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Introduction

Architecture or the art of building is a

symphony evolving from numerous factors

and phenomena. By a proper combination

and adaption of these factors a certain type

of architecture or a style will be achieved.

This style, however, is constantly changing

in accordance with contemporary develop¬

ments, and aspirations emerging therefrom.

Although some of these factors are con¬

stantly changing, others remain unchanged

for a time, whilst some are permanent. Since

the dawn of history, the factors constituting

the art of building have been:

Contemporary technics, which influence

the use of materials.

The way of living, which arises from

religious, communal, or political influ¬

ences, and which affects spacial needs.

The climate, because special solutions

must be found to accommodate buildings

to regional elements.

The first two factors are the revolutionary

ones, changing from time to time, slowly or

suddenly. Through these changes the type

of civilization man lives in is evolved. Their

influence, however, depends on the reaction

to or against them. The evolution of archi¬

tecture can thus be described as the story of

technics and ways of life mixed together and

reflected through the ages.

The relatively unchangeable factor is that

of the climate. Today it represents the basis

that differentiates one type of architecture

from another, whilst the other two factors

tend to be common to all regions.

Architecture is sound and progressive

provided that it evolves from the above men¬

tioned factors, and that man responds to

and acts within his surroundings using the

knowledge of his time.

This does not mean that architecture in

every stage of its development was always a

simple equation of factors. Sometimes it did

not proceed on its natural course of devel¬

opment, because of influences from other

regions, or because of a misunderstanding

of the problem, and thus one or more of

these factors was disregarded.

The often neglected climatic influence has

prompted the present work 'Building in Hot

Zones', with the intention of studying and

investigating this problem from a contempo¬

rary standpoint.

The first chapter will deal with the cli¬

mates of the hot regions in general, pointing

out their characteristics, whilst the second

chapter is a review of the important inherited

climatic conceptions within these regions.

Contemporary reactions to this problem will

be discussed in chapter III.

IX



CHAPTERI Climate

This industrial era, in which a large percentage of the

population does its daily work under cover from the

elements, certainly feels the controlling hand of weath¬

er less than an earlier agricultural age, but the climatic

control of its daily life and habits is probably as great

to-day as it ever was.

Austin Miller'

Austin Miller, Climatology, London, Methuen,

1931/1947.

1
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The course of the sun, night alternating with

day, different winds, temperature, rain, the dis¬

tribution of land and water, and the proximity to

sea, are factors that create a certain climate

with a certain vegetation, animal and insect life.

The climate in the hot zones is generally

defined by much heat, combined with ex¬

tremes of humidity or dryness. It is difficult

in any case to give precise limits for climatic

zones, and differentiate them from one

another. However, the map illustrated in

Fig. 1 shows the hot regions subdivided into

hot-dry and hot-wet sub-zones. These, over¬

lap forming intermediate zones where one

type is more apparent than the other.2

The hot-wet zones have a high range of

rain and humidity all the year round, with

slight variation in night and day tempera¬

tures. The sun is half obscured with clouds

so that the moisture-saturated air is prevent¬

ed from drying. Therefore, the human-body

is not at ease, as the saturated air prevents

the evaporation of sweat that keeps the body

in normal adjustment. In such a case air-

movement of any kind will help to restore

the sense of comfort. The other features

of these zones are, insects, hurricanes, earth¬

quakes, earth-erosion, and dense vegetation.

The hot-dry zones differ from the hot-

wet zones by their remarkable variation in

day and night temperatures. During the day

temperature is higher than that of the blood.

Nevertheless, one can lose heat by perspi¬

ration. In most of the hot-dry regions periodic

heat waves generally accompanied by sand¬

storms are experienced.3 They also have a

* Intermediate climates will not be separately consider¬

ed in this study. To achieve maximum comfort within

such regions, both extremes must be taken into con¬

sideration. For their climatic features see Table 1.

3 As El-Khamas in Egypt, El-Simum in Arabia, and

El-Habub in Sudan.

3



**$K)^

1 Climatic sub-zones (hot regions)

2 Bioclimatic Chart, for U S moderate zone inhabitants.

n.

5

D

m

110

100

90

80

70

60

50

40

30

PROftAtlC MlttTWOKl

10 20 30 40 50 60 70 80 90 100

4



short winter with cold night temperatures and

low rainfall. The sky is always pale-blue with

a nearly vertical sun. The earth reflects the

sun's rays with its heat so that it is unbearable

to stay out of the shade during most of the

daytime. At such times, hot air as well as

the sun must be kept out of the house,

while the cooling effect of a fountain is

desirable. Other general features are, dust,

deserts, dry vegetation, and most important,

temperature decreases quickly just after

sunset and increases after sunrise.

More detailed data concerning the climate

of the hot region and its sub-zones are shown

in Table 1.4 It is clearly seen that high tem¬

perature is not the only force at work, but,

humidity, dryness, high intensity of light, dust

storms, hurricanes, and other factors must

also betaken into consideration and counter¬

acted to achieve comfort.

Many of these conditions exercise definite

effects upon the sense of comfort, the result

of which could be graphically charted. On

such charts the conditions are drawn under

which an inhabitant of a certain locality,

wearing customary indoor clothing and en¬

gaged in sedentary or light work, will ex¬

perience a sense of comfort. A copy of one,

for the U.S.A. moderate zone inhabitants,

is reproduced in Fig. 2. On the chart are the

principle elements e.g. shade, radiation, air-

movement, and moisture, which may be used

to counteract unfavourable conditions, and

the limits after which mechanical measures

must be called into play.5

4 Building Research Station, Watford, quoted in

'Tropical Architecture in the humid zone', by M.Fry
and J. Drew, N.Y., Reinhold, 1956.

5 Olgyay & Olgyay,' Solar control and shading devices',

Princeton, Princeton University Press, 1957.
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Table 16 (Characteristics of hot climates)

Characteristics of

warm and hot

climates *

WarmHumid Intermediate Climates Hot Dry

Equatorial Island trade wind Monsoon, Sudan Desert or semi desert Maritime desert

Temperature
Daily range

(average)

10-15° F 15° F, or slightly more Dry season 20° F or more

Wet season 10-15° F

20° F or more, may ex

ceed 40° F

10-15° F

Day time air tern

perature (mean
max d b in

shade)

Usually 85-90° F Rarely
exceeds 90° F

, during rain¬

storm may fall below

80° F

85 90° F Dry season 90° F or more

Wet season 85 90° F

may fall below 80° F

Up to 100° F, or more Up to about 100° F
,

but in cooler season

may be 70 75° F

Hardly ever above skin temperature of human body - Usually above skin temperature of human body

Night time air

temperature
(mean min d b

in shade)

75 80° F
,

on cleat nights
in low 70° F 's

65-75° F Dry season 70 80° F

Wet season 75-80° F

Warmer period 75 85° F
,

cooler period 50 65° F

Annual range Slight seasonal variation,

5-10° F

Fairly small seasonal vana

tton, 10° F

10-20° F 20 30° F
,

at tropics may
exceed 30° F

15-25° F

Sky temperature About same as surface air

temperature Sky impor¬
tant source of radiant heat

At night, when cloudless,
below air temperature

Vanes with season Depends on dust is sky,
when clear, below air tem

perature

Humidity
Vapour pressure,
absolute humidity
Relative humidity

25 30 mb

55 100%

17^-25 mb

55-100%

Dry season 13 16 mb

Wet season 20 25 mb

Dry season 20-55%
Wet season 55-95%

7*4 15 mb
,

in rainy sea

son up to 20 mb

10-55%

15-25 mb

50 90%

Rainfall

Annual rainfall
High, usually over 80 in

and may exceed 200 in

Fairly high, 50-70 in
,

marked local variation due

to topography

Seasonal, 20 25 in
,

variable
Slight and variable, less

than 10 m

Other character

isttcs of rainfall
May exceed 20 in in

wettest month, usually
10 15 in In a heavy storm,

2 3 in may fall in an hour

Close to Equator, usual for

rain to fall in early after

noon

Usually 7y2-10 in in wet

test month In a cyclone,
up to 10 in may fall in

single storm Driving rain

likely on windward coast

Little or no rain in dry
season, 712-10 in in

wettest month

Flash storms in which up to 2 in may fall occur

occasionally

Sky conditions

General appear¬
ance

Cloudy, 6/10 9/10 Sky
bright when thinly over¬

cast or when white cumulus

clouds do not obscure sun

(2,000 ft lamberts or more)
Dull when tickly overcast

(250 ft lamberts or less)

Clear or partly cloudy
4/10 Except during storms

when dark and dull Blue

skies, especially on wind

ward coasts of low bright
ness (500-750 ft lamberts)

Depends on season During
rains as tropical humid

sky Immediately after rains,

clear and blue as island sky
Later in dry season, bright
with increasing dust in

lower part of sky, as desert

sky

Vapour in sky may be re¬

placed by dust, then sky,
particularly towards hori

zon, bright (1,000-1,500
ft lamberts or more) In

sandstorms, sky darkened

by dust (250 ft lamberts or

less)

As desert sky, but

likely to be more

cloudy

Ground

Conditions

General

appearance

Luxuriant vegetation,
abundant shade Green

predominates, but bare

ground usually red or

brown Morning mist over

low ground

Depends on rainfall Vege
ration less luxuriant and a

lighter green Very bright,
light coloured coral rock

and sand

During rains, green As dry
season progresses, vegeta
tion dries and ground be

comes bright—browns or

reds

Little vegetation, ground and rocks, brown or red

Close to sea, white glare from salt pans

Soil moisture Usually damp High water

table, ground may be

waterlogged

Usually dry, with fairly
low water table

May be damp in rains, but

dries rapidly Risk of soil

erosion

Ground very dry Dries rapidly after any rain Water

table deep or non existent On coast, ground water

likely to be brackish

Air-Movement Low, especially in jungles,
but strong during rain

squalls, wind gusts of 25

mp h or more

On windward coasts, wind

may blow steadily at 15

mp h or more In trade

wind zone, prevailing wind

N E and E
,

northern

hemisphere, S E and E
,

southern

Seasonal Fairly strong and

steady during monsoon

period (or its equivalent)

Winds usually hot or warm

Risk of whirlwinds or tor¬

nadoes Stiller at night than

in daytime

May be affected by
monsoon winds also

by local on-of shore

day night wind pat
tern

Other

Characteristics
High humidity accelerates

mould and algal growth
and rotting Thunder

storms frequent, but high
proportion of electric dis

charges air to air

Risk of tropical cyclones
(hurricanes) Close to coast,

corrosion due to salt in

atmosphere is marked

Change in relative humidity
dry wet season and vice

versa causes materials,
especially timber, to shrink

or swell excessively

High sun temperature and

rapid cooling at night may

cause materials to crack and

break up

Risk of corrosion due

to salt laden atmo

sphere, also danger
due to salts rising from

ground

Risk of dust and sandstorms

6 This table is incomplete, upland climate is omitted, so far as this theme is concerned because it has a special

cold climate of its own.
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Such a chart, in spite of its unimportance

to the hot zones, gives a general description

of the modifying factors to be induced and

employed to reach physical comfort. Indeed,

there are also other factors psychological in

character which related to the environment

are indispensable for ameliorating a possible

life under conditions of physical strain. On

these lines the right conception for the

particular climate must be evolved. Research

work in this direction is needed in the hot

zones, to test the reactions of human-beings

and examine their feelings, in connection

with climatic impacts. Also, the behaviour

of different materials in this connection is no

less important.

The previous paragraphs state the general

definitions and descriptions of the hot zones,

yet, the local climatic and micro-climatic

conditions must be duly investigated for the

particular site under consideration. An ex¬

ample of the important local climatic con¬

ditions worth noting is shown on Table 2,

for Kano in the dry region of Nigeria.

Table 27

Jan Feb Mar Apt May June July Aug. Sept Oct. Nov Dec Remark*

RainTill (inches) •40 0-01 007 0-37 155 4 45 799 12 45 496 0-41 040 (WO Average of
46vean'

Mean daily jmu
tempera¬
ture (*F) latin

156 S9» 93 7 toot 993 945 97 X SSI sso 93 5 92 5 S7 1 Period
1941-47.

Ml 59S 65 » 72 4 74 6 73 9 71 1 696 694 68 1 61-6 569

Relative IT am

humidity,
per cent 11 p m

37 33 31 42 63 74 IS 94 92 so 41 43 Period

1943-47/
13 12 12 19 32 46 60 71 61 36 15 12

Matt frequent
wind direction
and perccntafe
frequency
(•venae of *

obeervation* a

day)

NE NE NE. SW
-NE

S.W SW SW SW 8.W SW NE NE. Period
1944-41

45* 419 331 15 8 306 39 2 38 0 342 32 1 209 292 297

Tenth* of

covered

by clout

10 am

4pm

07 06 08 0-3 05 06 2-4 36 17 03 0-0 0-0 1943-47

00 01 05 08 19 27 5S 5-4 33 1-0 0-1 0-7

Storm* and direc¬
tion

Storm* mainly from N E or S E

Du*t ttorm* No data

IntcctpeaU No data

Extra-climatic effect*, i e cyclone*, frow, ntk to property
from lightning, liability to mow, flooding, hail, emit,
•quail*, typhoon*, earthquake*

Lightning and thunder commonfrom May to

September

7 Professor of Geography, University College, Ibadan,

Nigeria, quoted in 'Tropical Architecture in the

humid zone', op. cit.

7
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CHAPTERII A Historical Review

There can be no real understanding of the great cul¬

tural ideas of our time without considering historical

development, which leads to further perception, new

ideas and creation. A further culture cannot regard-

lessly create anew without recognising its obligation
to tradition; it must develop organically.

W. Ortmann8

Wolf Ortmann, 'Stadtebau fruher und heute', Diis-

seldorf, Werner, 1956.

9



Leer - Vide - Empty



From the very beginning, man, faced with

the need of shelter for himself and for his

gods, and confronted with natural building

materials of various kinds, started to create

buildings and to work out the structural

problems they entailed, along lines suggested

to him by the materials with which he work¬

ed, and by conditions of the climate in which

he built." Thus, in the hot regions two differ¬

ent climatic conceptions arose; one in the

hot-dry zones, the other in the hot-wet zones.

The climatic conception in each zone, to¬

gether with a short review of some earlier

achievements which it prompted, will be set

forth in the following paragraphs.

To begin with, in the hot-dry zones, we

find a climatic approach evolving a cave-like

or in other words a closed-in conception, to

escape from the sun and hot air, and offering

a cool shaded area free from dust and glare.

This climatic approach is universal among

the primitive peoples, in spite of the many

differences in their other environmental con¬

ditions.

Thus, among the Nomads living in the

desert regions on cattle breeding, and wan¬

dering from one pasture to another; the tent

made from the skin of animals with its edges

covered with earth, was their substitute for

a cave (Fig. 3), within which they found shelter

from the sun and desert winds bv day. while at

night they moved on seeking new grass lands.

Others who settled on rocky ground, with

as yet no knowledge of masonary, hollowed

the hill side (as did for example the first

settlers in Upper Egypt) creating what is

known as cross-cave dwellings (Fig. 4); or

'' Talbot Hamlin, 'Architecture through the ages',

N.Y., Putnam's Sons, 1953.

3 The Nomads Tents. Their edges are covered with

earth, providing a shaded area protected from the

sun and the hot sandy deseit winds.

5 Matamata, all dwellings are dug in the around with

rooms located round circular patio-like holes.

6 Hut of the Kabiscln Indians, South America. Re¬

markable for its small opening

11
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7 West Sudan, platform of a fort Small entrances,

with wider overhanging eaves.

8 Kiridi straw hut With reeds protectinci the roof from

heat

9 A Matakam-family settlement showing the straw

conical roofs (yet these need yearly renewal).

12



dug holes in the ground itself forming a

central patio-like well surrounded by exca¬

vated caves, as in Matamata,10 Tunis (Fig. 5).

