most imperishable and thus the most perfect of
metals, so too was this proportional relationship be-
lieved to be perfect. It can be described as the rela-
tionship of two unequal parts such that the smaller
part is to the larger as the larger is to both parts
combined. Today, we can write this algebraically,
with a being the smaller unit and b the larger:

                                  a        b
W5 WW                                  b     a1b

This can be rewritten as an equation: b2 = a2 +
ab. If a is assigned a value of 1, and the equation is
solved for b, the result is that b equals 1.61804. Or,
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4.9. Diagram of a square root of 2
rectangle. Drawing: L. M. Roth.

4.10. Diagram of a square root of 5
rectangle. Drawing: L. M. Roth.



if b is given the value of 1, the result is that a is
0.61804; the proportional relationship between 1
and 1.618 and between 0.618 and 1 is the same.

The Greeks demonstrated this theory geomet-
rically in two alternative ways, with ropes and pegs
in the field or with drafting instruments on a sheet
of vellum (sheepskin). The problem is to divide a
line A–B into two parts so that the short part is to
the long part as the long part is to the entire origi-
nal line [4.11]. First, the line A–B is bisected; then
half of the line is swung up to the perpendicular to
form the triangle A–B–C. Using C as the center
point, the line B–C is swung up to strike the hy-
potenuse A–C to locate the point B'. Then, using
A as the center, the line A–B' is swung back down
to the original line, A–B, to locate the desired point
of division, D. The ratio of the two lengths of the
divided A–B is mathematically the same as in the

algebraic equation; the length of D–B is to A–D as
A–D is to A–B.

Even more simply, a Golden Section rectangle
may be generated from a given square. The objec-
tive is to create a rectangle in which the short side
and the long side represent the Golden Mean. First,
the square is divided in half, so that each half mea-
sures one unit by two units [4.12]. Then, the diag-
onal of one of these rectangles is rotated down
along the side of the original square. From the end
of the rotated diagonal, the desired Golden Section
rectangle is constructed. The proportions of the
 finished rectangle are 2 to (1 + M5), which is 2 to
3.236, or 1 to 1.618.

A further derivative from the Golden Section
rectangle results in a most interesting curve [4.13].
In a Golden Section rectangle, the square is marked
off at one end; a smaller square is drawn in the end
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4.11. Diagram showing how a line can be
divided with drafting tools, or rope and pegs
on the ground, so that the portions have the
proportion of the Golden Section; that is, the
ratio of the short to the long part is the same
as that between the long portion and the
entire line: 1 to 1.618. Drawing: L. M. Roth.

4.12. Golden Section rectangle. The short side is to the long side as the long side is to the two
sides added. Drawing: L. M. Roth.



of the remaining rectangle, and another square is
then drawn in the leftover rectangle, and so on,
until no more squares can be drawn. If the corners
of these nested rectangles are then connected by a
curved line, the result is a logarithmic spiral, or vo-
lute, very much like that found in the patterns of
seeds in a sunflower or in the section of a cham-
bered nautilus. It was also such a curve that the
Greeks used in the volute of the capital of the Ionic
order [see 3.16].3

There is yet another intriguing correspondence
to a proportional system based on a numerical se-
ries, first described by the medieval mathematician
Leonardo Fibonacci (c. 1170–c. 1240). The numer-
ical sequence is generated by starting with the num-
ber one, adding that to itself, and then generating
the next in the series by adding the last number to
the number preceding it, thus: 1, 2, 3, 5, 8, 13, 21,
34, 55, 89, and so on. The larger these numbers be-
come, the closer the last two approach the Golden
Section; for example, 21 to 34 equals 1 to 1.61905,
and 34 to 55 equals 1.61765, and 55 to 89 equals
1:61818. On the basis of the Fibonacci series, the
architect Le Corbusier developed in the late 1930s

a proportional system he called the Modulor [4.14].
He used this as the basis of design for a large apart-
ment block, the Unité d’Habitation in Marseilles,
France, 1946–1952, casting the image of the Mod-
ulor man with upraised arm in the concrete of its
elevator tower. In fact, among  twentieth-century
architects, Le Corbusier was the most frequent user
of proportional systems, both in arranging the
placement of walls and structural supports and in
the sizing and placement of windows and doors in
exterior walls [4.15].

Scale
Architecture and landscape architecture are the
largest and most encompassing of the visual arts.
One of the challenges faced by the user is to deter-
mine just how big a building is, and the yardstick
against which we measure the size of a building is
our own human size. How big a building is, relative
to the size of the average human being, is said to be
its scale.4 In the Unité d’Habitation, Le Corbusier
conveniently cast into its side a clear ruler by which
we can see just how big the building is. Frank Lloyd
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4.13. Logarithmic spirals based on the Golden Section. Drawing: L. M. Roth.
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4.14. Le Corbusier, diagram of
the Modulor man, 1947. Photo
from Peter Blake, The Master
Builders (New York, 1960)

4.15. Le Corbusier, Unité d’Habitation, Marseilles, France, 1946–1952. The entire
building, in all its parts, was proportioned using the Modulor and its numerical
relationships based on the Fibonacci series (1:2:3:5:8, etc.). Photo: © Wayne
Andrews/Esto. All rights reserved.



Wright designed his houses for what he considered
the ideal height, 5 feet 8½ inches (which, of course,
just happened to be his own height). As he himself
wrote, had he stood 6 feet 2 inches tall, his archi-
tecture might have been significantly  different.

For the most part, there are many clues in a
building as to its size—windows, doors, steps—but
even all these may be enlarged so that our sense of
scale is distorted. Such is the case with the east ex-
terior wall of the Basilica of Saint Peter in Rome,

built under the direction of Michelangelo, for the
windows and pilasters are two and three times
larger than what we would expect [4.16].

One of the problems inherent in the austere and
industrially inspired architecture of the International
Modernism of the mid-twentieth century was that
it lacked such scale clues. Architects, in fact, were
quite proud of the way they stripped away details
that for centuries had provided visual clues. The
dilemma is well illustrated in the Beinecke Rare
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4.16. Michelangelo, Basilica of Saint Peter, Rome, Italy, 1549–1564. East end. In an effort to give visual unity to this huge
building, Michelangelo deliberately used overscaled elements to reduce the number of parts, but the result also makes it
difficult to judge the true scale of this building relative to human size. Photo: Leonard von Matt.



Book Library at Yale University, New Haven, Con-
necticut, 1960–1963, by Skidmore, Owings and
Merrill [4.17], especially when the building is viewed
in the context of the surrounding buildings dating
from the 1920s. The older buildings provide many
clues as to their size relative to human beings, but
the library provides few. Only when the students and
bicycles in the foreground are viewed in relation to
the library does its size begin to be revealed. Al-
though in some situations the game of trying to guess
the scale can be amusing—and this is the basis of
the whimsy in the sculpture of Claes  Oldenburg—
ordinarily, the task of trying to determine scale,
when it occurs again and again in the modern urban
cityscape, becomes unsettling.

Rhythm
There are a number of ways by which ordered va-
riety can be given to buildings. One is the use of
rhythm, or what can be called the alternation be-
tween incident and interval, between solids and
voids. Rhythm in architecture is the pattern cre-
ated in windows spaced in a wall, or columns in a
colonnade, or piers in an arcade. This architectural
rhythm is read by visually scanning the surface,
much as one might scan, say, a musical score, read-
ing the patterns the notes make through time. This

is one way that architecture is like music, for both
must be experienced in time. So, too, one can ex-
perience the rhythm of a colonnade or an arcade
by walking along it, sensing the passage of the piers.
We can also speak of the continuous, unvarying
rhythm of Mies van der Rohe’s federal buildings in
Chicago, for the pattern of the windows does not
change at all, whether one reads from top to bot-
tom or from left to right. We can see a similar, even
rhythm in the arcade that runs across the facade of
the Foundling Hospital in Florence, 1419–1424, by
Brunelleschi [15.7]. There are slight differences in
the end bays, added later, where the Corinthian
columns of the arcade are framed by taller Corin -
thian pilasters. If we take the center line of the
columns or piers as marking the edge of each bay,
and we scan the facade from left to right, we find
that the first bay differs slightly from the next to the
right, and that it in turn differs slightly from the
next, but after that, the bays are identical until we
approach the other end. So, we can assign symbols
to this reading, saying that the facade has this
rhythm: a-b-c-c-c-c-c-c-c-b-a.

Such order and clarity of form are characteristic
of the Renaissance in Italy and began with the
Foundling Hospital. But we might compare that ar-
cade to the garden facade of the Palazzo del Te in
Mantua, Italy, 1527–1534, by Giulio Romano [4.18].
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4.17. Skidmore, Owings & Merrill, Beinecke Rare Book Library, Yale University, New Haven, Connecticut, 1960–1963.
The scale-less forms of the Beinecke Library contrast sharply to the much finer and more easily interpreted scale elements of
the Yale Law School, 1931, in the distance. Photo: Courtesy, Skidmore, Owings & Merrill.



At a first casual glance, there appears to be an
equally even rhythm in the arcade, except, of course,
that the center arches are slightly larger. But closer
observation reveals that no two adjacent bays are the
same.5 Reading the rhythm from left to right, we find
that the end bay is butted up against the wall of the
garden enclosure and framed with doubled pilasters
on the other side. The next bay is framed with dou-
bled pilasters and a wall with a niche on the left and
doubled pilasters and an opening to the right. The
next bay is framed with a single column and a pi-
laster; the next one is a flip-flop inversion, but with
its pilaster lying behind the large pilaster of the larger
central unit. The next bay is the outer bay of the en-
larged central pavilion and is framed with a pilaster
and a column on the left and a pair of columns on
the right. Finally, the centermost bay is framed with
doubled columns (actually, it is a cluster of four, two
in front of two others). Assigning symbols to this
reading, we would get a-b-c-d-E-F-E-d-c-b-a. It is a
bilaterally symmetrical composition, with every ele-
ment to the left of the center mirrored by what is on
the right, but each part of that rhythm varies slightly
from the part next to it—an excellent example of or-
dered variety.

As in music, we can find two rhythms played
against each other simultaneously. This occurs in
many of the arcades and colonnades of the Renais-
sance and Baroque periods, as well as in more recent
times. Consider the facades of Mies van der Rohe’s
apartment towers at 860–880 Lake Shore Drive,
Chicago, 1948–1951 [4.19, 19.28]. Mies devised a
structural frame of square bays, so that each tower
measures three by five bays. The structural steel
columns, in accordance with Chicago building
codes, had to be insulated in protective concrete
fireproofing, which Mies encased in steel skins. Mies
then divided the interval from the center lines of
the structural columns into four equal parts, using
these secondary dividing lines for the centers of the
mullions supporting four windows. The windows
were made flush with the edge of the structural col-
umn, so that the thickly insulated structural column
used up some of the width of the adjoining window,
making the outer windows in each structural bay
slightly narrower than those in the middle. The re-
sult is two overlaid rhythms. The larger structural
rhythm is absolutely even, A-A-A, but the window
rhythm within the structural bay is a-b-b-a. As will
be shown in Part II, the rhythms in Italian Renais-
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4.18. Giulio Romano, Palazzo del Te, Mantua, Italy, 1527–1534. Garden facade. What appears at first glance to be a
simple repetition of arcade units turns out, after closer examination, to be a complex series of variations on a theme. Photo:
Scala/Art Resource, NY.



sance buildings were normally governed by deliber-
ate mathematical Vitruvian relationships, but the
rhythms in Mies van der Rohe’s Lake Shore Drive
apartments were the result of the application of
mass-production techniques to window frames. In
his later buildings, such as the Seagram Building,
New York, 1954–1958 [see 6.13], and the federal
buildings in Chicago [see 4.6], Mies pulled the
plane of glass in front of the structural columns,
causing the structural rhythm to disappear behind
an absolutely even window rhythm.

In architecture, rhythm also can be created by
the alternation of solid and void. In his later archi-
tecture, Le Corbusier excelled in this. One particu-
larly interesting example is the elongated Secretariat
Building he designed for the new capital of Punjab

State in India, Chandigarh, 1951–1958 [4.20]. This
office building required a number of identical office
cells, expressed externally by the repetitive rhythm,
whereas at the center, the rhythm changes dramat-
ically in favor of larger, asymmetrical patterns cor-
responding to larger chambers and differing internal
functions.

It is also possible to speak of rhythm in architec-
ture in reference to undulating or curving walls.
Buildings with frame construction, whether of
wood or steel, tend to have rectilinear forms; hence
their facades tend to be flat planes. Curved forms,
however, have more dramatic impact. During the
Baroque period, curved walls were exploited exten-
sively, for they suggested not only that they bound
space but that space pushed back on them. A good
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4.19. Mies van der Rohe, 860–880 Lake Shore Drive (Lakeshore Drive Apartments), Chicago, Illinois, 1948–1951. Plan of
one wall bay showing windows and structural columns. What seems at first a simple repeated window module is in fact varied
by the thickness of the supporting columns. Drawing: L. M. Roth.

4.20. Le Corbusier, Secretariat Building, Chandigarh, India, 1951–1958. In this elongated building, Le Corbusier varied 
the rhythm of the shape and sizes of the sun screens, breaking up the long facade, and indicating office cells contrasted to
committee rooms. Photo: John E. Tomkins, courtesy of the Visual Resource Collection, Architecture & Allied Arts Library,
University of Oregon.



example is the facade by Francesco Borromini of
the Church of San Carlo alle Quattro Fontane in
Rome, 1662–1667 [see 16.15]. The facade is a se-
ries of curves and countercurves that establishes a
play of rhythms. Such curved buildings have been
rare in the twentieth century, particularly before
1960, but a notable exception is Baker House at the
Massachusetts Institute of Technology, Cambridge,
1946–1948, by the Finnish architect Alvar Aalto
[4.21]. Here, the undulating form was not only a
way of fitting what needed to be a long building
into a restricted site but also a response to the
oblique views across the Charles River that Aalto
discovered the students preferred.

Texture
Another of the many devices used to add variety to
architecture is texture, a term that has various
meanings. The visual, or optical, texture of a build-
ing refers to its visual pattern at the large scale,
whereas its haptic, or tactile, texture refers to what
can be physically felt with the human hand. So, for
example, the Secretariat at Chandigarh, seen from
a distance [4.20], has a rich optical texture in the
variation between the uniform office cells and
the more irregular “texture” of the larger meeting
rooms. Another of Le Corbusier’s buildings, the

Unité d’Habitation apartment block in Marseilles
[see 4.15], has a similar bold texture pattern when
viewed from a distance. But we can also speak of
the tactile texture, for the roughness of surface can
be felt. When one gets close to the Unité apart-
ments, one can see that the concrete was poured in
forms specially made of rough lumber so that when
the forms were removed, a bold pattern was left im-
printed in the concrete. Moreover, Le Corbusier
had the workers rotate alternate panels of the form-
work, creating a basketwork checkerboard pattern
in the concrete that adds to the textural richness at
both the optical and the tactile levels. In addition
to the visual rhythm of his Baker House, Aalto had
the wall laid up with rough clinker bricks—those
that had become twisted and darkly burned during
firing and normally would have been rejected. The
bricks were placed randomly to add a visual and tac-
tile texture to the walls [see 4.21]. At certain times
of the day, when the sun rakes along the surfaces,
the protruding, misshapen bricks cast irregular shad-
ows along the wall.

Concrete, in particular, lends itself to the cre-
ation of texture, for it must be poured into a form
of some kind. It is virtually impossible to make the
joint invisible between successive pours of con-
crete, for even slight variations in the composition
of the cement will cause color variations. An archi-
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4.21. Alvar Aalto, Baker House, Massachusetts Institute of Technology, Cambridge, Massachusetts. Viewed at close range,
the randomly placed and protruding rough bricks create a visual and tactile texture in the wall. Photo: C. Condit Collection,
Department of Art History, Northwestern University.



tect can take care to design the details where the
panels of the formwork come together, accentuat-
ing that line and thereby creating a texture in the
finished concrete that is a record of the act of con-
struction. Louis I. Kahn did this with great care, es-
pecially in the concrete for the Salk Institute at La
Jolla. In another attempt to create a special texture
in concrete, there resulted an even rougher texture
than originally planned. When erecting the Art
and Architecture Building for Yale University,
1958–1964 [4.22], the architect Paul Rudolph used
forms made of plywood panels to which chamfered
strips of wood had been screwed [4.23]. The forms
were oiled in the expectation that the concrete
would not stick to the forms, so they could be
pulled off easily for reuse. Nonetheless, the con-
crete bonded to the formwork. When the forms
were pried off, either the wooden battens pulled
away from the plywood, sticking fast in the con-
crete, or the corners of the concrete stuck fast to

the wood and chipped off the building. Rudolph
then had all the edges of the concrete ridges ham-
mered off, exposing the sharp crushed-rock aggre-
gate and creating minute variations in color as well
as a brutally abrasive surface.

Architects may create strong contrasts between
different textures, as did Michelozzo di Bartolomeo
in the Palazzo de’ Medici in Florence, 1444–1460
[15.27]. He began with aggressively rough stone ma-
sonry (called quarry-faced ashlar masonry) at the
lower level, changing to rusticated masonry in the
middle level (the individual blocks have their edges
cut back to emphasize the joints), and then to com-
pletely smooth ashlar masonry in the uppermost
level, where the joints between the stone blocks are
almost impossible to see from the street. Frank Lloyd
Wright created an equally dramatic contrast in
Fallingwater, near Mill Run, Pennsylvania, 1936–
1938 [4.24]. The house was built in a ravine about
51 miles (82 km) from Pittsburgh, where the client,
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4.22. Paul Rudolph, Art and Architecture Building, Yale University, New Haven, Connecticut, 1958–1964. Rudolph used
cast-in-place concrete, placed in forms to create a bold texture of vertical ridges in the concrete walls. Photo: Ezra Stoller
© Esto.
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4.23. Art and Architecture Building,
Yale University. Section diagrams of
the wooden forms for the concrete in
the Yale Art and Architecture Building,
illustrating the results of a failure of a
clean release when the forms were
removed. Drawing: L. M. Roth.

4.24. Frank Lloyd Wright, Edgar Kaufmann residence, Fallingwater, near Mill Run, Pennsylvania, 1936–1938. Wright
created strong contrasts between the rough vertical masonry piers (with stone slabs laid to imitate natural rock strata) and the
smooth horizontal concrete floor slab upstands. Photo by Hedrich Blessing. Chicago History Museum, negative HB-04414-5d.



Edgar Kaufmann Sr., liked to get away from the city.
Wright learned from Kaufmann that he most en-
joyed sitting on a large rock ledge over the stream.
Wright then built the house over that very spot, lev-
eling part of the rock outcropping for the floor of the
house. Stone from the site was used to build up the
major structural piers of the house, laid in a rough
and random pattern emulating the texture of the ad-
jacent rock outcroppings themselves. But the con-
crete used for the cantilevered balconies was made
especially smooth, so that the greatest possible con-
trast was created between the rough, dark vertical
piers and the smooth, light-colored horizontals.

Variation of texture is also a large part of land-
scape architecture and garden design, in which plants
with different foliage patterns, colors, and heights are
played against one another. To this can be added the
textures of gravel, rock, and water. In the sprawling
gardens of Versailles, first laid out in the seventeenth
century, nearly all these variations can be found, from
the geometrically laid-out and close-clipped parterres
near the château itself, with their hedge-framed
flower beds, gravel walks, splashing fountains, and
quiet reflecting basins, to the large masses of trees
and more rustic woodlands farther out [4.25].

Modern architects have had to rediscover tactile
texture, for it was suppressed by International Mod-
ernism from 1920 to 1960. Curiously, since humans
first began to make objects, roughness of surface
was equated with unskilled handwork, whereas
smoothness of surface was achieved by careful and
pain staking craftsmanship. With the rise of indus-
trialization, however, smoothness became easier to
achieve in factory-made products. Smoothness then
became equated with mechanized production and
eventually with cheap mass production. Roughness
and irregularity then became equated with hand-
work. The great irony was that much International
Modern architecture, in its early phase, which was
made to appear machine-made with smooth, tex-
tureless surfaces, was very often achieved through
the most painstaking handwork, as in the sleek,
chromium-plated columns in the work of Mies van
der Rohe in the 1920s. By 1930, avant-garde archi-
tecture had no tactile texture. Rudolph’s Art and
Architecture Building at Yale is important, there-
fore, as one of the first to deliberately and dramat-
ically exploit texture once again.

Perhaps the most sensitive and subtle interplay
of textures is to be found in the traditional Japanese
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4.25. André Le Nôtre, Château de Versailles, Versailles, France, 1661–c. 1750. The gardens, designed by Le Nôtre, exhibit
a variety of textures in plant materials, paving, architectural embellishments, and the use of water. Photo: © Eye Ubiquitous/
Alamy.



house and its surrounding garden. In this fusion of
building and landscape, the architect uses plant ma-
terials, rocks, gravel, water, and architectural mate-
rials to create a full range of textures, from rough to
smooth. This exploitation of texture is summarized
in the most elegant and understated way in the
pavilions and gardens of the imperial villa of Kat-
sura, about 3.5 miles (6 km) southwest of central
Kyoto.6 The villa was built in three stages, on a site
of about 16.5 acres (66,000 square meters), from
1620 to 1658. Included were a main house sur-
rounded by five tea pavilions overlooking a series of
ponds fed by the Katsura River. As one approaches
the complex, a hedge, or screen, of living bamboo
trees is seen first. The screen leads to a fence of cut
bamboo; this in turn leads to a hedge that frames
the Imperial Gate, which is protected by a gable roof
of thick thatch. One then proceeds along a broad
path paved with carefully fitted flat pebbles. The
 entrance to the main house is through the Central

Gate [4.26]. The view through that gate is a study
in the play of textures: gravel and pebble walkways,
a fieldstone threshold, and a bamboo fence and gate
with a thatch roof contrast and complement the
house beyond, which has smooth plaster surfaces
and dark-stained wood frame members.

