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Design education in the form we know it today is a relatively recent phenomenon. That a designer
needs formal instruction and periods of academic study and that this should be conducted in an

Design education

educational institution are now commonly accepted ideas. The history of design education shows a
progressive move from the workplace into the college and university studio. In a recent attempt to
interpret the history of architectural education linked to establishment of the Prince of Wales Institute
of Architecture, this change is interpreted as a series of political conspiracies. Certainly it is possible
to argue that academically based design education lacks contact with the makers of things, but this
reflects practice. The designers of today can no longer be trained to follow a set of procedures since the
rate of change of the world in which they must work would soon leave them behind. We can no longer
afford to immerse the student of architecture or product design in a few traditional crafts. Rather they
must learn to appreciate and exploit new technology as it develops.
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For many of the kinds of design we are considering, it is important not just to be technically
competent but also to have a well developed aesthetic appreciation. Space, form and line, as well as

What does design involve?

colour and texture, are the very tools of the trade for the environmental, product or graphic designer.
The end product of such design will always be visible to the user who may also move inside or pick
up the designer’s artifact. The designer must understand our aesthetic experience, particularly of the
visual world, and in this sense designers share experience, particularly of the visual world, and in
this sense designers share territory with artists. For these reasons alone and there are some others we
shall come to later, designers also tend to work in a very visual way. Designers almost always draw,
often paint and frequently construct models and prototypes. The archetypal image of the designer is of
someone sitting at a drawing board. But what is clear is that designers express their ideas and work in a
very visual and graphical kind of way. It would be very hard indeed to become a good designer without
developing the ability to draw well. Indeed designer’s drawings can often be very beautiful. Sometimes
the drawings of designers become art objects in their own right and get exhibited. We must leave
until later a discussion of why the practice of designing should not be considered as psychologically
equivalent to the creation of art. Suffice it now to say that design demands more than just aesthetic
appreciation. How many critics of design, even those with the most penetrating perception, find it
easier to design than to criticise?
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Perhaps there can be no exhaustive list of the areas of expertise needed by designers, although we
shall attempt to get close to this by the end of the book. However, there is one more set of skills that
designers need which we should at least introduce here. The vast majority of the artifacts we design
are created for particular groups of users. Designers must understand something of the nature of these
users and their needs whether it is in terms of the ergonomics of chairs or the semiotics of graphics.
Along with a recognition that the design process itself should be studied, design education has more
recently included material from the behavioral and social sciences. Yet designers are no more social
scientists than they are artists or technologists.
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Whilst design by drawing clearly has many advantages over the vernacular process, it is not without
some disadvantages. The drawing is in some ways a very limited model of the final end product of design,
and yet in a world increasingly dependent on visual communication it seems authoritative. The designer
can see from a drawing how the final design will look but, unfortunately, not necessarily how it will
work. The drawing offers a reasonably accurate and reliable model of appearance but not necessarily of
performance. Architects could thus design quite new forms of housing never previously constructed once
new technology enabled the high-rise block. What they could not necessarily see from their drawings
were the social problems which were to appear so obvious years later when these buildings were in use.
Even the appearance of designs can be misleadingly presented by design drawings. The drawings which
a designer chooses to make whilst designing tend to be highly codified and rarely connect with our direct
experience of the final design. Architects, for example, probably design most frequently with the plan,
which is very poor representation of the experience of moving around in a building.

Disadvantages of design by drawing
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It is easy to fall into the trap of over-precision in design. Students of architecture sometimes submit

Precision in calculation

thermal analyses of their buildings with the rate of heat loss through the building fabric calculated
down to the last watt. Ask them how many kilowatts are lost when a door is left open for a few minutes
and they are incapable of answering. What a designer really needs is to have some feel for the meaning
behind the numbers rather than precise methods of calculating them. As a designer you need to know
the kinds of changes that can be made to the design which are most likely to improve it when measured
against the criteria. It is thus more a matter of strategic decisions rather than careful calculations.
Perhaps it is because design problems are often so intractable and nebulous that the temptation is so
great to seek out measurable criteria of satisfactory performance. The difficulty for the designer here
is to place value on such criteria and thus balance them against each other and factors which cannot be
quantitatively measured. Regrettably numbers seem to confer respectability and importance on what
might actually be quite trivial factors.
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The gap between Users and designers

As many young designers must have found on leaving design schools, it is one thing to design
for yourself but quite another to design for a real client with personal and institutional prejudices
and biases. When that client is not even the prospective user of the design, the problem becomes
even more remote. This increasing remoteness of designers from those for whom they design has
created the need for user requirement studies. Almost in desperation designers have turned to social
and human scientists from ergonomists through architectural psychologists to urban sociologists to
tell them what their users actually need. By and large this liaison between design and social science
has not been as practically useful as was first hoped. Social science remains largely descriptive while
design is necessarily prescriptive, so the psychologists and sociologists have gone on researching and
the designers designing, and they are yet to re-educate each other into more genuinely collaborative
roles. Meanwhile the communication between the creators and users of environments often remains
uncomfortably remote.
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The domain of design constraints