In contrast with these, sedentary farmers

(and others as well) were confronted with

mud and straw. Thus, they built round, oval,

or rectangular huts, with heat-and-crack re¬

sistant thick mud-straw walls. Having no

opening except the small door, provided a

cool interior and insured its isolation from

the outside (Fig. 6). More shade on the

ground and the walls as well, was obtained

from the over-hanging roof (conical, domed,

and sometimes flat), which covered with

leaves and mud was rendered heat-resistant.

Dry reeds were in many cases laid upon flat

roofs for the same reason (Figs. 7, 8, 9).

Round huts were sometimes grouped to¬

gether and connected with each other by

mud passages, with only one communal

entrance from the outside, formed a dwelling

for larger families (as can be seen in Fig. 10).

To provide complete isolation from the out¬

side, the whole settlement was enclosed by

a wall.

A remarkable point, is that whenever pos¬

sible, the huts of the Nubian villagers were

built against the rocky h il I -side so as to be

partly underground for the sake of coolness

(Fig. 11). For the same reason, totally under¬

ground areas existed in the huts of the Peublo

Indians of South America. Here, the only

ground floor opening was in the ceiling for

defence purposes (in Fig. 12 the existing

windows are of later date).

Let us now review some achievements

during the first civilizations of the dry regions

10 Matamata is an Oasis community, some of its

underground cave-dwellings are more than one

storey deep.

11 Nuba. Huts are built against the hill-side so as to

be partialy underground for coolness sake.

12 NewMexico, Peuplo Indian houses. The only ground

floor opening is in the ceiling, for defence. (Other

openings, are of later date.)

13
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(Egypt and Mesopotamia," and later the Is¬

lamic period'2), we find that the same closed-

in conception continues, though faced with

differences in social needs and technical

knowledge Not only was the dwelling house

as a unit, affected by the climate but also the

town as a whole.

Towns and settlements were always en¬

closed by walls, for climatic and sometimes

military purposes as well The climatic neces¬

sity in this approach was in general to

protect from the desert winds, as for example

in the case of Kahun, Egypt, c. 2100 B.C.,

built for the workers of the lllahun pyramid,

where the surrounding walls protected from

the floods as well (Fig. 13)

Yet, the positions of the streets were in

general adapted to the local cool breezes to

ensure good airing, as in Amarna, Egypt,

c. 1375 B.C., where the mamroad ran in the

direction of the cool N wind (Fig 14) This

led to social distinctions in all towns of those

old periods, where the northerly quarters

were reserved for upper classes (In the case

of Kahun, war prisoners and slaves dwelt in

the more exposed western areas thus protect¬

ing the other parts of the town from the

westernly desert winds )'3

" In Ancient Egypt, the strong belief in immortality

prompted the building of tombs and temples of hard

stone to outlast the centuries, while dwellings were

built of inferior materials such as mud It is there¬

fore not surprising that little remains today of their

cities and houses On the other hand, the Mesopo-

tamians, not having the same strong belief, instead

of tombs built palaces which in many cases over¬

shadowed the temples
" The Islamic Empire, situated entirely in the hot-dry

region, having already came to terms with the cli¬

mate, used the inherited Byzantine methods of

construction, and developed a new technique in

conjunction with climatic elements

13 Ernst Egli, 'Die neue Stadt in Landschaft unci Khma',

Erlenbach, Zurich, E Rentsch, 1951

16 View and plan oft he palaces of Persepohs, 484 B C
,

built on elevated platforms

18 Bagdad After the Mongolian occupation, east of

the Tigris

19 Cairo Trees covering the street



20 Isphahan The Kaisariyya bazaar

21 Cairo El Zaraksha bazaar

16



This adaptation to the winds reached its

climax in Babylon, Mesopotamia, c 2000 B C

where the whole layout was obliquely ad¬

justed so that the NNWcool breezes were

admitted and the SWdesert winds kept out

(Fig 15) It is worth mentioning that in the

case of Mesopotamia elevated platforms c

15 m high existed, on which towns and pal

aces were built to avoid the miasmic exhala

tions and insect swarms resulting from a

long summer and floods (Fig 16)

There existed however, some towns where

little or no consideration was paid to the local

winds, such as the round'4 town of Bagdad,

built by El Mansur c A D 763 (Fig 17) Only

the palace of the golden gate caught the

cool northerly breezes, and the rest of the

town was exposed to the desert winds Yet

after the destruction of the town by the

Mongols in A D 1401 a new town arose on

the eastern side of the Tigris (Fig 18) which

rejected the old form and adopted the ch?

ractenstics of Babylon
"

The sun in its turn affected not only the

streets but also the structures of towns as

well Thus characteristically narrow streets

(generally tree-bordered) offering shade were

the rule In Ancient Egypt covered shopping

streets probabl/ existed in the Bazaar as

well ,6 The same erected during the Islamic

period still exist today (Figs 20 21)

Towns were compact in character having

no open spaces save for the colonnaded

open courts of the temples or their grand

procession avenues (Ancient Egypt and

Mesopotamia) and later Greek Agoras and

According to K C Creswell in Early Muslim Archi¬

tecture', Penguin Books, 1958 this round form was

possibly adopted for reasons of economy of walling

or for military purposes as well

E Egh op cit

Ibid

22 Chardia Algeria Compact irregular plan narrow

winding streets and attached courted houses

23 Merakesh The inner court conception offers a

shady cool and free from dust space into which

the house opens

24 Assur The temple s grand procession avenues are

the only open space within the courted bulk

25 a b Kahun Courts were orientated to the cardinal

pon ts and not to the positioi cf the streets

ilEl
17
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26 Isphahan, Persia Iwans with large openings open to the north (catchinci the cool wind) qive a characteristic

appearance to the city
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27 Amarna, palace in central quarter Courts, succession of halls, and gardens

28 Bagdad, house of Shashur Section showing the

underground room (serdab)
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29 Reconstruction of houses N Amarna, Egypt
Note small windows near the roof
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Roman Forums almost unintentionally17 re¬

placed these. Next, came the court of the

'Big Mosque' in the Islamic period. In general

towns grew up round these open spaces

(Figs. 22-24). Thus, every element was devel¬

oped out of the inner court approach, towns

as palaces, public buildings and dwelling

houses, to compromise with the cave-like

conception of their structures.

In Ancient Egypt (Kahun), the courts of

the houses were adapted to the cardinal

points and not to the streets (Fig. 25), to

allow living rooms located on the southern

sides to be open to the north, thus avoiding

the sun's lays and catching the cool northerly

breezes. The same approach continued

throughout the Islamic period, where the

sitting rooms (Iwans) open to the north lent

a characteristic appearance to the town, as

can be seen in the case of Isphahan, Persia

(Fig. 26).

In the meantime, houses were in general

attached to each otherto minimise the amount

of wall surface exposed to the sun. They were

also shut out from the street by windowless

thick walls preventing the sun's rays and the

unfavourable hot winds and dust from enter¬

ing the insulated cool interior Light was

admitted in many cases only through doors,

and dark rooms were meant for sleeping.

Along this line of approach, two conceptions

were developed the successive-inner-halls

e.g. in Amarna palaces (Fig. 27), and the

partly or totally underground rooms (Serdabs)

characteristic in the Islamic houses with their

ventilation shafts (Fig. 28). Both offered cool¬

ness with the minimum of glare and hot air.

" The Greek and Roman periods, offered no new

contributions to the climatic problem within the hot

regions, but rather they transferecl their own town

patterns and architectural features.

30 El-Kretlyeh house, Cairo. Maquaad, (reception

room) overlooking a garden court with fountain

31 Babylon, in the Chaldaean times Windowless walls

on the streets (reconstruction)



32 Cairo Haramen house Showing ceiling with an ele

vated sky light (Malguf) for ventilation Note lofty hall

with its central fountain, also, the high roof parapet

Ancient Egyptian dwelling Showing flat roofs with

awnings and roof gardens Note also garden courts

(reconstruction)

33 Hall of an Assyrian palace High ceiling for coolnps

stake

35 Cairo house of El-Kretlyeh Reception hall with its

marbled fountain q ving a cooler atmosphere
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Where windows existed, they were small

and placed near the ceiling, thus minimising

the glare. In the temples of Ancient Egypt

(probably in houses as well), alabastar stone

slabs were used to admit light without the

sun's rays or the hot winds ; whilst in general,

pierced stone-slab-windows existed to let in

ventilation with the minimum of the sun's

rays, e.g. Karnak temple (Fig. 36). In the

Islamic period, however, windows were filled

in with wooden trellis work (known as Mush-

rabia, Fig. 37), for the same reason, although

ventilation was sometimes admitted through

terra-cotta pipes introduced near the ceiling

as in the houses of Irak (Fig. 38).

Ventilation was also admitted through a

sky light in Amarna houses. In Mamlouks

houses (Islamic period in Egypt) this (known

as 'Malguf, Fig. 32) was open to the north

and located in the middle of the roof of the

central hall (Kaha). Here, coolness was added

by designing this hall two storeys high (re¬

miniscent of the high halls of Mesopotamian

palaces, Fig. 33), with a marble pavement and

a sparkling fountain (Fig. 35).

Because of the absence of rain in the hot-

dry region, flat roofs used for sitting on after

sun-set and for sleeping on hot nights, were

the rule. They were generally covered by tempo¬

rary tent-shaped awnings, to shade and keep

them cool (Ancient Egypt and Mesopotamia,

Fig. 34), while high parapets replaced these

in the case of the Islamic houses (Fig. 39).

Roof gardens, as well as planted courts

and ponds, through which a refreshing cool

atmosphere was achieved, were character¬

istic features of these dry regions. In Ancient

Egypt they reached their climax in Amarna

palaces (Fig. 40). Yet, a cooling effect was

obtained in Egyptian palaces as far back as

2500 B.C., by fanning air over large earthern

37 Mushrabia in old Cairo.

38 Ventilation through burned terra-cotta pipes Irak.
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39 Roof garden with a high parapet providing shade

and privacy House of El-Kretlyeh, Cairo

40 Amarna, North palace Note, garden court located

north of the royal apartments, pool in the central

court, and a succession of different halls.

41 Karnak Temple. Note artificial lakes N of building

in the path of the deseit winds, probably repeating

the same idea as in houses, to cool the air
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jars filled with water, where the water seeping

through the walls of the jars, exposed a large

wetted surface for evaporation.'8

These features, specially those of the gar¬

dens and ponds, found their fullest expression

in the late Moorish palaces, where the walled

gardens and the water flowing from central

fountains led by marble lined channels into

all important rooms, provided coolness and

gave relief from the burning sun and the

desert-blown winds (Fig. 42).

The necessity for coolness gave rise to

flat walls rendered smooth to reject all pos¬

sible sun-rays. These flat walls, in their turn,

prompted an aesthetic approach which found

expression in inscriptions, reliefs and in

bright colours. In Egypt, inscriptions were

incised to protect them from the sandy desert

wind, and in the meantime, the depth of the

incision was determined in relation to the

shadow cast. In Mesopotamia, this aesthetic

approach found its expression in ceramics

and coloured tiles as well (during the Persian

period). While in the Islamic period, only

geometrical and abstract forms and lettering

were employed because of the religious com¬

mandment against idolatry.

In contrast to the aforementioned closed-

in approach of the dry zones, an 'open'

approach evolving a morefnendly relationship

with the outside world exists in the hot-wet

regions, taking advantage of all possible

breezes and allowing maximum air circula¬

tion, yet shutting out sun and rain.

This climatic approach is also universal

among the primitive tribes of these areas.

'* John Everetts Jr., Analysis and Influence of Clima¬

tology upon Air Conditioning Design, 'Weather and

Building Industry', Washington, 1950.

water pools reach their fullest expression here.

43 The flat wall, Egypt. Strong sunlight prompted the

use of contrasts between light and shade from in¬

cised inscriptions to provide the final aesthetic

finish Maximum heat rejection was achieved by

highly polished surfaces bright coloured. (The in¬

scriptions were also cut deep to protect them from

the fierce sandy desert winds.)
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44 Samoan circular hut

&&MH

45 House at Jap Overhanging eaves over the latticed

wall

46 No inner partitions or furniture exist, save for the

hanging hammocks
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Though their huts were built in different forms,

they had in common the umbrella-like charac-

terof theirthatched overhanging roofs. These,

made of branches woven or tied together, and

covered with leaves, were rendered heat resist¬

ant and rain proof by mud mixed with blood."

Generally huts had no walls, and where

these did exist, they were no more than a

mesh-work of woven branches to invite all

possible breezes. Both solutions could be

found in Samoa Islands, where the huts

without walls were hung round with mats at

night to close them (Fig. 44). To allow for

an unobstructed air-flow inside these huts,

there were no inner partitions or furniture

save for hanging hammocks (Fig. 46).

In localities with frequent hurricanes e.g.

New Guinea, huts were provided with a

closed shelter, but lifted on pillars to pro¬

vide for the open area underneath, thus

affording protection from sun and rain as

well (Fig. 47). Here, in New Guinea, another

interesting solution can be seen (Fig. 48).

probably the result of the factors of hurri¬

canes, breezes, and defence. Theflrst prompt¬

ed the closed shelter, the second the open

platform underneath, and the third the lifting

of the whole dwelling among the trees,

whose leaves stirred by the breezes acted

like a fan and provided further coolness.

A leaf-fan solution rather characteristic

within the umbrella hut of the Nomad tribes

of the Pygmies, was achieved by orienting

the domed-like hutframes covered with leaves

against the direction of the winds (Fig. 49).

In contrast to the early inhabitants of the

dry regions, where civilization and culture

" Hugo A. Bernatzik, 'Neue Grosse Volkerkunde',

Frankfort/Main, Kerkul, 1954.

47 New-Guinea. Hut lifted on piles providing a free air

circulation without any obstruction.

48 South-east of New-Guinea. Huts raised among the

trees (for defence), with platforms under them for

daily use (shade and free air circulation).

49 Pygmy leaf-hut, or wind umbrella.
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50 Ruins at Mitla, Oaxaca, Mexico.

51 Mohinio-daro, the Indus Valley

52 Angkor Thom, Kambodscha.
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based on agriculture flourished in the river

basins; the dwellers of the wet zones re¬

mained in general unable to develop their

primitive state with the same rhythm, owing

to the overpowering climatic conditions of

their jungle environment.

Yet, affected by migration from different

cultures situated in the neighbouring dry and

intermediate regions, or other factors, cul¬

tural developments within the wet zones were

achieved.

In the Americas, for example, the Peruvian

and Peublo cultures gave rise to the Ancient

Mexican civilizations, about which little is

known today and that only of archaeological

importance. However, the way in which the

Ancient Mexicans finished their walls, in a

plastic form of projecting heads and coloured

geometrical patterns, is interesting. It had in¬

deed a religious meaning, but at the same time

gave the wall a characteristic artistic finish of

contrasting massesof lightand shade(Fig.50).

On the other side of the globe, the spread¬

ing culture of the Indus valley of the dry Sind

region (one of its oldest towns is Mohinio-

daro c. 2500 B.C., Fig. 51), and the Aryan

immigrants from the north ; gave rise to cul¬

tural developments in the Indian Peninsula,

which later stimulated by Buddhism spread

over south eastern Asia. Thus, towns like

Angkor Thorn, Kambodscha (c. A. D. 900),

arose (Fig. 52).

The Indian religion and philosophy was

always reflected in its architecture as a whole,

each element having its religious expression

and meaning. It is said that towns were found¬

ed upon the religious conceptions of Manasara

ideals. From climatic necessity, they had

wide garden-like streets, shady and airy with

incidental fountains; such streets eliminated

the necessity for squares and open spaces.