Within the villa buildings themselves, one finds
on the floor thick, grass mat- covered tatami mats
contrasted with the grain of the wood in the veran-
das at the house’s edge. The walls are defined by
paper-covered and silk-brocade-covered sliding
screens. The ceilings in the main house are a care-
fully finished wooden lattice, whereas in the garden
teahouses, one looks up to the bamboo rafters and
bamboo mat beneath the thatch. As viewed from
the various openings in the house and tea pavilions
[see Plate 1], every square inch in the gardens is a
study of the interplay of plants, rock, and water—
an interplay that changes throughout the course of
the day as well as the cycle of the seasons.
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4.26. Imperial Villa of
Katsura near Kyoto, Japan,
1620–1658. The gate
combines a wide variety of
textures in architectural and
landscape materials. Photo:
From Akira Naito, Katsura: 
A Princely Retreat (Tokyo
and New York, 1977).



Light
Perhaps the most powerful element in our percep-
tion of architecture is light. Louis I. Kahn insisted
that there was no true architecture without natural
light. Our eyes are receptors for sensing the envi-
ronment, and the light illuminating that environ-
ment is critical for the information we receive. The
perception of textures is dependent upon the qual-
ity of light falling on the building. Moreover, light
creates psychological responses and has a strong
physiological effect.

In 1647, in designing the chapel for Cardinal
Federico Cornaro for the left transept arm of the
Church of Santa Maria della Vittoria in Rome, the
sculptor and architect Gian Lorenzo Bernini de-
signed what is in effect a miniature theater. He in-
cluded portrait figures of the cardinal and members
of the cardinal’s family in “boxes” to the sides ob-
serving the Ecstasy of Saint Teresa depicted on a
“stage” at the center [16.6].7 The action is lit by a
window hidden behind the architectural frame of
the stage, and the image of the flood of heavenly
light down on the miraculous event is accentuated
by the golden rays that radiate from that hidden
light source. Everything else in the chapel is dimly
lit, so that one’s eye is automatically drawn to that
brightest spot in the entire composition.

Light is a most effective element in creating a
sense of mystery and awe, and the manipulation of
light is a principal agent in the creation of shrines
and religious buildings. In his later architecture, Le
Corbusier proved himself extremely sensitive to the
atmospheric role of light, beginning with Notre-
Dame-du-Haut at Ronchamp, France, 1950–1955
[19.42, 19.45]. A pilgrimage church on a promon-
tory in the Jura foothills near the Alps of the
French-Swiss border, it was reconstructed after
being severely damaged during World War II. Le
Corbusier covered the church in white stucco, so
that from afar, its gleaming whiteness, seen over the
surrounding green landscape, acts as a beacon. As
one approaches the hill, only the swelling gray con-
crete roof of the chapel is visible, but as one ascends
the hill, the white southern wall comes increasingly
into view. When the pilgrim reaches the top of the
hill, especially at midday, the full brunt of the sun-
light is reflected back into his or her face. Proceed-
ing through the southern door into the chapel, the
visitor is then plunged into near-total darkness, as
if going into a cave. Through this device, Le Cor-
busier suggests the separateness of the world out-
side and the mystical world created inside, at first
shrouded in darkness. Then, as if in revelation, the
details of the interior space gradually become clear

as one’s eyes adjust to the dim light, and the silo-
like towers first seen from outside are discovered to
be giant scoops capturing and filtering light down
onto devotional altars below. It is an architecture
that, from the inside, is almost entirely shaped and
defined by the accomplished manipulation of light.

Color
The term light has been used so far to mean the en-
tire visible solar spectrum, with its mixture of vari-
ous wavelengths. But sunlight is composed of many
colors, and color, too, is a powerful evoker of moods
and physiological response.8 During the nineteenth
century, much was written about the effects of color
on humans. Johann Wolfgang von Goethe discussed
optics and the physiological effects of colors in 1810;
in 1877, Niels Finsen began color therapy for pa-
tients. As with all stimuli, the human organism ad-
justs to and compensates for continuous, unvarying
stimuli, but even so, it is possible to measure distinct
physiological responses to colors in the spectrum.
Exposed to red, for example, the body experiences
an increase in muscular tension, the release of
adrenaline, an increase in heartbeat, and a stepping-
up of gastric activity. In other words, one might say
the human organism prepares for flight or for diges-
tion at the sight of blood.9 It is for this reason that
restaurants often employ red or red-checked table
linens. The atmosphere in such places often in-
cludes dark, so-called warm colors (oranges and
browns, for example) and candles with low light
output that is rich in the red and orange portion of
the spectrum, augmented with directed beams of
concentrated low-level artificial light to enhance
the physiological effect of red while also creating an
intimate psychological environment—all directed
to enhancing the dining  experience.

On the other hand, when exposed to green or
blue (so-called cool colors), the body experiences a
release of muscular tension, a slowing of the heart-
beat, and a slight lowering of body temperature. This
is why summer clothing is often in pale blues and
lime greens. This is also why fast-food eateries, at
least until recently, tended to make the eating expe-
rience less genial by using high light levels, achieved
by using fluorescent tubes rich in blue light, and
color schemes avoiding reds and oranges, thus en-
couraging a rapid turnover of customers and thereby
increasing the volume of food sold and profits made.

A standard color wheel shows the spectrum with
the two groups of principal hues arranged around
the wheel [Plate 4]. The red, red-orange, orange,
and yellow-orange group is said to consist of warm
colors, while the yellow-green, green, blue-green,
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blue, and blue-violet group is said to consist of cool
colors. The so-called primary colors (when mixing
pigments for paint, for example) are red, yellow, and
blue, and all other colors can be created by mixing
these together in appropriate proportions; when all
three are mixed together, the result is a deep gray
approaching black. When mixing light itself, how-
ever, the three primary colors are different (reddish
blue, or magenta; yellow; and bluish green, or cyan),
and a mix of these three produces white light; this
is the principle of color television. We say a color,
or chroma, is saturated when it cannot be made any
more intensified than it is, that a red or a blue can-
not be made any redder or bluer. If gray or black is
added to a color pigment, darkening it, the result
is a shade. If white is added to a color, the result is
a tint, commonly called a pastel.

Various theorists suggest an optical phenomenon
in which the mind interprets warm colors as being
closer to the eye than they physically are, while cool
colors are interpreted as being slightly farther away.
The same is true for dark shades and light tints, the
darker shades being sensed as closer and the lighter
tints as slightly farther away. So, in selecting paint
for a room, if the room is small, the color of choice
to make it seem larger would be a tint of green or
blue. If a room is extremely large and barn-like and

the desire is to make it seem smaller, a shade in the
warm part of the spectrum might be the color of
choice. Even when one selects an off-white, the
choice of the pigment to be mixed in will have per-
ceivable if subliminal results; a subtle, warm pig-
ment makes the room more intimate, and a cool
pigment makes the room more expansive. Thus,
without affecting the physical space at all, the psy-
chological perception of that space can be changed.

Color has been used effectively in architecture
since Paleolithic times, as the paintings in caves
suggest. Fragments of plaster used to cover the
wooden Neolithic houses at Hǎbǎşeşti, Romania,
built about 3130 BCE, are covered with decorative
painted patterns. Dwellings built on Crete during
the Minoan period in the Mediterranean (c. 2000–
1300 BCE) had brilliant red columns, while cere-
monial and living chambers were vividly painted
with murals and decorative bands, as seen in the
restored palace at Knossos, built around 1600 BCE
[4.27 and Plate 5]. Later, the Greeks similarly
painted their white marble temples—a fact that
long went unnoticed, since the exposed ruins had
been bleached by centuries of exposure to the sun
and rain. Only in the mid-nineteenth century did
the French architect Jacques-Ignace Hittorf dis-
cover in the protected recesses of the ornament of
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4.27. Palace at Knossos, Crete, c. 1700–1380 BCE. The columns, tapering inward toward the bottom, were found to be
painted deep red when excavated after 1900. Photo: © Walter Bibikow/JAI/Corbis.



Greek temples in Sicily the traces of intense red,
blue, and other saturated colors that had been used
to pick out and accentuate parts of the orders. In
the Doric order, for example, the flat background
of the sculpted metope panel was painted a deep
saturated red, to point up the raised relief figures
[Plate 6]. The publication of Hittorf ’s theories
caused an uproar among some Neoclassicists who
were convinced that Greek buildings has always
been pure white. Egyptian temples, particularly the
engraved hieroglyphic inscriptions, were also bril-
liantly painted, but since these too have been
bleached out by thousands of years of exposure, the
nearest approximation of the rich colors of the tem-
ples can now be seen in Egyptian tomb walls, whose
murals were never exposed to the blast of the sun.

Early Christian churches, built after the end of
the Roman Empire, were exceedingly plain exter-
nally, but inside, the walls and vaults were covered
with vivid mosaics made of tiny bits of stone and
glass, forming images of biblical figures and Christian

symbols. The dazzling brilliance of such murals,
combined with veined marble columns and inlaid
floor patterns, is evident in the decoration of the
apse of San Apollinare, a church built circa 532–549
in Classe, then a suburb of Ravenna, Italy [Plate 7],
and in the Church of San Vitale, built in 532–548
in Ravenna by the Byzantine Emperor Justinian.
The two mosaics of the sanctuary area in San Vitale
show the emperor and his court presenting the
bread and wine used in the Eucharist service.

Gothic churches also were alive with color, al-
though much of their painting (unlike the earlier
mosaics) has also faded and disappeared. The
stained-glass windows, however, and the patterns
created by the light that passes through those color
filters as it strikes the internal walls, have endured.
In the mid-nineteenth century, Eugène-Emmanual
Viollet-le-Duc restored the small royal chapel in
Paris, the Sainte-Chapelle, 1242–1448, repainting
the deep-blue vaults with twinkling golden stars
[4.28 and Plate 8].
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4.28. Sainte-Chapelle, Paris, France. This view of the lower chapel (for lesser members of the medieval French court) has a
deep blue painted ceiling with red borders and silver stars. Restored under E.-E. Viollet-le-Duc in the 1840s. Photo: Scala/Art
Resource, NY.



Perhaps the most colorful buildings of all were
those built by Muslims in what is now Iran and in
Spain. The practice originated in the ancient Near
East in the Tigris-Euphrates valley, where buildings
were made of soft brick. Since the structural brick
was soft-fired (to save wood used for brick firing),
it was susceptible to damage by rain. Hence, the
soft-brick buildings were covered with a protective
outer skin of hard-fired glazed ceramic tiles, so that
the outer surfaces of the buildings were ablaze with
brilliant colors. This practice is well illustrated in
the mosques of Isfahan, Persia (now Iran), espe-
cially the Masjid-i-Shah Mosque, 1611–1638, in
which the tile is used to convey passages from the
Koran in stylized calligraphy [Plate 9]. This practice
of using ceramic tile as covering and embellishment
was carried to Spain, where, as part of Moorish
 architecture, it eventually became part of tradi-
tional Spanish vernacular architecture; from Spain
this tradition of using highly colored tile was carried
to Mexico and the Spanish colonies in the New
World.

Renaissance architects were comparatively far
more interested in clearly delineating the compo-
nent volumes of a building than in exciting the eye,
but they did use dark stone for the pilasters and
entablatures of their interiors to draw the mathe-
matical edges of their geometrical designs [15.14,
15.33]. Otherwise, the walls of their interiors were
of plain white plaster. Andrea Palladio restricted
the color schemes of his mid-sixteenth-century
churches even more, creating interiors that are es-
sentially studies of creams, whites, and light grays.
By contrast, in the Baroque period that followed,
 architects deliberately set out to captivate the eye
of the beholder, so that once again color became a
major element of design and embellishment. This
reached its culmination in the Late Baroque-
 Rococo architecture of the early eighteenth century,
and perhaps nowhere better than in the carved and
gilded stuccowork of the artisans Johann Michael
Feichtmayr and Johann Übelhör in the Church of
Vierzehnheiligen (Pilgrimage Church of the Four-
teen Saints) in Franconia, Germany, designed by
 Johann Balthasar Neumann and built in 1742–1772
[Plate 10]. The colors and patterns evident in such
south German Rococo interiors, however, were
largely the result of highly skillful painting on pol-
ished plaster, so that what appears to be marble usu-
ally is not.

Color continued to be an important element in
nineteenth-century European and American archi-
tecture, but in accordance with the then-held view
that architecture ought to be real and truthful,
building materials were used to exploit their inher-

ent color. Thus, the red of brick contrasted with
polished marbles, white and cream limestone, and
the wide spectrum of slate from gray, green, and red
to beige [Plate 11]. Color of this kind, employing
the rich effects achieved in building materials, was
severely restricted with the rise of International
Modernism. One exception, however, was Mies
van der Rohe’s elegant German Pavilion in Barce -
lona, 1929, with its polished marble and onyx pan-
els [see Plate 30]. That pavilion, however, was a
demonstration piece, representing the best of Ger-
man industry. In large measure, the color scheme
of International Modernist architecture—as it was
crystallized in the 1920s by the designers associated
with the Bauhaus in Dessau, Germany—was in-
spired by the architects of the Dutch De Stijl move-
ment. De Stijl architects proposed an objective and
systematic use of saturated primary colors applied
as paint to the planes shaping space, with black
being reserved for structural members. In their fifth
manifesto, which was published in 1923, De Stijl
theorists asserted, “We have given color its rightful
place in architecture” [Plate 12].10

How effective primary colors can be, especially
when used in conjunction with carefully controlled
lighting, is demonstrated in the chapel design by
Le Corbusier for the priory of La Tourette near
Lyons, France, 1956–1959. The chapel was a large,
rectangular box of reinforced concrete with only a
few narrow slits for windows. At the bottom of the
box and extending to the sides were lateral chapels
containing the numerous altars at which the friars
said Mass once a day. The light coming into the
side chapels is admitted through tubular light mon-
itors overhead; sunlight is caught and splashed
across the walls behind the side altars, where it
rakes the rough-cast surfaces painted in deep satu-
rated reds, blues, and yellows. Thus, using concen-
trated strong light and pure color to direct the eye,
Le Corbusier focused attention on the most impor-
tant functional part of the monastic chapel, the al-
tars used by the friars.

In recent years, with the rise of Postmodernism,
architects have turned with renewed vigor to ex-
ploiting a rich complexity of ornament, color, and
texture in an effort to entice and stimulate the eye
of the observer. One architect who did this with par-
ticular gusto was the American Charles Moore, as
is dramatically evident in his design for the Piazza
d’Italia in New Orleans, 1975–1980 [Plate 13]. In
most instances, however, as with Late Baroque and
Rococo architecture, the colors arise not so much
from the natural weathering of materials as from
 applied paint that must periodically be renewed.
Nonetheless, such environments have reinstituted
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a measure of vivacity and energy, which was sup-
pressed by the austerity of International Modernism
in the mid-twentieth century.

Ugliness
Among the major contributions of philosophy in the
late eighteenth century were the notions of the “pic-
turesque” and the “sublime,” extolling the virtues
of irregular and rough forms, and the delight in the
thrill of implied physical danger. Out of the sensi-
bility of the picturesque came an awareness of the
aesthetic power of ugliness.11 Certain  nineteenth-
century architects, such as William Butterfield in
England and Frank Furness in the United States,
took pleasure in devising compositions that reveled
in dramatic juxtapositions of forms and collisions
of colors.

Ugliness can be defined in a number of ways: as
a quality that is confusing because it is ambiguous
or displays an absence of a perceivable pattern of
relationships, as a quality that is monstrous because
it does not conform to accepted norms, or as artis-
tic willfulness and capriciousness. For example,
Frank Furness’s Provident Life and Trust Company
Building, Philadelphia, 1876–1879 [see 3.6], now
destroyed, had a facade that displayed a clear, bi-
laterally symmetrical pattern, but it deviated em-
phatically from accepted norms of its own period
(and, even more so, those of the mid-twentieth
century), suggesting a certain artistic willfulness.
Moreover, this stylistic idiosyncrasy was exacer-
bated by the most dramatic contrasts of building
material color.

The late twentieth century and early twenty-first
century are an age of pluralism in which various
conflicting artistic values and standards, present
and past, are mutually acceptable or at least toler-
ated. But this is a recent development. Most periods
have denigrated the art and architecture of the
period immediately preceding. During the Renais-
sance, for example, the architecture of the Middle
Ages was despised, since it seemed without logic in
its form in comparison to the newly rediscovered
Classical humanist architecture. Medieval architec-
ture was said to be the work of barbaric Goths
(hence Gothic). Similarly, in the eyes of the ratio-
nalists of the late-eighteenth-century Enlighten-
ment, the exuberantly embellished and curved
architecture of the preceding century and a half was
said to be misshapen and formless. The critics of the
Enlightenment even applied to it the pejorative
term (for them) of baroque, for to them the wildly
curved architecture of the seventeenth century was
as much a freak of nature as twisted and misshapen

“baroque” pearls, called barroco by the Portuguese.
During the 1970s, the angular forms of Art Deco of
the 1930s, as well as the pseudo-streamlined forms
of the early 1950s, were nostalgically appreciated,
but the structurally determined architecture of Mies
van der Rohe of the late 1950s and 1960s was
ridiculed. But then in the late 1990s, the precision
and clarity of Mies van der Rohe’s architecture
began to elicit renewed acclaim among academics,
culminating in major dual exhibitions focused on
his life and work in the summer of 2001.

Each generation thus rejects its parents and em-
braces its grandparents; it tends to think of the work
of the previous generation as barbaric, since it does
not conform to contemporary standards or values.
In the same way, during the 1950s, the work of Fur-
ness in Philadelphia was considered irredeemably
ugly, and much of it was wantonly demolished be-
fore a new sensitivity to Furness’s deliberate and in-
dividualistic “ugliness” arose during the 1960s with
the birth of Postmodernism. In part, the prejudice
against Furness may have arisen as much because of
the accumulation of three-quarters of a century of
atmospheric pollution on the rough surfaces of his
buildings as because of the bold and very personal
ornament that Furness invented. In the mid-
 twentieth-century International Modernist propa-
gandists tried to convince us that ornament was a
crime against nature and society.12 And yet, as
 Furness’s deliberate flouting of the rules of taste of
his time shows, the value of ugliness is that it forces
us to examine our accepted conventions. We may
find that our preconceptions do not have much
 substance.

Ornament
In the past century and a half, the value attached to
architectural ornament has swung from one extreme
to another. In the mid-nineteenth century, the En-
glish critic John Ruskin could readily persuade his
readers that “ornament is the chief part of architec-
ture.”13 And yet, in 1908, the Viennese architect
Adolf Loos laid the groundwork for International
Modernism with his article “Ornament and Crime,”
asserting that “the evolution of culture is synony-
mous with the removal of ornament from utilitarian
objects.”14 He equated the use of ornament in mod-
ern architecture to degeneracy and the smearing of
erotic graffiti on lavatory walls. It is a risky proposi-
tion, however, to use this equation to evaluate ar-
chitecture while ignoring other information. For
example, using Loos’s criteria literally, what are we
to make of a comparison between his Steiner House
in Vienna, 1910 [4.29], in which he exemplified
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his austere principles, and the William M. Carson
House in Eureka, California, 1884–1885 [4.30]?
The temptation would be to say that the first was
the work of a virtuous person and the second the
work of someone deranged. If, however, we look into
historical circumstances, a very different picture
emerges. Loos was working in Vienna in an avant-
garde cultural environment in the early twentieth
century—an environment that was intent on creat-
ing a new and scientifically objective archi tecture
suited to the new century. The Carson House, de-
signed by Samuel and Joseph Newsom, was built
much earlier by a prominent developer of the Cali-
fornia redwood lumber industry. The year 1884 was
marked by a severe though short-lived nationwide
business recession. As there was, temporarily, greatly
reduced demand for redwood, it is likely that Carson
had this house built as a kind of local public works
project to keep his mill-hands busy and also as a
demonstration of what could be done with redwood.
Small wonder that so much attention was lavished
on this showpiece while Carson and his employees
waited for the economy to recover.

The ornament of the Carson House, then,
served specific economic and social purposes for
its time. Ornament may serve many other purposes
as well. There is nothing wrong with saying, at the
very outset, that ornament can be used solely for
the reason given by Vitruvius and Wotten—for
pure visual delight. This would be the case for the
remarkable interior of the church sacristy of the
Cartuja Car thusian monastery, Granada, Spain,
built in 1730 and decorated in 1742–1747 [16.5].
Underlying all the carved plaster flourishes is a
straightforward Classical pilaster and entablature
system, but the intent here was to add element
upon element, layer upon layer, for the sheer delight
of the eye. The same is true of the mirrored interior
of the small Amalienburg pavilion in the grounds
of the Nymphenburg Palace outside Munich, Ger-
many, 1734–1739, designed by François Cuvilliés
and decorated by J. B. Zimmermann and Joachim
Dietrich [Plate 22]. Every surface is covered either
with glass or with small-scale gilded ornament, and
the whole is a treat for the eyes. It is all there solely
for visual delight.
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4.29. Adolf Loos, Steiner House, Vienna, Austria, 1910. This house is a good example of the elimination of ornament that
Loos advocated in his article “Ornament and Crime,” published in 1908. Photo: From N. Ponente, The Structures of the
Modern World, 1850–1900 (New York, 1965).



