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Lesson one

Architecture

Pecople have been planning and building for a long time. But was it
architecture? Until fairly recently, it was common to distinguish between
architecture and ‘mere buildings’, but this is becoming more difficult.
Certainly the origins of architecture predate the first architect, who is
traditionally taken to have been the designer of a stepped pyramid in Egypt.
Even if one includes the specialist builders of certain chiefs’ houses and ritual
buildings, most of what was built was not designed by professionals but was
rather an expression of the same architectural impulse that prompts high-style
design. Thus, in dealing with the origins of architecture or an understanding
of what architecture is, we must be concerned with the folk or popular
tradition—the buildings called ‘primitive’ or ‘vernacular’ that have always
comprised the bulk of the built environment and that are essential for any
valid generalizations, and certainly critical for a discussion of origins.

All such environments, as well as all human artifacts, are designed, in the
sense that they embody human decisions and choices and specific ways of .
doing things. A person clearing a forest, putting up a roadside stand, or laying
out a camp is as much a designer as an architect—such activities change the
face of the earth and create built environments.

All environments result from choices made from among all possible
alternatives. The specific choices tend to be lawful, reflecting the culture of
the people concerned. In fact, one way of looking at culture is in terms of the
most common choices made. It is the lawfulness of decisions that makes
places—and buildings—recognizably different from one another; lawfulness also
leads to specific ways of dressing, behaving, eating, and so on, It affects the
way people interact, the way they structure space and time, These consistent
choices result in style—whether of built environments or of life.
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Thus, culture concerns a group of people who have a set of values and
beliefs and a world view that embody an ideal. These rules also led to
systematic and consistent choices. With our earlier statement that architecture
is a result primarily of sociocultural factors, and with our definition of design

‘10 include most purposeful changes to the physical environment, architecture

can be thought of as any construction that deliberately changes the physical
environment according to some ordering schema. The difference between
buildings and settlements is one of scale. As Aldo Van Eyck once said, “A
building is a small city; a city is a large building.

To answer the question of why people build environments, we need to
understand how the human mind works. Schemata represent one product of
what seems a basic process of the human mind, to give the world meaning, to
humanize it by imposing order on it—a cognitive order often achieved through
classifying and naming, or differentiating. The world is chaotic and disorderly;
the human mind classifies, differentiates, and orders. We could say that the
order is thought before it is built. ‘Settlements, buildings, and landscapes are
part of this activity, which, as we have already seen, goes back a long way.
When Neanderthals buried their dead with flowers they were trying to impose
an order reconciling life and death. The cave paintings of Europe mark
complex ordering systems ‘and define caves as sacred spaces, different from
other spaces such as dwelling caves that were not painted. Symbolic notational
systems, in this case of lunar observaiions, are found remarkably early and
clearly represent attempts to impose an order on time and natural
phenomena.

People think environments before they build them. Thought orders
space, time, activity, status, roles, and behavior. But giving physical expression
to ideas is valuable. Encoding ideas makes them useful mnemonics; ideas help
behavior by reminding people of how to aét, how to behave, and what is
expected of them. It is important to stress that all built environments—
buildings, settlements, and landscapes—are one way of ordering the world by
making ordering systems visible. The essential step, therefore, is the ordering
or organizing of the environment. |
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LLesson TWO

Function and Structure

The purpose of a building is to perform a function. The function of most
buildings is to protect people from the weather by creating enclosed but
-interconnected spaces. These spaces may be many and small, as in apartment
houses, or few, perhaps even a single sapce, as in a church or theatre. The
function of the building is fulfilled by the construction of surfaces, like walls
and roofs, which separate the outside from the inside. But walls must be
pierced by doors to let people in and out and by windows to allow the
penetration of light and air. Roofs must prevent rain and snow {rom entering
buildings. By analogy with the human body the functional envelope of a
building is called its skin. Within this skin the separation of internal spaces
demands the construction of floors and partitions while circulation between
floors requires stairs and elevators.

The structural components of a building assure that the elements required
to fulfill its function will stand up. Columns, beams, and floors—structure—
make possible the architectural function. Even in the tents of our ancestors,
the functional and the structural components were clearly separated. Animal
skins created the inner space and protected the dwellers; they were the
envelope or functional component, The center pole and the ropes staying it
made sure that the skins would stand up; they were the structural
components. Again, by analogy with the human body, these structural
components are called the skeleton or frame of the building.

It is in the development of structure that architecture has undergone a
revolution. Our high-rise buildings now reaching heights of nearly 1,500 feet
and our covered stadiums sometimes spanning 700 feet require structures
incomparably more complex and stronger than those of the past. Their
development demanded both new theoretical knowledge for design and new

materials for construction.