Constraints in design result largely from required or desired relationships between various elements.
For example, in housing the legislator demands that there is a worktop on either side of the cooker, the
client might express a wish for both the kitchen and living-room to open directly on to the dining-room
and the architect may think it sensible to try to organise all the spaces around a central structural and
service core. What links all the constraints in this example is their domain of influence. All establish
relationships between elements of the object being designed, in this case a house. They are entirely
internal to the problem and we shall therefore call them internal constraints. Consider by contrast the
following equally hypothetical, but quite likely, set of constraints. The building regulations closely
define the permitted distances of windows from boundaries so as to avoid the risk of a fire spreading
to adjacent properties. The client may have a strong preference for a living-room which overlooks
the garden and has a sunny aspect. The architect may think it important to continue the existing street
fagade in terms of line and height. Here the constraints establish a relationship between some element
of the house and some feature of the site. They relate the designed object to its context, and in each
case one end of the relationship the site boundary, the sun, the street, is external to the problem. We
shall therefore refer to these as external constraints. Both internal and external constraints may be
generated by designers, clients, users and legislators. So far the model of design constraints appears
two-dimensional, the dimensions being the generator and the domain of constraints.
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Now and when

The designer has a prescriptive rather than descriptive job. Unlike scientists who describe how the
world is, designers suggest how it might be. Designers are therefore all ‘futurologists’ to some extent. The
very essence of their job is to create the future, or at least some features of it. This is obviously a rather
hazardous business, and it carries with it at least two ways of being unpopular. First, the new often seems
strange and therefore to some people at least unsettling and threatening. Second, of course, the designer
can turn out to be wrong about the future. It is very easy with that wonderful benefit of hindsight to see
design failures. The high-rise housing which was built in Britain after the Second World War now seems
to be so obviously unsatisfactory, we wonder how the designers could have been so stupid!
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Design in the world of change

Often in recent years we have seen the design process actually outpaced by social, economic or
technological change. The nature of medicine and systems of health care management have recently
changed too quickly for the designers and builders of new hospitals so that new buildings are out of
date or too small before they are even completed. In dense urban areas like Hong Kong, land values can
change more quickly than we can construct buildings leaving projects uneconomical before they are
finished. The power of the mass media can create sudden and fundamental changes of fashion and taste,
leaving mass-produced items like motor care looking outdated long before the end of their useful life.
New materials and manufacturing methods can so dramatically alter the costs of items that old versions
can be more expensive to maintain than the purchase of completely new ones. There are three main
ways of dealing with this in the design process, which we might call procrastination, non-committal
design and throw-away design. Each seems to be more popular with particular groups of designers.
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The endless process design

Since design problems defy comprehensive description and offer an inexhaustible number of
solutions the design process cannot have a finite and identifiable end. The designer’s job is never
really done and it is probably always possible to do better. In this sense designing is quite unlike
puzzling. The solver of puzzles such as crosswords or mathematical problems can often recognise a
correct answer and knows when the task is complete, but not so the designer. Identifying the end of
design process requires experience and judgment. It no longer seems worth the effort of going further
because the chances of significantly improving on the solution seem small. This does not mean that the
designer is necessarily pleased with the solution, but perhaps unsatisfactory as it might be it represents
the best that can be done. Time, money and information are often major limiting factors in design and
a shortage of any of these essential resources can result in what the designer may feel to a frustratingly
early end to the design process. Some designers of large and complex systems involving long time-
scales are now beginning to view design as continuous and continuing, rather than a once and for all
process. Perhaps one day we may get truly community-based architects for example, who live in an
area constantly servicing the built environment as doctors tend their patients.
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The history of environmental architecture

Until about 100 years ago, the heating, cooling, and lighting of buildings were the domain of architects.
Thermal comfort and lighting were achieved with the design of the building and a few appliances.
Heating was achieved by a compact design and a fireplace or stove cooling by opening windows to the
wind and shading them from the sun, and lighting by windows, oil lamps, and candles. By the 1960s,
the situation had changed dramatically. It had become widely accepted that the heating, cooling, and
lighting of buildings were accomplished mainly by mechanical equipment as designed by engineers.
Our consciousness has been raised as a result of the energy crisis of 1973. It is now recognized that the
heating, cooling, and lighting of buildings are best accomplished by both the mechanical equipment and
the design of the building itself. Some examples of vernacular and regional architecture will show how
architectural design can contribute to the heating, cooling, and lighting of buildings.
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Vernacular Architecture in hot and dry climates

One of the main reasons for regional differences in architecture is the response to climate. If we
look at buildings in hot and humid climates, in hot and dry climates, and in cold climates, we find
they are quite different from one another. In hot and dry climates, one usually finds massive walls
used for their time-lag effect. Since the sun is very intense, small windows will adequately light the
interiors. The windows are also small because during the daytime the hot outdoor air makes ventilation
largely undesirable. The exterior surface colors are usually very light to minimize the absorption of solar
radiation. Interior surfaces are also light to help diffuse the sunlight entering through the small windows.