Ornament can also have a strictly utilitarian
purpose, such as enhancing the longevity of a build-
ing. For example, the demon-like gargoyles stretch-
ing out from Gothic cathedrals, from a purely
functional point of view, are water spouts to throw
the water collected from the upper roofs away from
the building [4.31]. The same purpose is served by
the many projected moldings that serve as horizon-
tal ridges on Gothic buildings, forcing rainwater to
drip away from the wall surface. When these details
are reused on later buildings, under similar climatic

conditions, the same beneficial weathering effect is
achieved. Even though the Gothic Revival lime-
stone veneer of the Chicago Tribune Tower of
1922–1925 was once ridiculed—because this me-
dieval shell was said to be inappropriate for the
twentieth century—the Gothic detailing has meant
that the building has stood up to weathering much
better than adjacent Modernist (and detail-less)
skyscrapers built three decades later.

Ornament also can serve an acoustical func-
tion. An excellent case study is Philharmonic Hall,
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4.30. Samuel and Joseph Newsom, William M. Carson House, Eureka, California, 1884–1885. This elaborate house was
built of redwood to illustrate the extreme versatility of this durable soft wood and also to keep Carson’s lumber mill workers
busy during a recession period. Photo: Library of Congress, HABS CAL 12-EUR 6-2.



 designed by Harrison and Abramovitz in 1960–
1962 as part of the prestigious Lincoln Center, New
York, which became the official home of the New
York Philharmonic Orchestra. The original unusual
design was quickly christened the “Coke bottle”
plan. From the ceiling, elongated hexagons were
suspended as “acoustical clouds,” to disperse the
sound to the audience below [4.32]. As quickly be-
came clear, however, the room did not function
well acoustically. Among several problems, the
sound was unevenly dispersed throughout the hall.
Eventually, a number of celebrated soloists and or-
chestras flatly refused to perform there. In 1971,
with the donation of funds by Avery Fisher, it was
decided that the interior of the hall would be re-
built. The revised plan, devised by the architect
Philip Johnson with the acoustical consultant Cyril
M. Harris, was a more traditional rectangular-box
room, and among the important changes was the
incorporation of large, massive ornamental reflect-
ing panels [4.33].15 Today, the rebuilt concert
house, renamed Avery Fisher Hall, is considered

among the foremost symphony halls in the world,
but the mistakes took $4.5 million to correct!

Articulation (clear expression) of the parts of a
building is another function of ornament. A good
example is Adler & Sullivan’s Wainwright Building
in Saint Louis, 1890 [2.5], in which each of the dis-
tinct functional zones, as analyzed by Sullivan, is
expressed by a change in the stone or terra cotta
blocks enclosing and protecting the steel skeletal
frame. The separate functional activities are di-
rectly indicated in the skin of the building.

Ornament can serve an expressive utilitarian
purpose as well. One example might be to accentu-
ate a functional aspect of a building. Looking at the
west front of the Gothic cathedral of Reims, France,
we see the doors announced unmistakably by broad,
recessed archways [4.34]. At close range, the carv-
ings of individual figures from the Bible, showing the
life of Christ and episodes from the Old Testament,
are evident. But from somewhat farther back, these
merge in a series of concentric arches to form hoods
over the doors, showing clearly where to enter.
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4.31. Notre-Dame de
Amiens, Amiens, France,
1221–1269. The gargoyles
on the buttresses of the choir
serve the very practical
purpose of throwing
rainwater away from the
building. Photo: Sandak,
University of Georgia.
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4.32. Harrison and Abramovitz,
Philharmonic Hall, New York, NY,
1960–1962.The original interior
shows the suspended “acoustical
clouds” intended to disperse sound.
Photo: ©1976 Lincoln Center for
the Performing Arts, New York, by
Norman McGrath.

4.33. Cyril M. Harris with 
Philip Johnson, Avery Fisher Hall
(formerly Philharmonic Hall),
New York, NY, 1971–1974
(1973, during renovation).
Gutted, redesigned, and rebuilt,
Avery Fisher Hall bears little
resemblance to its original state;
the acoustical results, however, 
are far superior. Photo: Lincoln
Center for the Performing Arts,
New York, by Sam Spirito.
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4.34. Notre-Dame de Reims, Reims, France. Where the entrances are located is immediately evident to the observer. 
Photo: Scala/Art Resource, NY.



At the beginning of the twentieth century, when
the modern metal-framed skyscraper was devel-
oped, Gothic ornamental devices were used for a
different expressive purpose. Some architects em-
ployed Gothic details in these early skyscrapers to
emphasize and accentuate their vertical character.
Such is the case with the Gothic detailing of the
Chicago Tribune Tower, as well as with the earlier
and taller Woolworth Building, New York, 1911–
1913, by Cass Gilbert, which inspired the Chicago
skyscraper [4.35].

Up until the early years of the twentieth cen-
tury, one of the major purposes of figural ornament
was to be didactic, to tell a story through images of
men, women, and animals related to the building’s
function. This storytelling is most self-evident, per-
haps, in Gothic cathedrals, in the portals where the
sculpture (as in the west front of the Reims cathe-
dral) related the life and work of Christ and the
Last Judgment. The general disposition of figures
and narrative had been established in the portals
of Notre-Dame at Chartres, carved between 1145
and 1170 (the rest of that church was destroyed by
fire, but it was immediately rebuilt, 1194–1220)
[4.36].16 On the right (south) side, in the tympa-
num panel over the door itself, are three depictions
of Christ’s birth. The tympanum panel on the left
(north) portal shows Christ’s ascension into
heaven. The center and largest tympanum depicts
Christ in judgment, framed by symbolic represen-
tations of the four Evangelists. By means of such
coherently organized storytelling images, arranged
across the breadth of the church, the message of
the Bible is presented for the illiterate, the building
itself becoming a Bible in stone.

Such a fusion of pictorial imagery and building
function also occurred in Greek temples, but the
mythological stories are not so generally known
today. The correspondence of ornament and func-
tion is clearest perhaps in the sculpture carved to
fit into the low, triangular pediments at the ends of
the roof of the Temple of Zeus at Olympia.17 The
site had been sacred since about 3000 BCE, and,
as with most sites in Greece, various myths gradu-
ally evolved that locally related to the gods and
demigods associated with this region. By the eighth
century BCE, the importance of the site had spread
and it was held sacred by Greeks of all the various
interminably quarreling city-states. Yet at four-year
intervals, a general truce was declared, so that ath-
letes from city-states all across the Peloponnese
(the peninsula of Greece) could travel safely to
Olympia to participate in the celebrated contests.
Gradually, the site was divided into two sections
[4.37, 11.17]. To the west was a sacred precinct,
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4.35. Cass Gilbert, Woolworth Building, New York, NY,
1911–1913. In order to express the height of this building as
dramatically as possible, Gilbert used vertically soaring
Gothic details. Photo: C. Condit Collection, Department of
Art History, Northwestern University.



with temples, altars, and treasury buildings along
the north edge; to the east was a stadium for the
games and the chariot races. During 470–456 BCE,
a large, new marble Doric temple to Zeus was built
after designs by the local architect Libon. Placed
inside was a colossal seated figure of Zeus, impres-
sive not only for its commanding visage but also be-
cause it was fashioned of gold and ivory by the
Athenian sculptor Pheidias.

The temple to Zeus had six columns across
the ends and thirteen along the sides, in accor-
dance with the standard Greek design formula. As
was customary in Greek temples, within the encir-
cling outer Doric colonnade was the naos, the en-
closed chamber for the image of the god; the naos
chamber had porches at each end with two Doric
columns framed between projections of the naos
walls. In the inner Doric entablature at either end
of the naos were two sculptural metope panels
above each columnar support, meaning that there
were six sculptural panels at each end of the naos.
These twelve panels were sculpted to portray the
twelve Labors of Herakles since, through his fabled

endurance and strength, he was associated with
the games.

Zeus’s temple was oriented roughly on an east-
west axis, and in the pediment on the west side
(facing away from the playing fields) was a depic-
tion of the story of the Lapiths and the centaurs
who had once lived in this region [4.38]. In the tra-
ditional story, the centaurs, half man and half beast,
were invited by the Lapiths to a royal wedding. It
was well known that when the centaurs consumed
too much wine, for which they had virtually no re-
sistance, their uncontrolled animal nature took
over. Nonetheless, hospitality dictated that wine be
served at the wedding, and soon the drunken, lust-
driven centaurs began to carry off the Lapith
women. A brawl ensued from which the Lapiths
emerged victorious, their wives and daughters
saved. Thus, the fighting portrayed in the west ped-
iment was a representation of right being victorious
over wrong, of the triumph of human reason over
unthinking, brutish barbarism. Everywhere in the
figures, there was the strongest contrast between
the snarling, grimacing faces of the violent centaurs
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4.36. Notre-Dame de Chartres, Chartres, France, 1194–1220. Portal in west front. The sculptural embellishment of the
entrance portals is carefully organized to illustrate the life and teaching of Christ, the Last Judgment, and the foretelling of
Christ’s life in the Old Testament. Photo: H. Roger-Viollet.



and the composed faces of the Lapith women, who,
even when confronted by physical danger, con-
trolled their emotions.

Depicted in the east pediment (facing the sta-
dium), however, was a story that had special con-
nection to this site and the games [4.39]. It
concerned the chariot race between local mythical
King Oinomaos and Pelops, a young suitor who
hoped to gain the right to marry the king’s daughter,
Hippodameia. Oinomaos deeply loved his beautiful
daughter and had publicly pledged to give her up
only to the suitor who could beat him in a chariot
race. Now, since Oinomaos had been given special
horses by the god Ares, all previous suitors had lost,
forfeiting their lives. When Pelops arrived, however,
Hippodameia fell in love with him and conspired
with her father’s charioteer, Myrtilos, to replace the
metal linchpin in her father’s chariot with one made
of wax. Thus, during the subsequent race Oino-
maos’s chariot would disintegrate and he would lose
the race. What Hippodameia could not know be-

forehand was that the planned accident would kill
her father. The east pediment shows us the moment
just before that fabled race, as the contestants
pledge an oath before a statue of Zeus. One lone fig-
ure in the pediment, a seer crouched far to the right,
suddenly reels back in horror—he has seen into the
future, is aware of the impending death, and yet is
powerless to avert the disaster [4.40]. When the
temple was first built, this pediment could be seen
from the starting blocks in the stadium, so that as
the athletes gathered for the games, they could look
back over their shoulders to see this image of the
mythic chariot race. They would be reminded of the
oath they themselves had just taken before a similar
statue of Zeus; there, together with their brothers,
fathers, and trainers, they had vowed to do no
wrong to the games. As they put themselves on the
mark, the athletes would be reminded by Zeus to
reflect on the treachery of Hippodameia and Myr-
tilos. The athletes vowed not to do likewise in their
games; they were commanded not to cheat.18
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4.37. Aerial view of the sacred precinct, Olympia, Greece, showing the Temple of Zeus, fifth century BCE. To the east of the
sacred precinct (the temenos, shown here) was the stadium where the Olympic Games were played. From A. E. Lawrence,
Greek Architecture (Harmondsworth, England, 1967).
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4.39. East end of the Temple of Zeus, Olympia. In the triangular pediment of the east end of the temple, looking out toward
the Olympic stadium, were figures depicting the race between King Oinomaos and Pelops, who won through deception and
murder. From Berve and Gruben, Greek Temples, Theaters and Shrines (New York 1963).

4.38. Libon (architect), west end of the Temple of Zeus, Olympia, Greece, 470–456 BCE. In the pediment triangle were
sculptural figures depicting the story of the battle between the human Lapiths and the part-beast Centaurs. From J. Hurwit.
“Narrative Resonance . . . at Olympia,” Art Bulletin 69 (March 1987).
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4.40. Figure of Seer. On the right of the pediment, a seer or prophet sees into the future, perceives the
imminent patricide, and recoils in horror. Photo: Alison Frantz.



5.1. Antonio da Sangallo the Younger, courtyard of the Palazzo Farnese, Rome, Italy, begun 1535. The massive piers of the
palazzo are large enough to echo the sounds of footsteps, enabling a person to hear the architecture as one walks past. Photo:
Leonard von Matt.



Architecture is frozen music.
—Friedrich von Schilling, Philosophy of Art, 1805

. . . but music is not melted architecture.
—Susanne K. Langer, Problems of Art, 1957

In a multitude of ways, architecture shapes
human behavior, for as Winston Churchill ob-

served, “We shape our buildings, and afterwards
our buildings shape us.” In a similar way, first we
shape our buildings and afterward our buildings
shape our music, for architecture shapes acoustical
space, which has its own unique properties and
 influence.

Hearing Buildings
We could speak about “hearing” architecture, al-
though for sighted people the aural perception of
architecture is nearly completely overpowered by
the visual perception of architecture. Yet, if a
sighted person loses that visual ability, then hearing
gradually becomes more sensitized, so that it be-
comes possible to navigate by listening to the echoes
bounced off buildings, and one can sense whether
a space is large or small. This is how flying bats lo-
cate their prey, by emitting high-pitched sounds that
are reflected by objects and insects, and this is partly
how blind people navigate, by listening to the re-
flected sounds of the tapped cane or the reflections
of their own footsteps. It is a good exercise for one
who is sighted to walk through an arcade or a colon-
nade that has large massive piers, to close one’s eyes,
and to listen as one passes the piers; in this way, one
can hear the architecture [5.1].

Sound is air in motion; it is a succession of rapid
pressure waves in the air. The actual movement of

the atoms in the air is quite small; for a tone at 256
cycles per second (cps), middle C on the piano, the
atoms in the air are vibrating back and forth over a
distance of only about one-tenth of a millimeter.
But given the huge number of atoms, each with its
own minute mass, there is kinetic energy in sound.
If sound is to be stopped, that energy must be ab-
sorbed either by a large mass capable of absorbing
the kinetic energy without itself moving much or by
a resilient, acoustically spongy material, such as a
mat of loose fiberglass, which can absorb the  energy.

In acoustical terms, we speak of live spaces as
those that have hard, nonporous, highly sound-
 reflective surfaces, such as dense, polished marble;
ceramic tile; mosaic on massive walls; or other
hard, rigid surfaces. Glazed tile securely attached
to massive walls reflects nearly all the sound com-
ing toward it, roughly 98 percent. Eventually, as the
sound bounces around such a room, it loses its en-
ergy to the surfaces it bounces from, and gradually
the sound will die away. The time required for that
to happen is called reverberation time. In large
spaces with hard surfaces, the reverberation time
may be six to eight seconds or even much more.

Conversely, dead spaces are those that have an
abundance of sound-absorbing surfaces, such as
heavy draperies, thick rugs, upholstered furniture,
and other soft, resilient surfaces. A typical home
living room, with wall-to-wall carpeting, uphol-
stered furniture, draperies, filled bookcases, and
other resilient materials may have almost no re -
verberation time at all, generally far less than half
a second.

Studying low-level sounds involves taking sci-
entific acoustical measurements in special rooms
isolated from the outside environment with multi-
ple massive layered walls, floors, and ceilings. The
surfaces of the innermost walls of these anechoic
chambers are lined with deep pyramidal wedges
of foam rubber or fiberglass. The operational floor
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of such a room is a sound-transparent web of taut
steel cables suspended above additional absorbing
pyramids. In anechoic chambers, all sound gener-
ated is immediately absorbed; reverberation time is
considered absolutely zero. If one stands in such a
chamber for a short time, the total absence of
sound is almost alarming; soon one can hear the
heart beating and the pulse pounding in the head.
In such a chamber, the blind could not navigate by
sound reverberation alone. Experiencing such an
anechoic space suggests that even the sighted may
use their hearing in a subliminal way to perceive ar-
chitectural space.

Sound: Focusing and Dispersing
Except for such special anechoic chambers, all
spaces reflect sound to some extent. Out of doors,
tree trunks and cliff faces reflect sound. The prob-
lem the architect and the acoustical engineer face
is designing a space in such a way that sounds are
absorbed or reflected in the optimally desired ways.
To an extent, reflected sound behaves somewhat
like reflected light, so that the angle at which a
sound approaches a hard surface is equal to the
angle at which it bounces off; in other words, the
angle of incidence is equal to the angle of reflection
[5.2]. But this rule of thumb applies only to the
higher tones with frequencies over 1,000 cps. Fur-
thermore, the surface reflecting a sound must be
roughly three times larger than the wavelength to
be reflected. The length of the wave of a given tone
is directly proportional to the speed of sound in the
transmitting medium and inversely proportional to
the frequency.

For middle C, at 256 cps, the wavelength is ap-
proximately 4 feet 5 inches (1.3 m), so the reflect-
ing surface would need to be roughly 13 feet
(4.0 m) across at the minimum. For C an octave
below, the reflecting surface would need to be 26

feet (7.9 m) across, and for C at the bottom of the
piano keyboard, 32 cps, the surface would need to
be 105 feet (32.0 m) across. The tone C two oc-
taves above middle C, at 1,024 cps, has a wave-
length of nearly 12.75 inches (0.34 m), and surfaces
to reflect this frequency need only be 3.5 feet across
(almost exactly 1.0 m).

As a consequence, optical models that use light
to study how sound is reflected work only for
sounds higher than two octaves above middle C, a
very high range occupied mainly by flutes, violins,
the piccolo, and metallic percussion instruments.
Such models can be constructed with miniature
wall segments made of mirrors, with a narrow beam
of light simulating the source of sound. One tech-
nique for studying the reflections of sounds lower
than 1,000 cps is to bounce radio signals off models;
another is to play the sounds electronically in a
model at a speed raised in proportion to the size of
the model. It is a costly exercise, but making such
a model may prove far less expensive in the long
run than rebuilding a concert hall, as demonstrated
by the case of Avery Fisher Hall in New York.

Echoes are a form of reflection. The human ear
and brain may not be as receptive to sounds as
those of a dog or a bat, but humans can still make
extremely minute discriminations in the arrival
times of different sounds. When a sound is pro-
duced, an echo or a distinct reflected image of that
sound will be heard if it arrives at the ear only 30
to 45 milliseconds after the original sound, or, in
other words, if the reflecting surface is more than
35 to 40 feet (10 to 12 m) away. However, a partic-
ular form of echo, a flutter echo, can occur in a
small room having parallel walls with hard surfaces,
for conversation bounces back and forth from side
to side, causing a buzzing sound. Aside from pan-
eling one wall with absorptive acoustical tile, an-
other solution is to simply avoid parallel walls. In
the small lecture room/auditorium at the Mount
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5.2. Diagram showing reflection of sound waves and how curved surfaces can disperse or focus reflected sound. Drawing:
L. M. Roth.



Angel Abbey Library, St. Benedict, just outside
Mt. Angel, Oregon [19.36], Alvar Aalto used
both these solutions, with the addition of sound-
 absorbing material at the back of the room to pre-
vent reflections from returning to the stage, and
with the walls placed at a splayed angle.

Sound: Lingering and Echoing
Since the Italian Renaissance, with the complete
enclosure of theaters and auditoriums, architects
have been fond of designing auditoriums with
domed ceilings. Curved shapes are not particularly
unsatisfactory acoustically so long as they are high
enough from the source of sound, but all too often the
focus of the curve of the dome is near the floor, so
that sound is concentrated there in what are called

acoustical hot spots. Hence, dome vaults are partic-
ularly troublesome, since they have a distinct sound
focus and do not disperse sound evenly. A similar
problem occurs if the rear wall of an auditorium is
curved, for sound from the stage is focused back to-
ward the front of the audience to a particular spot.
A classic example of a building in which almost
everything was done wrong in acoustical terms
is the vast Royal Albert Hall, London, 1867–1871,
 designed by Captain Francis Fowke with the archi-
tect George Gilbert Scott [5.3, 5.4]. The building,
a huge oval in plan, is covered by an ellipsoidal
dome, 185 by 219 feet (56.4 by 66.8 m), so there
are curved surfaces both in the plan and in the
dome. Because of the combination of curves and
size, the result was that in portions of the hall, the
audience received clear reflected images one-fifth
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5.3. Captain Francis Fowke with George Gilbert Scott, Royal Albert Hall, London, England, 1867–1871. Plan. Because 
of its size and its curved walls and ceiling, this building was initially an acoustical disaster. Drawing: L. M. Roth, after 
G. C. Izenour.



of a second late, well over the limit for echoes. One
sarcastic critic said the audience ought not to com-
plain since they heard two concerts for the price of
one. The solution adopted was to hang heavy fabric
drapery overhead to absorb the bulk of the sound
formerly reflected from the dome.1

In designing an auditorium, an architect must
optimally meet several requirements. There should
be good sight lines to the performance area or stage;
good “presence,” or strong, even dispersion of initial
reflections; good reflection of all frequencies in the
sound spectrum; and an even decay of sound during
the reverberation time. It is this reverberation time
that bears special consideration, for the optimum
time depends on the activity in the room. For a lec-
ture hall or a theater, in which it is vitally important
to hear speech clearly, the reflections of words need
to die away very rapidly, and one second is consid-
ered the optimal reverberation time. Slightly more
reverberation time is desired for the music of small
ensembles, such as modern jazz groups or chamber
orchestras in which each note produced by each
 instrument must be clearly heard—perhaps 1½ sec-
onds. For choral church music, symphonic music of
the nineteenth century, or Romantic music for large
orchestra, 2 to 2½ seconds is most desirable. Thus
opera, where both music and speech are inter-
twined, requires a reverberation time somewhere in
the area of 1¾  seconds.