54 Haiderabad. Climatic influence shown by the cha¬

racteristic feature of tall ventilation shafts.
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57 Pandsh-Mahdl Stepped storeys, reflecting a con¬

ception of the Indian house (for air-movement)

Probably the stepped pyramidal tops of temples de¬

veloped from this conception
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58 An Indian house opening onto an inner court and

onto the street as well Stepped storeys provide more

air and possibilities for roof gardens

59 Mausoleum Akbars at Skindra was used during his

life time as a rest-house (airy and shady)

0»
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The climate of the Indian wet region has

a definite dry season, which explains the intro

duction of elements suited to dry climates,

such as balconies, terraces and flat roofs

Another characteristic of this dual climatic

condition, is the underground living rooms

found in the houses for use during the dry sea¬

son, similar to the Serdab of the dry region

However, the main climatic features of

Indian architecture were derived from the

need for air-movement Hence the lofty wide

shafts reaching upwards, that sucked the

breezes inside the houses (Fig 54), and the

tendency towards opening rooms in opposite

directions to allow for a cross air circulation

(sometimes one of these openings at least

was onto an inner court) Even the character

of windows was also governed by this need

and thus they were generally filled by cha

ractenstic latticed-work which allowed air

movement and excluded sun-rays

The same impetus prompted the intro¬

duction of the great fan (punkah) which

helped to intensify the air-movement within

and the introduction of dormer windows

which while offering shade provided a kind

of zig zag facade which helped in the best

wav to intensify the breezes by creating eddies

round the pro|ecting corners (Fig 56)

Another characteristic feature coping with

this need of air-movement, and often seen in

houses and other buildings as well was the

stepped character in which the hmher floors

evolved (Figs 57 58) This allowed for more

air circulation around and also for the possi

bility of providing terraces or roof gardens

Indeed there was nothing better adapted

to the climatic conditions of India than its

gardens attached to palaces, with their shady

walks, airy galleries, and sparkling fountains

which (not only destined for the outside but also

61 Diwan I Am Delh Surrou icing open galleries

62 Diwan-I-Am Shalimar-Bagh Water tails and foun

tains An open air life in the shade and the cool

effect of water and gardens

63 Gopal Bahawan Palace at Dig Open air galleries

and projections overlooking the water
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64 Cairo, Railway Station A revival of arabic ornaments

and features, applied to an important new problem.

65 Renaissance revival A Villa in Alexandria

66 Alexandria, Faculty of Engineering, 1950 A Pharonic

revival, in a purely technical problem Construction

was sacnfied to ornament, orientation to symmetry

67 Mixed High Court, Cairo A revival of greek style in

reinforced concrete

kfrrffNk
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for the inside as well), provided an atmosphere

of coolness and refreshment (Figs.60-63).

Here in India, as in Egypt and Mesopo¬

tamia, shade and shadow gave an artistic

expression to the architectural elements thus

introduced. Yet, in India the artistic approach

involved a religious and philosophical basis

as well. Thus, projections, sculptured walls

and pyramidal forms, using the display of

shade and shadow, gave the final abstract

feeling of Indian religion and philosophy.

During the long periods of relatively region¬

al isolation experienced in the hot regions,

climatic influence on architecture was of

paramount importance as already reviewed.

But later, because of the rapid contact with

other climatic zones, colonisation, or other

factors, the climate was in general gradually

neglected and finally completely ignored.

Mere imitation of other regions (mainly Euro¬

pean) occured, so that the hot zones came to

reflect in time all the contemporary develop¬

ments in European architecture. During the

eclecticism movement, the hot zones select¬

ed from foreign and their own old styles as

well, providing a chaos of architecture, where

logic, construction, beauty, and above all the

climatic influence were all but lost. Even in

the revolt against this tendency, a new imi¬

tation but of the so-called international style

appeared, also taking little or no consider¬

ation of climatic and regional conditions

(Figs. 64-69, taking Egypt as an example).

Today, regionalism, in the sense of a

frank acceptance of regional conditions of

climate and site, has become a universal

element of architecture But regionalism may

go even further, it may include the concept

of tradition.20 And here, the problem, specially

T. Hamlin, op cit

69 A villa in Cairo. A protest against eclecticism from

old styles. The influence of F L. Wright is un¬

mistakable.
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70 F. L. Wright, Falling Water. The house of a romantic

dream with a contrast of horizontal and vertical

blocks. Complete unity with its site so that it appears

to have developed from the rock itself.

71 Le Corbusier L'Unite d'nabitation, Marseille It is

more than a 'dwelling mashine', it is a symbol of

today's mechanical defusion of culture. A con¬

temporary solution of our congested towns Con¬

centration versus congestion.

72 A. and E. Roth and M. Breuer, 1935. Self-contained

apartments incorporating many of the private house,
with steel and R.C. construction. The facade is in¬

dependent of the floor construction, almost an

envelope, with materials that need no upkeep. It is

an example of the happy solution of 20th century
apartment dwellings



in hot countries, is worthy of investigation.

The traditional use of material, certain basic

concepts of composition, and even those of

climatic influence may be valid and operative

elements. Yet, tradition as the outcome of

sentimentalism, or obsolete social habits,

should be ignored, if we are to provide room

for a progressive architecture conforming to

the new events and developments in these

countries. Today, revolutionary ideas are

sweeping through these regions, accompa¬

nied by a new born industrial revolution in

most of them. A new world is coming into

being offering an opportunity to realise in

concrete form, not only new cultural aspira¬

tions, but also, that progressive architecture,

which is mature enough, while evolved from its

specific climate and local conditions, to devel¬

op in line with contemporary movements and

the universal approach of modern architectural

achievements.2' The relation between these

and the climatic influence, should be the rela¬

tion between the aim and the method, or in other

words between the essence and the character.

Today's architectural approach, is the outcome of

the movements that have occured during the last

three decades, on foundations laid by many pioneers

in the fields of architecture and art, who recognised

the endless potentialities of new materials and their

constructional values This approach is touched on

in Figs. 70 to 76

Figs 70 —72 show of their different conceptions of

20th century communal life, a recogni¬

tion of the unifying principles of logical

function and the employment of new

materials and methods of construction.

Figs 73, 74 show recently conceived vaulting pos¬

sibilities offering a new space concep¬

tion. Construction is no longer dis¬

guised, but forms an integral part of

the architectural effect, opening up a

new era of plastic expression.

Figs. 75, 76 show that sculptural and artistic ef-

ects are now introduced to satisfy the

emotional needs: strict functional ri¬

gidity has been overstepped.

73 0 Niemeyer, Cathedral in Braziha Constructional

elements form the whole composition.

74 H Stubbins, Berlin Congress Hall. A symbol of

20th century architecture presenting a new vaulting

solution

75 J Utzon, Opera House in Sydney, 1956. Shell con¬

struction offers more than a vaulting solution

76 Le Corbusier, Notre Dame de Haut Chapel, Ron-

champ A sculptural approach
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Climatic Approach Today

The sun differs along the curvature of the meridian,

its intensity varies on the crust of the earth, according

to its incidence. In this detail the CREATORhas given

us beautiful and prodigious diversity. It is for us, in

succession to seek a solution which is worthy of the

work of the nature.

Le Corbusier
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Before stating the head-lines under which

the climatic approach will be investigated, let

us make clear the various factors22 which go

to the attainment of comfort in a building in

the regions under review (i.e. hot-dry and

hot-wet).

Hot-dry

1. Exclusion of hot air, excessive sunlight,

and glare from the interior.

2. Minimisation of temperature on external

walls and roofs.

3. Protection against dust, sandstorms and

insects.

4. Provision of a certain cross-ventilation,

and a friendly relationship with the out¬

side after sun-set.

5. Creation of psychological effects promot¬

ing coolness.

6. Provision of suitable materials capable of

bearing the strain of considerable changes

in temperature, ranging from extreme heat

during the daytime to comparatively cool

nights.

Hot-wet

1. Encouragement of all possible breezes to

the interior without obstruction.

2. Minimisation of temperature and glare

everywhere possible.

3. Adequate provision against rain, storms

and hurricanes.

4. Precautions against earth erosion.

5. Provision against insects (termites).

6. Consideration of psychological aspects

promoting coolness.

7. Provision of suitable materials capable of

sustaining high temperatures and dense

humidity.

These factors imposed by the climate

upon the different structures of a building,

prompt certain conceptions in order to pro¬

duce interior conditions as comfortable as

circumstances permit both by day and night.

In the hot-wet regions; 'circumventing the

entry of heat but not light, and inducing cool

currents of air, without rain'.23 In the dry

zones, on the other hand, excluding hot air

and heat, while providing for cool currents of

ventilating air without dust.

What are the phenomena and knowledge,

which are necessary to achieve such results

without calling mechanical means into play?

1. Reaction of various materials, soils and

colours to radiation and reflection.

2. Air-movement due to sea breezes, kata¬

batic winds or variations of temperature,

etc.

3. The sun, its movements and angles.

4. The cooling effect of shade, vegetation

and water.

These 4 points24 form the nucleus of a

natural approach to climatic influence falling

under the following headings:

General and basic design.

Site and layout.

The building crust (walls and roofs).

These are the fundamental notion in building in hot

zones, yet, the social and economic factors must

not be neglected, while artistic and aesthetic values

must be respected.

M. Fry and J. Drew, op. cit.

Little scientific data in relation to these exist.

Further research work in hot countries on these

lines is urgently necessary.
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77 a, b Courtois and Salier Dwelling at Artigues A

closed-m conception with inner courts and water

areas (inside and outside)

78 a, b Grounds, Romberq and Boyd House at Mel¬

bourne The inner court conception
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General and basic design

The general and basic design here means,

to discover how by means of a building's

shape and its spacial possibilities, to adapt

favourable and counteract unfavourable cli¬

matic conditions

It is therefore quite natural that in this

relation, the approach involved is in its basic

ideas and conceptions similar to that proved

by ancient civilizations, yet, surviving as a

complex problem within different social and

economic structures New constructional

methods and materials, and a better micro¬

climatic knowledge,25 have opened up new

horizons and prompted further developments

in this connection

Thus in hot-dry regions, the cave-like

closed-m approach survives together with

its inner courts and patios Yet, this inward

tendency, which rises out of the obvious

possibility of creating a cooler environment

into which the building can open, while

closed from the outside, is not always pos¬

sible to achieve because of today s economic

and overcrowded city conditions Flats built

under these conditions, are by no means

comparable with patio or courted houses

yet, they have their own possibilities Central

inner halls, variations of ceiling heights,

maisonnettes, and planted logias, using

flexible methods of construction, form the

fundamental approach in such buildings It is

worth mentioning that flats in general afford

minimum wall and roof exposure to the sun

and that lower storeys have magnificiently

" Micro-climatology is the climate of the particular

site under consideration, and in many cases differs

from the general climatic conditions

79 G Candilis and S Woods Dwellings for the em¬

ployees of the Oil Company, Iran Compact design

characteristic for dry regions It affords minimum

wall exposure to the sun whilst offering the inter

mediate cooler zones of the inner courts
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81 a b c A Roth A project for a large house near Giza Egypt 1939 (never realised on account of the war)

Articulated areas from various closed and open spaces and proper siting suitable shading devices adequate

provision of shade inner courts and water areas are also provided Water from these is channeled to the

living space where vegetation helps to cool the interior as well (see also Figs 135 230)
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insulated ceilings, while the upperfloors have

relatively cooler air, fewer flies and less dust.

Indeed, it is along these lines that archi¬

tecture in these dry regions must search for

new housing developments, using the end¬

less possibilities presented by a combination

of the latest technical and scientific dis¬

coveries. Other conceptions of partly under¬

ground areas, and successions of isolated

spaces should not be forgotten, while, ter¬

races and outdoor accessories must not be

neglected.

In the hot-dry regions, the knowledge of

the diurnal cycle of temperature can be put

to practical use Thus, the hottest part of

the day is nearly always shortly after noon,

while the coolest time on an average occurs

sometime during the night. Therefore, in

orderto keep a building cool, windows should

be opened in the hours of darkness and closed

at sunrise. A method of trapping the cold

air of the cooler hours and preventing the

entry of the heated air from the outside during

the daytime, can actually keep the indoor

temperature more than 9= to 10c F. cooler.26

Another fact concerning cold air. which

may be used beneficially, is that cool night air

because of its heavier gravity flows to the

lowest point of the land. These gravity winds,

also known as katabatic winds, should be

induced to enter the building by making pro¬

vision from the preliminary stages of design

for any devices which may be introduced

Indeed, the better the understanding of

the subject of micro-climatology, the more

satisfactorv will be the solutions achieved

To sum up, in dry climates these solutions

(Figs 77—92) include the following

16 L.A Ramdas, of the Meteorological Office, Poona,

India, quoted in 'Climate and Architecture', by

Jeffrey E.Aronin, N.Y
,

Reinhold, 1953

83 C Candilis and S Woods Apartments in Casa¬

blanca, Morocco

84 C Candilis and S Woods The possibilities of pro¬

viding for closed, half enclosed and open areas

are bounded by the flexible method of construc¬

tion used
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85 a, h J Hentsch and E Stucler Apartments in

Casablanca, Morocco Skeleton construction af¬

fords considerable possibilities for climatic con¬

trol in connection with flats, whilst hanging logias
and patios combined with articulated ceiling

heights form the basic approach

86 G Jaubert Atlanta Apartment, Casablanca,

Morocco
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1. Closed, half enclosed (patios, logias,

etc.), and partly underground areas, as

well as outdoor accessories (terraces, bal¬

conies, roof-gardens, etc.). In fact, a mix¬

ture of open and closed spaces.

2. Vegetation, water areas, and shade, to

achieve physical coolness and psycholo¬

gical relaxation.

3. Pillars and skeleton construction, allow¬

ing shade under the building, and the

possibility of introducing elements within

its external crust to suit and counteract

a diversity of climatic factors.

In the hot-wet regions, the 'open'

friendly approach, which arises from the

indispensable need of encouraging all pos¬

sible air-movement (yet shutting out sun and

rain), is offered today wider possibilities than

ever before. The independence of skeleton

and wall construction allows the introduction

of various suitable fixed, adjustable, and

mobile devices, for excluding sun and rain

as well as counteracting other climatic dis¬

turbances, while inviting maximum breezes

at the required levels without any obstruction.

Wind flow and its behaviour in connection

with buildings is somewhat unpredictable,

however, it has recently undergone con¬

siderable research work, which in general is

of importance to the wet region. The Uni¬

versity of Texas has experimented in problems

of air-flow and ventilation. Their conclusion

stresses the possibilities of ventilating tall

buildings by utilization of temperature dif¬

ferences, where vertical thermal currents

may represent the prevailing breeze; and

emphasises the importance of pressure dif¬

ferences in dealing with low buildings. The

wall which the wind hits becomes a high pres¬

sure area, and the opposite wall and sides

Valley, California The building is surrounded by

the water pool, which forms an integral part of this

design. An artificial rain device is installed to cool

the inner patio. Such a device is also psychologi¬

cally welcome

88 R Neutra Moore Residence, Ojai, California The

shallow pool, besides fulfilling architectural con¬

siderations and providing water storage for irri¬

gation, also achieves coolness and minimisation

of the andness of the dry heat of the Ojai Valley

89 Shading outdoor accessories in dry regions The

open character of the eggcrate overhang does not

block the view of the stars at night
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90 Falling sheet of water (using a circulating pump),

affords physical cooling, and psychological re¬

laxation

91 The desire of obtaining shade within, prompted

this solution Thus coolness, mental relaxation,

and less andness are achieved

92 R Simounet A villa in El Biar Algeria Buildings

in dry regions are often swathed in vegetation,

which not only allow for coolness but also for

less andness more shade and psychological com¬

fort.

1
-* A*

44



become low pressure or suction areas, which

are no less important factors in ventilation.27

As the pictures clearly demonstrate (Figs.

93—96), the low pressure area can be used

to suck air rapidly through the building. Note,

however, at the same time, that any change in

the direction of the air-flow will reduce its

velocity, and thus its efficiency, since cooling

by ventilation depends totally on the relative

speed of the air current.

The Texan investigations have also touch¬

ed on one of the most widely discussed

design decisions for natural ventilation, na¬

mely, the proper size of the windward (pres¬

sure) and the leeward (suction) windows for

most effective cross air-flow. It has been

proved that a small opening should be care¬

fully placed in the pressure wall to direct a

thin stream of fast moving air into the interior,

whilst a larger opening should be introduced

in the suction wall to pull the air through the

room, widening the stream somewhat before

it leaves (at the cost of a relatively small loss

in velocity).28 These facts could be beneficial¬

ly utilized in wet zones generally. Besides the

suggestions they offer regarding the arrange¬

ments and size of openings, they prompt con¬

ceptions regarding the interior shape of the

building. For example, a funnel form with its

narrow end facing the wind, will thus funnel

air out of its broader side.