Since there is usually little rain, roofs can be flat and, consequently, are available as additional
living and sleeping areas during summer night. Outdoor areas cool quickly after the sun sets because of
the rapid radiation to the clear night sky. Thus, roofs are more comfortable than the interiors, which are
still quite warm from the daytime heat stored in the massive construction. Even community planning
responds to climate. In hot and dry climates, buildings are often closely clustered for the shade they
offer one another and the public spaces between them.
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Benefits of Shading

The benefits of shading are so great and obvious that we see its application throughout history and
across cultures. We see its effect on classical architecture as well as on unrefined vernacular buildings
(“architecture without architects’). Many of the larger shading elements had the dual purpose of shading
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both the building and an outdoor living space. The portico and colonnades of the ancient Greek and
Roman buildings certainly had this as part of their function. In any good architecture, building elements
are usually multifunctional. The fact that the Greek portico also protects against the rain does not negate
it importance for solar control. It just makes the concept of a portico all the more valuable in hot and
humid regions where rain is common and the sun is oppressive. While we need not be as literal as revival
architecture, borrowing from the past can be very useful when there are functional as well as aesthetic
benefits. There is a rich supply of historical examples from which to draw. Traditional design features
from around the world, while appearing different, often developed in response to the same needs.
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Why daylighting?

Daylighting became a minor architectural issue as we entered the second half of the twentieth
century because of the availability of efficient electric light sources; cheap, abundant electricity; and
the perceived superiority of electric lighting. Perhaps the most important advantage of electric lighting
was (and still is) the ease and flexibility it permitted in floor-plan design by enabling designers to
ignore window locations. Supplying adequate daylight to work areas can be quite a challenge because
of the great variability in available daylight. Electric lighting is so much simpler. It offers consistent
lighting that can be easily quantified. But it also has some drawbacks. The energy crisis of the mid-
1970s led to a reexamination of the potential for daylighting. At first, only the energy implications
were emphasized, but now daylighting is also valued for its aesthetic possibilities and its ability to
satisfy biological needs. For most climates and many building types, daylighting can save energy.
For example, a typical office building in Southern California can reduce its energy consumption 20
percent by using daylighting. Buildings such as offices, schools, and industrial facilities often devote
40 percent of their energy usage to lighting. In these kinds of buildings, most of the work is performed
during daylight hours, which make up most of the 2,500 day-shift hours per year. Consequently, most
of the lighting energy load could be fully provided by daylighting.
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Aims/Risks of Construction Supervision

Construction supervision consists of two major elements: Control and measurement, accounting in
relation to the contract conditions and plan of work, and building programme planning through the use
of project management techniques (availability of people, machines, material at the right time, in the
right amount, at the right place). Important aids include operation planning techniques and time planning
techniques using various recognized methods. Poor building supervision and insufficient lead, among
other things, to unsatisfactory execution of the works, faults (obvious or hidden), faulty measurements and
payments for work, additional costs, and danger to operatives (accidents) and materials. Unsatisfactory
project management and poor co-ordination normally lead to building delays and extra costs.

Standard procedures vary according to the country and profession, together with techniques/
instruments for project management. Supervision of the works, measurement of works and accounting
is based on the drawings (production drawings, detail drawings, special drawings), specifications,
schedules, possibly a bill of quantities, and the contract conditions. The techniques of operation and
time planning make use of various common methods: bar charts, line diagrams and networks.
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Bar Charts

Bar charts (according to Gantt, bar drawings), show the work stages/trade duties on the vertical (Y)
axis, and the accompanying building duration or time duration (estimated by experience or calculation)
on the horizontal (X) axis. The duration of the various stages/duties are shown by the length of the
particular bars (shown running horizontally). Building stages which follow on from another should be
depicted as such on the chart. The description of the building stages and trade categories help in the
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setting up of the bar chart, and make possible the comparison of the planned programme and the actual
progress of the work.

Advantages: Provide a good overall view; clarity; ease of interpretation (type of presentation shows time scales)

Disadvantages: Strict separation of work tasks; no identification of sub-tasks; difficult to show
connections and dependence relationships of the work stages (thus critical and non-critical sequences
are not identified, and if alteration of the duration of the whole project)

Context of use: Illustration of straightforward, self-contained building projects which have a simple
sequences of tasks and no directional element (e.g. as in road construction), planning of individual
tasks, resource planning (staffing programme/equipment and plant planning)
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Earthworks and Foundation Structures

Technical investigations of the ground should provide sufficient data for efficient construction
planning and execution of the building work. Depending on the construction type, the ground is
evaluated either as building (for foundations), or as building material (for earth works). Building
structures are planned (if legally possible and with local approval), according to expert assessment
(i.e. avoiding marshy areas, landfill, etc.). The building construction type and the prevailing ground
conditions affect the design of the foundations, e.g. individual footings, strip foundations, raft
foundations, or if the ground strata are only able to carry the load structure at greater depth, pile
foundations. Pressure distribution must not extend over 45° in masonry, or 60° in concrete. Masonry
foundations are seldom used, due to high cost. Unreinforced concrete foundations are used when the
load spreading area is relatively small, e.g. for smaller building structures. Steel reinforced concrete
foundations are used for larger spans and at higher ground compression; they contain reinforcement
to withstand the tensile loads. Reinforced, instead of mass, concrete is used reduce foundation height,
weight and excavation depth. Flexible joints and near to existing structures or boundaries, and cross-
sections of raft foundations are not used when load-bearing capacity is lower or if individual footings
or strip foundations are inadequate for the imposed load. Frost-free depth for base is >0.80 m, and for
engineering structures is 1.0-1.5 m deep.
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Damp-Proofing and Tanking

If the precipitation on the site is not absorbed quickly, a build-up of water pressure can occur and
tanking against the water pressure is needed, with drainage to conduct water away. If parts of buildings
are immersed in ground water, a water pressure retaining barrier layer (tanking) must be positioned
over the base and side walls. To plan this design, the type of subsoil, the maximum ground water level
and the chemical content of the water must be known. The tanking should extend to 300 mm above
the maximum ground water level. The materials can be 3-layer asphalt or specially designed plastic
membranes, with metal fittings if necessary.