The problem before 1900 was that there was
no way to predict what the reverberation time of a

particular space would be, except to say that small
rooms had shorter reverberation times and large
rooms had longer reverberation times. Of course, re-
verberation time had not been a problem until
the Renaissance, for theaters in antiquity were open
to the sky. The semicircular concentric rings of seats
in ancient theaters, such as that at Epidauros,
Greece, built about 350–300 BCE by Poly kleitos the
Younger [11.15, 11.16], which could seat 17,000
people, did reflect sound directly back to the center
of the orchestra circle. But because the seats were
so steeply sloped on the hillside, the reflections went
upward into the air. In any case, the many clothed
theatergoers would have provided good sound ab-
sorption. The Romans modified the Greek theater
form by using a strict semicircle of seats (the Greek
theater was about 200° around) and constructed
large, multistory permanent backdrops, or scenes
(from the Greek skēnē) [12.20]. Since hillsides were
not always conveniently available, the Romans often
ramped the seats on tiers of inclined barrel vaults
carried by heavy arcades. The well-preserved theater
at Aspendos, Turkey, built about 155 CE by Zeno of
Theodorus, is placed on a hillside; it seats 7,000
[12.21]. A Roman theater—and the larger am-
phitheater formed by placing two theaters face to
face (minus the scene)—was often covered by a ve-
larium, a huge awning supported by a web of ropes.

With the suppression of secular theatrical pro-
ductions by the medieval church, the construction
of theaters stopped, but with the rise of interest in
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5.4. Royal Albert Hall. Section. From G. C. Izenour, Theater Design (New York, 1977).



Classical literature in the Renaissance, the need for
this building type emerged once more. Humanists
in the area around Venice were especially keen on
mounting productions of Greek drama, and they
wanted a building that they believed was appropri-
ately shaped for such an undertaking. In Vicenza,
near Venice, in 1580, a group of enthusiasts en-
gaged Andrea Palladio to design the Teatro Olim -
pico as a reproduction of a Classical theater [5.5,
5.6, 5.7]. It was far smaller than a Greek theater,
seating only 750, and in fact it was more Roman
than Greek, but it provided a suitable atmosphere.
Because of the smaller size, Palladio was able to put
a trussed roof on his theater and in that way make
a closed volume. Suddenly, reverberation time be-
came a consideration.

Shaping Early Church Music
Since the end of the Roman Empire, reverberation
time literally had been shaping the development of

Western church music, including the ways it was
composed and performed. When early Christians
adopted the form of the Roman basilica meeting
hall for their churches, they adjusted themselves to
buildings with large volumes, hard stone surfaces,
and long reverberation times. It was not possible
simply to verbally preach the good news in such
halls, for the words resounded for about six to eight
seconds after being uttered, and the multiple over-
lays made normal speech unintelligible.

The solution was to chant the liturgy, and by a
process of trial and error, no doubt, a basic acousti-
cal principle was discovered. Virtually every en-
closed volume has a resonant frequency. In the case
of a long, closed, tubular organ pipe, the resonant
frequency is twice the length of the pipe; hence, for
middle C—with a wavelength of nearly 53 inches
(1.3 m)—the length of the pipe is half that, or 26.4
inches (0.7 m). Long, narrow basilicas can be ar-
gued to function much like organ pipes [5.8].2 So,
San Apollinare in Classe, Ravenna, Italy, built in
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5.5. Andrea Palladio, Teatro Olimpico, Vicenza, Italy, 1580–1584. Interior. Palladio’s theater was built to house revivals 
of Classical Greek drama and, hence, was loosely patterned after Classical models; it is like a very small Roman theater, but
covered with a permanent roof. Photo: Alinari/Art Resource, NY.
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5.6. Teatro Olimpico, Vicenza, Italy. Plan. Drawing: L. M. Roth, after G. C. Izenour.

5.7. Teatro Olimpico, Vicenza, Italy. Section. From G. C. Izenour, Theater Design (New York, 1977).



530–549, with a length of 185 feet (56.4 m), has a
resonant frequency of about 3.0405 cps. Now, all
musical tones consist not only of the basic note but
also of a series of ascending harmonics, and one of
the high upper harmonics of this extremely low fre-
quency is near F below middle C. The triad up from
F is A. Hence, theoretically, if the priest chanted
the liturgy using harmonic intervals around A, the
air in the vast volume of such basilicas would soon
vibrate on its inherent upper resonant frequencies,
and the air vibrating throughout the building would
carry the message to the worshipers. Thus the
plain song, or Gregorian chant, was born.

A particular musical development of the later
Renaissance merits special attention, for it rep -
resents a clear case of a singular building shaping
music. The palace church of the doges, or dukes, of
Venice, San Marco’s, was built not in the traditional
form of the Latin cross (with a T-shaped plan) but
in the form of a Greek cross with four equal arms,
each arm and the center bay capped by a dome.
Moreover, the interior surfaces were covered with
gold-backed glass mosaic, a very hard, reflective

surface [13.26, 13.27, 13.28]. In each of the arms
of the plan, there are upper-gallery choir lofts.
 During the sixteenth century, the choirmasters at
San Marco’s, especially Giovanni Gabrieli, devel-
oped a technique of using multiple dispersed choirs
and multiple instrumental ensembles in the sepa-
rated lofts. The choirs would perform antiphonally,
singing against one another and tossing the melodic
line back and forth across the space of the church.
As many as four groups would perform simultane-
ously. This technique was then adopted by German
composers as well, including Heinrich Schutz in
Munich and  Johann Sebastian Bach in Leipzig.
The volume of San Marco’s is considerable, and the
reverberation time today is about six to seven sec-
onds, although tapestries then hanging in the
church probably shortened this reverberation some-
what in Gabrieli’s time. Gabrieli’s melodic lines
move comparatively slowly, avoiding passages of ex-
tremely rapid notes that would pile up acoustically
in the long- reverberant space of St. Mark’s.3

During the same period, the princely Renais-
sance families of the Italian city-states assembled
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5.8. San Apollinare in Classe, outside Ravenna, Italy, 530–549. Diagram comparing the shape of a closed organ pipe and
the long basilica church plan of San Apollinare in Classe. Drawing: L. M. Roth.



private chamber groups to perform secular music
in their households. Because such secular and
dance music was performed in much smaller rooms,
or even outdoors, where there is negligible rever-
beration, it involved much faster rhythms and more
rapid passages of notes. Such was also the back-
ground of the court music of Versailles, written by
Louis XIV’s master of music, Jean Baptiste Lully.

Church music underwent a change in the north
of Europe after 1500, partly as the result of adapta-
tion to smaller churches and partly as the result of
changes introduced by Martin Luther when he
 embarked on reforming the church and thereby
touched off the Protestant Reformation. Another
change in the music for the new Lutheran church
was the development of more responsive organs.

The result was a body of church and organ music,
most notably the music of J. S. Bach from the early
eighteenth century. Bach, too, adapted his music
to the acoustical conditions in the places where he
worked. His well-known Toccata and Fugue in D
Minor was written in about 1708 for the small palace
chapel of his master and employer, the Duke of
Saxe-Weimar at Weimar. But later, when Bach was
employed by Prince Leopold of Cöthen, he wrote
the rapid arpeggios of the Brandenburg Concertos
to be played in the small music room in the palace
there. When Bach subsequently moved to Leipzig
and the larger Lutheran church of Saint Thomas
[5.9], he began his program of cantatas written for
the calendar of the church year, including such large
works as the St. Matthew Passion oratorio.4
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5.9. Thomaskirche, Leipzig,
Germany. Interior. This engraving
by O. Kutchera shows the church as
it was when Johann Sebastian Bach
was organist and choir-director
there. Photo: Berlin, Archiv für
Kunst and Geschichte.



The Synchronous Development of
Orchestras and Orchestral Halls

By the time Bach died, in 1750, there had already
been established in Leipzig an orchestral ensemble
that began playing public concerts in a large room
in the Gewandhaus (Garment Merchants Hall). By
the early nineteenth century, under the direction
of Felix Mendelssohn, this ensemble had become a
major symphony orchestra. But in Vienna, where
Ludwig van Beethoven was writing his dynamic
piano concertos and symphonies, there was neither
an orchestra to perform them properly nor a hall to
perform them in. When such large orchestral pieces
were performed in Vienna, theaters were pressed
into service, as was the large, rectangular ballroom
called the Redoutensaal, in the Austrian imperial
residence. Not until the mid- nineteenth century
was the Vienna Philharmonic Orchestra formally
organized and, finally, a special building erected for
its use in 1867–1870 [5.10, 5.11, Plate 14]. This
hall, the Musikvereinsgebaude, was designed by
Theophil von Hansen and patterned on the older
rectangular Redoutensaal. The Musikvereinsge-
baude worked so well that its proportions served,
in turn, as the model for the new building for the
Leipzig Gewandhaus orchestra, built in 1882–1884
from designs by Martin Gropius and Heinrich
Schmeiden. What happened during the nineteenth
century is that musical performances were no
longer reserved for the nobility and their friends in
royal palaces but, rather, began to be public per-
formances attended by the growing numbers of the
expanding middle class—and large new buildings
were needed for this new use.

During the nineteenth century, opera houses
also expanded greatly in size, based on models pro-
vided by eighteenth-century theaters. In this in-
stance, too, the expanding buildings were created
to serve the new middle-class audiences. Often,
however, the sight lines were not good, the acoustics
were less than ideal, and the facilities on the stage
were extremely cramped. During the 1840s, in the
course of conducting his early operas across Europe,
Richard Wagner discovered that none of the exist-
ing opera houses could provide the facilities he re-
quired for the opera cycle he was then composing,
the expansive four-part Ring of the Nibelungen. His
only alternative was to design a new kind of opera
house to accommodate the music he was writing.
He obtained the patronage of Ludwig II, the king of
Bavaria, who provided him with a site and the funds
to construct his new opera house, the Festspielhaus
(Festival Hall) at Bay reuth, built in 1872–1876 from
sketch designs by Wagner himself and developed by

architects Otto Brückwald and Carl Brandt [5.12,
5.13]. The Bayreuth theater, in turn, served as the
inspiration for the even larger Auditorium Theater
in Chicago, 1887–1889, by Adler & Sullivan, in
which excellent acoustics were developed by the en-
gineer and architect Dankmar Adler.

Wagner’s success, and that of Adler in the au-
ditorium, were largely the result of careful observa-
tion and informed intuition. The first building in
which the acoustical performance was scientifically
and mathematically calculated beforehand was
Boston Symphony Hall. The first steps to build a
new performance hall for the Boston Symphony
Orchestra were taken in 1892–1894, supported by
businessman Henry Lee Higginson (the principal
patron of the orchestra) and his architects, McKim,
Mead & White. But then a business depression de-
layed the project.

This hiatus proved most fortuitous, for in 1898,
quite independently, Wallace Sabine, a young
physicist at Harvard, was asked to investigate se-
vere acoustical problems in some of Harvard’s lec-
ture halls. Sabine developed several mathematical
formulas to define acoustical performance and de-
vised experiments to test the troublesome rooms.
The most problematic formula to devise was one to
account for reverberation time. It seemed clear to
Sabine that reverberation time was directly propor-
tional to the volume enclosed by a room, but then
it occurred to him that it was also inversely propor-
tional to the capacity of the room to absorb the
sound. That absorptive capacity was determined by
the combined effects of all the materials used in the
surfaces of the room, so he set up more experiments
to determine empirically the absorptive capacities
of various materials and finishes. He had just con-
cluded his investigations when the firm of McKim,
Mead & White was asked to prepare final designs
for Boston Symphony Hall in 1899.

Following instructions that the orchestra mem-
bers had relayed to McKim, Mead & White via Hig-
ginson, the architects used as their model the new
Leipzig Gewandhaus, enlarging it by nearly 50 per-
cent [5.14, 5.15]. McKim, Mead & White then had
the drawings for the building examined by Sabine,
who suggested modifications in the surface materi-
als. If these changes were made in the materials, he
predicted, then the reverberation time would be
precisely 2.51 seconds, only one-hundredth of a sec-
ond longer than in the orchestra’s old hall in Boston.
Given the acoustical failures of some prestigious, re-
cently built venues in Europe, Sabine’s guaranty was
unheralded. But when the first concert was given in
1900, Sabine was proven correct and a new scien-
tific basis had been given to acoustical design.5

The Synchronous Development of Orchestras and Orchestral Halls 111



112

5.11. Musikvereinsgebaude, Vienna. Section. From G. C. Izenour, Theater Design (New York, 1977).

5.10. Theophil von Hansen,
Musikvereinsgebaude, Vienna,
Austria, 1867–1870. Plan.
Designed especially for use 
by the Vienna Philharmonic
Orchestra, this rectangular
orchestral hall set the pattern
for many subsequent halls.
Drawing: L. M. Roth, 
after Izenour.
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5.12. Otto Brückwald and Carl Brandt, Festspielhaus, Bayreuth, Germany, 1872–1876. Plan. Designed on the basis of
instructions from the composer Richard Wagner, this opera house was built specifically to enhance the experience of the opera.
Drawing: L. M. Roth, after Izenour.

5.13. Festspielhaus, Bayreuth, Germany. Section. From G. C. Izenour, Theater Design (New York, 1977).



Nevertheless, acoustical engineering, particu-
larly in the design of opera houses and symphony
halls, has not always been so exact a science, as is
evident in the costly errors made in the design of
Philharmonic Hall in New York, 1960–1962, by
Harrison & Abramovitz, with the acoustical con-
sulting firm Bolt, Beranek & Newman (this hall is

discussed in Chapter 4 in connection with orna-
ment). Fortunately, given sufficient funds provided
by Avery Fisher, Philip Johnson and Cyril M. Harris
were able to correct those mistakes and create a
 superior acoustical space [see 4.33]. It is no coin-
cidence that Avery Fisher Hall (as Philharmonic
Hall was renamed) is extremely close in volume
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5.14. McKim, Mead & White, Boston Symphony Hall, Boston, Massachusetts, 1892–1900. Exterior. Although patterned
after the Musikvereinsgebaude in Vienna and the Gewandhaus in Leipzig, this design was modified in accordance with
acoustical calculations made by the engineer Wallace Sabine, making this the first building acoustically and scientifically
planned to be a symphonic hall. Photo: L. M. Roth.

5.15. Boston Symphony Hall, Boston, Massachusetts. Section. From G. C. Izenour, Theater Design (New York, 1977).



and form to Boston Symphony Hall and to the new
Gewandhaus in Leipzig.

The most successful orchestra halls of recent
years have been those viewed by their architects as
forming the largest of the instruments of the or-
chestral ensemble. In describing his proposed audi-
torium for the Fort Wayne Arts Center in Indiana,
planned in 1965, Louis I. Kahn said, “Being in the
chamber is like living in the violin. The chamber
itself is an instrument.”6 This is also how Hans
Scharoun conceived of the new hall for the Berlin
Philharmonic Orchestra, the Philharmonie, 1957–
1965 [19.49, 19.50, 19.51]. In the Philharmonie,
the audience surrounds the players; the listeners
are part of a community united in a musical expe-
rience, for as Scharoun wrote, “Music in the center,

that is the simple idea which determined the new
concert hall.”7 The angled balconies reflect and dis-
perse the sound, as do the convex curves of the
ceiling, creating the intimate feeling of participa-
tion with the orchestra.

Architecture affects all our senses, not just the
eyes. The perception of architecture, then, is an ac-
tivity in which the whole realm of the body’s senses
is involved—basking in the warmth of a sun-filled
court or feeling the cool shadows of its encircling
arcade, scanning the rhythm and scale of a facade,
tuning our ears to the volume of a room, feeling the
roughness of stone or the cool smoothness of glazed
tile under our fingers, smelling the bite of a sun-
baked boxwood hedge along a garden’s edge, tasting
the cool water of a fountain.
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6.1. Le Corbusier, High Court Building, Chandigarh, Punjab, India, 1951–1956. Detail. Drawing from the idea of a
parasol carried to protect dignitaries from the sun, Le Corbusier used an elevated roof over a roof to protect the rooms within
from direct exposure to the sun, with broad openings for moving air to carry away built-up heat. Photo: Fernando Stankuns.



An effective relationship of building to earth is
fundamental to architecture.

—Stanley Abercrombie, Architecture As Art, 1984

As was evident in the discussion of how archi-
tecture and sounds interact, there are im-

mutable laws of physics that must be dealt with. We
cannot wish them away. Nor can we forget that a
building, like any other object in the world, be-
comes a part of the world. In the West, one of the
legacies of the Renaissance is the tendency to think
of buildings primarily or initially as objects of artis-
tic or social significance, but not as objects operat-
ing within the environment. Landscape architects
escape this myopia from the outset, since they deal
with living objects, and their success as designers
depends on whether they know that the soil and
the climate in a particular area will support the
plant materials they propose to use. Especially in
the twentieth century, after the development of
 effective heating, ventilation, and air-conditioning
equipment, architects in the industrialized West
largely stopped thinking about such concerns as
sun exposure, wind patterns, and prevailing local
temperatures, because they felt confident that,
given enough equipment, they could overcome any
difficulty. More technology seemed to be the solu-
tion to all problems and impediments. There was a
price to be paid, of course, but that was a challenge
to be borne by the client and the user in the long
years after the completion of the building. Archi-
tects did not then worry much about that.

Once a building is built, it becomes as much a part
of the environment as a tree or a rock. This fact has
double importance. First, it means that the architect
needs to consider, at all steps of the design process,
how the proposed building will affect its setting, re-

gardless of whether the setting is an urban context
or a natural landscape. Does the proposed building
enhance the existing context, or does it stand in
 distinct and deliberate contrast to the context? Does
it seem out of place? Second, once completed, the
building is subject to the same incessant impact of
sun and rain as well as the inevitable interaction
of various building materials, time, and the never-
ending pull of gravity. Sometimes, the patron and the
architect wish to make a deliberate statement, as in
the case of temporary exhibition buildings, and thus
place their lowest priority on how a building responds
to environmental concerns. But for other seemingly
permanent buildings, it would make better sense to
consider the impact that environmental forces have
on a building, as well as the effect the building has
on its immediate environment.

Buildings, Sun, and Heat
Buildings by so-called primitive peoples almost in-
variably reveal subtle and sophisticated responses
to the environment. Consider, for example, the
thick adobe construction of the typical house in the
American Southwest. The material and construc-
tion techniques are similar to those used north of
the Sahara, from Morocco to Egypt and in other
places with comparable climate. The problem is the
constant exposure to the sun, which in late June
radiates 2,750 British thermal units (Btu) of energy
per day on just one square foot.1 Translated into
more manageable figures, this means that a roof in
Albuquerque, New Mexico, at 35° latitude N, mea-
suring 10 feet to a side (100 square feet, or 9.3
square meters), receives enough energy each day to
raise the temperature of 4 tons of water (8,000
pounds, or 3,629 kg) from 90° F to 124° F. This is
clearly a significant amount of heat.

One way of dramatically cutting down that heat
gain is to prevent the sun from ever touching the
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roof directly, as the Anasazi people did nine hun-
dred years ago in building their villages up in the re-
cesses of caves, as at Mesa Verde in southwestern
Colorado [6.2]. The houses are positioned just far
enough back into the alcove that, in late June, the
overhang of the cliff prevents the sun from reaching
the roof surfaces until quite late in the afternoon.
In the winter, however, the low-slanting sun reaches
to the back of the cave. But if no cliff overhangs are
conveniently nearby, one simple solution in the arid
American Southwest has been to use a large mass
of material between the interior space and the sun
so that the mass slows down the absorption and

transfer of heat, as do thick mud-brick walls and
roofs of adobe construction [6.3]. Even when the
afternoon temperature reaches 140° F on the sur-
face of the roof, the internal temperature of the
room is 80° F, rising gradually to 85° F at 9:00 p.m.,
and when the outside temperature plummets to
60° F at 2:00 a.m., the internal temperature of the
room will begin easing down from 80° F to a low of
75° F by 8:00 a.m. the next morning [6.4].2 In tra-
ditional adobe construction, the windows and doors
were  intentionally kept small to prevent hot drafts
from entering and disturbing the relatively cool
temperatures inside. And, of course, if a number of
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6.2. Cliff Palace (Anasazi village), Mesa Verde, Colorado, c. 1200–c. 1300. These closely clustered houses were pushed just
far enough back so that the overhang of the cliff provided shade at midday during the hot summer months. Photo: Lindsay
Hall, courtesy of the Visual Resources Collection, Architecture and Allied Arts Library, University of Oregon.
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6.4. Time-temperature chart for an adobe dwelling, showing properties of thermal insulation and heat flow retardation
provided by thick adobe masses. From J. M. Fitch, American Building: The Environmental Forces That Shape It
(Boston, 1972).

6.3. Drawing of a typical adobe dwelling in the American Southwest, showing the thick walls and roof structure that 
serve to retard solar heat buildup. From J. M. Fitch, American Building: The Environmental Forces That Shape It
(Boston, 1972).



such rooms are piled atop one another, those at the
core of the pile will remain quite cool, as is the case
in such pueblos as Taos, New Mexico [3.9].