Indeed, in some localities, it is not un-

usuall to experience nights were breezes are

scarce, owing to the stratification of the

heavy cold air produced under warmer

lighter air. In such cases, the falling kata¬

batic winds must not be forgotten, but could

27 Texas Engineering Experiment Station, Architecture

in the Wind Tunnel, 'Architectural Forum, the

Magazine ot Building', N.Y., May 1951.

" Ibid.



97 0 Niemeyer The architect s house, Rio de Janeiro An open plan, a shelter from sun and ram and an in¬

tegration between air, vegetation and water areas

98 A Reidy Dwelling unit in Pedregulho neighbourhood, Rio de Janeiro The narrow elongated plan, as well as

tall buildings are characteristic in wet regions, reflecting the desire for catching the breezes Yet, a tall building
forms an obstruction to the air-flow in connection with buildings to leeward, so that various devices are

foreseen to counteract this tendency Here, a whole storey is left open, creating air channels, as well as raising

the building on pillars for the same reason
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be drawn (in time) into the interior of the

building As a last resort failing all else,

electric fans might be introduced

On the other hand, air-flow increases in

velocity with height For this reason, tall

buildings are favoured, but they are inclined

to obstruct the air-flow in relation to the next

buildings to leeward This obstruction can,

however, be overcome by proper siting (see

later), or by introducing various devices

designed to allow air-flow to reach the lee

ward building To accomplish this, the wind¬

ward building can be raised on pillars to

create air channels underneath (at the same

time, this will offer protection to the building

proper from the damp ground and from

insects) Air channels can be created as

well by leaving various spaces at different

positions and levels, or even whole storeys,

totally open to the air-movement Such open

areas would benefit the building itself, and

the area underneath where, when planted

vegetation will suck the moisture from the

ground, resulting in a cool dry open space

Indeed the house in hot-wet regions

(which should consist basically of a water¬

proof roof and a shady unobstructed ground-

space to admit all possible breezes), must not

bet too wide to allow the air to flow through it

with a minimum loss in velocity and should

preferably have inner partitions running par

allel to the air-flow Nevertheless, if partitions

which obstruct the air movement are essen

tial open areas or grids must be provided in

them In the words of M Fry and J Drew, if

all walls were removed and we built within a

widely over-sailing roof we would not be over¬

doing things Instead of Mies Van der Rohe s

house of glass it would be a house of air
,9

y
I. - -, v>

•m.

99 Building Department of the English Scottish

Australian Bank A house on the cost at Darwin

Australia The narrow elongated building which is

raised from the ground on pillars has inner par¬

titions that only run parallel to the air-flow (See

also Fig 176)

100 Claude Laurens Flats in Congo

M Fry and J Drew op cit

I-
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101 T Sanabria and J Volante Hotel Prado del Rio Menda, Venezuela A sprawling, open plan affording no breeze

blanketing from one part to another The intermingled outside and inside gives the open conception its fullest

development. Water areas are effective elements in achieving comfort

102 Harry Weese U S Embassy, Ghana The elevation of the building encourages the breezes, while the louvered

wooden facades keep out the sun and rain, but admit ventilation Note the wide overhanging eaves
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Shaded open air accessories in the form

of verandahs, terraces, etc.,2" which are

characteristic elements in the hot zones in

general, must here in the wet region be pro¬

tected from rain, and above all open in

character allowing free air-movement all

round. Thick evergreen trees through which

shade could be here achieved, have the pos¬

sible drawback of obstructing the air-flow.

In such cases, awnings, louvers, or the like

are preferable as they can be adjusted to

afford minimum heat radiative qualities and

to allow for free air-movement. If such

shading devices are mobile, they can be con¬

trolled according to the path of the sun as

needed (Fig. 112).

Thus to summerize, the general basic

conceptions in design (Figs. 97—112) for

hot-wet climatic conditions are as follows:

1. The open plan elongated in character,

reaching out in space allowing unobstruct¬

ed air-movement.

2. Skeleton construction, allowing free par¬

titioning of the interior, and providing free

maximum opening by the exclusion of the

external wall in its traditional form. The

latter to be replaced by various devices

allowing the entrance of breezes while

preventing diverse undesirable climatic

elements.

3. The pillar, raising the building to insulate

it from the damp ground, allowing free air

access to any leeward building and offer¬

ing a shaded open space below.

4. The integration between buildings, vege¬

tation, and water areas offering coolness.

filtering the air and providing psycholo¬

gical comfort.

25 Balconies are not ideal in wet zones as they ob¬

struct the air-flow to a certain extent and are difficult

to drain.
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103 Flats in the wet climate, West Africa.

104 a, b, c. P. Rudolph. Secondary school at Sarasota,

Florida. The open character of this school is deter¬

mined by the hot-wet climate of its locality. Shade

and free air circulation are the basic guiding factors

towards climatic control
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105 Secondary school at Pomona, Maracaibo, Venezuela. Each class-room opens on a sheltered patio

\

106 a, b. Carlus Raul. Habitation Unit, Caracas.

107 Green and water areas are integral parts of the building
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The two zones, however, have certain

factors in common Most important is the

question of shade. To minimise the tern

perature impact on exposed surfaces it is

necessary to cool them by shading This can

be efficiently dealt with in siting, layout and

by devices applied to these surfaces This

question should be taken into consideration

from the very beginning

Another mutual factor is the high inten¬

sity of light3' which is almost double that in

a temperate zone This factor calls for small

openings to minimise the glare, although

larger ones would allow for deeper light

penetration and thus deeper sections The

problem thus emerging is the same in both

zones, but the solutions varies because of

different circumstances In the hot-wet, we

must chose between the need of maximum

openings for breezes, and the factor of glare

And here the choice must be for maximum

openings, whilst glare must be otherwise

controlled In the hot-dry regions, we are

confronted with the possibility compromis¬

ing between small openings to minimise

glare and exclude heat or larger openings to

allow deeper se tions Yet in general the

choice will favoui smaller openings

Still another point at which the two zones

meet, isthe question of furniture and interior

finish in relation to the impacts of climate

(Figs 113-121)

Here the principal aims are to provide

something comfortable which is at the same

time in keeping with its surroundings Cool¬

ness and cleaness should be the fundamental

guiding principle^ Both these can be achiev¬

ed through the use of hard non-porous mate

It is relatively higher in the dry regions due to the

absence of clouds

108 a b c Niemeyer House Trema ne at Santa Barbara

109 Edward D Stone U S Embassy India The water

area inside the inner patio provides cooler environ¬

mental conditions The sight and sound of water

afford a pleasant atmosphere in a hot climate
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110 Trees can afford shade for terraces, patios and

other outdoor accessories, yet, where trees would

form an obstruction to the air-flow, other shading
devices must be employed

111 Woven reed panels affording shade while maintain¬

ing an open character

112 P Wiener and J Sert Hotel-Club in Curacao, West

Indies The patio has electrically controlled awnings

which are ad|ustable according to the path of the

sun Note, the fixed sun baffle on the roof

1
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rials such as marble, terrazo, etc., which can

sustain a highly polished surface Such

materials are recommended for flooring and

interior finish, but because of their high sound

resonance are not altogether suitable for

flats, unless measures are taken to control

sound transmission

Wood, though non-resonant as well as

heat insulating is not a cool material and if

employed in large pieces is liable to crack

Should large pieces of wood be required,

plywood is probably a better solution. Wood

may also encourage various insect pests

Therefore this and other like materials are

not to be recommended unless they have

been chemically treated.

In actual fact, metallic furniture and fitt¬

ings are a much better proposition in this

respect Simple lines with no ornaments are

advisable, so as to avoid lurking places for

dust and insects For the same reason, fur¬

niture arrangements should leave no cranies

or corners. It is of interest to mention that

generally in hot climates the coolest place

is near the floor, thus low chairs and tables

are the rule. Beds and chairs should touch

the body at minimum points so that planked

beds are widely used.

In the wet regions, the general idea is

that furniture should not obstruct the air¬

flow Inferences can be drawn from the

swinging hammocks of the primitives (Fig. 46),

and the Indian beds called Nivar and Char-

pal (Figs 116, 117)
'-'

Indeed, form and colour in furniture and in¬

terior finish have also a psychological impor¬

tance which must be taken into consideration

Some brief notes on air conditioning

will not be out of place at this stage. Air

M Fry and J DreA/, op cit

113

114

113,114 The coolness of the ground prompts lower

chair and table he ghts
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116 Indian bed 'Nivar

117 Indian bed Charpai

118 The liammock affords the comfort and ventilation

needed in wet climates
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conditioning implies the simultaneous con¬

trol of air temperature, humidity and purity.33

It therefore substitutes an artificial for a

natural climate but at a considerable cost.

It is not, however, for economical reasons

alone that air conditioning should be limited

to the most essential cases. It has psycho¬

logical as well as physical drawbacks. The

contrast between the outdoor climate and the

conditioned atmosphere can be mentally and

physically disturbing. In those cases where

air conditioning is indispensable, the natural

approach, for economy's sake, should not

be neglected. Every advantage in design, sit¬

ting, layout, etc., should be utilized in order to

minimise the running cost of the conditioning

plant. However, from another point of view,

air conditioning can be recommended, when

employed solely for cooling and only as far

as no physical and psychological drawbacks

exist. Within these limits, it may even be con¬

sidered a generally accepted device (when eco¬

nomy permits), as heating is, in cold regions

An interesting and economical possibility

which is now commercially available consists

of an apparatus which uses sun heated air

to operate an absorption type of refrigerator.34

The application of solar energy35 to such pur¬

pose is considered to have excellent pos¬

sibilities. It is apparent that the period in

which the greater energy is received corres¬

ponds exactly to the period in which the

greater cooling is required. The apparatus

would therefore be able to provide maximum

cooling at the time it is needed.

" The engineering side of the problem is out of the

sphere of this study
" 'Architectural Forum, the Magazine of Building',

N.Y., Feb. 1947.

15 The application of solar energy is a very important

subject in hot regions, where it can supply the

driving power for various apparatuses.

120

119,120 The interior finish and atmosphere are also

important factors in achieving comfort

121 Steel furniture and fittings provide effective protec¬

tion against insects
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Site and layout

Generally speaking, the main climatic ele¬

ments that influence the siting and layout of

a certain building in both hot-wet and dry

regions, are the sun and the prevailing

winds, though, there are other specific fac¬

tors that have their impact upon each zone,

such as earth erosion in the wet zone, and

sand or dust storms, on the other hand, in

the dry zone.

The sun's heat affects every surface, either

by direct or indirect radiation. To counter

such impacts by siting and layout, direct solar

radiation received on walls can - to a con¬

siderable extent - be minimised by the orien¬

tation of the building, and indirect radiation

by the judicious choice of the surrounding

elements and surfaces in the layout. It is clear

that the orientation should be chosen, so that

minimum heat radiation is received upon the

main facades of the building. To achieve this,

certain related data are necessary,3" which

vary from one place to another according to

latitude and the amount of diffused sky radia¬

tion received. Yet, the latter is comparatively

small, and thus is ignored in thistheme, where

the problem is discussed from the general

view-point.

Figure 122 demonstrates intensities of

solar radiation teceived upon walls facing

the cardinal points, on 1st. August, 20c N.

latitude. It shows thatthe maximum intensities

are received upon east and west facing walls,

and the minimum upon southern and north¬

ern wa'ls. Durinci the other seasons, a south-

Olgyay brothers at the M.I.T., are earring out in¬

vestigations on such a subject, yet mainly concerned

with temperate zones. The diagrams in Fig. 124

show their method of approach.

124 Sketches by V. and A. Olgyay, for northern hemi¬

sphere.

A. The usual observation of radiant heat impact -

on mamdirections only.

B. The necessity for more elaborate charts.

C Winter and summer sun positions with respect

to the overheated period.

D. Radiation intensities asymmetrical about noon

position.

E. The 'heho axis' and the 'thermo axis' which

complicate orientation problems.
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ern wall receives a considerable amount of

solar radiation, while a northern wall receives

practically none.'7 Yet, western and eastern

walls still experience relatively high intensities

of radiation.

This information leads to the conclusion,

that the general equation in siting a building

in hot regions with respectto minimising solar

radiation, is to place it with its long axis

running east-west, offering at the same time

the following advantages:

1. Main walls (south and north facing), have

minimum sun rays reaching them during

the hottest time of the day and year, when

the sun is high, and its rays are more or

less tangential to such walls. These are

at the same time protected from the slop¬

ing sunrays (difficult to shade), while

such rays as reach them can be easily

controlled by overhanging eaves, or various

simple and economical shading devices.

2. A balanced orientation is offered by this

easy and economical sun control, as,

although the need to exclude solar radia¬

tion from the external walls and the interior

of a building is so indispensable, yet sun

rays must penetrate into the inside of the

building for at least half and hour daily,38

for health and hygienic reasons. Here,

such a penetration could be achieved in

the early morning when the sun is not hot.

3. Air-movement caused by thermal differ¬

ences between the northern and southern

sides ;though not always reliable; mightbea

" In fact, near the equator during the noon hours,

radiation is received on northern walls (See sun

angles diagram Fig. 123.)
" In any case this depends on locality and season,

and will differ from one room to another, according

to the uses to which it is dedicated Age and health

of the inhabitants are also to be considered.

126 a, b, c WGropius and R. McMillan University of

Bagdad The buildings are sited close enough to

overshadow each other, providing simultaneously

a reduction in temperature, as well as short hori¬

zontal communication. All buildings are placed

round patios of various sizes, which are filled with

plants, water basins, and fountains, a typical layout

of buildings in dry climates. The figure above, shows

the dormitories with their close spacing and over¬

hangs (hot-dry).



127 A Reidy A new city centre, Rio de Janeiro Shad¬

ows are thrown into the spaces between the build¬

ings, but, the open character of the scheme is

nevertheless apparent (hot-wet)

128 Covered pathway, University of Bagdad

129 Victoria College, Cairo The classrooms wing

130 Pathway shaded by trees
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help where such an air-flow blowing through

the cooler side could be controlled to pro¬

vide a certain ventilation within the building.

4. Maximum constant shadow is cast by the

building during the overheated period of

the day, as can be seen from the sketches

in Fig. 125, where the overheated period is

taken 45° east and west of south for con¬

venience in comparison.

Indeed, buildings should be sited in re¬

lation to one another so that maximum

shadows are thrown onto the open spaces in

between, at the same time blanketing the sun

from each other, while allowing it to penetrate

into each interior at some time during the

coolerhours of the day.39 Accordingly, various

shading devices and thick vegetation should

be allowed for in the layout to fulfil this aim,

and foot ways should be under cover, afford¬

ing in the hot-wet region protection from rain

as well (Figs. 126—130).

The influence of the sun goes much

further than the general siting of a building.

The various rooms of which a house consists

will also be affected by this impact. This is

relatively of greater importance in the hot-

dry zone, where a building, compact in cha¬

racter, with 4 main facades to be considered,

depends for comfort on counteraction of

solar radiation, so that measures in this

respect must not be forgotten in chosing the

orientation of the individual units. Table 3 is

a suggestion of how this could be accomplish¬

ed in domestic buildings. Other factors such

as view, odours, noise, and the like are dis¬

regarded here, so that the influence of the

" Numerous Sun-Dials and instruments exist, by
which a control and study of such a conception can

be achieved on models from the very beginning

(Figs. 131—134).

131 The Shade-Dial as developed by Olgyay brothers.

132 Study of a housing scheme at 42° N. latitude on

October 21 at 11 a.m.

133 Study of a house at 32° N. latitude on February 21

at 10 a.m.