When water level has sunk below the cellar floor level, the protective walls are constructed on the
concrete base layer and rendered ready to receive the tanking. After the tanking is applied, the reinforced
floor slab and structural cellar walls are completed hard against the tanking. NB the rounding of the
corners, the tanking must be in the form of a complete vessel or enclose the building structure on all
sides. Normally, it lies on the water side of the building structure. For internal tanking, the cladding
construction must be able to withstand the full water pressure.

Gl a g ugb) il

S5l sl il oo 229 2 )b il B T b S 0,55 plorl gy )3 )18 Sl Cpgloro 13 45l el ore (3005 )3 52575 )]
Wlo duo sblas Y b b ols J13 iy ol (g )0 Gleislu 3 placiend (ST .05) palyd iS5 dilo dw le aY L wL ol 5
S5 5 ieminy o o 1 IS g5 i o) b Sl 2908 ] Gzl il sl 5 4l > o b ] 6ol sl
A ) 8l sl Sy g 3,85 )5 iy o b 25103 5 5l oo ¥ bl ol o bl 5 1 ] s
il o 5508 AL oy S5 Sy 5 oo (Setsdly 5ol b g5y o s ol

Sl s (sl g ol Ly S i e ey (g bl (slalnd bl sy Glozsls (o) s 31 ol 41 o s oS olSin
D910, & dag b Wgd oo aslu ol slae las > ol Slolasd g yeoipy S pdao gy e blas Y oyl il ) L bl o odlal
35 )3 ey laaslo a8 Caa Olod 3 Ygone 3,55 )),3 el Gl )5 y35ce b wiile g JolS g0 4 b Ol s Y (lndingS
JolS jaboas Iy O lid ol )3 Coglio Culsld b (lass b (sled b 4387, (oloas b 1315 Conns 51 O ds Y Sl (gl 390 o0 |yl O s

Aok il

kel do )5 g (s gk

anasd ol



A

(05952 S0 2t paitee)

Collapse of Building Frames

Recent terrorist attacks have caused the collapse of such major buildings as a federal office
building in Oklahoma City and the World Trade Center Towers in Manhattan. In both of these cases,
massive explosions blew away considerable portions of the load-bearing structure. In Oklahoma City,
numerous adjacent bays of columns and beams were demolished by the blast. In the Trade Center
Towers, the airplanes that were purposely flown into the towers cut through perhaps one-third of the
vertical supports for the floors above the points of attack. In both cases, collapse of at least a major
portion of the building was inevitable. Building frames can be designed to survive an accident or attack
that removes a column here or there by strengthening the beams and girders so that they can take over
and share the load from the missing member and remain standing. But it is almost impossible to design
a building to remain standing when a major portion of its structure is no longer doing its job.

Much has been made of the supposed weakness of the framing system and fireproofing of framing
members in the World Trade Center Towers. In fact, the ability of both towers to remain standing with
a third of their columns having been cut was a tribute to the work of their structural engineers. What
brought the towers down was not the cutting of so many structural members, but the prolonged, very
hot fire that was fed by the full fuel tanks of the airplanes. The fireproofing on steel framing members
is not designed to protect them against so hot a fire.

When the floor structure just above the fire in each tower eventually grew hot enough to collapse,
the heat-weakened beams and slabs fell to the floor just beneath. This overloaded the already weakened
floor so that it collapsed, sending two floors of structure onto the floor below. This process repeated
itself floor by floor all the way to the ground, with the load accumulating floor by floor as the collapse
approached the ground. The lowest floors were crumpled by the force of a hundred stories of collapsed
building that fell on them simultaneously.
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Control Joints and Expansion Joints

To accommodate the inevitable movements of a building without destructive results, designers
take precautionary steps during the design process and throughout construction. The basic principle
they follow is to provide the building and its components with the space and the means to move
without causing damage. The regularly spaced transverse cracks in an ordinary concrete sidewalk are a
good example of this strategy. They were created at the time the concrete was laid to form intentional
lines of structural weakness, in the knowledge that the concrete will shrink as it hardens and that the
sidewalk will further shrink and expand as temperatures change and be heaved up here and there by
frost or tree roots. If the cracks were not provided, these forces would form their own cracks in the
sidewalk in a thousand different directions. The intentionally provided cracks, called control joints,
absorb these forces in an orderly pattern and allow a certain amount of tilting and heaving to take
place without breaking the individual rectangles of concrete. Control joints are also provided at about
20feet (6 m) intervals in concrete floor slabs that lie on the ground and in most concrete walls within
buildings. They may be made with a special grooving trowel while the concrete is still wet, or, for a
neater appearance, cut with an abrasive-bladed power saw after the concrete has begun to harden. Half
the steel reinforcing bars in the wall or paving are interrupted at each control joint to create a line of
weakness that encourages cracks to form there rather than elsewhere.