N

== A ADE S

<O>x X‘O»

‘OW‘OW‘O»

<OW<OW<OW<O>

“OW40W40W40>



A
,

=X S== <o>)@<<o>)@<<o>)®<<o>)@

‘O%‘O»ﬂ‘o»

‘O%‘Oﬂ‘o%‘o»

"O%‘OW‘O%‘O»

[n the past structures were erected by the time-honored method of trial

and crror. Each builder would dare a little more than his predecessor until,

faced by failure, he knew that the limits of his structural system had been

exceeded. The daring brick dome of Hagia Sophia in Constantinople, first
builtin A.D. 537 and one of the largest domes of antiquity, fell twice before it
finally stood. It stands to this day. The exceptionally high vault of the Gothic
cathedral at Beauvais collapsed twice before the master masons of the
fourteenth and sixteenth centuries understood the real potential and
limitations of this type of construction. Although Leonardo da Vinci at the
end of the fiftcenth century knew exactly how a beam works, the great
physicist Galileo, often called the father of modern physics, had a false
understanding of beams. He thought, for example, that a cantilevered beam
(such as those supporting balconie) has a tendency under the action of the
loads on it to rotate around the edge of its lower surface. Leonardo da Vinci
knew 150 years before him that such a beam, instead, tends to rotate around
an axis halfway between its lower and upper surface.

Today the mathematical theory of structures is an essential part of
physics and has made possible the record-breaking structures of our ecra.
These triumphs in structural design have been achieved through the use of
computers, electronic marvels with the capacity of performing millions of
operations per second, while simultaneously making logical decisions. The
designs thus made possible were unobtainable only twenty years ago, not for
lack of theoretical knowledge, but because they would have required years or
even centuries of hand calculations, Yet the ‘infallible’ computer is run by
fallible human beings and cannot be trusted to give him to be the correct

dNSWCT.

The development of structural material has not kept pace with the needs
for the realization of advanced theoretical concepts. Except for reinforced and
prestressed concrete and high-strength steel, the materials we use today are
very similar to those used by our forefathers. Wood, stone, masonry and bricks
still dominate construction and must be used in ways compatible with their

properties, which have remained practically unchanged for centuries. Thus,
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while mankind’s aspiration to reach the sky, the ‘Tower of Babel Complex’,
drives us to.grect higher and higher buildings, our tallest (the Scars Tower in
Chicago) is only three times taller than the 5,000-year-old pyramid of Cheops.
Our largest hall (the Louisiana Superdome) spans a distance of 680 feet,
which is only four-and-a-half times the 148-foot span of the dome of the
Pantheon built in Rome 1,800 years ago.

“The superiority of modern materials however is of a striking nature,
economically if not dimensionally. Our large buildings are extremely light and
are cheaper to build than those of the past. The dome of St. Peter’s, the
largest church of Christendom, spans 137 feet, consists of not one but two
domes of brick, and weighs about 450 pounds per square foot. The dome of
the C.N.LT. (Centre National des Industries et des Techniques) exhibition hall
in Paris, a double--dome made of concrete and five times larger than St.
Peter’s, weighs only 90 pounds per square foot.

One might suppose, then, that the shape and size of buildings would be
determined essentially by the availability of structural materials. Though this
is mostly true in modern times, it is fascinating to realize that religious and
spiritual tenets have had an enormous influence on traditional construction.
For example, the Patagonian Indians, who lived at the tip of South America in
one of the worst climates in the world, exposed to a permanent and infernal
wind blowing from the South Pole, were capable of building large stone
domes for their churches. Constructing a large dome of heavy stone blocks
without the help of mechanical devices is no mean structural achievement and
onc would think that the Patagonians could have used this knowledge to
protect themselves from their hostile environment. But such was their respect
for the gods that they would not dream of building their houses in the shape
of churches. while their gods rested warmly in the stone-domed-churches, the
Patagonians lived in the open air and slept behind windbreakers made of
vertical stone slabs. Similarly, in Arab countries many traditional houses,
which should have been sited according to exposure to the sun, were often
oriented by adherence (o religious laws such as those cstablishing that the

praying niche or mihrab in a mosque must facc Mecca.
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Since in most buildings functional and structural purposes are achicved
through different components, the components are usually made of different
materials. The so-called curtain walls of our high-rise buildings consist fo thin,
vertical metal struts or mullions, which encase the large .glass panels
constituting most of the wall surface. The curtain wall, built for ligh{ing and
temperature-conditioning purposes, does not have the strength to stand by
itself and is supported by a frame of steel or concrete, which constitutes the
structure of the building. On the other hand, both in traditional architecture

‘OW‘OW‘OW‘O»

and in modern designs, particularly of exceptionally large halls, the structure
may become so all-important as to take over the functional demands of the

building as well. Such is the case in large spaces covered by concrete domes.

<O>W<O>

In traditional brick construction the walls have window openings and doors
and act as both structural and functional components. Typical of the
integration of structure and function is the traditional housing in certain
towns of southern Italy, where the srulli are round, domed, and stone-built

structures which do not have separate functional components.
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Architectural Methods

Wall
The two types of wall are (1) load bearing, which supports the weight of floors
and roofs; and (2) nonbearing, which at most supports its own weight.