134 Study of a house at 40° N. latitude on April 21 at

8 a.m.
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135 A Roth A project for a large house near Giza, Egypt, 1939 The northern aspect with its cool winds is utilized,
whilst the southern and western aspects are avoided (such openings in these directions as are necessary are

protected by jalousies fixed at a distance of 30 cm) The orientation to north-east also affords shade in front

of the living quarters In the meantime, the sleeping wing which faces north and is situated on the first story,
shades the various ground floor living areas and terraces Note, the water areas dispersed round the building,
the interior of which is thus cooled and less arid, and also the swimming pool which is shaded by light

wooden awnings

136 R Neutra The Desert House The aspects facing the desert winds are avoided (note the closed walls)

Water areas and vegetation form an oasis in the midst of the desert landscape An interesting solution, which

is worth mentioning is that polished terrazo floor inside and outside, round the pool, in patios, is a radiant panel
It cools by iced water circulating under it, and it is heated during the cold hours of the desert night (Hot-dry)



sun can be better represented. Another im¬

portant factor which is also disregarded in

this table, is that of the prevailing cool

breezes, which must be taken into consider¬

ation in this connection to achieve a certain

ventilation and evolve a cooler interior (Figs.

135—137).

Table 3

N NE E SE S SW W NW

Bedrooms O C

Living and dining O O O <J GO

Kitchen O O O O O

Library O O O

Play O O O O O O

Terraces O O O O O O

Another factor which also influences sit¬

ing in the hot-dry zones is that of dust and

sandstorms The direction from which such

storms may blow, is easy to predict and ex¬

plore. Thus, measures can be taken and

compromises struck to deal with this factor,

in the choice of the site from the very beginn¬

ing, in orientation, and in the surrounding

layout where vegetation stabilizing the dry

loose earth round the building and thick belt

of trees will act as filters and barriers. Lawns

too, will act as dust filters (Fig 136).

On the other hand, in the wet region, the

sun exerts a relatively secondary influence in

comparison with that of the wind, as the latter

forms the main cooling medium to attain

comfort. Thus the orientation and siting of

a building in these regions is mostly governed

by the direction of the prevailing wind, which

must cross its interior - as previously men¬

tioned - without any obstruction and at the

most direct angle possible for better effect.

In other terms, the sun could be dealt

with by details in the design, but the course

137 a, b R Simounet. D|enan El-Hasan, Algeria The

buildings lean against the hill-side, thus creating

partly underground areas for coolness sake,

which is also ensured by the recessed character

of the settlements affording cool refreshing breezes

to each allotment, without obstruction
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138 A Reidy A new city centre Scattered layout of the wet regions

139 a, b A Reidy Pedregulho neighbourhoud A com¬

promise between following the contour lines, and

the factors of the wind, sun and view Note the

open character of the scheme contrasting with

those of the dry climates (Hot-wet)
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of an air-movement is a fixed item to which

the aspect of the whole building has to be

adjusted. Yet, in the compromise to be struck,

the breeze, when intensive enough, may be

allowed to strike diagonally in order to keep

the building within sun control (Figs.138to 141).

Indeed, a diagonal action will also provide

less breeze blanketing within groups of build¬

ings, which within the same angle of air-flow

can have a variety of orientations resulting

in a more enjoyable layout, socially and

architecturally. Otherwise, wider distances

or a staggered layout will counteract breeze

blanketing within a direct air-flow, but it may

be noticed that such a solution evolves into

a wider terrain and is more or less mono¬

tonous. Nevertheless, the latter could be re¬

garded as a well justified expenditure in the

case of weak breezes to achieve effective

cooling results.

Actually, to explore various air-move¬

ments and to study the behaviour of the wind

is of great importance in hot-wet regions.

Air-movements which should, practically, be

considered and may be beneficially utilized

(also in hot-dry regions) in connection with

the siting problem, include the following :

1. Air-movement due to pressure differences

where in layout schemes, buildings are to

be sited to provide and not to hinder suc¬

tion and pressure areas creating such an

air-flow.

2. Air-movement due to thermal differences.

As far as siting is concerned, one has to

take advantage of the differences in solar

radiation received on different orientated

sides to allow a certain air-flow to cross

the interior of the building.

3. Land and water breezes, which will in¬

fluence the choice of the site in the first

place and are to be made use of in those

localities where they are available. Similar

breezes could be created within the site

of a building, although on a smaller scale,

by introducing enough water areas within

its grounds. These water areas should be

located on the windward side for better

efficiency.

4. Falling katabatic winds, occuring at night,

which specially influence siting on sloping

terrains. As such winds slide downwards

following the line of least resistance, to

make use of them, buildings should be

sited in alignment with the contours.

Because their flow is easily diverted by

obstacles, such as trees, walls or other

buildings to leeward, arrangements could

be made in the layout to channel such

winds in the desired direction in a con¬

centrated form. Attention must also be

paid to co-ordinating groups of buildings,

so that they will not divert the air-flow to

the disadvantage of those situated below.

This principle, to follow the contour lines

in siting on slopes, coincides with the fact

that such arrangements, because they offer

as much bulk as possible on the level or on a

gentle slope, minimise the tendency of earth

erosion due to rain or wind, which occurs on

such terrains in various localities of the wet

region.

In areas liable to wind erosion (Figs. 142,

143), according to M. Fry and J. Drew,40 the

slope which is built on, should be fairly

gradual, or if steep, should unless on a very

firm soil, be carefully terraced. Yet, sheltered

spots should be chosen and if required

M. Fry and J. Drew, 'Village housing in the Tropics',

London, Lund Humpheries, 1947.
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140 Chandigarh India Hou^p orientation study, shoe¬

ing the influence of sun diid wind in hot- Met regions

141 0 Nienieyer Housing scheme, Brazilia Such a

layout is socially enjoyable and affords no wind

blanketing within.
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artificial wind breaks such as tree belts and

earth breaks built. On the other hand, erosion

due to rain, where the run-off assumes stag¬

gering properties (Figs. 144, 145), is destruc¬

tive of all formations whether surfaced or not,

unless measuresaretakento breaktheflowand

canalize it early into surface drains.41 It should

also be noticed that a very level site would be

ideal from a soil erosion point of view, but in

fact would be difficult to drain.

Anyhow, the general equation with the

soil, to minimise earth erosion is that it

should be fertilized and thinly covered earth

should be stabilized and not exposed to the

weather. In other terms, that means surfaced

roads and paths, and planted compounds are

to be provided in the surrounding surfaces

of buildings to counteract such a devastation.

The treatment of the surrounding grounds

and other surfaces about a house is of the

utmost importance. It influences, relatively,

the velocity of the adjacent layer of air, and

affects the amount of glare and the indirect

solar radiation experienced on the particular

site.

With regard to the movement of air,

smooth ground surfaces will allow practically

no decrease in its velocity, while rough and

uneven terrains will slow it down. In addition,

it has been proved42 that where the ground

surface is rough instead of smooth, the air

will start to flow over the structure at a

greater distance away from the building. Thus

in the wet region, where free play needs to

be given to any prevailing breezes, smooth

surfaces like those of water and grassland

are recommended. On the contrary, in dry

localities, in cases where no stabilizing vege¬

tation can be planted on the site and attention

must be paid to slowing down the air-move¬

ment near the ground surface so as to prevent

eddies of dust and sand-laden air, an uneven

or a rough terrain is recommended.

On the other hand, the control of glare

through the choice of the surrounding

grounds, could be achieved by surfaces with

minimum reflective qualities. According to

R. Geiger,43 Table4 shows reflection numbers

of various surfaces in the visible portion of

the spectrum. Nevertheless, the general prac¬

tice in the hot regions to counteract glare, is

by wetting the surrounding surfaces. In fact,

the reflectivity of moist surfaces is less than

that of dry ones. Wetting a surface round a

building would thus reduce the visible re¬

flection by 33 %to 50 %.44 Excessive light can

thus be controlled.

Table 4

Fields, meadows, tilled soil 15—31%

Heath and sand 10—25%

Forests 5—18%

Surface of the sea 8—10%

Moreover, when soil is subjected to

watering, there is a marked cooling of the

surface, very necessary in a hot climate.

LA. Ramdas and R. K. Dravid, in India, found

that when soil was artificially watered, the

surface temperature dropped in fifteen mi¬

nutes from 75°F. to 55°F., and that the cool¬

ing effect was still evident on the sixth day

after it had been applied.45

41 Ibid.

12 J. 0. Irminger and C. Nekkentved, 'Wind-Pressure

on Buildings', quoted in 'Climate and Architecture',

op. cit.

43 Rudolf Geiger, 'Climate Near the Ground', Cam¬

bridge, Harvard University Press, 1950.

44 J. E. Aronin, op. cit.

45 As quoted by R. Geiger, op. cit.

67



142

Nafursil H«m arrrvird b> Irrracin^

.*v >>:. m *4

s^l'V--

144

145

LAWN BLACKTOP
80° 120°

146

^

85"
— _

—
—

h^r 79'»
y

STREETr P k«^~

147

8a 9 10 11 12 1 2 3 « S & 7 8c



It has also been proved48 that the constant

evaporation of the water from the surface of

the ground will produce a superimposed

lowering of air temperature by day and by

night, and will suffice to yield lower night

temperatures than over light dry soil in simi¬

lar atmospheric conditions. Even if a light

dusty soil is well watered, the day and night

temperatures above it will be lower than over

the adjacent dry soil, until such time as the

surface of the watered soil has dried. It will

then be found that the temperature of the air

above the watered soil will be lower by day

and higher by night than those observed

above the unwatered soil.

This is relatively more important in the

dry zones, where evaporation - and thus cool¬

ing - is more apparent than in the wet region,

as the air is dry enough to absorb further

moisture. In those localities of the dry re¬

gions, where it is hot by day and cold by

night, such knowledge might perhaps be

utilized through the control of the amount

of watering so that the wetted surfaces will

be dried just before sunset, (or at the re¬

quired time of the night), to achieve lower

temperatures by day and higher ones by

night than those of the adjacent dry soil.

Furthermore, in dry regions, where the earth

is generally loose, the practice of watering

the surrounding soil about a house, aims at

stabilizing such soil so that the creation of

dust whirls will be prevented.

Actually, controlling the heat impact and

cooling the air by means of evaporation,

prompts the introduction of ponds and water

areas within the site of the building. Indeed,

a water area possesses its own micro¬

climatic breezes as well, and is a most suit¬

able surrounding element within architectural

considerations. Vegetation, also, creates an

evaporative medium by which the air is cool¬

ed, through the process of transpiration of

the leaves. At the same time, vegetation in

general is most effective in the very necessary

disposal of soil moisture on sites within the

hot-wet region. It is said47 that some large

trees are capable of disposing of between

150 and 200 gallons of water per day through

the process of transpiration.

In fact, trees, and vegetation in general,

are most effective in lowering the temperature

round a building, besides, providing ade¬

quate shade. On days with intense solar

radiation, unshaded surfaces will add heat

to the surface layer of the air. In contrast,

shaded surfaces have temperatures only

slightly above that of the air, and will not add

materially to its temperature. In practice,

grass is the coolest surface exposed to the

sun which could be introduced round a build¬

ing.

It is quite clear, that the more grass and

vegetation, the more shade, the less hot

earth, and the fewer glaring surfaces, the

better. The sketches48 in Figs. 146, 147 de¬

monstrate this statement.

Fig. 146, shows a comparison of radiant

temperatures between lawn and black top or

asphalt terrace, whilst Fig. 147, shows air

temperature lowered due to the introduction

of vegetation. Indeed, the actual location of

vegetation in relation to buildings is, in effect,

the nearer the cooler. Yet, care must be

taken when locating dense trees near a build-

" David Brunt, Some factors in Micro-Climatology,

'Quarterly Journal of the Royal Meteorological

Society', vol. 71, Nos. 307—308, 1945.

47 J. E.Aronin, op. cit.

48 James M. Fitch, Buildings Designed for Climate

Control, 'Weather and the Building Industry', (Re¬

search Conference Report No. 1), Washington, 1950.
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149 An integration between open water and green areas for coolness sake It can be noticed that vegetation
is nearest to the building, but afford no air obstruction

150 E D Stone American Embassy India Water areas are one of the best surroundings for buildings in wet climates

where they afford pract callv no resistance to the air flo '
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ing on a site in a hot-wet region, that they

will not form an obstruction to the air-flow.

Asphalt on the contrary, is to be avoided

near buildings as far as comfort is concerned.

It absorbs an enormous amount of heat

during the daytime, over-heating and irra¬

diating the air nearby. Even after sunset it

still gives off heat, as can be seen from the

graphs49 below (Fig. 148). These readings,

however, do not apply to the hot zones.

Geiger,50 speaking of the temperate zones,

commenting on this, says; 'on southern ex¬

posures in our climate, temperatures up to

80°C. can be expected under favourable con¬

ditions'. What then, we may ask, would they

attain in a hot climate? This clearly demon¬

strates how unbearable such a surface could

be near a building, and that surfaces with a

high heat absorbing quality must be excluded

from its surroundings. It may also be noticed,

that the colour of the surrounding grounds

exposed to the sun, is no less important a

factor in affecting their heat capacities (see

Table 5).5'

Table 5

Black soil 64.4° C. (148° F)

Brown soil 58.0° C (136° F)

Soil covered with white powder 480° C (118° F)

In short, the general equation within the

surroundings of a building in the hot zones,

is the introduction of light coloured sur¬

faces, with minimum heat absorbing quali-

Made by G S Eaton, and cited in 'Climate Near the

Ground', op cit

R. Geiger, op. cit

Made by L.A. Ramdas, cited in 'Climate in Everyday

Life', by C. E. Brooks, N.Y., Philosophical Library,

1951

151 The surrounding grounds near a building in hot

regions, generally include water and green areas

creating an evaporative midium by which the air

is cooled.

152 In practice grass is the coolest surface exposed

to the sun which could be introduced round a

building

153 R Neutra Desert House Rough uneven surround¬

ings so as to slow down the air-movement near the

ground surface. At the same time, the sand-laden

desert wind will flow higher over the house
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154 Le Corbusier Definitive Chandigarh master plan

155 P Wiener and J Sert Cidade dos Motores, Brazil The open character of the city entices all possible breezes

within Characteristic are the shaded pathways protected from rain These are covered by (concrete slaps) under

which free arrangements of shops and gardens are provided for (Hot wet)
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ties, and minimum light reflectivity, combined

with adequate vegetation, shade, and water

areas (Figs. 149—153).

Indeed, the previously stated conceptions

and information, does not apply only to the

limited scope of architecture, i.e., the siting

and layout of groups of buildings, but also,

as far as town-planning is concerned, zoning,

open spaces, street patterns, and even the

choice of a site of a new city will be governed

by such factors (Figs. 154—160).

For example, the architects Mayer and

Whittlessey, in their master plan for Chandi¬

garh, India (Fig. 156), aware of the fact that

at night gentle breezes were produced down

the sloping site,52 saw no point in putting the

capitol at the base of this slope as the Parlia¬

ment would rarely be in session in the even¬

ing, and like higher-class residences would

probably be mechanically air-conditioned.

Instead, the middle-class housing was placed

there to get the benefit of those cooling

breezes."

In actual fact, the zoning problem, is

generally influenced by the prevailing breezes.

Yet the fact that in the centre of the town,

overheating is usually strongest, will also

affect the location and co-ordination of the

different zones. Thus, the residential areas

should be located on the borders of the town

where it is relatively cooler, and within the

windward side facing the favourable winds

before they get exhausted, heated, smoke-

laden, etc., through other zones. It is quite

clear that green areas should be allowed for

between the different zones and everywhere

possible, specially in the town's centre, to

" A climatic and a micro-climatic survey of the pro¬

posed site was undertaken at the very beginning.
" J E Aronin, op cit.

157 C CandilisandS Woods Settlementforoil compa¬

ny employees, Iran The closed-in scheme shows

characteristically the influence of the dry climate.
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158 P Wiener and J Sert Master plan of Chimbote, Peru The compact character of the design with green areas and

the creation of patios in the dwelling unit as well as between groups of such units, reflects the closed-in

conception of the hot-dry climate.
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provide a decrease in temperature. Thick

belts of trees will provide shade as well, and

above all will act as filters and barriers against

the sand and dust storms liable to occur in

hot-dry climates. Measurements" have shown

that a 600 ft. wide belt of planning can reduce

the dust content as much as 75 per cent. In

the meantime, the conception of introducing

water areas about the site of buildings, should

be achieved on the widest scale in the city

as a whole. The resulting increase in humidity

will be appreciated within a dry climate, while

in the wet zone, it will not have enough effect

to be objectionable, and the micro-climatic

breezes produced by such water areas will

be beneficial.