As the Inuit (Eskimos) of the Arctic and the
Mandan Indians of the upper Missouri River dis-
covered, building mass will work just as well for
cold temperatures. The Mandan, who lived along
the upper Missouri River before the arrival of Eu-
ropeans, built large, round houses with a heavy in-
ternal wooden frame, on which earth was heaped
to a thickness of 1 foot at the top and several feet
around the base. This thick insulation prevented
the searing heat of late summer from penetrating
to the interior and just as effectively kept frigid
winds from lowering the internal temperature in
winter (the low, round form also presented the least
resistance to the wind). In Arctic regions with se-
vere snowy winters, there is neither wood nor
 exposed earth, so the winter dwelling of the tradi-
tional Inuit was built of packed snow cut into
blocks and laid in a closing spiral to form a dome—
the igloo [6.5]. The construction process begins by
hard-packing a level circle in the snow surface,
then cutting half the circle down into the snow in
front of what will become a seating platform. An
even lower cut at the edge of the lower half-circle
is made to form the inside end of the entry tunnel.
Construction of the dome starts with a series of low
snow blocks at the edge of the circle, rising in an
inward-curving circular spiral until the last key-

stone block closes the topmost opening. Air holes
are created through the dome. The entry tunnel is
covered by a snow-block barrel vault protected by
an outside deflector wall. The occupants enter
through the sublevel tunnel and then rise to sit and
work on the raised floor encapsulated by the dome.
Any heat generated (that of the people themselves
and from their traditional seal blubber lamps) is
captured and held inside. The trapped air in the
thick, packed snow blocks is an excellent insulator,
so while the outside temperature may fluctuate
from –10 F to –30° F or lower, the internal temper-
ature in the upper half of the snow igloo will be a
chilly but survivable 35° F to 39° F [6.6].

The igloo is effective because it captures not
only the small amount of heat generated by lamps
but also the heat that living beings generate simply
by being alive, which is itself significant. All living
beings are in a constant state of slow oxidation, or
combustion, but since humans use only about 20
percent of the heat they generate, the rest is
thrown off. Even motionless, the human body cre-
ates heat; but if it is moving or working, that
amount can easily double or triple.3 If applied with
100 percent efficiency, the heat created by a person
doing heavy physical labor could raise 4 pounds
(1.8 kg) of room-temperature water almost to the
boiling point. In the igloo, this radiated heat is ur-
gently needed, but in buildings in moderate or hot
climates, it simply adds to the internal heat load
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6.5. Diagram of an Inuit (Eskimo) igloo. From J. M. Fitch, 
American Building: The Environmental Forces That Shape It
(Boston, 1972).



that must be dissipated. By comparison, in southern
Florida, Seminole Indians built their Chickee
dwellings without any side walls so that air could
freely move through and remove any heat gener-
ated within.

Since about 1970, architects and engineers have
adapted many of the principles demonstrated in
these ancient Native building methods, devising
“new” ways of heating buildings. For residences, it
is often possible to use a passive solar heating sys-
tem, in which sunlight falls on thermal masses, such
as brick floors or masonry walls; these soak up the
heat and then radiate it back into the building at
night. For more precise control, an active solar
heating system may be installed. In such a system,
exterior collector panels absorb solar radiation, and
a fluid circulating in pipes through the panels picks
up this heat. Pumps move the heated fluid to an-
other area where a thermal mass (a water reservoir
or a mass of rock) stores the transferred heat. Fi-
nally, an additional secondary system of air ducts
or water pipes carries the heat from the storage
mass to the rooms where it is needed. In addition,
two electrical sensing systems are needed to turn
both the collecting and the secondary systems on
and off as required. As this brief description sug-
gests, an active solar heating system is a complex
network of interconnected subsystems that may fail
if any one of its components breaks down.

The best solution for keeping a building cool, as
the ancient Anasazi realized, is to keep the sun off
a building in the first place. But the development
of air-conditioning during 1902–1906 by Wallis
Haviland Carrier (1876–1950) kept architects
(American architects in particular) from exploiting
passive means of preventing solar heat gain until
economic pressures and awakening ecological sen-
sibilities caused widespread changes after 1973. It
is also possible to keep internal temperatures in a
building comfortable by increasing the flow of air
through the building, thus removing heat, and en-
couraging the sensation of being cooled by evapo-
ration of perspiration on the skin—in other words,
by keeping the light out while letting the air in.
This was done with delicate grace in the Islamic
 architecture of Iran (ancient Persia) and northern
India [6.7]. In these hot locations, windows were
covered not with glass but with perforated screens
of carved marble, cutting down significantly on the
intrusion of light while creating a dappled pattern
within the building and facilitating the flow of air.
The screens simultaneously provided opportunities
for complex decorative patterns [Plate 9]. Such de-
vices were used throughout the mosques in Isfahan
and can be seen clearly in the royal tombs at Agra,
India. In designing the US embassy in New Delhi,
India, 1958, the architect Edward Durell Stone
similarly used precast concrete block to prevent
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6.6. Time-temperature chart for an igloo, showing properties of thermal insulation of packed snow. From J. M. Fitch,
American Building: The Environmental Forces That Shape It (Boston, 1972).



 direct sunlight from reaching the inner glass enve-
lope; he also used a cantilevered roof to keep much
of the sunlight off the wall altogether.

For all the transparency and visual lightness that
glass has made possible in architecture, it has also
caused problems associated with extensive heat
gain in modern buildings. Sunlight easily passes
through glass, but once it strikes a surface in a
room, the heat of the warmed surface results in
long-wavelength infrared energy, which cannot
pass through glass and is thus trapped inside. The
result is a gradual heat gain, commonly called the
greenhouse effect—as was discovered long ago and
used to good effect in orangeries and similar glass-
enclosed buildings designed to house tropical plants
in the winter. But the greenhouse effect occurs in
all glass-enclosed buildings, whether intended as

greenhouses or not. Again, the solution is to keep
the sun off the glass while retaining the view, by
using projections outside the wall, either above the
window or to the side, depending on the orienta-
tion of the window. In addition, these projections
need to be proportioned to the latitude of the
building and the angle of the sun.

Frank Lloyd Wright exploited such devices in
many of his Prairie Houses from 1900 to 1910,
though he seldom mentioned them in his writing.
In his Robie House, Chicago, Illinois,1908–1909,
he had no alternative but to orient his building run-
ning east and west on a narrow Chicago lot. The
main facade would face south and was to have a
continuous bank of glazed French doors from floor
to ceiling [18.34, 18.35]. He proportioned the roof
overhang on the south facade so that, in the sum-
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6.7. Shaykh Baha’ al-Din (attrib.) and Ustad Abdul Qasim, Masjid-i-Shah Mosque, Isfahan, Persia (Iran), 1611–1638.
The pierced stone screen is used to cut down on sunlight penetrating the interior while also permitting easy ventilation. Photo:
Wallace Baldinger, courtesy of Visual Resources Collection, Architecture & Allied Arts Library, University of Oregon.



mer, the sun is prevented from penetrating the glass
[6.8], and by greatly extending the roof to the west,
he could keep the lower afternoon sun off the west-
facing windows as well.4 In winter, the noon sun ex-
tends through the windows halfway into the living
and dining rooms. George Fred Keck and William
Keck, two brother architects of Chicago, pursued
this strategy in a series of houses from the mid-
1930s through the 1970s, using southerly orienta-
tions and carefully calculated roof overhangs to
keep sunlight off the window-wall until the cooler
months of the year. The Keck brothers were in-
spired to develop their passively heated buildings
as a result of an all-glass house that George Fred
Keck designed for the Century of Progress exhibi-
tion held in Chicago in 1933. During construction,
in the dead of winter of 1932, Keck observed that
the workmen inside had stripped down to shirt-
sleeves because the glass box acted as a greenhouse.
For the next forty years the brothers carefully cal-
culated building orientation to the south, together
with equally carefully proportioned roof overhangs,
to provide a significant measure of passive winter
solar heating [6.9].

At almost the same time, the French architect
Le Corbusier had a similar experience. In 1929–
1933, he was building a long, multistory block with
a southern exposure for the Salvation Army in Paris
[6.10]. The structure was conceived by the archi-
tect as an example of fully rational and scientific
architecture, its functions analyzed and its form pu-

rified; Le Corbusier even spoke of it as an usine du
bien, or “a factory of goodwill.” Its dormitory block
was planned to be a hermetically sealed glass box.5
Unfortunately, the double glazing and the cooling
equipment specified by Le Corbusier were deleted
due to cost. The building was opened for use in the
winter of 1933, but the following summer it became
a hothouse. The lesson was not lost on Le Cor-
busier, for in 1936, when he designed the Ministry
of Education in the tropics of Rio de Janeiro, he
added vertical louvers in front of the glass wall of
that building, calling the panels brise-soleils, or “sun
breakers.”

If the sun could be kept off the glass to reduce
heat gain, so too could prevailing winds be used to
cool a building. When Le Corbusier designed the
Unité d’Habitation for the city of Marseilles in
1946, he incorporated exterior balconies to create
horizontal and vertical brise-soleils, and by extend-
ing the apartment units through the entire width
of the building, he enabled the residents to open
windows at each end and let air flow through [see
4.15]. And in 1950, when he began work on the
new capitol buildings for the Punjab state in north-
ern India, on a sun-drenched plain in a hot, arid
climate, he responded to the nature of the environ-
ment. For the High Court at Chandigarh, he used
deep brise-soleils both vertically and horizontally,
and a double-roof system, with the upper parasol-
like roof carried aloft on spaced piers and cooled by
winds that pass underneath it [6.11].
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6.8. Frank Lloyd Wright, Frederick C. Robie House, Chicago, Illinois, 1908–1909. Section of the living room showing 
roof overhang and angle of the sun at noon at midsummer, at the equinox, and at midwinter. Drawing: L. M. Roth, after
Mary Banham.



Some of the most sophisticated and elegant pas-
sive solar heat design is being done by architect Ken
Yeang and his associates, based in Kuala Lumpur,
Malaysia. Born and raised in a tropical climate and
then educated in England, Yeang is particularly sen-
sitive to heat loads near the equator, expanding on
the work of Le Corbusier—giving special attention
to the orientation of his buildings and their geo-
graphical latitude and devising a variety of louvers,
both vertical and horizontal, as well as openings
passing through his buildings so that wind can carry
off excess heat. An early skyscraper design by Yeang
is the Menara Mesiniaga (IBM) tower near Kuala
Lumpur, Malaysia, 1992 [6.12]. Here, the spaces be-
tween the upper floors are not left for infill later but
are an integral part of the complete design, leaving
space for air to move through the building. (Yeang’s
work is further discussed in Chapter 21.)

Le Corbusier, perhaps realizing the ongoing
 energy cost, and knowing that elaborate air-
 conditioning systems are not always reliable, had
turned to more integral, passive architectural ways
to  control the environment in his last buildings. His
contemporary, Mies van der Rohe, however—with
the wealth of the American business community
available to him in the 1950s and ’60s—never felt
so constrained, and extolled pure glazed forms de-
spite their dependence on extensive mechanical sys-
tems. In 1948, when Mies van der Rohe designed
the Lake Shore Apartments in Chicago, he was able
to have the all-glass wall he had been dreaming of
since 1919, but the air-conditioning equipment
originally specified was omitted to reduce building
costs. Small, operable panels in each window bay of-
fered limited comfort from the summer heat—but
they were placed at the bottom instead of the top of
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6.9. George Fred Keck and William Keck, Hugh D. Duncan house, Flossmoor, Illinois, 1941. In the mid-afternoon, since 
the house faces south, the roof overhang prevents the sun from penetrating very far into the room to keep the heat load down.
Photo: C. Condit Collection, Department of Art History, Northwestern University.
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6.10. Le Corbusier, Cité de Refuge (Salvation Army Hostel), Paris, France, 1929–1933. Like the Robie House, Le Corbusier’s
Salvation Army Hostel was orientated east-west, its broad southern glass front exposed to the sun. The heat buildup was to be
countered by double glazing and an air-conditioning system, but these were not installed, necessitating the later retro-installation
projecting sun screens. Photo: C. Condit Collection, Department of Art History, Northwestern University.

6.11. Le Corbusier, High Court Building, Chandigarh, Punjab, India, 1951–1956. In this semitropical climate, Le Corbusier
used the traditional Indian parasol concept to keep the sun off the roof of the building. The double roof is raised so that breezes
can carry away any heat buildup. Photo: John E. Tompkins, 1965, Visual Resources Collection, Architecture & Allied Arts
Library, University of Oregon.



the window-wall, thus restricting the effects of con-
vection cooling. In 1954, with the aid of an elabo-
rate cooling apparatus atop his Seagram Building
[6.13], Mies van der Rohe achieved the sealed box
that Le Corbusier had attempted in the Salvation
Army Building. By the time the Seagram Building
was designed, mechanical systems for vertical trans-
portation, lighting, heating, and cooling were con-
suming more than half the budgets of new buildings.
It was as if the building now was the mechanical sys-
tem, simply wrapped in a membrane. A night view
of the Seagram Building shows just how transparent
to radiant energy the new architecture was [6.14].
Such buildings proved to be equally superb sponges
of radiant energy on hot summer afternoons, just as
they were excellent radiators of precious heat energy
during long cold winter nights.

At the time he assisted Mies van der Rohe in
designing the Seagram Building, Philip Johnson

shared his mentor’s purist views. In 1949, he fin-
ished building for himself a sealed glass-box week-
end house in New Canaan, Connecticut. Like
Mies, Johnson did not want to compromise the
form with the addition of sun screens, but he dis-
covered a “natural” way of moderating the sun’s im-
pact, having his transparent glass bubble without
roasting in it. He placed the house immediately east
and north of a group of mature deciduous oak trees;
in the summer, their dense foliage shaded the
house, and in the winter when the leaves dropped,
the sun filtered through the bare branches, helping
to warm the house [6.15].

Buildings and the Wind
Buildings are affected not only by exposure to the
sun but also by exposure to the wind. Moreover,
they have a reciprocal effect on wind patterns. As
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6.12. Ken Yeang, Menara
Mesiniaga (IBM) Tower,
Subang Jaya, near Kuala
Lumpur, Malaysia, 1992. By
introducing open levels between
floors and separating the
central circulation spine from
the surrounding offices, Yeang
facilitated natural ventilation.
Photo: Courtesy of Ken Yeang.
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6.13. Ludwig Mies van der Rohe with Philip Johnson,
Seagram Building, New York, NY, 1954–1958. This
building is totally sealed, relying on an extensive heating 
and cooling system to regulate the temperature. Photo: 
Ezra Stoller © Esto.

6.14. Seagram Building. This twilight view reveals how
transparent the building is to radiant energy. Despite the darkly
tinted glazing, during the day sunlight passes into the building,
heating it up; but in the winter just as easily heat escapes at
night. Photo: Ezra Stoller © Esto.



moving air encounters an object, it moves over and
around it along the path of least resistance. On the
windward side (upwind), a high-pressure zone de-
velops, and on the leeward (downwind) side, a low-
pressure zone develops. As the wind rises to go over
the dome of the Pantheon in Rome, the air speeds
up and creates a negative pressure that pulls the air
out of the oculus at the top. The decrease in pres-
sure from the sped-up air is called the Bernoulli
Principle, identified by the early Dutch-Swiss sci-
entist Daniel Bernoulli and published in 1738.
Bernoulli observed that when a fluid such as air
moves past stationary objects, the pressure drops,
and the faster the movement the lower the pres-
sure—the action that causes heavier-than-air air-
planes to fly. By anticipating prevailing winds and
considering building form and orientation, the ar-
chitect can use the outside movement of the air to
ventilate and cool effectively. In Egypt, Iraq, and

Pakistan, for example, traditional houses are built
with air scoops on the roofs to catch prevailing
winds and provide ventilation.

So long as buildings were relatively low and built
with thick walls, their mass was enough to resist lat-
eral forces exerted by the wind. In low masonry
buildings, the lateral forces generated by wind pres-
sure are less significant than the vertical forces gen-
erated by gravity. The effect of lateral forces
remained generally minor until the design of build-
ings began to change in the mid-nineteenth cen-
tury. As building volumes increased and the mass
of material diminished, buildings such as the Crys-
tal Palace and the great train sheds began to behave
like bubbles in the wind.6 Suddenly, the lateral
forces caused by the wind began to surpass the
downward forces generated by gravity. The lacy
ironwork of Joseph Paxton’s Crystal Palace in Lon-
don, 1851, had to be stiffened by diagonal braces,
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6.15. Philip Johnson, Johnson House, New Canaan, Connecticut, 1945–1949. Although the house that Philip Johnson built
for himself has walls entirely of glass, it is shaded and cooled in the summer by trees to the west, but then warmed in the
winter when sunlight filters through the bare branches. Photo: Alexandre Georges, courtesy of Philip Johnson.



making the building essentially a vast truss [18.20,
18.21]. When the skyscraper was first developed in
Chicago in the 1880s, architects turned to Paxton’s
techniques and tied together the vertical and hor-
izontal steel framing members with diagonals, cre-
ating a trussed spine through the center of the
building. Then, in the mid-1960s, as a new gener-
ation of skyscrapers rose to heights of one hundred
stories, or nearly 1,000 feet (304 m), architects and
engineers began to view them as vertical can-
tilevers whose principal structural task was to resist
lateral wind pressure. The resulting buildings were
not the older braced frames but, rather, rigid tubes.7

The tapered Hancock Center in Chicago, 1965–
1970, is an example [6.16].

Large buildings, especially groups of modern sky-
scrapers, also have an effect on wind patterns. As
the wind nears a tall building, some of the air rises
over the building, creating an updraft on the wind-
ward side and a downdraft on the leeward side.
Some of the wind goes down and, as it nears the
ground, flows around the building. As a result, under
the right conditions at sidewalk level, there may be
hurricane-force winds that make walking nearly im-
possible. At times, the negative pressure may be
great enough to suck windows out of their frames.
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6.16. Skidmore, Owings & Merrill, John Hancock Center, Chicago, Illinois, 1965–1970. In
buildings of great height, the lateral pressure of the wind becomes a more significant structural
design factor than vertical gravity-generated forces; hence, as in the Hancock Center, large-scale
externalized diagonal bracing stiffens each of the vertical columns. The shorter twin buildings just to
the right, below the Hancock Center, and closer to the lake, are the Lake Shore Drive apartment
buildings by Ludwig Mies van der Rohe, 1948–1951. Photo: L. M. Roth.
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6.17. I. M. Pei, John Hancock Tower, Boston, Massachusetts, 1966–1975. The failure of modern architecture was
graphically illustrated by the plywood sheets used to replace the windows of the Hancock Tower that had been sucked out by
turbulent winds. Photo: Spencer Grant/Archive Photos/Getty Images.



A well-known example of material failure, com-
pounded by the Bernoulli effect of wind, is the John
Hancock Tower in Boston, designed in 1966–1967
by Henry N. Cobb of the office of I. M. Pei. Built dur-
ing 1967–1975 on Boston’s Copley Square near the
clustered towers of the Prudential Center, it was
 designed to have double-glazed windows with a
metallic reflective film on the inner pane of glass.
Unfortunately, the windows failed to stay in place
and were sucked out of their frames; during 1972
and 1973, the streets below the soaring tower were
periodically and unpredictably showered with shards
of glass [6.17]. Wooden covers had to be built over
the sidewalks so pedestrians could walk safely. Some
experts claimed that a heat buildup between the two
panes of glass, due to the reflective film, caused the
windows to crack, while others said that inadequate
frames allowed the glass to be sucked out by the tur-
bulent aerodynamics around the building. As suc-
cessive legal suits were followed by countersuits, the
double glass was replaced with single sheets of half-
inch-thick, mirrored, tempered glass. The city of
Boston approved the reglazed building for occupancy
in 1975, but only in 1981 was the litigation settled

out of court (with the terms of the settlement
sealed).8 Such recent and dramatic examples of the
shortcomings of newly formulated materials and
technologies are not unique to the last century, how-
ever. Even in ancient times, Vitruvius cautioned
Roman architects not to use inappropriate materials
in their buildings.

The Chemistry of Buildings
In a way, skyscrapers are human-made mountains,
and like mountains, they are incessantly worn down
by heat, frost, galvanic action, and all the other
agents of nature that are forever building up and
tearing down. Oxidation of building materials is re-
lentless and some metals are especially susceptible,
iron being one in particular. Iron ore occurs in a nat-
ural state in a number of different oxide compounds,
with the chemical element iron (Fe) attached to
oxygen atoms and perhaps a carbon atom. The iron
can be isolated from oxygen through smelting (ap-
plying intense heat), but iron wants to reattach to
oxygen as quickly as possible, once again forming
iron oxide or rust. Coating the exposed iron with a
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6.18. Hugh Stubbins, House of World Cultures (originally built as the West Berlin Congress Hall), Berlin, Germany, 1957;
roof collapsed 1980; rebuilt. Constructed as a gift to Berlin from the US government. The roof collapsed in 1980 due to
water infiltration, which caused corrosion of the steel cables supporting the concrete panels suspended between the arched edge
beams. Photo: Vanni/Art Resource, NY.



film—perhaps oil or paint—prevents oxygen from
reaching the iron, but the coating must be main-
tained in perfect condition, for the smallest crack
will allow oxygen to recombine with the exposed
iron and cause rust to form. Since the iron-oxide
formation expands as it forms, it opens the crack
wider, allowing more iron to be exposed, more rust
to occur, and so on. The telltale orange streaks on
painted iron buildings and bridges reveal where ox-
idation is occurring. This oxidation in the thousands
of older bridges that exist throughout the world will
eventually cause structural failure if the oxidation
is not halted or the weakened pieces are not re-
placed.