The load-bearing wall of masonry is thickened in proportion to the forces
it has to resist: its own load, the load of floors, roofs, persons, etc., and the
lateral forces of arches, vaults, wind, etc., that may cause it to crack or buckle.
Its thickness often can be reduced at the top, because loads accumulate
toward the base; in high buildings this is done by interior or exterior setbacks
at the floor level of upper storeis. Walls that must resist lateral forces are
either thickened along the whole length or at particular points where the
force is concentrated. The latter method is called buttressing. Doors and
windows weaken the resistance of the wall and divert the forces above them to
the parts on either side, which must be thickened in proportion to the width
of the opening. In multistorey ouildings, windows—unless they are very small—
must be placed one above the other so as to leave uninterrupted vertical
masses of wall between them to transfer loads directly to the ground. The
number of openings that can be used depends on the strength of the masonry
and the stresses in the wall. Walls in light, wood-framed structures and in
reinforced-concrete construction may have a bearing function also. But the
nature of the material admits other means of resisting forces than the increase
of mass.

The placement of walls is determined by the type of support for floors
and roofs. The commonest support is the beam, which must be jointed to
walls at both ends; consequently, its maximum permissible length establishes
the distance between bearing walls. All floors and coverings are most easily
supported on straight, parallel walls except the dome.

The nonbearing wall (excluding the independent garden variety) appears
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?2( only where loads are carried by other members, as in heavy timber and other

skeletal structures. Modern steel and reinforced-concrete frames require
exterior walls only for shelter, and sometimes dispense with them on the
ground floor to permit easier access. Since the wall rests or hangs upon
members of the frame, it becomes a curtain or screen and admits treatment in
any durable, weather-resisting material. Traditional materials are often used,
but light walls of glass, plastic, metal alloys, wood products, etc., can be
equally efficient. This freedom of choice extends also to the form of walls and
offers greatly expanded opportunities for creative expression.

Post and Lintel. The simplest 1llustration of load and support in
construction is the post and lintel system, in which two upright members
(posts, columns, piers) hold up a third member (lintel, beam, girder, rafter)

laid horizontally across their top surfaces (Figure 7-1). This is the basis for

the evolution of all openings. But in its pure form, the post and lintel is seen
only in colonnades and in framed structures, since the posts of doors,
windows, ceilings, and roofs are part of the wall.

The job of the lintel is to bear (
the loads that rest on it (and its '%'

S—7 =
own load) without deforming or — % ’ \ !

breaking. Failure occurs only when

the material is too weak or the

lintel is too long. Lintels composed
of materials that are weak in A

bending, such as stone, must be
short, while lintels in materials that Figure 7-1. Post and Lintel.

are strong in bending, such as steel,

may span far greater openings. Masonry lintels are inefficient because they
must depend on the cohesiveness of mortar, which is weaker than the blocks
it bonds; so in masonry construction, lintels of monolithic (sin.gle slab) stone,
wood and stronger materials are employed.

The job of the post is to support the lintel and its loads without crushing
or buckling. Failure occurs, as in lintels, from excessive weakness or length,
but the difference is that the material must be especially strong in cbm-
pression. Stone, which has this property, is more versatile as a post than as a
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lintel; under heavy loads it is superior to wood but not to iron, steel or
reinforced concrete. Masonry posts, including those of brick, may be highly
efficient, since the loads compress the joints and add to their cohesiveness.

for large structures, and columns are usually built up of a series of cylindrical
blocks called drums.

From prehistoric times to the Roman empire, the post and lintel system
was the root of architectural design. The interiors of Egyptian temples and the
exteriors of Greek temples are delineated by columns covered by stone lintels.
The Greeks opened their interior spaces by substituting wooden beams for
stone, since the wood required fewer supports. The development of the arch
and vault challenged the system but could not diminish its importance either
in masonry construction or in wood framing, which by its nature is dependent
on posts and beams.

Ancient uses of the post and lintel were refined but not fundamentally
altered until the production of cast-iron columns, which, offering greater
strength and smaller circumference, greatly reduced the mass and weight of
buildings. Much construction in mod-

ern materials is based on the post and | 'm

lintel system of the past. Steel and

- am—

' l
concrete skeletons restore to modern | l ) i ,Q\ — | ‘.J—
architecture the formal simplicity of )
the oldest structures known. But, be- Figure 7-2. Post and Lintel.
cause they are rigid frames, they aban-
don the fundamental concept of the duality of post and lintel by fusing them
into a unit throughout which stresses are distributed. The ‘mushroom’ column
is a further departure, since the unit can be extended into a covering slab and

becomes a ceiling as well as a support (Figure 7-2).
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Although monolithic stone columns are used, they are extravagant to produce
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