On the other hand, open spaces should

be somewhat limited unless shaded and

planted. Protection from sun and rain should

be provided for foot paths as well.

As for traffic lanes, they should be located

in such a way that the setting sun will not

disturb the motorists ; bushes and low shade

trees located on the western sides will help

to shade from the setting sun.

In general, narrow streets characterise the

hot-dry regions, they restrict the penetration

of the sun's rays so that buildings will shade

one another. In wet climates, it is not neces¬

sary to adhere to this conception. Broad

avenues running along the direction of

favourable winds should be provided to

entice them into the city. In both wet and dry

zones, unfavourable winds can be kept out

by locating no streets along their lines of

flow, whenever this is avoidable, otherwise

only narrow lanes should be provided in

such directions.

Ibid.

159 P.Wienerand J.Sert. Neighbourhoud unit, Pomona,

Maracaibo, Venezuela. A compromise between

wind and sun in a hot-wet region.

160 P Wiener and J Sert. Civic centre of Chimbote,

Peru. Shaded patios, buildings raised on pillars, and

streets shaded with trees, all characteristics of the

hot-dry region.



161 P Wiener and J Serf Breathing wal 164 J L Couter Bizerta, Tunisia

V

i%
*

162 Anshen and Alen Taxco, Mexico 165 Precast concrete pipes built in block walling

163 A Reidy Rio de Janeiro Ventilating screens 166 Ventilating screen wall Pomona Maraca bo
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The building crust

Under the previous headings, climatic

control through conceptions emerging from

the shape, site and layout of the building were

discussed. These conceptions are reflected

upon the envelope of the external walls and

roofs. In other words upon the crust of the

structure. This in turn would react to fulfil

these conceptions and furthermore to ac¬

complish what would not otherwise be

achieved, as far as comfort is concerned.

That is; the crust of the building will be the

last element of design called upon to attain

climatic control within natural means. And

this could be obtained through its shape,

material and finish. In this respect, new ma¬

terials, technical developments, and diverse

factors from various fields of science are

constantly leading to new achievements and

to the introduction of new solutions.

The wall, as previously used for both

enclosing and supporting, somehow limited

climatic control. But, with the use of steel

and concrete and the development of new

methods of construction, the structural role

of the wall has been taken over by elements

solely devoted to load bearing. In this evo¬

lution, the wall has become a simple curtain-

like filter between outside and inside environ¬

ments, and so excersises more flexibility and

freedom in controlling climatic influences.

In hot regions, generally, the main in¬

fluences and impacts of the climate which

need to be filtered through this important

component of the building are; air, ram,

insects, dust, temperature, radiation, and

glare. The first 5, are generally better inter¬

cepted by the wall itself, while heat radiation

is efficiently halted before it reaches the

168 Precast concrete screen to verandah incorporating

mosquito proofing.

169 The inverted V-shaped precast block ventilates

whilst excluding rain

170 Heavy moulded precast concrete block giving

sculptural effect and ventilation
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building envelope proper, and glare generally

is easiest to control inside the building shell.

The problem regarding the air factor, is

easily solved in a hot-dry climate where the

wall has simply to prevent the hot air from

entering the building; but, in a hot-wet cli¬

mate, the wall must be so designed as to

allow the air to flow into the building with

maximum intensity, whilst excluding sun rays

and driving-rain.

P. L. Wiener and J. L. Sert, have evolved

a solution which they call 'the breathing

wall'.55 It allows air to flow into the interior of

the building it encloses, acts like a sunbaffle

for both low and high angles of sun rays,

protects from the driving rain, and at the same

time gives privacy to the occupants, a need

that arises from the maximum opening con¬

ception and the tendency to nakedness within

such a climate (Fig. 161).

Ventilation walls, could be made either

of precast concrete or terra-cotta. Other

materials could be used, of which bamboo is

the cheapest, as it is locally found and easily

erected. There are inumerable other possibili¬

ties of development in this connection, and

various solutions may be achieved. They will

differ from one another according to the

difference in the kind of space they enclose,

the material used, the intensity of the pre¬

vailing breezes, the orientation of the wall,

and the artistic expression they stand for.

Along these lines, sculptural qualities could

be developed and the wall can assume

aesthetic values in addition to its climatic

functions (Figs. 161—170).

Air-flow to the interior, specially at night,

is liable to introduce mosquitoes. Mosquito-

screening prevents this, but it causes the

J. E. Aronin, op. cit.

176 Building Department of the English, Scottish, Aus¬

tralian Bank, Darwin. The louvered facades can be

manipulated so as to be completely closed in case

of a hurricane (see plan Fig. 99). Inside screens

are also provided giving complete protection

against insects when the louvers are open.

177 a, b. Paul Rudolf. Guest house, Sanibel Island, Flor¬

ida. The house may be closed with all panels low¬

ered, thus protecting against hurricanes, or may be

quite open if the flaps are raised providing an

open, airy and shaded living space.



178 0 Niemeyer The Church of Saint Francis, Pampuiha, Brazil The solid wall surface is entirely covered by a

mural of ceramic tiles designed by Portmari Such arlistic contributions are direct outcomes of the climatic

influence

179 A Reidy Pedregulho neighbourhood Ceramic wall-covering reflecting climatic influence, whilst achieving

artistic expression.
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reduction of air velocity, and is regarded by

many as having a psychological drawback, in

inducing a claustrophopic atmosphere.

One of the important disadvantages of

screening is that screens are in other words

traps' for dust, dirt, dead insects, and mi¬

crobes This is of great importance in the hot

regions in general, and specially in areas

where screening is indispensable but hygiene

and medical care are not readily available

Here, screens must be of a washable rust¬

proof material In cases where children are

liable to touch such traps double screening

is advisable.

According to M Fry and J Drew, to

screen or not to screen divides opinion over

the tropics , yet, with modern drugs the record

of the non-screeners is not a damning one

and the argument becomes one more of

convenience than medicine except in such

dreadful localities where mosquitoes move

day and night Even here they will do so less

as years go on and modern science is given

a chance to control them "

In any case, screened openings must be

large enough to compensate for the resulting

reduction in air movement The screening

should be applied to bedrooms toilets and

all areas which are used at night

Mosquitoes and flies, are not the onlv dis¬

comforts which are to be counteracted in

designing walls for the open conception of

buildings in the wet zones Hurricanes and

rain storms are in many areas of these regions

a real danger within such a conception

(Figs 176, 177)

An interesting solution is found in the

proposal of Antonin Ravmond and L Rado

for a building on Guam Island They speci-

M Fry and J Drew op cit

180 Raymond and Rado Church in the Philippine

Islands The mural on the flat wall surface is one of

many devices reflecting climatic nfluence in this

building (see Fig 235)

181 C Lazo and T Gordon The library, University of

Mexico The flat wall as a coefficient of climate

182 a b M Granger Dwelling at Zans Tunisia The

double wall affords better insulation against heat

transmission Notethattheaircavitiesare ve itilated

so that no heat load could be built up
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183 Le Corbusier. Wall carpets as a covering in Chan¬

digarh's small court of Justice Had the covered

wall been an outside one, the tapestry would have

acted as a heat insulator as well as fulfilling artis¬

tic considerations.

184 Nature can create the most effective of all sun con¬

trol devices in the form of foliage. Shady trees are

efficient in connection with low buildings and

should be introduced wherever possible, spe¬

cially for east and west orientations
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fied horizontal sliding hurricane shutters that

are capable of enclosing the wall surface in

case of a storm. Like the mosquito and

bamboo screens on adjoining tracks inside,

these shutters reach from floor to ceiling

across each bay. In the sketches (Figs. 171 to

175) they suggest different combinations of

screens to suit many purposes. Here, all

shutters and screens can be manipulated at

will and so suggest the possibility of Fry-

Drew's house of air.

In contrast with such walls, is the solid

wall panel, which is generally found in hot-

dry climates. It functions so as to prevent

completely the admittance of hot air, dust,

and insects, and it can also control solar heat

radiation within certain limits depending on

the material of the wall and its design.

The exclusion of solar heat through the

material of the wall can be obtained either by

using those with highly reflective surfaces

so that as little as possible of the radiant

heat received is absorbed by the wall, or by

using non-conductive materials that will not

store up heat from the sun.

The reflectivity, or reflection number of a

material is usually expressed in percentage

form, and determines the quantitv of radiant

heat from the sun which is reflected from the

surface without change in wavelength.

Table 6 gives a number of examples.5~

These demonstrate that highly polished met¬

als (e. g. copper," aluminium, etc.), as well as

light colours are good reflectors, while black

coloured surfaces are very poor, and materials

which darken in colour or finish due to ex¬

posure are unreliable in this connection.

Ibid.

Copper is not altogether ideal because after a short

period of exposure its reflection coefficient is re¬

duced from 0.82 to 0.36.



ANGLESOF SUN

TO KEEP THE SUN OFF WALLSAT MIDDAY

DIRECTION OF SUNRISE AND SUNSET

GAMBIA

EXTREMEN NIGERIA

LATITUDE 14*

» J

N GOLDCOAST

MID N NIGERIA

LATITUDE 10*

S GOLDCOAST

MID S NIGERIA

LATITUDE 6"

EXTREMES NIGERIA

|PORT HARCOURTVICTORIAl

LATITUDE 2"

DATE BEARING

OF NORTH1st January SUN RISES
SUN SFTS OE NORTH

Isl lcbruar\ 107*
Isl March 98"

Isl April 86'
Isl May 75'
1st June 68*
Isl July 67"
Isl August 72*
Isl September

, 81*
Isl Oclotor 93*
Isl November

lt IU4*
Isl Docembcr 112"

NOTE The above tabic

is correct within I" at any
point in British West
Africa The example at

right is for 1st July

110

DIRECTION OF SUN AT MIDDAY

NOTE An overhang of 11° on the south side will not allow the sun to rcaih
the foot of the south wall at any point in British West Africa at midday
except during the months of December and January
An overhang of 10" on east and west walls will not allow the sun to reach the
foot of the wall within two hours of midday on any date at any point in

British W Africa

186

[In terms of its angular distance nor th or soulh of Ihe zcnilh]

DATE LAT

25'

J'N

S

LAT 6*N

29' S

LAT

31*

O'NlLAT I4°N

S 37' SIsl January
1st February 19* SI 23* S 27* S 31" S
1st March 10- s 14* S 18* S 22" S
1st April 2- N 7" S 6° S1 10* S
1st May 12* N 8" N 4* N 0'
1st June 20' N 16* N 12* N 8* N
1st Julv 21' N 17' N 13* N 9* N
1st August 16' N 12' N 8' N 4* N
1st September 6* N 2* N »• S1 6- S
1st October 5* s I 9* S 13' SI 17* S
Isl November I0- SI 20* S 24" S 28' S
1st December 24" s 28- s 32' S' 36* S

187 Regional Shading Chart, giving recommended length of overhang and height of vegetation for all orientations

in the New York—New Jersey area
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Table 6

Material Colour, Reflection

Finish or Condition Coefficent

Slates silver grey 0-21

dark grey (smooth) 0-11

Clay tiles machine-made - red 0-38

Concrete tiles unroloured 0-35

brown 0-15

black 0-09

Asbestos cement white

after 12 months exposure

0-58

in Westminster 0-29

red 0-31

Galvanised iron new 0 36

very dirty 0 08

whitewashed 0 78

Copper polished 0-82

tarnished by exposure 0-36

Lead sheeting old 0-21

Bituminous felt — 0-12

with aluminised surface 0-60

Asphalt new 0-09

weathered 0 18

Mortar screed — 0-27

Steel sheet vitieous enamelled

- white 0-57

- green 0-24

- dark red 0 19

Bricks Gault - cream 0 64

Stock - light fawn 0 44

Stafford - blue 0 11

Table 7 after Brooks,59 shows that black

and dark surfaces absorb highertemperatures

than white ones. He says, that in a hot-dry

climate a non-conductive black surface such

as a cloth, may be 30° to 40°F. hotter than a

similar white surface.

In connection with this, consideration is

to be given to the materials used in the mix¬

ture of a colour, as they will have their own

heat conductive qualities.

In conclusion, it could be stated that the

more the surface of a wall resembles a mirror,

the more efficient it will be in excluding solar

188 Wall sculpture affording shade upon the wall

fc\Yit*

189

HUM*
liuilf:
"•nil

ty*Ht>.

P Jeanneret.M FrvandJ Drew Chandigarh Small

projections casting shade upon the wall.

190 Sculptural effects could be achieved throughout of

such a device

CEP Brooks, op cit.
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SOUTH ELEVATION

PLAN

PROCEDURE

s

1 Place the outline of the building in proper
orientation in the center of the Kegionil
Shading Chart On the lines perpendicular to

the walls of the building read off the recom

mended sizes of overhangs (a b)

2 Plot the bearing angles finding correspond
ing elevation angles (1 5) of the shading trees

3 Plot the bearing angles on the plan

4 Plot the elevation angles on the elevation of

building

5 Decide on the types and sizes of trees and

shrubbery Place them both on the plan and

elevation in such a way that they fill in both
the bearing and elevation angles

Tree No 4 is needed only in case of a large
glass arei on the North *all

191 Olgyay brothers Application of Regional Shading Chart in an example
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heat through reflection Thus, glazed tiles,

mosaics and other similar finishings and

facings are to be preferred.

Table 7

black (assumed as) 100'

dark blue, brown, green 85—90°o

grey, cement wash, ash, plain metal 75—85°„

khaki, red, light brown, pale blue,

aluminium paint ....
70—75

pale colours (straw, cream) 50—55

white 40—50°

Indeed, such conceptions of colours and

finishings offer various possibilities in the

aesthetic field, while at the same time ac¬

complishing their roles as reflectors (Figs

178—181).

While a reflector depends totally upon

the smoothness and the qualities of its sur¬

face, conductivity depends on the nature of

the material used Different materials have

different heat conductive qualities and there¬

fore a clear-cut categorization will be some¬

what arbitrary In general, most materials

used in building transmit heat to a certain

extent with a certain time lag' between the

outer and inner temperatures Naturally in¬

crease in mass of the same material will

only help to increase its lag

Table 86° gives examples of the time-lag

in transmission of solar radiation through

various structures Indeed, a material with a

long time-lag could be considered as a bad

heat transmitter But such a material absorbs

heat and retains t to be reradiated to cooler

Compiled from information from, 'Heating, Ventilat¬

ing and Air-Conditioning Guide
,

American Society

of Heating and Ventilating Engineers, 1934, by M

Fry and J Drew, op cit

192 Le Corbusier A demonstration of the possibility,

which a concrete wall would offer in connection

with obtaining shade, as well as artistic values A

conception which the Egyptians realized by chis¬

elling out motives from flat walls 5000 years ago

193 The contrast between light and shade, and colour

builds the basic aesthetic approach

194 The shadow effect in architectural considerations,

cnves the scheme its final expression.
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bodies of air afterwards. It could only be

recommended for climates with wide diurnal

range of temperatures, as in some hot-dry

and upland regions where it is cool - even

cold - by night. Such a material will give pro¬

tection from the heat of the day, and by stor¬

ing the sun's heat helps to keep the inside of

a building warm during the night. So the

solution lies in finding the right thickness of

a material which will provide a daytime-lag.

Such materials are heavy and therefore are

generally connected with load bearing. Solu¬

tions with light-weight materials and new

methods of construction could be developed,

but are rather expensive. Further research

on this subject would be profitable.