bludl slajyn 9 J 58 slas)o

hb Jslye y0 1y (610] 1Koy a8 Gyl il ails oo (sladely 4l e Glais b &b o plibolinl sl sbols b 3Ll <y
Oy gl (g b 05,5 o Jls )3 lass g Lad (o)) slin) g el (gl a5l ol (bl g oale ol a8 o (b clo Cite
2 0525 Epiogm () 4 ple b a3yl o) 5l (5 Jlo  ymne 552 sl 9 el sy (SlaIS 5 Lol )5 S
cilises bl p> sy dd) 3685 b g (935 o b g Culd dalgs poes il 381 L alS i b 0 ghe0ly g 00ld poes ilS (il Cow plK
g blusdl 51 b (slagys i b 48,5 JLa5 )5 lacalslss oyl )51 .06 0 sl oy gll pEim )d olayd s b dnlgs  Shaly )ls
O g oo 0800l blucdl 5,0 b S (glagys aS oainaid 3 Lol > oges (sl 00,5 o ool Calise Slas (o1 263 (slacslSls (oLl
50355 D5 ol | gt a3l gy S oo £S5l gpoaly (i Olabad b0 ] time 1 b 5 WS oo ol ot 668U el L) gy
oo Bl iz Uil st 355850 )3 085 39 245 S (0 Sl l> 3 (550 7) 555 T+ ol 3 bl lngy> i
aSSl 5l e piloy ol (sl b g ondsais b joald claalle dluwg 4y cunl gboye s (y aS b |y ol Glgi oo Ngis oo 43)5 Ja5 5o
2 O b jled )3 43y ) 4 oy Jobo 5l cons 1) sl s (lboskiows b (B (slooyl dlowg 4 )8 OAd S 4 9y (30
95 1500 Slbciand (sl 4 auand ()] )3 G Syl Corgo Al Ainlys alad JyuS 5,0 1»

«w e

Yo

(°59);’. Cu pido yRi5x0)

Pneumatic Structures

A diverse group of spanning devices whose potential has only begun to be tapped are the fluid-
filled structures. Air is the fluid most widely used. The two categories most often constructed are air-
inflated structures and air-supported structures, which are called collectively pneumatic structures. In
air-inflated structures, structural members are made of fabric tubes or lenses braced against buckling
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by internal air pressure. The fabric itself carries the structural load. Only relatively short spans are
possible before buckling failure occurs in the thin fabric of air-inflated structures.

Air-supported structures, on the other hand, are theoretically capable of unlimited spans because
each square foot of fabric is supported directly by air pressure against it’s under surface. Air-supported
structures are often used to cover tennis courts and stadiums. The only stress in the fabric is the tensile
stress, usually low, induced by the slight excess of air pressure needed to keep the fabric taut. Air-
supported structures pose a unique foundation problem: each must be held down to the ground by a
total force equal to the product of its internal air pressure and its ground area.
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Arches

In both Europe and the Middle East, the arch form underwent enormous development and
elaboration over the last two millennia. Today we are able to make many useful forms, both two
dimensional and three dimensional, from the arch, some of which are illustrated here. Most arched
forms of construction need some sort of temporary support (called centering or formwork) during
construction. Many materials, including all the masonry materials, concrete, cast iron, steel, and wood,
are suitable for arches, vaults, and domes. The need to resist the horizontal thrust component of arches
and vaults has given rise to many ingenious architectural devices. In a line of development driven by
the desire to open churches to as much natural light as possible, the simple, heavy masonry engaged
buttresses of early times became the breathtaking flying buttresses of the Gothic era, in which the
downward gravitational thrust of heavy stone pinnacles inexorably diverts the outward thrust of the
vaults until it safely enters the ground through the foundations. In Renaissance times, as wrought
iron became available, tie rods or chains came into use as an inexpensive (but usually less handsome)
alternative to buttresses for all kinds of vaults and domes.

The availability of new and stronger structural materials in the nineteenth and twentieth centuries
brought a new wave of development in vaulting techniques. Vaults and domes of metal trusswork can
span vast amounts of space, using little more material than suspension structures of equal expanse.
Vaults of reinforced concrete or clay tiles, often proportionally thinner than the shell of an egg, have
become commonplace, and their designers have exploited not only the synclastic, spherical geometry
of traditional vaulting but the anticlastic curve of the hyperbolic paraboloid as well.
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Natural Ventilation

Either or both of two motive forces may be employed for natural ventilation: one is convection
and the other is wind. Air flows through a building because of the tendency of air to migrate from a
higher-pressure area to a lower-pressure one. In convective ventilation, differences in pressure are
created by the difference in density between warmer air and cooler air, which causes warm air to rise.
In wind-powered ventilation, the air flows from a higher- pressure area in one side of a building to a
lower-pressure area on another. For wind-powered ventilation, it is most efficient to have windows on
at least two sides of a room, preferably in opposite walls. Where only a single wall abuts the outdoors,
a casement window can be helpful in creating a pressure differential that induces interior airflow. The
building should be sited and configured in such a way as to best intercept the winds prevailing in the
seasons when ventilation is most necessary.

The rate of convective ventilation is proportional to the square root of both the vertical distance
between openings and the difference in temperature between incoming and outgoing air.