Iron also reacts with other metals via galvanic
action or electrolysis, in which the two metals act
like a storage battery, generating a small electrical
current between them and in the process destroy-
ing the metals. (This is also the process that occurs
when one metal is electroplated onto another.)
Metals can be arranged on a galvanic scale, with
cathodic metals on one end and anodic metals at
the other. The rate at which the corrosive action
takes place depends on the degree of difference of
the location of two metals on the scale. Silver is
very near the cathodic end, while zinc and magne-
sium are at the opposite end; copper and iron are
not quite as far apart in their positions, respectively,
but are still far enough apart that in the presence
of an electrolyte (such as salt water) the iron cor-
rodes and is deposited on the copper. The only way
to stop this action is to remove the electrolytic fluid
connecting the metals or to block the electrical ac-
tion by means of some insulating substance. Unfor-
tunately, iron and its close galvanic neighbor
aluminum are often found in buildings with copper
elements as well—a most destructive combination.

One structural collapse in 1980 directly asso -
ciated with corrosion was the failure of the steel
suspension cables spanning between the arched
concrete edge beams of Hugh Stubbins’s Congress
Hall, Berlin, Germany, built in 1955–1957 [6.18].
Water had infiltrated the roof, causing corrosion of
the vital cables in tension. A dramatic demonstra-
tion of a building as sculpture, Congress Hall (now
the House of World Cultures) was rebuilt and re-
opened in 1987.

Another well-known case where combined met-
als in salt air caused great damage involved the
Statue of Liberty, which was designed and prefabri-
cated in France in 1870–1884 and then shipped to
and erected in New York Harbor in 1883–1886.9

The huge statue is hollow, shaped of hammered
sheets of copper riveted to an underlying wrought-
iron frame that is anchored in the tall stone and

concrete base. Knowing the galvanic risk associated
with attaching the huge curved sheets of copper to
the iron frame inside, sculptor Auguste Bartholdi
and engineer Gustave Eiffel used special washers to
isolate the copper from the iron. The torch that Lib-
erty holds aloft was likewise originally shaped of
joined copper segments; however, in 1916 the gilded
torch flame was rebuilt in the same form but with
250 panels of glass and a strong lamp placed inside.
Eventually the joints in the glazed flame separated,
permitting water to drip down inside; small holes in
the copper allowed for even more infiltration of
water. Over time the insulating washers failed and,
with water already present inside the statue, the in-
evitable electrolysis began, dissolving the iron and
corroding the copper next to the internal iron
frame. Even worse, as the thin iron bars rusted, the
expanding rust pushed against the attachments,
causing them to bend to the point of popping the
copper rivets that held on the exterior copper skin.
Through the tens of thousands of popped-rivet
holes, yet more water seeped inside, exacerbating
the damage. In 1982–1986, the French and Amer-
ican governments undertook a joint operation to re-
store the Statue of Liberty in preparation for the
centennial of its dedication, replacing the worn and
eroded copper sections, installing new special non-
corrosive stainless-steel attachment bars, and using
a special Teflon tape for the insulators. It will take
another century before we know whether these
measures have sufficiently protected the statue, but
incessant stealthy and insidious galvanic action
never rests.

R
In addition to natural corrosive actions such as
rusting, for more than a century buildings have
been assaulted by industrial chemicals wantonly
dumped into the atmosphere. Smoke produced by
sulfur-containing fuels results in acid rain that
causes marble to be transformed into calcium car-
bonate and gypsum, and their chemically softened
surfaces flake off. And in a matter of a few decades,
hard marble turns into something analogous to wax
under a heat lamp. The building, the sculpture, any
carved detail—all simply melt away, as is happening
to the ancient marble buildings in Athens, Greece.
Political action could deal with these atmospheric
problems, but it is the architect’s task to select ma-
terials and to detail the ways they are joined so that
buildings may endure such attacks for whatever
period of time is desired. The Egyptians of the
Fourth Dynasty thought it appropriate to build the
Valley Temple for their Pharaoh Khafre using hard
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red granite so as to last him through eternity, and
it has stood—yielding to nature only minimally—
for over forty-five hundred years. Modern industrial
civilization tends to adopt a far shorter view. First,
we generally do not want buildings to last very long.
Typically, clients are not willing to pay for materials
that will last much longer than it takes to amortize
their building’s mortgage; they hope the building
will continue looking passably good only until they

can unload it. Second, we are increasingly using
new manufactured materials and methods of as-
sembly with adhesives and sealants whose long-
term durability can only be guessed. How long will
various caulking compounds, silicon sealants, and
other plastics last under the incessant onslaught of
ultraviolet light and cycles of freezing and thawing?
Unfortunately, it is our children, and theirs, who
will discover those answers.
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7.1. Portrait sculpture of Anton Pilgrams (c. 1460–1516), sculptor of the pulpit of St. Stephen’s Cathedral and architect of
several churches in Swabia and Rottweil, in St. Stephen’s, Vienna. Pilgrams shows himself holding the instruments symbolic of
an architect: the dividers (in his right hand) and the mason’s square (in his left hand). Photo: Gianni Dagli Orti/The Art
Archive at Art Resource, NY.



The Architect . . . must be looked upon as
something much more than a designer of
buildings—lovely, elegant, charming, and 
efficient though they may be. His greater role 
is that of being the delineator, the definer, the
engraver of the history of his time.

—Eugene Raskin, Architecture and People, 1974

The roles and responsibilities of architects have
changed greatly over the centuries, shifting

from court official to independent designer. With-
out a client, however, a building does not happen.
Unlike painting or poetry, which can be pursued by
individual artists on their own, architecture results
only when a client or patron has the desire and fi-
nancial wherewithal to call it into being. Thus, the
creation of architecture is also a history of the re-
lationship between client and architect—who, in
turn, work with the building contractor and the
scores or even hundreds of workers with myriad
skills who work at the contractor’s direction. Of all
the design and visual arts, except perhaps for
movie-making with its many participants, the cre-
ation of buildings is the most complex process.

One early recorded architect is Imhotep, who
was active in Egypt under the Pharaoh Zoser from
about 2635 BCE to 2595 BCE. (Imhotep’s accom-
plishments in creating the tomb complex for
Pharaoh Zoser are presented in Chapter 10.) On
the base of Imhotep’s portrait statue, his many titles
are listed as “Seal-bearer of the king of Lower
Egypt, chamberlain, ruler of the great mansion,
hereditary prince, greatest of seers, Imhotep, car-
penter, sculptor.”1 Other portions of the inscription
indicate that he was also a physician. Imhotep’s im-
portant status is the result of his many achieve-
ments. He is credited with introducing stone

construction in Egypt, inventing the pyramid, and,
in many ways, laying the basis for all later architec-
ture in the West. His importance was such that he
was described as a demigod and, by the Twenty-
Sixth Dynasty, was in fact considered a god.

Other Egyptian architects are known as well,
particularly Senmut, who was described in contem-
porary carvings as the “confidant” of Queen Hat-
shepsut, who ruled as pharaoh in 1503–1482 BCE.
Inscriptions describe Senmut as “the greatest of the
great in the entire land.”2 Portrait figures of Senmut,
showing him holding the royal princess in his lap or
with coiled, knotted measuring ropes and other
tools of his profession, were found in large numbers
in the Queen Hatshepsut’s Mortuary Temple at Deir
el Bahri, a temple he designed [7.2]. As inscriptions
on their portrait statues reveal, these architects held
exalted positions in the priesthood, for indeed all
education was provided by the temple priests.
Working under these priest-architects were hosts of
overseers and craftsmen. We have abundant evi-
dence of such tomb craftsmen of the Middle King-
dom from the tombs they made for themselves near
their workmen’s village, now called Deir el-Medina,
which is a short distance from the tombs of the
pharaohs, in the Valley of the Kings.3

Loose sketch designs by Egyptian architects or
work foremen, found on ostraka, or flat flakes of
limestone chipped off larger building blocks, were
likely done in the field during the work process. Be-
cause they were made on stone, they survived. But
more formal drawings were prepared on papyrus
sheets. A grid of squares was first drawn out, and
then a flat elevation in black ink could be drawn
over the grid, thus showing the correct proportions
of all parts of the design. One of the few such sur-
viving drawings, now in Turin, Italy, shows front
and side elevations for a shrine chest [7.3].

In Mesopotamia, the land watered by the Tigris
and Euphrates Rivers, plans of buildings were
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 inscribed on clay tablets. One small tablet, about
2.3 by 3.5 inches (6 by 9 cm), made in about 2300
BCE, shows what appears to be a house plan, indi-
cating the thickness of the walls and the placement
of doors [7.4]. Official portrait statues of the
Sumerian ruler Gudea of Lagash, about 2200 BCE,
show him holding on his lap such a plaque en-
graved with the plan of a building [7.5]. As in
Egypt, in Sumerian cities and later in the Babylon-
ian Empire, buildings were designed and built by
the rulers and the priests.

The word architect is Greek, and its compo -
nents—arkhi, “chief,” and tekton, “builder” or
“craftsman”—indicate that to the Greeks, the ar-
chitect or chief builder was far from being an ele-
vated priest or “greatest of the great.” As Plato
wrote in Politicus, architects were not workmen but
directors of workmen, and hence they possessed
theoretical knowledge as well as practical skills.

Nonetheless, they were artisans of lowly position,
and not priests. Some of the first Greek architects,
however, enjoy the mythical status of Imhotep.
Daedalus, who is credited with designing the laby -
rinth where the Minotaur lived on Crete, was also
a sculptor and inventor; he devised the apparatus
that enabled Queen Pasiphae to mate with a bull,
resulting in the Minotaur. The Greek word daedalus
means “cunning worker” or “skillful one.” When he
fell into political disfavor, Daedalus fashioned wings
so that he and his son, Icarus, might fly to Sicily. As
the legend relates, elated with the hubris of his fly-
ing ability, Icarus flew too close to the sun, the wax
holding his feathers melted, and he fell into the sea.
Daedalus himself, however, made it to Sicily, where
he is said to have built an underground steam bath
for King Kokkalos.4

Real-life Greek architects lived far more pro-
saically, and although we know the names of more
than a hundred of them, we can piece together
 almost nothing of their lives.5 Official legal descrip-
tions of buildings survive in some detailed inscrip-
tions, but we have none of the Greek theoretical
treatises that Vitruvius later said he consulted, nor
do we have any Greek drawings. Some scholars
have suggested that Greek architects made no
drawings as we think of them, on vellum or parch-
ment, suggesting instead that architects worked in
the stone yard in close connection with the masons
and had little need for abstract drawings.6

The position of the architect rose during the
Roman Empire, as architecture symbolically became
a particularly important political statement. Cicero
classed the architect with the physician and the
teacher (De officiis, 1.151) and Vitruvius spoke of
“so great a profession as this” (De architectura,
1.1.11). Marcus Vitruvius Pollio (c. 90–c. 20 BCE),
a practicing architect during the reign of Augustus
Caesar, recognized that architecture requires both
practical and theoretical knowledge, and he listed
the disciplines he felt the aspiring architect should
master: literature and writing, draftsmanship, math-
ematics, history, philosophy, music, medicine, law,
and astronomy—a curriculum that still has much
to recommend it. All of this study was necessary, he
argued, because architects who have aimed at ac-
quiring manual skill without scholarship have never
been able to reach a position of authority to corre-
spond to their plans, while those who have relied
only upon theories and scholarship were obviously
“hunting the shadow, not the  substance.”7

The practice of drawing, as described by Vitru-
vius, also sounds remarkably modern, for he writes of
ground plans (ichnographia) being laid out with com-
pass and ruler, of elevation drawings (ortho graphia)
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7.2. Portrait of Senmut holding Nefurure, princess and
daughter of Pharaoh Hatshepsut, c. 1470 BCE. © The
Trustees of the British Museum/Art Resource, NY.
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7.3. Redrawing of an Egyptian
papyrus drawing showing the side
elevation of a shrine, c. Eighteenth
Dynasty (Turin, Italy). The lighter
lines (in black ink on the original) are
a proportional grid; the thicker lines
(originally in red ink) show the profile
of the shrine. Drawing: L. M. Roth,
after a XVIII Dynasty papyrus, Museo
Egiziano, Turin.

7.4. Plan of a house inscribed on a
clay tablet, c. 2300 BCE; found in Tell
Asmar, Iraq. Drawing: L. M. Roth,
after a tablet from Tell Asmar,
Oriental Museum, Chicago.



being “a vertical image of the front,” and of perspec-
tives (scaenographia) with shading and retreating lines
converging at a vanishing point. Although none of
these ancient architectural drawings themselves sur-
vive, splendid examples of wall paintings from Pom-
peii suggest the skill of Roman draftsmen [Plate 15].
In addition, there are a number of building plans en-
graved in stone, including one particularly interesting
engraved plan of what may have been a funerary
monument, dating from the middle of the first cen-
tury CE.

During the later imperial period, the building
trades in Roman cities became more highly orga-
nized and were increasingly subject to government
control. Each building operation had its collegium,
or trade organization—blacksmiths and iron work-
ers, brick makers, carpenters, stone workers, gen-
eral construction workers, and even demolition
experts. Brick making was standardized, and for

over a century bricks were stamped with the abbre-
viated names of the reigning consuls and the brick
maker, making it possible to date Roman buildings
with some precision. The process of construction
and the deployment of the building trades were
highly organized and were particularly important
for the building of scaffolding, for centering, and for
timing the laying and curing of concrete.

One of the last architects in the tradition de-
scribed by Vitruvius was Anthemios of Tralles, who
was born in western Asia Minor sometime before
500 CE and died about 540 CE; he was the de-
signer of the church of Hagia Sophia in Constan-
tinople, working closely with the architect-engineer
Isidoros of Miletos.8 Anthemios came from a dis-
tinguished family; his father was a well-known
physician, as were two of his brothers, and another
brother practiced law in Rome. Anthemios was an
architect, an engineer, a geometrician, and a physi-
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7.5. Portrait figure of Gudea of Lagash.
c. 2200 BCE. Resting on the lap of this
ruler of Lagash is an inscribed plan of a
building. Photo: The Louvre, Paris.



cist. He wrote on mathematics and may have been
the first to describe how to draw an ellipse by using
a loop of string around two pins.

The conventional emphasis on the piety of the
Middle Ages has fostered many misconceptions
 regarding the medieval architect. For example, it
appears that the architect was assumed to be a self-
less, uneducated master-mason who worked from
no plans, using strictly traditional knowledge, and
who gloried in his anonymity. There is some limited
basis for these notions, but they are far from the
truth.

Understandably, perhaps, the abbots of monas-
teries or their historians tended to downplay the
contributions of their designing masons while em-
phasizing their own accomplishments. Moreover,
state sponsorship of building had dropped rapidly in
the western part of the Roman Empire after the fifth

century. Only around 800, with the amalgamation
of a new empire under Charlemagne, did building
begin again on an ambitious scale. A particularly
pressing need was the construction of new monastic
communities. One of the most important docu-
ments of early medieval architecture is a parchment
drawing done in about 814 that shows how an ideal
monastery might be laid out [7.6, 7.7]. The parch-
ment was specially prepared by Abbott Haito of the
monastery Reichenau and was sent to his colleague
Abbot Gozbertus at the monastery of San Gallen,
or Saint Gall, Switzerland, since Gozbertus was
planning on building a new monastic complex.9 The
ink drawing is on one large sheet of parchment
(stretched calf or sheepskin), sewn together using
five smaller sections to form one page roughly 44 by
30 inches (112 by 77 cm) in size. It is one of the old-
est surviving medieval drawings. Such drawings on
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7.6. Plan of ideal monastery, Saint Gall,
Switzerland, c. 814. Facsimile drawing of the
original parchment drawing. The light dotted
line indicates where the parchment sheets were
sewn together to form the larger sheet.
Drawing: L. M. Roth, after the Saint Gall
parchment in Horn, Born, and Adalard, The
Plan of St. Gall . . . (Berkeley, 1979).



sheepskin were used throughout the Middle Ages,
but because parchment was valuable, it was often
scraped clean and reused, or turned over and an-
other document written on the back. Several draw-
ings survive for this reason, having been filed away
in monastic libraries under the heading of the sec-
ond document written on the back. This is exactly
how the Saint Gall plan survived, for in the late
twelfth century, another monk inscribed The Life of
Saint Martin on the other side of the parchment and
then folded the parchment several times down to
book size and stored it away.

The collegia of workmen survived the end of the
Roman Empire, gradually becoming the guilds of
the Middle Ages. These were vitally important or-
ganizations, providing not only training for youths
but also a network for the transmission of ideas
across Europe. Medieval masons traveled exten-
sively from one guild lodge to another, viewing work

under construction and jotting down personal ob-
servations. Designer and mason Villard de Honne -
court assembled just such a “scrapbook,” originally
with eighty-two pages, intending to make it avail-
able to other guild members.10 He was born in
northern France and trained as a stonemason. In
about 1190, he became a journeyman while working
on the cathedral at Vaucelles, which he sketched in
his book. He traveled to Reims and Chartres and,
around 1220, set out for Hungary to aid in the con-
struction of a monastery there. On his return trip,
he stopped in Reims, where he assisted in building
the cathedral, making a number of drawings of the
interior and the exterior of the choir [7.8]. Other
drawings showed roof framing, pulpits, ornamental
carving, and even a perpetual-motion machine; the
sketches are accompanied by straightforward notes
such as “this is good masonry” and “I drew it be-
cause I like it best.”
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7.7. Schematic diagram of Saint Gall
Monastery plan showing layout of the various
buildings. Diagram by Kenneth J. Conant.
From Kenneth J. Conant, Carolingian and
Romanesque Architecture, 800 to 1200
(Harmondsworth, England, 1966).



One reason the position of the medieval archi-
tect may have become poorly understood is that
many different titles were used for this occupation.
In addition to architectus and magister (master, maes-
tro, Meister) for master-mason, we find ingeniator
(engineer), artifex, operarius, mechanicus, and words
more directly connected with stonework, such as
lapicida, cementarius, and lathomus. The inscription
on the gravestone of Pierre de Montreuil, the de-
signer of parts of the abbey church of Saint-Denis
and of Notre-Dame in Paris who died in 1254, de-
scribes him as doctor lathomorum, or professor of
freemasons. By the mid-thirteenth century, master-
masons were accorded a position of privilege and
were buried with honors, as is evident in the grave-
stone of Hugues Libergier, who was the architect
of the cathedral in Reims and who died in 1263
[7.9].11 He is shown framed in a trefoil (three-lobed)

Gothic arch; in his left hand is a measuring rod, with
a mason’s square and dividers at his feet, and in his
right hand is a model of a building.

What distinguished the medieval architect
 master-mason from those of the Renaissance, Ba -
roque, and modern periods that followed was this:
as apprentices, journeymen, and eventually masters
trained in stonecutting or carpentry, they under-
stood intimately, from the inside out, how a building
was put together. When they undertook contracts
to erect buildings, they functioned as both designer
and contractor-builder. The nature of the medieval
master craftsman-architect, as well as the estab-
lished position of the construction guilds, must be
understood if one is to appreciate the revolutionary
change brought about by the Renaissance. In a list
of the most important Renaissance architectural
 designers—such as Filippo Brunelleschi, Leon
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7.8. Villard de Honnecourt, c. 1220. Exterior
and interior elevation drawings of Notre-Dame
de Reims, Reims, France. This page, from the
travel sketchbook of this medieval mason, tells
much about the travels of medieval builders, how
knowledge was disseminated among brothers in
the crafts guilds, and how medieval artists made
abstracted symbolic images instead of literal
images. From J.B.A. Lassus, Album de Villard
de Honnecourt, architecte du XIIIe siècle;
manuscript publié en facsimile (Paris, 1858).



 Battista Alberti, Donato Bramante, Michelangelo
Buonar roti, Giulio Romano, and Sebastiano
 Serlio—there is not one trained architect in the me-
dieval sense of the word. In the fifteenth century,
with the rise of Classical humanism and the study
of ancient literature, the ideal individual was one
who mastered all the liberal arts, and the master-
craftsman-architect, with his technical and practical
experience, was replaced by the humanist-artist-
 designer, with his theoretical knowledge. Nearly

all major architects in Italy after 1400 were trained
as painters, sculptors, or goldsmiths; like Leonardo
da Vinci or Michelangelo, they worked in all the
 visual and design arts. During the Middle Ages
intel lectually trained scholars and teachers were
con sidered to profess a learned discipline, whereas
hands-on builders, painters, and goldsmiths were
viewed as merely practicing a craft (comparable to
the position that architects held in the Greek
world). Renaissance architects sought to change
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7.9. Tombstone of Hugh Libergier, Notre-Dame de
Reims, thirteenth century. The inscription running
around the border reads: “Here lies Master Hugh
Libergier, who began this church in the year 1229
and died in the year 1267.” The architect is
surrounded by instruments of his trade; he holds a
measuring rod and a model of a church. Photo:
Drawing Association, Cathedral of Our Lady of
Reims, courtesy of Père Jean-Marie Guerlin, Curé
de la Cathedrale de Reims.



this attitude and to elevate their position from
 artisan-technician to scholar-theoretician.