Table 8

Type and thickness of structure Time lag

in hours

Roofs

1 in yellow pine horizontal root and

waterproofing and smooth black finish

4 in. reinforced clay tile horizontal roof

and waterproofing and slag finish

6 in. concrete horizontal roof and water¬

proofing and slag finish

8 in. concrete slab, horizontally disposed

Walls

Wood siding, 1 -in sheathing, 2"x4"

studs, lath and plaster 2

13 in. brick plastered 12

Elsewhere in the hot regions - where it is

hot by night as well as by day - insulating

materials that neither transfer nor store up

heat are recommended. These, either have

their own integral qualities, such as asbestos

(Asbestos-Cement); or possess their prop¬

erties because of the introduction of air

pockets within their formations (where the

heat conductivity of air is very low), such as

Aero-Concrete.
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205 Heat-absorbing-glass jalousies minimise glare

and heat-gain.

89



..iiijr.

(1933) (1934)

206, 207, 208, 209 Le Corbusier Some of his early contributions towards 'Le Brise-soleil'.

(1938) (1939)
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Table 9b1 shows that the more air pockets

the material (Aero-Concrete) contains, the

lower coefficient of transmittance (and mci-

dently compression strength) it possesses

Generally, insulators possess a low volume

weight and a low mechanical strength, so

that they are mostly to be used in skeleton

structures, but attention must be paid to

their behaviour under other local influences,

such as humidity rain, dryness, and insects

Table 9

Specific Cavity Thermal Compression

weight content conductivity strength

g/l % kcal kg/cm'

k m °C

500 80 0 1 tO

1000 60 0,15 50

1400 40 0,3 150

2000 20 0 65 253

Indeed, local climatic factors, economy,

and the constructional approach, will decide

how to utilize, integrally, the previously dis¬

cussed information concerning reflectivity,

conductivity, together with the following con¬

siderations of how to minimise heat transfer

through the design of the wall, so that an

economical and a balanced climatic control

can be achieved

Exclusion of solar heat through the design

of the wall can be achieved by using suitable

materials within its section to increase its

insulating qualities, or by calling in shade to

minimise its outside temperature

The simplest method of increasing the

insulating capacity of awall thro ugh its design

Technische Forschungs und Beratungsstelle der

Schweizenschen Zementindustne Schaumbeton

Zementbulletin Wildegg April 1958

210 O Niemoyer Emprezas Graficas, Brazil The archi¬

tecture of this building is characterised by the use

of shading devices which by their scaling have

an integrated ciaracter throughout the design

pression of shaded and ventilated spaces Each

or entation has its suitable shading device

212 S Owings and Merril Pan American Life Insurance

Building New Orleans The use of the same type of

shading device in the 4 facades gives the building

an architectural unity, but cannot be justified

fmctionally The same effect of unity could how

ever have been otherwise achieved
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A Yearly shading chart of Dallas, Texas C Shading mask for south and north elevations

•, 3^" At

=J~ =3"

n- =4-*-
D Different arrangements of horizontal devices which were

used on the building All have the same shading charatenstics

namely a 60° altitude angle Care was taken not to interrupt the

eye-level vision line

-Or

2 0"

20*

5-0" 5-0* 5-0*

B Overheated period transferred to sun path diagram E Plan of vertical fins on the north elevation

Aladar Olgyay, Factory for Universal Corporation Dallas Texas
The functions of this building were separated into two dis

tinct parts the manufacturing plant and the office part The plant
was treated as a box with artificial illumination and conditioning
while the office part with its large windows facing almost north

and south had to be equipped with shading devices In designing
these the following steps were taken

Step 1 To determine the times when shading is needed A

yearly chart was drawn up and the overheated period outlined on

it the times when shading is needed (Fig A)

Step 2 Overlay On the nearest sun path diagram (32° N

latitude) the overheated period was transferred and the protrac¬
tor overlaid (Fig B) It is evident that on the south elevation the

segmental lines (horizontal device) and on the north the radial

lines (vertical device) cover the overheated period most effec¬
tively

Step 3 To determine the angles of the devices On the south
elevation a 60° horizontal device and on the north a vertical one

at a 20° angle measured from the wall will be satisfactory The
100'' and 50 masks are shown in Fig C

Step 4 To design shading devices from the shading masks
The mask defines the type and the angle of devices only and

possibilities remain for various design arrangements In Fig D
sections are shown which were used on the south elevation to

provide a playful diversity A further possibility would have been
to use different shapes or louvered units but an airplane wing'
section was chosen of aluminum The devices are detached
from the elevation to secure air movement

213 Application of the method of Olgyay brothers in a design example See their explanation of the procedure
the above 4 steps.
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can be achieved by using hollow bricks, or

forming a double wall, thus taking advan¬

tage of the air cavities within the structure.

By filling these cavities with an insulating

material such as, glass wool, cork, or the

like, more insulating efficiency can be at¬

tained. The use of insulating materials in

walling is, however, somewhat expensive

and therefore to be reserved for difficult

cases (Fig. 182).

An interesting and efficient traditional

solution which still survives and is not with¬

out charm and high aesthetic values, is to

hang wool carpets on the inner side of the

wall. Indeed, similar solutions using other

insulating wall coverings may be developed

to suit various interiors (Fig. 183).

The control of solar heat through shade,

is one of the most effective methods, as it

obscures the sun's rays before they have

a chance to light and so heat the surface of a

wall, creating the minimum possible tem¬

perature on the outside. This can be achieved

by natural or artificial means.

Vegetation is the natural means for shad¬

ing. Shady trees are efficient in connection

with low buildings, and should be introduced

wherever possible, specially for east and

west orientations. In the case of tall build¬

ings, climbing-plants offer a good device

within the natural means, and a medium not

only for shading, but also for cooling the air

and filtering dust. Some plants will climb on

the wall surface itself, others need trellis for

this purpose. It is rather better to place this

some distance away from the surface of the

wall, allowing air-movement to prevent the

accumulation of hot air Naturally, the choice

of vegetation, in any case, will not be affected

by its shading capacity alone, but also by its

behaviour under the other available climatic

214 Raymond and Rado. Reader's Digest Building,

Tokyo Southern orientation with horizontal shad¬

ing devices.

L
215 M. Roberto A.BI Building, Rio de Janeiro A cor¬

ridor of dispersal zone separates the office build¬

ing from the horizontal bands of concrete fixed

louvers, thus reducing heat and sun penetration

216 Slanted wooden slats can give 100 shading while

transmitting light.
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217 A prefabricated sun-screen of light-weight concrete attached to the vertical edge of the overhang, protects the

corridor and glass openings from the intense south-western sun

I

218 Movable louvers, made of corrugated asbestos cement sheets, which are assembled on a tubular construction

standing before the wall

219 A wooden jalousie installed before the window,

combines shade and ventilation

220 External fixed Venetian blinds are effective shading
devices, but they obstruct the view

1i' 4'*
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conditions, its liability to attract insects, and

its shape (Figs. 184, 185).

One widely used artificial means, is the

overhang. But, this is rather impracticable in

the case of tall buildings, and for east and

west walls in general. Yet other suitable

shading devices could be developed, as will

be discussed later. Overhangs, however, can

be designed to exclude the sun from various

walls at any time of the day and year, if the

position of the sun is known.

The tables and sketches62 (Fig. 186) show

how to keep the sun off walls, at midday

in Nigeria, N. latitudes 14°, 10°, 6° and 2°.

Such tables can be put to practical use, by

means of trignometry, or can be translated

into regional charts like the one in Fig. 187

calculated for residential structures in the

New York—New Jersey area. This chart

shows recommended sizes for fixed over¬

hangs at different orientations. The sizes are

indicated by the ratio of the overhang to the

wall, in percentages. An application of this

chart for overhangs and shading trees as

well, is presented in Fig. 191. The procedure

is explained at the left foot of the example.63

A certain shade capacity can also be

obtained from the wall itself, by providing

small projections or recesses which will cast

their shadows on the wall. This offers at the

same time opportunities for sculptural effects

and rich possibilities for visual expression

within the play of light and shade (Figs. 188

to 190, 192 to 194).

The introduction of small projections

creates eddies, so that the film of air adjoin¬

ing the wall surface will be removed, and thus

this surface will be prevented from being

"' M. Fry and J Drew, op. cit.

61 Olgyay, op. cit.

221 An adjustable awning gives efficient shading and

ventilation.

222 Awnings and shutters in one device.

223 One facade constitutes entirely of vertical fins, the

other facade of horizontal louvered overhangs
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P. Ribero Office Building, Bahia, Brazil. The outside vertical louvers are placed on protruding concrete beams

on different planes, while horizontal movable wooden blinds are used on the openings of the building.

A.Zimmerman and T. Freind. Harbor Junior College, Wilmington, California. On the longer side, movable ver¬

tical fins manually operated and connected in groups, which can be set at 5 different angles, are applied.
Positions are changed periodically to exclude the direct sun radiation from the schoolrooms.

5.
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overheated. These eddies are most beneficial

in hot-wet regions where the slightest air-

movement is welcomed. On the contrary,

in a hot-dry zone, they may create dust

whirls, and so must be avoided in areas where

dust can not be efficiently controlled. Here is

where the flat wall with recesses is a practical

alternative. In the case of concrete walls,

this could be obtained by inserting moulds

into the casings of this pliable material, thus

achieving a similar conception to that which

the Egyptians realized by chiselling out mo¬

tives from flat walls 5000 years ago (Fig. 192).

It is clear that the solid wall panel acts as

an obstruction in many ways. For light, view,

and ventilation openings are necessary. To¬

day, glass is the obvious medium for such

openings. Owing to scientific development,

the possibilities of this transparent element

have increased to previously undreamt of

dimensions. In association with new con¬

structional evolution, a window, instead of

remaining a fenestration, becomes a trans¬

parent wall offering a sense of freedom, un¬

restricted view, and new spacial relations.

Yet, glass is not ideal in hot climates,

because of its behaviour with regard to solar

radiation, and glare. Indeed, an ordinary wall

transmits heat to a certain extent, but glass

transmits it absolutely. The previous Figs.

203, 204 show such a comparison on July

21, at Miami, Florida, with a western ex¬

posure.64 As will be seen, the glass pane is

about 30 times as vulnerable to radiation as

the ordinary wall. This, however, can partly

be controlled by means of the colour of the

glass, its iron content, or its arrangement.

In short, coloured (tinted) glass achieves

a reduction in heat transmission, as well as

in glare (the same can be said for frosted

glass), yet within this line of approach, view

is interfered with. On the other hand, heat-

intersepting glass attains a marked low heat-

transfer, since its iron content acts like a

selective filter by absorbing a large pro¬

portion of the infra-red rays. Besides, it cuts

out about 30 %of the visible light resulting in

an efficient glare-control, while still permitting

clear vision (Fig. 205).

Of course, if expense is no object, Polaroid

glass provides a complete control over glare,

combined with high thermal insulation.65 In

the meantime, aero-glass blocks have been

developed, which look like lime stone, can

be sawn or nailed, and yet, their insulating

and glare control capacities are superlative.

Thus a new era in the problem of sun control

for glass has begun. However, such a ap¬

proach is still very expensive, and the prob¬

lem can be dealt with in other ways.

Indeed, it is not only the material of the

glass pane that has its effect upon the result¬

ing insulating capacity, but the various

arrangements have their influences as well.

The diagrams presented in Figs. 195—202,

show various glass materials and arrange¬

ments based on a west facing vertical sur¬

face. Measurements are in British thermal

units per sq. ft. per hour, taken at 3 p.m. on

August 1, at 40° N. latitude.66

These figures, have of course only a com¬

parative value in connection with the hot

regions. Yet, they demonstrate clearly that

double glass has a remarkable insulating

capacity, and that shading plus double glass

can reduce heat-gain by 80%.

Ibid.

Its use is still generally limited to air-port towers,

and the like.

Henry N. Wright, What next in Window Wall,

'Architectural Forum, the Magazine of Building',

N.Y., July 1955.
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The cantilevered floors support fixed shading
devices. Each device is separated from the wall by

a heat dispersion space, which in turn is provided
with sun-shade-protection against the sun rays.

The fins are so placed as to present an absorbative

surface towards the building, and a reflective sur¬

face away from the building.

227 Draperies are efficient devices in controlling the

glare.



It is, however, generally accepted that

shading glass reduces heat-gain to about one

fourth of the heat load. Actually, where glass

windows are exposed to the sun, shading

must be introduced, not only to minimise

heat-gain, but to shut the sun-rays out and

to control glare as well.

Shade can, here, be achieved through

divers devices, either external or internal.

One of the most popular shading devices

today is known as the sunbreaker, or as

Le Corbusier terms it 'Le Brise-soleil'.

Some of his early work in this field is shown

in Figs. 206—209.

In actual fact, shading devices represent

a combination of many problems covering

fields of highly technical physics of the sun's

movement and its radiation, the psychology

of daylighting, besides other factors concern¬

ing the existing climatic conditions and eco¬

nomical limits. The sun-breaker or any other

structural sun-shade, must be treated with

regard to reflection, conductivity, and ab¬

sorption, in the same way as mentioned be¬

fore in connection with the solid wall panel.

In the case of reflection, the possibility might

occur, that solar heat would thus be intro¬

duced into the building. Here, reflection is no

longer a source of control, but of irradiation

and therefore must be avoided. A balanced

approach to reflection, conductivity, and ab¬

sorption, must in any case, be achieved to

provide a successful device for controlling

heat, where the ideal device in connection

with these factors, is that which neither re¬

flects, nor absorbs and conducts solar radia¬

tion to the inside. Furthermore, measures

must be taken to prevent the tendency of hot

air to accumulate within the structural sun¬

shades in general. This could be accomplish¬

ed by installing them some distance away

from the wall's surface, thus allowing air to

circulate.

The efficacy of structural shading devices

is, however, not altogether reliable owing to

their intrinsic nature. Since they are designed

in accordance with some optimum angle of

the sun's rays, they will function perfectly

only on certain days of the year.67 Olgyay

brothers try to overcome this drawback in

their method for designing shading devices,

taking into consideration the overheated

periods of the day and year, where the sun

should be avoided. Their method is fairly

simple and direct, when the required data,

charts and diagrams are available, as can be

seen from their application (Fig. 213).68

Indeed, the character of sun-shades in

connection with orientation, has much in¬

fluence upon their efficacy. Considering the

northern hemisphere, the general equation

in this regard can be stated as follows: hori¬

zontal devices for southern orientations;

slanted vertical devices pointing northwards

for eastern and western directions; while

for northern facades, where practically no

shading devices are required, vertical fins

are recommended when protection from the

setting sun is needed, and, but only in sum¬

mer below 23° latitude, horizontal devices

will give shelter from the vertical sun-rays

reaching such facades during the noon hours.

The actual location of shading devices, also

has its importance. In fact, they must be

placed outside rather than inside the window,

so as to achieve their alloted tasks of con-

Actually, the mobile type of shading device is more

effective in following the path of the sun, but, such

types are rather expensive and need careful main¬

tenance.

For further information, see Olgyay and Olgyay,

op. cit.
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228 The influence of overhangs as examined by the

Texas Engineering Station

229 a b Roof designed by Tecton architects

T
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trolling solar heat. Indoor devices, such as

Venetian blinds, cloth-shades, etc., which are

useful tor eliminating glare, have little or no

effect on heat-control. Actually, they make

no contribution towards preventing the sun's

heat from entering. Solar radiation thus trapp¬

ed between the glass pane and the device,

will be stored up and reradiated.

One of the oldest sun control devices is

the canvas awning, which is still in use in

many parts of the hot zones. But, it has de¬

creased in popularity in recent years, not

only because its original installation is rather

costly when used over the wide windows of

modern structures, but also because of the

comparatively short life and high main¬

tenance and repair costs of canvas exposed

to the weather. Such awnings though effec¬

tive heat barriers, prevent air within the room

from circulating and consequently help to

build up a real heat load. Metal or wooden

fixed awnings with adjustable slats, obviously

have much longer life than those made of

canvas, and this compensates for their ori¬

ginal higher cost. At the same time, they

provide effective control of the sun, since the

slats can be tilted to any desired angle ad¬

mitting as much light as wanted, while

eliminating glare and introducing ample ven¬

tilation.

Wooden shutters and external Venetian

blinds, which are usually metallic, but some¬

times made of wood, provide good control

for ventilation, heat, and glare. On the other

hand, such devices interfere with day-light

and the view. Mobile and adjustable types of

blinds, might be a better answer in this re¬

spect.