Openings must be relatively large, as convective forces are not usually so strong as wind forces.
Impediments to airflow, such as insect screens, should be eliminated wherever possible. It is often
desirable to design for both wind and convection, placing some openings low on the windward side and
some high on the leeward side of the building, to allow both sources to work together.

Openings other than windows are often used for natural ventilation. Roof ventilators, roof monitors,
and opening skylights are especially useful. Some types of roof ventilators are designed to be spun by
the wind, creating a centrifugal flow to draw air from the room below. Others rely on convective flow
or a hood shaped to cause the wind to create an area of low pressure behind the hood that draws interior
air up and out. In any of these devices, control dampers are advisable to reduce or close off the opening
as required. A door ought not to be relied on for essential building ventilation, unless it is provided with
a doorstop or other mechanism to hold it open at any desired angle. Otherwise a door is incapable of
controlling the amount of air flowing past it.
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Heat Distribution

Several different media can be used to distribute heat from a central source to the various spaces
in a building. Steam was once popular and remains in use in many buildings today. It is produced in
a boiler, circulated under pressure through insulated pipes, and condensed in cast-iron “radiators”
(in reality, their effect is largely convective), in which the latent heat of the steam’s vaporization is
released to the air of the room. The condensate is then pumped back to the boiler through a network of
return pipes. Steam heating systems are reasonably efficient, but they are difficult to control precisely
because of the rapidity with which the condensing steam gives off heat.

Hot-water distribution, commonly called hydronic heating, is much easier to control. It involves
the circulation of much greater quantities of water than in a steam system, because only the sensible
heat of the water is transmitted to the air, not the copious latent heat of vaporization. But by regulating
both the temperature of the water and its rate of circulation, a very even and controlled release of heat
to the air can be achieved, resulting in a high degree of comfort for the occupants. Hot-water systems
are silent when properly installed and adjusted.

Warme-air systems for the distribution of heat are not as quiet as hot-water systems are, especially
if high air velocities are used. Unless constantly maintained, they can circulate dust as well as air
through a building. Their ductwork is bulky and difficult to house, compared with water or steam
piping. But warm-air systems have strong advantages: Control of comfort conditions can be at least as
good as with hot-water systems, through the simultaneous control of air temperature and air volume,
and especially through the greater ability of the moving stream of air to stir and redistribute the air in a
room. This is particularly important in tall spaces where excessive stratification might otherwise be a
problem. Air systems have the further attribute of being able to incorporate filtration, humidification,
ventilation, and cooling functions, using the same ductwork. Any desired proportion of fresh outdoor
air can be added to the circulated air at the furnace, and in hot weather, the burner can be shut off and
cooling coils activated for the circulation of cold air.
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Creating Good Hearing Conditions

The acoustical suitability of a room for a concert, dramatic production, lecture, or religious service
depends mainly on the shape, size, and proportions of the room and the amounts of sound of various
frequencies that are absorbed, reflected, and scattered by its surfaces and contents. The shape of the
room is extremely important because it determines the paths along which sound is reflected. In small
rooms with parallel walls, standing waves are sometimes evident, in which certain frequencies of voice
or music are exaggerated as they repeatedly bounce back and forth between opposite walls. Standing
waves can be eliminated by slightly tilting or skewing two adjacent walls of the room or by adding
acoustically absorptive material to them. Rooms with concave surfaces tend to focus sound reflections
in one or more areas, leaving acoustic “dead spots” elsewhere. Concave surfaces are generally to be
avoided in performance halls of any kind because they focus sound in some areas and leave other areas
with insufficient sound. Convex surfaces, on the other hand, scatter reflected sound widely, helping
reinforce sound levels in all parts of a room. Random, irregular room surfaces can be designed to
scatter and reflect sound in patterns that distribute sound more or less evenly to all listeners. Thus an
acoustical design for a music performance hall often includes convex and irregular surfaces.

Sound reinforcement, the amplification of sound by its being heard from various reflections as
well as directly from the source, is a very important function of the reflective properties of a room.
The ceilings of meeting rooms, classrooms, and auditoriums are often completely covered with
sound-absorbing materials by well-intentioned but ill-informed people. This eliminates any sound
reinforcement by reflections off the ceiling and results in inadequate sound levels toward the rear of the
room. The usual next step, the installation of an electronic sound reinforcement system, often would
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be unnecessary if much of the center of the ceiling had been left uncovered as a reflecting surface. On
the other hand, in some very large halls a reflected sound can take so long a path that it arrives at the
ears of a listener significantly later than the direct sound from the stage; it is heard as a distinct echo,
which confuses the sound rather than reinforces it. Such long-path reflections must be eliminated
through improved room geometry or the selective use of absorptive surfaces. It is important, however,
to reinforce sound by creating reflections along short paths, which cannot create echoes.
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Problems of Construction

A building under construction creates many temporary disruptions, dislocations, and hazards in its
vicinity. The soil and vegetation are torn up. Roads and sidewalks are often obstructed and natural surface
drainage patterns interrupted. Heavy construction vehicles often break the pavement accidentally.
Construction work generates noise, dust, and fumes. Power tools and construction machinery present
hazards to fingers and limbs. Tools and materials may fall or be blown by wind from higher levels of
the building. Edges of floors and holes in floors for pipes, wires, ducts, stairs, and elevators create the
risk of accidental falls. The chances of accidental fire are higher during construction than in the finished
building, with debris accumulating and various fuel-burning torches and heaters in use. The partly
finished building is attractive to thieves, vandals, and adventure seekers, making it doubly vulnerable
to fire and accident. Therefore the construction process itself needs careful design attention in order to
minimize its danger and unpleasantness and to maximize its efficiency and economy.