In 1505, Donato Bramante (1444–1514) began
construction of the immense new Basilica of Saint
Peter in Rome, proposing to replace the ancient
church built by Constantine in 333.12 The plan of
the church was derived from the new theoretical
and geometric ideals of the Renaissance, meant to
symbolize God’s omniscience and omnipresence
as well as to celebrate the intelligence that God
had given humankind—all represented in the pure
geometry of neo-Platonism. The new basilica was
to be a vast Greek cross within a square, centered
on four huge piers carrying pendentives and a gi-
gantic dome rivaling that of the Roman Pantheon.

Bramante, then sixty-one years of age, started
work on the piers, but he died leaving only the
arches silhouetted against the sky [15.25]. At the
same time, Bramante’s patron, Pope Julius II, was
having Bramante’s nephew, Raphael Sanzio, paint
four mural frescoes in the adjoining Vatican Palace.
In one of the semi circular fresco panels, Raphael

depicted the gathering together of all the great an-
cient Greek philosophers, who are arranged in two
groups on either side of two central figures, Plato
and Aristotle [7.10]. Those who pursued Platonic
theoretical abstraction are arranged on the left
(stage right), while those who favored the obser -
vation of natural phenomena are associated with
Aristotle on the right (stage left). In addition, Plato
points upward with his right hand, toward the
higher plane of the mind and toward heaven, while
Aristotle gestures toward the horizontal—that is,
toward the natural world and observable phenom-
ena. The figures descend stairs and terraces in an
architectural setting of immense proportions, with
Classical piers and vaults supporting pendentives
carrying an open circular colonnade silhouetted
against the sky. This hypothetical setting, exempli-
fying Greek ideals and Greek philosophy, is not ac-
tual Greek architecture of the ancient Classical
period; rather, it is a contemporary analogue, a rep-
resentation of the incomplete shell of Bramante’s
new Saint Peter’s. The long-bearded figure of Plato
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7.10. Raphael, School of Athens fresco, Stanza della Segnatura, Vatican Palace, Rome, Italy, 1509–1511. In this painting
praising human intellect, Raphael depicted all the great Greek philosophers grouped around the central figures of Plato and
Aristotle. Many of the faces are portraits of living Italian artists and architects, and the setting depicts the unfinished shell of
Bramante’s new Basilica of Saint Peter. Photo: Scala/Art Resource, NY.



in the center is a portrait of Leonardo da Vinci. In
the foreground, on the Aristotelian right, bending
over to work out a theorem on a slate, is the bald
figure of Euclid, the great geometrician—it is a por-
trait of Donato Bramante (Raphael even included
himself, peeking toward the viewer on the far right
side). And on the Platonic left side, brooding over
a block of stone in the foreground, is the figure of
Michelangelo (who at that moment was painting
the ceiling of the Sistine Chapel). What Raphael
was suggesting was that the contemporary artist-
 architect of the new epoch should be seen as the
equivalent of the ancient philosophers—but, in
this instance, a philosopher who expressed his ideas
in stone.

The ideal to which many aspired was achieved
by Leon Battista Alberti (1404–1472), a well-trained
humanist scholar and theorist.13 His designs for
churches and palaces set the standard for architec-
ture for the next two hundred years, but he could
not construct his own buildings, relying instead on
masons such as Matteo de’ Pasti to translate his de-
signs into stone. On the one hand, this meant that
ever afterward, architects were removed from direct
involvement in the construction process; but on the
other, it meant that they were freed from working
only with established inherited conventions and
could pursue instead intellectual exploration and
creative artistry—what the Italians called disegno.

The Renaissance was a period of intellectual
probing, of the reexamination of Classical literature,
art, and architecture. The Renaissance artist-
 architect shared in this curiosity. Beginning with
Bru nelleschi, architects made the pilgrimage to
 ancient Rome, then a small, sleepy medieval town
greatly shrunken from its imperial grandeur, to study
and measure Roman ruins. They attempted to equal
or surpass the artistic achievements of antiquity,
though not to make literal copies of ancient archi-
tecture. The great irony is that, although they
 measured and recorded much, they also destroyed
much; the modern notion of historic preservation
had no attraction for them. In building a new Rome
after 1500, they often reused the stones of old Rome.

The Renaissance was able to sweep across Eu-
rope by means of the printed page. Printing with
movable type spelled the end of medieval orthodoxy
and the rule of tradition in the West; architects
would soon take advantage of this new technology.14

As Victor Hugo, writing about the fifteenth century,
has one of his characters say to another in his novel
Notre Dame de Paris (Paris: 1831), “This will kill
that,” referring to how the new printing press will kill
the transmission of knowledge through the tradi-
tional embellishment of buildings.15 In the 1440s,

Alberti wrote a manuscript in Latin, De re aeadifi -
catoria (“concerning building”), in ten books. Pat-
terned after Vitruvius, the work aimed at informing
and improving the taste of classically educated pa-
trons. Although it circulated in manuscript form
among his friends, it was later published in Latin in
1485. It then appeared in translations in vernacular
Italian in 1546 and 1550, which made the books
available to a much wider audience. Meanwhile,
several new Latin editions of Vitruvius had begun to
appear, some of them illustrated (Leonardo’s draw-
ing of the man in the circle and square, [15.4], was
intended as one such illustration). The ability to
 illustrate such publications with original copper en-
gravings made these new books enormously effec-
tive, especially in an age when literacy was not
customary for ordinary builders. An Italian transla-
tion of Vitruvius followed in 1521. In rapid succes-
sion, other original treatises by various authors
appeared in Spanish, French, and German, along
with translations of Vitruvius into the various ver-
nacular European languages. These books were now
intended not simply for the potential patron, but for
the practicing architect and builder. In addition,
 detailed descriptions on how to proportion each of
the Classical orders were quickly provided in the il-
lustrated books published by  Sebastiano Serlio and
 Giacomo Barozzi da Vignola [7.11].

The career of Andrea Palladio (1508–1580) and
the book he published summarize well the goal of
the Renaissance architect—the creation of ordered
and balanced architecture that might serve as an
 example for subsequent architects. Compared to
artist-architects such as Bramante or Michelangelo,
Palladio is an exception. The son of a miller, he was
not classically educated but apprenticed to a stone-
mason, and hence differed from his slightly older col-
leagues.16 He was working in Vicenza, not far from
Venice, where his abilities attracted the attention of
a wealthy and cultivated humanist nobleman, Gian-
giorgio Trissino, who made Palladio his protégé.
Trissino tutored him in Vitruvius and took him to
Rome several times to measure Roman buildings.
Palladio also later worked closely with humanist
Daniele Barbaro in illustrating a translation of Vi -
truvius. The result of this combination of practical
wisdom and theoretical study was that Palladio’s ar-
chitecture was clear in its harmonic mathematical
proportions and comparatively simple in its form.
Palladio collected his thoughts in a four-volume
work, published in Italian as I quattro libri dell’ ar-
chitettura (The Four Books on Architecture) (Ven -
ice, 1570), which presented plans and elevations of
his best work around Vicenza, as well as his restora-
tions of some of the major Roman ruins [7.12]. It
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was richly illustrated with engravings. Except for the
book by Vitruvius, Palladio’s has had the greatest
continuing impact of any from this period; transla-
tions and new editions appeared throughout the
eighteenth century, the English translation of 1738
is still published in paperback, and an entirely new
English translation was published in 1997, illustrated
with reproductions of Palladio’s original engraved
plates.17

The Renaissance saw the evolution of architec-
tural working methods similar to those used in de-
sign and construction today. Numerous drawings
have survived, on parchment and on paper, show-

ing sketches, plan studies, elevations, details, and
perspectives. Leonardo da Vinci seems to have de-
veloped the technique of drawing small aerial per-
spectives that suggest both plan and building
masses in one compact view. Understandably, while
Renaissance architects were inventing a new hu-
manist Classical architectural language, it was one
that the traditionally trained guild workmen did
not at first understand; remarkably, however, few
surviving drawings for use in the field show orna-
mental details. Elaborate wood models were the
preferred method of showing how work was to be
done, and a number of these detailed wooden mod-
els survive, such as Michelangelo’s model for com-
pleting the dome of Saint Peter’s in Rome.

During the fifteenth century, in Spain and
France, this renewed Classical architectural idiom
was exploited to create a royal architecture. In
France, the introduction of Renaissance Classicism
necessitated the formation of a corps of architects
and builders—the Royal Building Administration—
to carry out the many royal building projects. By the
time of Louis XIV’s reign, in the seventeenth cen-
tury, this had become a large organization, admin-
istered by Jean Baptiste Colbert, the chief minister.
Under Colbert was Louis Le Vau, the king’s chief
architect, and under him were scores of lesser
 designers and administrators who worked on Ver-
sailles, Marly, and the many other royal building
projects.

Aside from the continuing expansion of the royal
château next to the village of Versailles, the other
major French royal building project was the exten-
sion of the royal residence in Paris, the Louvre.
Begun in 1547 and continued in 1624 for Louis
XIII, it had proceeded in several stages under dif-
ferent successive royal architects, until the interior
court had been completely enclosed by Le Vau.
However, the east front, the principal face toward
the city of Paris, had not been finished, and in 1665
a competition was held to obtain the best design.
Various French and Italian architects submitted en-
tries; the winning design was the work of the most
famous Roman architect of the day, Gian Lorenzo
Bernini [7.13]. His artistic reputation was such that,
in journeying to Paris, Bernini was honored in cities
along the way with festivities that rivaled the treat-
ment given royalty. He made a triumphal entry into
Paris, modified his design at the request of Colbert,
and then returned home. Work began on the foun-
dations, but soon Bernini’s scheme was scrapped
and a final, eighth design was prepared by a com-
mittee composed of the king’s architect, Le Vau; the
king’s painter, Charles Le Brun; and Claude Per-
rault, a physician who was also a skilled amateur
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7.11. Giacomo Barozzi da Vignola, “The Tuscan Doric
Order,” Plate 4 from Regola delli cinque ordini
d’architettura, Book IV (Rome, 1562). This book along
with others by Sebastiano Serlio, Vincenzo Scamozzi, and
Claude Perrault, made the proportions of the Classical
orders available to builders and gentlemen amateur
architects. Vignola’s plates were the first to show the relative
proportions of each order clearly based on the diameter of
the column. Courtesy, Avery Library, Columbia University.
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7.12. Andrea Palladio, Villa Capra (Villa Rotonda), outside Vicenza, Italy, c. 1550, plate 13 from Book II of Palladio’s
Four Books of Architecture. The English version, edited by Isaac Ware (London, 1738), carried Palladio’s influence
throughout Great Britain and on to the American colonies. Courtesy, Avery Library, Columbia University.



 architect well known for his architectural studies,
including eventually his major publication present-
ing the five Classical orders as he interpreted them
[7.14].

The confusion and false starts on the east front
of the Louvre suggested that native French archi-
tects did not have the necessary professional training
to undertake large-scale state-funded commissions
the king and his ministers wanted. The result was
the establishment of the Royal Academy of Archi-
tecture in 1671, which grew during the eighteenth

century, was reorganized as the École des Beaux-Arts
during the French Revolution, and went on to pro-
vide architectural instruction for students around
the world during the nineteenth and early twentieth
centuries. In France, the path to success in the pro-
fession required studying at the École, and, ideally,
winning the culminating and coveted Grand Prix de
Rome, which ensured that the recipient would
thereafter receive successive public-building com-
missions and an appointment to teach at the École
des Beaux-Arts.
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7.13. Gian Lorenzo Bernini, first design for the east facade of the Louvre, Paris, France, 1664–1665. Bernini’s curved and
sculpturally molded facade incorporated the latest in Italian plasticity but was rejected by the French king and his advisors.
Photo: © RMN-Grand Palais/Art Resource, NY.

7.14. Claude Perrault, Louis Le Vau, and Charles Le Brun, East Wing, the Louvre, Paris, 1667–1671. This restrained
design, developed by a committee of architects, was considered by the king to be more appropriate for expressing the French
national character in architecture. Photo: L. M. Roth, 2003.



The method of architectural education in En-
gland (and, by extension, in the United States) was
much different. During the eighteenth century, En-
glish buildings were often designed by gentlemen
amateurs, mostly wealthy aristocrats who were
widely traveled and well-read in Classical literature
and architecture.18 There were also professional ar-
chitects who trained in architects’ offices but who
had little or no theoretical education. An excellent
example of the former is Richard Boyle, Third Earl
of Burlington (1694–1753), an aristocratic patron
who made many trips to Italy, particularly to the
 region around Venice, where he closely studied the
work of Palladio. In England, he built for himself
Chiswick House, 1725, closely patterned on Palla-
dio’s Villa Rotonda, and he championed the cause
of Palladian architecture [see 7.12]. A good exam-
ple of an eighteenth-century professional architect
in England would be Henry Holland (1745–1806),
an architect and builder educated by his architect
father.

Sir John Soane (1753–1837) represents a fusion
of these two types, and his career marks the emer-
gence of the modern architect in England.19 The
son of a builder, Soane was trained in the architec-
tural offices of George Dance the Younger and
Henry Holland. While working in Holland’s office,
Soane attended lectures on art at the new Royal
Academy of Arts and participated in the design
competitions sponsored by the Academy. He won
a gold medal in such a competition in 1776 and was
sent on a tour of Italy. In 1788, he was appointed
architect to the Bank of England, a position he held
for the remainder of his life, although he had a
great deal of additional work as well. This combi-
nation of practical experience and theoretical ed-
ucation set Soane’s work apart, and his ingenious
original solutions to structural and lighting prob-
lems marked a new direction in architecture. For
the Bank of England, especially, Soane relied on
overhead skylights for illumination and devised
lightweight domes constructed of hollow clay pots,
later covered with layers of plaster [7.15]. At the
same time, however, he conscientiously supervised
the training of young architects in his office, ap-
proximately forty in all. This practice illustrates
how at this time in England (and in the United
States), the normal way to become an architect was
to spend a period as an apprentice and assistant in
an architect’s office.

In England’s American colonies during the eigh-
teenth century, buildings also were designed by
gentleman amateurs such as Peter Harrison,
wealthy merchant and self-taught architect. Such
gentlemen-amateur architectural designers, living

comfortably from their business activities, planta-
tion agricultural exports, or inherited wealth, took
no payment for their efforts; they designed for the
sheer love of the endeavor and the pleasurable sat-
isfaction it provided. Perhaps the best-known
American gentleman-amateur architect is Thomas
Jefferson. He taught himself Italian, so he may have
read Palladio in the original, though it was the
 English version he bought while still in college—
perhaps one of the earliest architecture books he
owned.

After 1790, several professionally trained archi-
tects, among them Joseph-Jacques Ramée and
Joseph-François Maguin, emigrated from Europe,
but the architect who had the most significant im-
pact in the United States was Benjamin Henry La-
trobe, who in 1797 arrived from England where he
had been born and trained.20 With the arrival of
Latrobe, the United States had its first professional
architect in the modern sense—an individual who
derives a living solely by designing buildings for oth-
ers to construct; who has received practical and
theoretical training (academically, in an office, as
well as on the job site); who supervises construction
to make certain it follows the plans agreed on; and
who is paid a monetary percentage fee based on the
cost of the building being constructed (rather than
being paid in goods or services). Working with car-
penters’ companies and builders rooted in the
 ancient guild tradition, Latrobe encountered resist-
ance to the rights and prerogatives he claimed as
an architect. Once, when he was away from Balti-
more on business and unable to supervise work
on the Baltimore Cathedral he designed in 1804
[7.16], the building contractor changed aspects of
the building, following traditional practice. Upon
his return, Latrobe threatened to resign unless his
contract drawings were followed explicitly. Latrobe
won this challenge to his authority.21

There were no architectural schools in the
United States in the early nineteenth century, so as-
piring architects trained themselves as best they
could, working for other architects. Latrobe trained
William Strickland, who in turn trained Thomas U.
Walter. American architects faced a problem un-
known to their European counterparts—the dis -
persal of their jobs over a much vaster landscape.
Because architect Ithiel Town traveled extensively,
supervising the construction of bridges that em-
ployed his patented truss pattern, in 1829 he took
into full partnership Alexander Jackson Davis,
thereby creating the first American architectural
firm. Thereafter, architectural firms with two and
three partners became increasingly common in the
United States. Although national and municipal
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 architectural agencies were already known in Eu-
rope, such private architecture partnerships were
rare there until well into the twentieth century.

Around the mid-nineteenth century, American
architects began to attend the École des Beaux-
Arts in Paris, beginning with Richard Morris Hunt
in 1845 and Henry Hobson Richardson in 1860. At
the turn of the century, in fact, Americans made
up the largest single group of non-French students
at the École. These American graduates combined
Yankee pragmatism and practicality with the sen-
sitivity to plan organization and expression of build-
ing character that they learned at the French
school. Architecture firms that exemplified these
attributes were Adler & Sullivan of Chicago (Sul-
livan attended the École) and McKim, Mead &
White of New York (McKim had also been at the
École). Meanwhile, during the 1870s, schools of ar-
chitecture were established in the United States,
first at the Massachusetts Institute of Technology,
Cambridge, and then at the University of Illinois,

Urbana, with others soon following. French-trained
instructors were hired, and when possible, French
graduates of the École were brought over to teach
École principles in these American schools.

By the end of the nineteenth century the char-
acter of the modern architectural profession had
been established, and by the dawn of the twentieth
century architects had achieved a professional sta-
tus equivalent to medical doctors and lawyers, even
to the point of having official licensing examina-
tions. Normally, however (and especially in the
United States), architects are not a direct part of
the construction industry. Once the client (either
an individual or a building committee) and the
 architect have settled on the final design, the typical
process in realizing a building is to locate a general
building contractor who signs a contract in which
he or she agrees to erect the proposed building ex-
actly as specified in the agreed-to drawings and writ-
ten specifications at an agreed-upon price, though
these construction documents can be changed with
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7.15. Sir John Soane, Bank of England, Consols Transfer Office, London, England, 1799. This detailed watercolor
perspective by Joseph M. Gandy shows the masonry skeleton of the room, before application of the final plaster coat or
installation of the windows and overhead light monitors. From M. Richardson and M. Steens, eds., John Soane, Architect:
Master of Space and Light (London, 1999).



the alterations agreed to by all parties involved in
the construction contract (with associated cost ad-
justments). The general contractor then makes fur-
ther agreements with the scores of subcontractors
who scrutinize the engineering and structural as-
pects of the work, who provide the various building
materials, who fabricate and install the heating and
cooling systems, and who manufacture the finishes
and furnishings of the completed building. And, as
Howard Davis has demonstrated in his study, The
Culture of Building (1999), nearly equally important
in the entire process of a building being realized are
craftsworkers, bankers, financiers, public officials,
and planners. Building is a detailed process that in-
volves hundreds of people, and in large complexes,
perhaps even thousands.

Early in the twentieth century, architects took
on a social dimension in their work, facing the ques-
tion of their social responsibility, a question that has
remained unresolved. Should the architect assume
the position of an activist and attempt to reform so-
ciety, shaping environments according to how life
ought to be lived (in the view of the architect), or
should the architect reflect prevailing social values
and shape environments according to how life ac-
tually is lived? With the rise of socialist-oriented Eu-
ropean governments in the twentieth century,
municipal building activity focused on housing com-
plexes, prompted by the increase in urban popula-
tions coupled with the destruction of much of urban

building due to the two enveloping world wars. Pro-
gressive-minded architects were active participants
in this effort, and they interpreted their mission as
providing the best housing for the largest number
of people. This was especially true of those who
formed the vanguard of the Inter national Modern
movement such as Walter Gropius, Max Taut, J.J.P.
Oud, and others. Their apartment and housing es-
tates have generally served well, though often the
innovative building techniques they created have
not weathered well. But it must be noted that the
European residents who moved into these houses
were already acclimated to apartment life, certainly
in contrast to American urban populations. With
the onset of urban renewal in the United States in
the 1950s and 1960s, new apartment complexes
were quickly needed to accommodate families then
being displaced by the “urban renewal” of what were
deemed by city planners as decayed neighborhoods.
But the apartment complexes, carefully designed by
upper-middle-class architects espousing high-
minded philosophical ideals, too frequently turned
out, in the long run, to be very poor living environ-
ments for the working-class poor. The best-known
example is the Pruitt-Igoe housing complex in Saint
Louis, Missouri, designed by architects Leinweber,
Yamasaki & Hellmuth and built in 1952–1955,
which provided residents no sense of identity and
prevented them from supervising their immediate
environment in the way they had been able to do
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7.16. Benjamin Henry Latrobe, Baltimore Cathedral, Baltimore, Maryland, 1804–1821. Longitudinal section/elevation,
1805. The meticulously executed colored drawing testifies to Latrobe’s extensive professional training in England and to the
care with which he specified all the details of the design. Photo: Courtesy, Diocese of Baltimore and the Maryland Historical
Society, Baltimore.



from three-story street-front apartments. In fact, the
apartment complex became so dangerous to live in
that prospective residents refused to move there,
and eventually, in 1972, the buildings had to be de-
molished22 [19.56].