Obviously, all possible forms of shading

devices cannot be considered in this study.

Various examples, however, are shown in

r -^N^— if

230 Prof A Roth Project for a house at Giza, Egypt

Note the double roof with overhanging eaves and

ventilated air cavity, so that heat generated on the

roof by the sun cannot be transmitted to the rooms

below and no accumulation of hot air within the

roof-cavity would be possible

231 Raymond and Rado. Project on GuamIsland. Note

the double roof.

Fritas, Rio de Janeiro. The roof is separated from

the building proper

233 E D Stone American Embassy, India. Note the

double roof.

'
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234 Roof Detail, Dormitory in Pondichery, India, plan¬

ned by A. Raymond and Rado. Although there is

no planned method to keep the lower surface

moist, it often becomes so during heavy rains-by

water entering at the ends

235 Raymond and Rado. Catholic Church in Negros,

Philippine Islands.

236 R. Neutra. The Desert House. An additional um¬

brella over the living room's roof.
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Figs. 214—227, differing from one another

according to their circumstances. Some de¬

vices may be relatively less effective in con¬

trolling the solar heat, but a compromise is

allowable because of what they achieve re¬

garding other existing climatic conditions.

In actual fact, in many cases, these conditions

justify the adoption of such devices.

In conclusion, however, it must be stress¬

ed, that although shading devices generally

afford rich possibilities in aesthetic values,

their real purpose, nevertheless, is the ex¬

clusion of solar radiation and glare from the

interior of buildings. To obtain maximum

comfort in this connection, the role played

by the colours and surfaces of walls, floors,

and ceilings, as well as other forms of interior

decoration, should not be neglected.

The next consideration in connection with

the crust of the building is the roof. In the

hot-dry climate (because of the absence of

rain) the conception for roofs remains, as in

the past, mostly flat and of simple construc¬

tion. They are, however, owing to the marked

difference between day and night tempera¬

tures, liable to crack. This can be overcome

by introducing expansion joints and by proper

insulation.69 On the other hand, in wet re¬

gions, the influence of rain is reflected in the

predominance of sloping roofs.70 Yet, in

such climates, the desire of obtaining a con¬

tinuous air-flow, must also be taken into

consideration in roof design. In fact, this

desire may lead to new conceptions in roof

shapes when properly investigated. Some

research has already been undertaken within

this sphere. The influence of overhangs, as

examined by the Texas Engineering Experi¬

ment Station,71 is shown in Fig. 228.

An interesting solution with regard to the

air-flow is shown in Fig. 229, for a roof cover¬

ing an area used as a drying space for a

laundry over an apartment building. This roof

was designed to encourage the rising (ther¬

mal) air currents and funnel them across this

area. The slots seen at the front edge of the

roof are to set up fluctuations to increase the

efficiency of the air-flow. Along such lines,

solutions might be developed, trapping the

prevailing breezes, even when very weak, and

directing them through dwelling areas in

houses.

Further investigations and research work

are, however, necessary before jumping to

conclusions. It is, therefore, advisable to

study a particular problem on models before

utilizing a certain form of roof. However, it is

generally accepted, that roofs are better

sloped one way only, thus preventing the

tendency of hot air to accumulate between

the lower and upper edges; at the same time

such a solution will avoid an expensive ridge,

while providing for rain collection on one side

alone.

Indeed, in wet as well as in dry regions,

roofs are influenced by the impact of solar

radiation. Since the sun must hit the roof

whatever orientation the building may take,

devices must be provided to counteract this

impact within the roof itself. The general

approach is to put into practice the knowl¬

edge, mentioned before, concerning reflec-

68 For further information about expansion joints in

concrete flat roofs, see 'Building Research Station

Digest', No. 12, The Design of Flat Concrete Roofs

in relation to Thermal Effects, Building Research

Station, Watford, 1949.

70 In localities where economic considerations do not

permit of water pipes, roofs are generally utilized

to collect rain water for drinking and other pur¬

poses. In such cases, precautions are to be taken

against the possibility of insect breeding.
" For problems of ventilation in classrooms, see

Architectural Forum, May 1961, op. cit.
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237 R Neutra Hensch House, Sierra Madre, California.

The roof of the sleeping quarters on the ground
floor is permanently covered with water, which

makes the interior 6 to 8 degrees cooler through

evaporation At the same time, such a water area

at the first floor level (living quarters) is welcome.

Mfijfe
238 Dancing Cafe, Pine mountains, Georgia Inverted

cones for the roof, provide shelter from sun and

rain, which is thus properly drained without inter¬

fering with the open character of the design.

239 Ministry of Education, Rio de Janeiro Brazil The

roof-qarder
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tion, conductivity, time-lag, and insulation.

Yet, there are other solutions which com¬

bined with these, might produce still better

results.

The conception of the double roof is very

effective and most practical (Figs. 230—235).

Unfortunately, in the hot zones, this con¬

ception was long disregarded and neglected.

However, early in 1939, an outstanding con¬

tribution to this problem was concieved by

Professor Alfred Roth, in a project for a villa

at Giza, Egypt (Figs. 81, 135, 230). Thus the

upper roof, which in fact acts like a parasol,

recieves and throws off a high proportion

of the sun's heat, while the roof proper re¬

mains in shade temperature. In the mean¬

time, air in between is allowed to circulate

carrying off any reservoir of heat that may

build up.

In wet regions, rain could be utilized, with¬

in a double roof conception, to provide more

cooling as a result of the evaporation process.

Along this line, a solution has been devel¬

oped by Raymond and Rado, for a church in

Negros, Philippine Islands. The section

(Fig. 235), shows that rain is not prevented

from entering the clerestory, but, once the

rain is inside, it is caught by a trap and

utilized to run down the space between the

corrugated roofing and the main roof deck.

Indeed, the practice of covering roofs with

a sheet of water (Fig. 237), retains its merits

owing to the fact that water is an evaporative,

as well as a reflective agent, which thus

induces cooling of the roof. It, however, must

not be allowed to stagnate.

Not only can roofs be tanked, but they can

also have soil or earth laid upon them. Such

a solution will increase the resistance of the

roof underneath to heat transmittance, and

also offers interesting open areas (where the

soil can be planted or even left to seed itself).

This practice is generally beneficial in the dry

zones, as it not only has the advantage of

keeping the roof cool and increasing its

time-lag, but affords complete protection

against thermal expansion and contraction

as well.

Actually, many other devices and con¬

ceptions can be developed, yet these will not

basically vary very much from those pre¬

viously mentioned. The choice of any parti¬

cular device must depend on local conditions,

available materials, technical possibilities,

and economy.

In fact, there is a wide range of inexpensive

substances, which are well fitted to be used

not only for roofs but for walls as well. Straw,

thatch, bamboo, and mud are only some

variations of these possibilities. They can

be used alone or in combination, in simple

form, or mixed together with various binding

materials (Figs. 240—244). Such substances

are relatively weak, and somewhat lacking in

durability; but as they are cheap local ma¬

terials and easily manipulated, they can be

successfuly used in connection with today's

technical knowledge to provide the economi¬

cal regional architecture (specially in village

housing), which is in many cases, so urgently

needed.72

An interesting solution of the Nautique

Club, Acapulco, Mexico, suggesting the use

of such local materials in luxury buildings too,

is demonstrated by a thatched roof in a

modern setting (Fig. 240), where it adds to its

Research work to examine the possibilities of cheap

local materials, and of increasing their durability
to minimise the cost of maintenance, are today's

urgent need for helping to find economical solutions

to the village housing problems emerging in most of

the hot countries.
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240 Pani, Ortega and Ramos. Nautique club in

Acapulco, Mexico.

241 V. De Mars and B. Cairns. Co-operative farm,

Chandler, Arizona. An adobe system of construc¬

tion.

242 Stabilized-mud system of construction (Adobe).
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climate-resisting qualities a considerable

aesthetic expression.

In themean time,where mudisfound-and

it is found in nearly all hot regions- stabilized

mud can be variously treated73 to produce a

very suitable climate-resisting cheap build¬

ing material. An adobe system of construc¬

tion was used in a co-operative farm com¬

munity, Chandler, Arizona, 1937 (Fig. 241).

Here the walls are externally treated with a

cement rendering, and internally with gypsum

plaster.74

A similar stabilized mud construction was

utilized in the erection of the Gourna Village,

Egypt (Fig. 244). The domed roof as seen

here, achieves its heat resistance, not only

owing to the thickness of its stabilized-mud

material, but also to the fact that the cur¬

vature of a dome throws off a considerable

proportion of the solar radiation, and because

of the increased air-volume it encloses.

Yet, a dome (or the like), specially in

village housing in the dry regions, has the

important drawback, that it abolishes the

traditional open area of the flat roof.

The cooling effect obtained from the in¬

crease of air-volume prompts the adoption

of high ceilings. But modern economical con¬

siderations have led to neglect of this prin¬

ciple. There is need for research to examine

this tendency towards lower ceilings in con¬

nection with comfort in general.

71 Stabilized earth, rammed earth, s.vishcrete, adobe

and many other terms, are different names for

stabilized mud They differ from one another accord¬

ing to the treatment they undergo and according to

their origin. Generally, they consist of moist mud

mixed with straw, sand, or cement, etc For further

information see 'Housing and Town and Country

Planning', United Nations Bulletins.

" Forfurther information see Alfred Roth, ,New Archi¬

tecture', Zurich, Girsberger, 1940, 1947.

244 H Fathi Gourna Village, Egypt

245 Icaro de Castro Mello Sports Hall, Sao Paulo,

Brazil The dome, besides a vaulting solution,

helps to throw off by its curvature and aluminium

finish a large proportion of the solar radiation

through reflection
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Zusammenfassung

Diese Untersuchungen erstrecken sich auf

die klimatischen Einfliisse auf das Bauen in

heiBen Zonen (feucht-hei(3 und trocken-heiB).

Es wird versucht darzustellen, wie Komfort

erreicht werden kann, wobei der Verfasser

sich hauptsachlich auf die Anwendung von

natiirlichen Mitteln beschrankt. In dieser

Studie sind folgende Punkte in Betracht ge-

zogen und einer griindlichen Untersuchung

unterworfen worden:

1. Verschiedenartige Winde und Luftstro-

mungen und ihr Verhalten an Gebauden.

2. Der Lauf der Sonne, ihr Stand usw.

3. Das Verhalten von verschiedenen Materia-

lien und Konstruktionen in bezug auf Strah-

lung, Reflektion und Absorption.

4. Kiihlender und sonstiger EinfluB von

Schatten, Vegetation und Wasser.

Es ist festzuhalten, da6 neue Fortschritte

in der Architektur unter Beriicksichtigung der

klimatischen Gegebenheiten nur erreicht wer¬

den konnen, wenn diese vier Punkte streng-

stens beachtet und zugleich neue Materialien

und Konstruktionsmethoden herangezogen

werden. Dabei wird nicht zu umgehen sein,

daB Versuchsbauten erstellt, Versuche im

Windkanal ausgefuhrt und Aufzeichnungen

uber das Klima sorgfaltig ausgewertet wer¬

den.

Die hier vertretene Grundkonzeption stellt

sich wie folgt dar:

Fur feucht-heiBe Gebiete: eine eher offene

Bauweise, die alien moglichen Luftbewe-

gungen den Zutritt gewahrt, aber Sonne

und Regen fernhalt.

Fur trocken-heiBes Klima: eine eher ge-

schlossene Bauweise, die Sonne und hei-

8e Luft fernhalt, aber kuhle und schattige

Innenraume bietet. Diese bleiben frei von

Staub und Sonnenstrahlung.

Urn diese Annehmlichkeiten zu erreichen,

ist es notwendig, die Stadtsiedlung (drei-

dimensionale Struktur, Anordnung der Stra-

Benzuge, offene Flachen usw.) als Ganzes zu

betrachten, ebenso die Wohneinheiten (raum-

liche Moglichkeiten, Lage, Anlage und Um-

fassung von Wanden und Dachern) zu be-

riicksichtigen.

In feucht-heiBen Zonen bieten sich heute

fur die Bauweise derfreien Luftbewegung viel

groBere Moglichkeiten als je zuvor. Die Un-

abhangigkeit der Skelettkonstruktion von der

Wandkonstruktion gestattet die Anwendung

verschiedener gunstiger Vorkehren, die die

Sonne und den Regen fernhalten, aber auch

anderen klimatischen Unzukommlichkeiten

entgegenwirken. Anderseits wird es moglich,

den kiihlen Luftstromungen in groBtem MaBe
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Zugang auf alien gewiinschten Ebenen zu ge-

wahren, ohne ihnen Widerstand entgegen-

zusetzen. Weitere Entwicklungen in dieser

Beziehung ergeben sich aus den Moglich-

keiten, die in der Anwendung beweglicher

auBerer Vorrichtungen und beweglicher In-

nenwande liegen. Dazu sind Versuche im

Windkanal iiber die Luftbewegungen und ihr

Verhalten im Gebaudeinnern von groBter

Wichtigkeit. Diese Versuche werden die Ge-

stalt des Innenraumes und die zu treffenden

baulichen MaBnahmen bestimmen.

In trockenen Gebieten gewahren die kon-

struktiven und wissenschaftlichen Errungen-

schaften viele neue Moglichkeiten, die zwar

noch nicht in ihrem vollen Umfang Anerken-

nung erlangt haben. Die gut iiberlegte An-

ordnung von beweglichen Dachern und Wan-

den wird beispielsweise einen wirksamen

Ausgleich zwischen den in sich geschlosse-

nen Bauten tagsiiber und dem Bedurfnis nach

einer offenen Bauweise bieten, die die kiihle

Luft nach Sonnenuntergang eintreten laBt.

Diese Art, die Aufgabe anzufassen, wird das

sonst schwierige Problem der Ventilation von

kompakten Gebauden, wiesiefiir diese Klima-

zonen sonst charakteristisch sind, erleich-

tern.

Neue Aspekte ergeben sich aus der Mog-

lichkeit der Umwandlung von Sonnenwarme

in anwendbare Energie. Dies miiBte zusatz-

lich zu den vom Klima her sich ergebenden

Einfliissen auf die Architektur erwogen wer¬

den. Solche Energie konnte fur die Kiihlung

Anwendung finden, wie in dieser Unter-

suchung schon erwahnt wurde. Besonders in

trockenen Gebieten MeBen sich durch Pum-

pen die Grundwasservorkommen erschlieBen.

So wCirde es moglich, daB einmal dort trotz

der scheinbaren Wasserknappheit eine aus-

reichende Vegetation und Teiche urn die

Hauser herum und im Ganzen der Stadt als

selbstverstandliches Minimum gelten werden.

Statt der traditionellen Anlage von durch

enge Gassen getrennten Hauserblocken, die

kaum offenen Raum und praktisch iiberhaupt

keinen griinen Flecken aufweisen, sollte das

uberbaute Gebiet mit griinen Platzen und

ausreichenden Wasserflachen sowie mit ge-

deckten FuBgangerzonen durchsetztsein. Der

Tag wird kommen, da manch eine Wiiste ein

erfreulich bliihendes Gesicht zeigen wird.

In der Tat entsteht in den heiBen Gebieten

eine neue Welt, wenn sich durch eine ver-

niinftige Industrialisierungspolitik die Vor-

bedingungen schaffen lassen. Nicht nur ein

neuer sozialer und kultureller Aufschwung

kann sich konkret verwirklichen, sondern

auch eine fortschrittliche Architektur wird

sich entfalten konnen. Sie wird sich gewiB

von den besonderen Gegebenheiten ihrer

Region herleiten, aber sie wird auch mit den

Entwicklungen unserer Zeit und der allgemein

ublichen Auffassung modernen architekto-

nischen Denkens in Ubereinstimmung blei-

ben. Der Zusammenhang dieser Auffassung

mit den klimatischen Einfliissen sollte der

Beziehung zwischen Weg und Ziel, oder mit

anderen Worten, zwischen Wesen und Cha-

rakter gleichkommen.
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