Temporary utilities are needed during the construction process: water, electricity for power tools and
temporary illumination, telephone lines, temporary toilets, and waste removal services. Construction
workers need parking or other transportation arrangements. The contractor must provide a system of

Ll da 5 3 oS (50



U S P——

2H

www.mahan.a

temporary drainage to keep excavations free of water and to control surface drainage. Precautions
must be taken to prevent soil erosion by wind or water. Nearby wetlands, forests, and buildings must
be protected from dust and runoff. Trucks bringing materials to the site need delivery routes that
will disrupt traffic as little as possible and avoid disturbing residential areas. An area of the site for
unloading materials is required, adjacent to dry, safe areas where materials can be stored until needed.
There must be lifting and carrying devices to unload trucks, stack and unstack materials, lift materials
and workers to the various levels of the building, and transport materials across each level.
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Design for the disabled people

Disabled people are entitled by law to access to public buildings that is equal to that provided for
able-bodied persons. The disabilities covered by this guarantee include loss of sight, loss of hearing,
loss of function in legs or arms, and a host of other physical and emotional incapacities. The rationale
behind the law is compelling: about one American in six is disabled in some way, and nearly all of
us will experience disability at some time in our lives, perhaps a broken limb as a teenager or failing
eyesight or decreasing muscle function as a senior citizen. The consequences for designing circulation
spaces in buildings are far reaching, beginning with tactile and audible signals of various types for
those with sensory disabilities. Those with physical disabilities need special parking spaces; ramped
access through curbs and other minor changes in level; a convenient, linked system of ramps and
elevators for moving vertically through a building; wider doors; larger vestibules; special drinking
fountains; more ample toilet facilities with grab bars; special telephone facilities; lower counters for
banking and shopping— the list goes on and on. An architect must learn to design accessible buildings
as a matter of reflex. Circulation paths and facilities for the disabled must flow from his or her pencil
as gracefully and naturally as does any other feature of a building design.

A growing group of architects and designers is promoting universal design, which is a step beyond
designing for the disabled. In universal design, all parts of a building are designed to be usable by all
people, even if on crutches, in a wheelchair, or blind. The key idea of universal design is that separate
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but equal special facilities for the physically handicapped are not sufficient. Rather, one should eliminate
elements of a building that are not usable by every human being and substitute for them elements that are.
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Protecting Human Lives

The most important function that we ask of a building in case of fire is that it let people reach safety
quickly. An alarm system must alert them immediately to the presence of fire. Manually operated alarm
boxes must be provided and identified by signs at frequent intervals in a building. Automatic alarm
systems, which sense smoke, heat, flame, or the ionization products of combustion, are becoming
increasingly common. They are required by law in dwellings to combat the high percentage of fire
deaths that occur while people are asleep. In some cases, besides setting off warning devices in a
building, alarm systems are connected directly to fire department switchboards to avoid delay in
summoning help. When a fire breaks out, rapid, well-protected escape on foot to the outdoors is the
best life-saving strategy for able-bodied people. In any building, a person emerging from a room must
have two escape routes available in two different directions, so that if one route is involved in fire, the
other may still be used. A maximum permissible distance from the door of any room to the farthest
protected exit is specified; it is usually 150 to 200 feet (40 m to 60 m).
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PART A:

Directions: Read the following passage and answer the questions about it.
All animal life on the planet Earth depends on a sufficients supply of oxygen for its day-to-day survival.

The trees that dot our landscapes provide a large portion of this supply: trees take carbon dioxide from a
sizeable amount of oxygen. Ironically, human beings, who cut down large number of trees to create land,
shelter, and energy, pose the most significant threat to the survival of the world-wide tree population.

After humans, however, the factor which most determines whether a particular species of tree will

prosper in a given area, is the climate. In particular, the amount of rainfall and the range of temperatures
that a region experiences strongly effects the distribution of tree species.

All species of trees have evolved from plant that flourished many centuries ago in the warm and

wet tropical regions of the planet. As the distribution of trees has spread to other regions, the differing
climates of these regions have effectively limited the types of trees that can live there. The greater the
range of temperatures and rainfall that a species of tree can with stand, the more adaptable it is and
therefore the wider its range of distributin.

1-

6-

7-

What does the passage mainly discuss?

1) The importance of the Earth’s oxygen supply.
2) Human kind’s effect on the environment.

3) Dangers facing the earth’s trees.

4) The survival strategies of tree populations.

According to the passage, what represents the greatest danger to tree populations?
1) Disease-causing fungi 2) Fire
3) People 4) Energy supplies

According to the passage, what most frequently limits the distribution of tree species?
1) Lightning 2) Tropical rainfall 3) Natural disasters 4) Climate

According to the passage, rainfall and temperature play a significant role in determining, .......
1) the amount of rainfall a plant can survive.

2) which trees will survive in which regions.

3) the wildlife that flourishes in tropical regions.

4) the number of natural disasters in an area.