Since roughly 1965, architects have begun to
take a more enlightened and more inclusive ap-
proach; some architects, particularly in the so-called
Third World countries, have begun to discover that
ancient traditional building methods and forms may
have distinct practical advantages in the present day.
For example, the traditional adobe mud brick archi-
tecture of Egypt was rediscovered and put to new use
from the 1930s through the 1970s by the Egyptian
architect Hassan Fathy for housing clusters and pub-
lic buildings. And Geoffrey Bawa referred to the tra-
ditional vernacular Sri Lankan village council house
in his new Parliament building for that country,
1979–1982.23 Both architects re discovered and rein-
vigorated traditional building materials and building
forms that proved rich in meaning for the ordinary
building users of their respective countries.

Another significant change that is reshaping the
architectural profession is the increasing number of
women who are achieving recognition in what, for
centuries, was considered a male profession. Begin-
ning with such American pioneers as Julia Morgan
and Marion Mahony Griffin in the opening years of
the twentieth century, and continuing with archi-
tects such as Eleanor Raymond and Natalie de Blois

at mid-century, women are an increasing presence
in the profession around the globe. In 2006 the fe-
male US graduate enrollment in architecture stood
at nearly 45 percent, while figures for the United
Kingdom and Australia were at around 39 percent.
The rise of women architects to the pinnacle of in-
ternational recognition was dramatically demon-
strated by the award of the prestigious 2004 Pritzker
Prize to Zaha Hadid, who was born in Baghdad,
trained at the highly regarded Architectural Asso-
ciation in London, later became a partner in the
avant-garde Office of Metropolitan Architecture
with Rem Koolhaas, and now maintains an inde-
pendent office in London. Awarded since 1979 and
popularly called the Nobel Prize of the architectural
world, the Pritzker Prize recognizes distinguished
achievement on a global scale, and 2004 was the
first year the prize was awarded to a woman. In 2010
the second woman to be named Pritzker Prize Lau-
reate was Kazuyo Sejima, who shared the prize with
her husband and partner, Ryue Nishizawa, at Sejima
+ Nishizawa and Associates (SANAA). As the
twenty-first century opens, the role of the architect
has expanded to embrace far more than the “master
builder” of ancient Greece; it now includes such ac-
tivities as being engineer, landscape designer, urban
designer dealing with buildings in groups, and urban
planner dealing with public policy and design on a
regional scale. It has become a profession of open
possibilities and enormous challenges.
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8.0. Pennsylvania Station, New York, June, 1965, showing the construction of the new subterranean station spaces while
demolition was already in progress. Despite the soiled dinginess of the vast original building, the low squat frame of the new
replacement station empathically reveals how restricted was the vision of railroad officials in the early 1960s, compared to
how upliftingly soaring had been the ambition of the railroad and its architects, McKim, Mead & White, in 1902–1910.
Photo: Louis Reens, published on the cover of Progressive Architecture, June 1965.



Therefore, when we build, let us think that we 
build for ever. . . . Let it be such work as our
descendants will thank us for, and let us think, as 
we lay stone upon stone, that a time will come
when . . . men will say as they look upon the 
labor and wrought substance of them, “See, this 
our fathers did for us.”

—John Ruskin, The Seven Lamps of Architecture, 1849

In his most influential book on architecture, The
Seven Lamps of Architecture (1849), John Ruskin

drew a distinction in the opening sentences be-
tween architecture and building, making it clear
that what he proposed to talk about was Architec-
ture. The tendency since that time has been to as-
sume that some buildings are more important than
others, that the more important ones are worth de-
tailed deliberation in their design, lavish expendi-
ture on materials and craftsmanship, and unfailing
preservation, while others are viewed as “Kleenex”
buildings, deserving no second thought in design
or any particular care in their use, and easily dis-
posable. The result has been that we have a few
splendid isolated buildings, but on the whole, we
live and work and play in perfunctory environ-
ments made only as good as it is believed they ab-
solutely must be. Perfunctory is the perfect word to
describe much of what has been built since the be-
ginning of the Industrial Revolution. Derived from
a Latin root, perfungi, it means “to get through with,
to be done with.”

Just as we cannot properly understand the past
without considering the “buildings” around the
 “architecture”—the houses around the  cathedrals—
we need to view all our built environment as a whole
of interrelated parts. Some buildings may have more
public presence than others, being the focus of com-

munal or civic life, but all should be viewed as im-
portant. The act of building should not descend to
being perfunctory but should seek to celebrate. The
word celebrate, derived from the Latin celeber, origi-
nally referred to honoring someone or something by
going in great numbers to praise and proclaim, to
draw attention to something as being special, to as-
sign high value, and to enjoy. In 1926, in one of his
earliest writings about architecture, the social and
architectural critic Lewis Mumford observed:

The great problem of the architect is to mold
the essential structural form in such a way as to
perform all the purposes for which the building
exists. It must fit its site, harmonize with or
stand out from its neighbors, fulfill its own
function as a shelter, a work-place, or a play-
place, and give a special pleasure to every one
who passes it or enters it.1

Economics and Historic Preservation
Mumford’s suggestion that architecture should be
a pleasurable experience raises the question of econ-
omy. Again, Roman architect Vitruvius offers valu-
able ancient advice, for he observed that economy
(he used the Greek term oikonomia) is essential to
good architecture, suggesting that economy would
result from the selection of a good building site, the
use of good materials, and the wise control of ex-
penses. It also involves, he wrote, creating in the
building a character appropriate to the building’s
use.2 Economy, and all the modern derivatives
drawn from this word, comes from the Greek oikas,
“house,” plus nemein, “to manage,” referring to
good stewardship of the household through wise
management of resources. Yet in modern usage, to
say something is economical is nearly synonymous
with saying it is cheap (a very different word that
comes from Old English and means “to haggle in
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the marketplace”). True economy, in the sense of
good management, suggests that tearing down an
old building may, in the long run, be very bad man-
agement on several counts. On a practical level, a
considerable investment in human and mechanical
energy was required to erect the building, and it
may not be desirable to expend additional fiscal re-
sources and energy merely to reduce it to rubble,
haul the debris to a landfill, and then spend yet
more money to replace it. On a deep psychological
level, our architecture is our built memory; it is a
legacy, both the acclaimed architecture and the
anonymous building. When we remove any ele-
ment, we erase part of that memory, performing an
incremental cultural lobotomy.

In every period of human history, new buildings
to accommodate prevailing needs replaced what
had been built before. In the early Middle Ages, per-
haps more buildings were adapted to new uses than
had been customary before, but that was more a re-
flection of the generally depressed economic condi-
tions than of a conscious conservationist ethic. One
of the great ironies of the Renaissance was that, de-
spite the interest in Roman architecture, much
 ancient architecture was destroyed or dismantled to
reuse the stone for sixteenth-century buildings.
With the rise of a more scientific interest in antiq-
uity in the eighteenth century, however, the impulse
arose to preserve old buildings as a way of retaining
the knowledge of the past. The movement for his-
toric preservation began in tandem with the cult of
ruins and the interest in past architecture that arose
in England in the eighteenth century and then
spread to the rest of Europe. At first, preservation
was an antiquarian pursuit of aristocrats and
wealthy industrialists who saw so much threatened
by the rise of industry in the nineteenth century. In
1882, Parliament passed the Ancient Monuments
Protection Act. This interest was further formalized
in 1894 by the creation of the National Trust in
Great Britain, which grew in size, public impact, and
scope of interest in subsequent decades. Over the
years, various historic properties in Britain were ac-
quired and opened to the public. Still active in call-
ing attention to threatened national treasures, the
National Trust is funded today by membership dues,
admission fees, bequests, and legacies. In France the
publication of Victor Hugo’s novel Notre Dame de
Paris (Paris, 1831), which included as much descrip-
tion of the church and its environs as it did the in-
vented romantic story, incited strong interest in
preserving such buildings, partly because they were
viewed as part of the national patrimony. This
 interest was soon expressed in many nineteenth-
 century restoration projects of medieval French

buildings—many undertaken by architect and
writer Eugène-Emmanuel Viollet- le-Duc. Organi-
zations and preservation efforts in other European
countries soon followed these beginnings in Great
Britain and France.

In the United States the historic preservation
movement was initiated in 1876 by rising interest
in the period of the nation’s founding. Gradually
the residences of the Founding Fathers were pre-
served by concerned citizens, beginning with saving
George Washington’s Mount Vernon and Jefferson’s
Monticello. During the 1920s this interest was
spurred by the saving and detailed restoration of an
entire colonial town, Williamsburg, Virginia, with
the financial support of the Rockefeller family. This
was soon followed by municipal legislation in
Charleston, South Carolina, to preserve and pro-
tect its extensive eighteenth-century architectural
legacy. However, federal authorization was needed
to advance and encourage preservation activity
across the nation. As in Britain earlier, the threat
of rapid expansion of industries and the sprawl of
suburbs following World War II was paralleled by
the creation of the National Trust for Historic
Preservation, chartered by Congress in 1949 as a
private venture supported by membership fees, en-
dowments, and incomes from historic properties.
To provide muscle on a national level, the National
Historic Preservation Act was passed in 1966, cre-
ating the National Register of Historic Places
where significant sites—whether of architectural,
historical, or cultural importance—can be listed
and protected to a certain degree from wanton or
impulsive destruction. The act also provided for
creation of the State Historic Preservation Offices,
which maintain inventories of buildings likely eli-
gible for inclusion on the National Register. Al-
though none of these developments, by themselves,
ensure that buildings considered worthy of preser-
vation will automatically be preserved, they do
serve to delay demolition while the public and the
experts have time to make their case for preserva-
tion. Sometimes it even happens that the building
owner has a change of heart.

To promote preservation on a global scale, an
analogous organizational meeting had been held in
Athens, Greece, in 1931, to create an international
body comparable to Britain’s National Trust, but the
political disruption of World War II, of course, in-
terrupted implementation. Not until the mid-1960s
was the world situation settled enough for a second
meeting to be held in Venice for framing funda -
mental resolutions, and this action then prompted
the United Nations in 1965 to create the agency
charged with promoting preservation around the
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globe:  ICOMOS, or the International Council on
Monuments and Sites. It is in vigorous operation
today.

The difficulty is that not every building can be
frozen in time. The ancient buildings that have been
passed on to us are those that were suitable for being
put to new uses, and historical imagination is re-
quired to conceive of new uses for old buildings.
New construction need not be halted, nor the past
swept away entirely for the new, as some Inter -
national Modernists proposed in the 1920s. What
is needed is a flexible and tolerant affection for the
past. In our cities, where space is limited, several
questions arise: Should old buildings be refitted for
a new use, should they be moved, or can they be in-
corporated into a new design? Good management
requires an answer to yet another question: Is the
new proposed building better than the old one it will
replace? If not, we risk shortchanging not only our-
selves but posterity.

In the aftermath of World War II and its exten-
sive destruction, British architectural historian Sir
John Summerson quickly saw the coming dilemma,
as former New York Times architecture critic Paul
Goldberger notes: “If a historic buildings stands in
the way of a new one, who is to judge which has
the right to occupy the land?”3 The property owner
alone, or some public agency that believes the older
building serves a more important public good? As
Goldberger further notes, Summerson, in 1947, ob-
served that while art works and works of significant
literature are comparatively easy to preserve, old
buildings are different: “Like divorced wives they
cost money to maintain. They are often dreadfully
in the way. And the protection of one may exact as
much sacrifice from the community as the preser-
vation of a thousand pictures, books or musical
scores.”4 The essential criteria supporting preserva-
tion as sketched out by Summerson in 1947 are re-
markably similar to the Secretary of the Interior’s
criteria in the 1966 Historic Preservation Act. First,
says Summerson, the building must be generally
recognized “as a work of art [that is] the product
of a distinct . . . creative mind.” Or it should exem-
plify the characteristics of a particular school of de-
sign. Or, if not by itself truly distinguished, it brings
together elements of distant times. Or the building
is connected with seminal events or individuals of
outstanding importance. Or the particular building
is set in “a bleak tract of modernity, [such that] it
alone gives depth of time.”

In fact, the very existence of the National Register
of Historic Places, even the creation of the New York
City Landmarks Commission, can be connected to
the loss of a nationally significant building in 1963

that drew the protests of people around the United
States: New York’s Pennsylvania Station, a huge
transportation facility that had been designed by en-
gineers of the Pennsylvania railroad working closely
with architects McKim, Mead & White5 [8.1]. Oc-
cupying two city blocks covering eight acres in the
heart of midtown Manhattan, it was built in 1902–
1910. A marvel of efficient transportation planning
and incorporating the most advanced heavy-duty
electric traction engines of the day (since the entire
track system was in tunnels that ran 45 feet below
the street), the station was lauded when it was fea-
tured in numerous articles after it opened. Even as
late as 1958 it was praised by critic Lewis Mumford,
who wrote that “McKim’s plan had a crystal clarity
that gave the circulation the effortless inevitability of
a gravity flow system”6 [see 18.46, 18.47].

For several decades up to 1945, as passenger rail
travel expanded, the Pennsylvania Railroad pros-
pered and the station was well maintained. But
after the privations caused by the Great Depression
and World War II, Americans were eager to pur-
chase automobiles and to transport themselves.
Additionally, long-distance air travel became gen-
erally affordable. Train travel began to drop, as did
revenues, and maintenance of Pennsylvania Sta-
tion was “deferred,” a solution adopted by many
other businesses. Layer upon layer of soot and
grime accumulated over the once-honey-colored
travertine, the marble, and the vast murals, be-
smirching the broad lunette windows as well. Penn
Station began to slip into darkness.

Meanwhile, during the 1930s and ’40s, the ar-
chitectural profession, architectural magazines, and
critical opinion in general quietly embraced the
view that architecture should yearn for modernism,
following the look of lean efficiency. Any architec-
ture that referred to the past became viewed as
functionally suspect and was considered ripe for re-
placement. In designing the great public spaces of
Penn Station, McKim turned to ancient Roman ex-
amples, the last great public buildings that had been
specifically designed to facilitate the movement of
groups of people. In particular, McKim’s huge wait-
ing room at the very center was inspired by the frigi-
darium of the Baths of Caracalla. Soaring to 138 feet
at the height of its groin vaults, it offered a tremen-
dous vertical spatial release to passengers exiting the
confinement of their rail cars below; moreover, the
many operable panes in the eight broad semicircular
lunette windows afforded abundant light as well as
an escape for the hot air and exhausted steam rising
from the train tunnels so far below. Two large open
voids above the tracks in the center light courts of
the building provided additional ventilation.
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8.1.  McKim, Mead & White, Pennsylvania Station, New York, NY, 1902–1910, demolished 1963–1965. Interior of the
Waiting Room, once one of the grandest public spaces in the United States. Photo: Avery Library, Columbia University,
New York.



Penn Station was a functionally efficient station,
but, even better, it allowed its users, in taking in its
grandeur, to feel better. The building offered visual
pleasure to all, asserting that each individual—
bootblack, janitor, railroad employee, shop keeper,
commuter, urban investment banker, long-distance
traveler—was worth being provided such architec-
tural excess; the building gave its users a sense of
feeling important.

But during the 1950s the railroad company al-
lowed the building to get progressively more dingy,
and large advertising installations were inserted
that impeded the efficient flow of traffic. The only
fiscally profitable solution, from the railroad’s point
of view, seemed to be removing the great excessive
(read: not income-producing) public spaces and re-
placing them with a huge bland drum housing a
new Madison Square Garden entertainment facil-
ity, plus a new tall office tower—everything de-
pressingly common, built cheap and mean. The
income generated by these new additions would
offset the losses involved in running such a money-
pit operation as a railroad station, or so it was be-
lieved. The remaining commuter and travelers’
facilities could be squeezed into a cost-effective
compressed horizontal 20-feet crypt underneath
the added buildings.

The railroad company’s announcement in mid-
1961 that it planned to demolish Penn Station was
met with stunned astonishment, disbelief, and the
desperate hope that surely a better solution could
be found. But at that time there was no legal way
to temporarily prevent demolition and allow time
for other alternatives to be explored. Ironically, only

a few days after the railroad’s demolition announce-
ment, New York mayor Robert Walker formed a
committee to advise on landmark preservation, the
result of which was the passage of a city ordinance
creating the New York Landmarks Preservation
Commission in early 1965. But by then it was two
years too late. Penn Station was already being torn
apart [8.0, p. 152]. Meanwhile, the ongoing de-
struction generated repeated scathing editorial
 essays by New York Times critic Ada Louise Hux -
table, who condemned the decision. After the re-
placement buildings went up and the “efficient”
single-level subterranean station went into opera-
tion, historian and critic Vincent Scully spoke for
many when he observed: “Through it one entered
the city like a god. . . . One scuttles in now like a
rat”7 [8.2].

The furor raised by the destruction of Penn Sta-
tion and the resultant creation of the New York
Landmarks Preservation Commission provided the
mechanism for saving the splendid Henry Villard
houses in New York while alternative uses were ex-
plored, resulting in the retention of the townhouse
group as the entryway to the otherwise undistin-
guished Hemsley Hotel. Meanwhile, since 1954 the
New York Central Railroad had been working on
its own proposal to construct a towering office
building over Grand Central Station, a palace of
grand public transport equal to the threatened
Penn Station. In 1967, the new Landmark Com-
mission designated Grand Central as a landmark,
against the railroad’s vigorous objections. A second
office proposal was developed by architect Marcel
Breuer; this and a subsequent revised tower design
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8.2. Charles Luckman
Associates, Pennsylvania
Station, New York, NY,
1966–1968. The soaring
150-foot spaces of the old
station were replaced by
efficient but cramped and
graceless public spaces. Photo:
William E. Sauro/The New
York Times/Redux.



were turned down by the Landmarks Commission.
While the railroad and its developer brought suit
to negate the Commission’s decision, a high-profile
group of concerned citizens, including architect
Philip Johnson and Jacqueline Kennedy Onassis,
raised awareness and brought enormous pressure in
support of the Landmarks Commission. Though
the initial suit was decided in the railroad’s favor,
the decision was then overturned by the New York
Appellate Court in the Landmark Commission’s
favor. So, the case was taken all the way to the
United States Supreme Court, the first time such a
preservation question was examined by that Court.
In 1978, by a significant majority the Court ruled
in favor of the Landmarks Commission and the city,
reaffirming the legality of landmark designation as
a facet of a municipality’s zoning authority. More-
over, the Court found that the designation was not
a taking of property without compensation, since
the railroad still retained valuable air-rights that
were transferable to adjoining properties. As Paul

Goldberger put it, if Penn Station had become the
martyr for historic preservation, Grand Central was
now its triumphant savior.8

Regarding preservation of a nation’s historic ar-
chitecture, John Ruskin held very strong views, as
shown in his writing about the ancient medieval ar-
chitecture of England: “It is again no question of
expediency or feeling whether we shall preserve the
buildings of past times or not. We have no right what-
ever to touch them. They are not ours. They belong
partly to those who built them, and partly to all the
generations of mankind who are to follow us.”9

Blind veneration of the past is counterproductive,
but Ruskin’s injunction should prompt us to exer-
cise informed appraisal before we destroy.

True economy must be measured in the quality
of performance over the long run, not merely in
 initial cost, or the savings obtainable through dem-
olition and replacement. In the preface to their
 historical survey The Architecture of America (Bos -
ton, 1961), John Burchard and Albert Bush-Brown
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8.3. Taj Mahal, Agra, India, 1630–1653. Built of white marble by Shah Jahan, this was a tomb for his consort Mumtaz
I-Mahal. As was said by philosopher Rabindranath Tagore, “let this one teardrop, this Taj Mahal, glisten spotlessly bright 
on the cheek of time, forever and ever.” Photo: Scala/Art Resource NY.



 emphasize that “a design that fails to provide full
emotional and physical performance is not eco-
nomical, however cheap. Indeed, cheapness has
never been a criterion of great building.”10 So, what
is true economy in architecture? John Kenneth
Galbraith, one of the most enlightened economists
of the mid-twentieth century, had served as ambas-
sador of the United States to India and thus was
keenly familiar with the social impact of both
marked affluence and extreme poverty. Yet, he pro-
posed an intriguing yardstick by which to measure
economy, saying that beauty and elegance in public
construction are worth having, even if they are not
cheap. He illustrated his point by focusing on the
Taj Mahal in India [8.3, Plate 16]:

The return on a public structure is not merely
the task that it facilitates. It is the whole pleas-
ure that it provides the community. Accord-
ingly, a building can be very expensive but a
rare bargain for the pleasure it provides. A
modest structure at modest cost would have
provided durable and hygienic protection for
the mortal remains of Mumtaz Mahal and Shah
Jahan. But by spending more—by some esti-
mates, about $8 million—Shah Jahan got the
Taj Mahal. It has rejoiced the whole world ever
since. Surely this was sound economy. Our test
should be similar. The most economical build-
ing is the one that promises to give the greatest
total pleasure for the price.11
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1Stonehenge, 2600–2400 BCE
Salisbury Plain, Wiltshire, England

5Palace at Knossos, Crete, 
c. 1700–1380 BCE

1Parthenon, Athens, Greece, 
447–438 BCE

5Temple of Poseidon,
Paestum, Italy, 
c. 550 BCE

3Hypostyle Hall, Temple of
Amon, Karnak, Thebes,
Egypt, c. 1315–1235 BCE

7Ziggurat of the moon god Nannar,
Ur (in present-day southern Iraq), 
c. 2113–2006 BCE

1Pyramid complex at Giza, Egypt, 
c. 2680–2560 BCE

7Lanyon Quoit, 
Cornwall, England, c. 3200 BP