In can be inferred from the passage that trees which live only in tropical regions, .......
1) can survive wide ranges of temperatures

2) are not limited by climate

3) are widely distributed

4) are not very adaptable

PART B:
Directions: Choose the word that most resembles the underlined word.

Despite its beauty, Ireland is not an economically flourishing country.
1) depressed 2) prosperous 3) anxious 4) large

The massive walls and towers of a castle are designed to make it imposible to destroy.
1) brick 2) medieval 3) huge 4) strong
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8- James Cook sailed in the Endeavor because it was study, spacious and easy to handle.
1) beautiful 2) safe 3) roomy 4) filled with light

9- A newspaper should try to be objective when it reports the facts of a news story.
1) neutral 2) tedious 3) carefull 4) uneasy

10- After more than ten rejections the manuscript was finally published in the magazine.

1) approvals 2) expenses 3) refusals 4) readings
PART C:
Directions: Try to complete the sentences with the choices of words.
11- An Asprin a day .......... shown to be effective for some people in preventing heart attacks.
1) is being 2) has been 3) to be 4) and though
12- The number of people attending that school ............ over the past ten years.
1) increasing 2) is to increase 3) has been 4) has increased
13- Fewer than one in five people ............. on a regular basis.
1) exercise 2) to exercise 3) with exercising 4) from exercising
14- Rock climbing .............. the new sport of the nineties.
1) is become 2) becomes 3) has become 4) to become
15- During his university years ............ changed from a young man to a sophisticate scholar.
1) Ali having 2) the process of Ali  3) Ali 4) although Ali
PART D:

Directions: Choose the word or phrase that best keeps the meaning of underlined word.

16- Many education courses require both oral and written presentations.
1) prepared 2) spoken 3) excellent 4) understood

17- Low-lying areas with poor drainage are particularly vulnerable to flash floods.
1) partially 2) almost 3) suddenly 4) especially

18- The mountain ranges of the world are home to an abundance of wildlife.
1) a variety 2) an amount 3) a scarcity 4) a generality

19- Environmental pollution cannot be traced to any one source, but rather is caused by a variety of factors.

1) production 2) range 3) difference 4) singularity
20- The giant panda is endangered by both the destruction of its habitat and the efficiency of poachers.
1) lessened 2) studied 3) killed 4) threatened
4 A Gty Slai 35 5y =Y I N
PART A: Vocabulary

Directions: In questions 21-25, each item consists of an incomplete sentence. Below the
sentence are four choices, marked (1), (2), (3), and (4). You should find the one choice which best
completes the sentence. Mark your choice on the answer sheet.

21- These days smoking is not ............. in most cinemas.
1) accused 2) permitted 3) required 4) treated
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23-

24-

25-

It was a complete ............ ; I never meant to hurt her.

1) chance 2) error 3) accident 4) happening

I chose these curtains because they are my .............. shade of red.

1) favorite 2) popular 3) fanciful 4) try out

The government wants to .............. a new plan to encourage people to start their own business.
1) bring up 2) find out 3) take back 4) try out

The suspect gave the wrong information to the police in order to ....... them.

1) disobey 2) disapprove 3) mistreat 4) mislead

PART B: Grammar
Directions: In questions 26-30 each sentence has four underlined words or phrases marked

(1), (2), (3), and (4) . Identify the one underlined word or phrase that must be changed in order

for
26-
27-
28-
29-

30-

the sentence to be correct. Then, mark on your answer sheet.
We haven’t % thought of go;ng abroad for a holiday w my husband is afraid % flying.

It is impossible (, please my boss, because he disapproves ¢ anything y 4,.

% cat was &Zry frightened that it ran %der the bed %

Everything she tolld me abgut the school tUl‘;led out to be Wrorgly .
My father is a teacher % he ha;n’t to wear % uniform %t work.

PART C: Reading Comprehension
Directions: In this part of the test you will read Three passages. For question 31-43, you are

to choose the one best answer, (1), (2), (3), or (4), to each question. Then mark your answer sheet.

Passage 1:
Bears and humans often meet in National Parks. Although visitors are warned not to feed the bears,

many people ignore these warnings and feed them anyway.

When bears become accustomed to people food, difficulties soon arise.
Bears naturally like to eat a large variety of things, both meat and vegetable, Without human

assistance, bears subsist nicely on roots, small tree branches, berries, leaves, insects, and small animals
like mice. With people around, the bears’ tastes quickly expand to include sandwiches, hot dogs,
hamburgers, and anything else they can tempt humans into giving up.

Bears often develop clever strategics for getting people to give them their food supplies. It has

happened to many visitors to have taken off their packs (bag of food) for a rest only to have a bear
coming out of the trees, grab the pack, and quickly disappear. Hanging the pack on a tree branch won’t
help. Bears have been known to climb up, jump off, and take the pack on the way down. Many beais
frighten people into giving up their supplies. Although a bear is unlikely to attack a person and would
probably run away if screamed at, few people are willing to take the risk. Most people drop the pack
and run the other way. This, of course, delights the bear.

In some places, the Park Service installed metal baskets with lids to help visitors keep their supplies

safe from bears. Although the bears were unable to open these containers, the effort was less than
successful. Most people, unable to distinguish the metal baskets from garbage cans, never used them
for the intended purpose.
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