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1. Architecture and Cooling Procegges

Architecture is a gultural oriente process aimed at pro-
ducing built environment appropriate to local needs. One of
these needs is comfortable space to live, and, because
climate is often adverse, architecture i1s also a response to
climate control need.

Unconscious (or *primitive”, "without architect") architec-
ture developed through times subtle and sophisticated
solutions for local severe climates:

- at landscape level fLwip settlements to provide livable
conditions in desert areas through seasonal migrations from
towns to oasis where hot summer desert climate can be
radically modified by vegetation, water and puildipgs;

- at urban level, contipuoug low-rise urban tissue to reduce
solar gains, promote radial cooling, provide livable public
spaces (covered sfraets, bazars, etc.) during the day;

- at building level, patioc and courtvard tvpologies to cool
inside space during the night and provide livable private
space during the day.

All these solutions were based on deep "unconscious know-
ledge" of natural cycles (i.e. water}, energy exchanges sun-
atmosphere-earth, interactions between forms building,
materials, environmental forces and physical comfort.

This traditional unwritten knowledge, often codified in the
cosmological and religious views, developed and diffused
"cooling solutions” and “specific cooling technologies"”
(i.e. wind towers) appropriate to particular social
behaviours and to locally available resources., Because of
the wvariability of climatic resources traditional cooling
systems do not achieve a thermal "steady-state" across time
and a thermal equilibrium across space, as modern HVAC

systems actually do.
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For many decades the uniformity of *standard comfort zone
conditions" determined by HVAC systems was the only way to
approach climatization:

"a constant temperature is maintained in crder to save
people from the effort and the distraction of adjusting to
different conditions. And yet, in spite of the extraphysio-
logical effort reguired to adjust to thermal stimuli,
people definitely seems to enjoy a range of temperatures.
Indeed they frequently seek out an extreme thermal environ-

ment for recreation or vacations"™ (1}.

The critical analysis of the pioneers of Bioclimatical Re-
search and Design (2) in the Sixties, and later, the energy
cryses in the Seventies, denounced the environmental and
social costs of maintaining such uniformity. Modern know-
ledge of "Climatic Design® considered gain variability of
indoor climatic conditions as reguirement for the use of
variable natural sources of energy to cool built environ-
ment. )

Traditional cooling systems were revalued and studied. They

can be grouped by dominant way of exchange.

- Conductive cooling

In overheated seasons a building loses heat by conducticn in
the ground. Problems of heat exchange between ground and
building are complex, because the temperature of the ground,
and, therefore, its potential as heat sink, is altered hy
the presence of a heated building which loses heat in the
ground. An accurate calculation needs simulation; simplified
design methods are available in the current litterature
along with different techniques te improve potentiality of

ground cooling modifying ground temperature (3}.

- Radi Cooli
A building leoses it by radiation to the sky, which is the
most difficult heat sink to exploit in building design
because apparent sky temperature depends from moisture
contents of the atmosphere and usually it does not drop more
than 6-8°C below ambient earth temperature except in very
transparent sky conditions like desert highlands where night
is very clear and temperature is very low; radiant power is
also influenced by ventilation.

Radiant cooling has architectural constraints derived by the
technological difficulties of coupling the interior space of
the building to the night's sky avoiding the solar load
during the day.

Mass can dissipate in the night heat produced during the day
only if envelope is massive enough.

Different radiant technologies and simiplified evaluation
methods are described in litterature (4}).

Radiant cooling was intensively used in traditional archi-
tecture (patio, court, etc.), but relatively undervalued by
modern architecture due to the lack of appropriate physical
knowledge of the process which is not easily perceived and,

therefore, evaluated.

- Convective cooling

Air movement can be used to produce gomfort cooling of the
body or to cool the structure of the building.

Cooling of the body can be done only when inside and outside
air temperatures and vapour pressures are almost the same
and mean radiant temperature of the interior of the building
1s the same of the air. The two assumptions are valid if the
interior is ventilated, the exterior is of a light colour

and the envelcope is not massive.



The limit of convective cooling is air speed which cannot
exceed 1.5 m/s.

For cooling strategies for hot humid (light structures)} and
hot-aired regions (heavy structures), techniques and cal-

culations are described in litterature (5).

- Evaperative Cooling

Space cooling is due to direct evaporation of water into air
flowing in the inner space.

Change of phase from liguid to vapour takes place by absorbh-
ing sensible heat from the air without any heat gained or
lost from water-air system (process at constant enthalpy).
The limits of the cocling strategies are the maximum wet
bulb temperature and air velocity acceptable for comfort and
the availability of water.

Structure cooling is due to the evaporation of a thin layer
of water on structures outside or inside the building.

A number of cooling strategies technigues and simplified
methods are described in the litterature (6). (’Ff Ta, 4L)

2. Complexity of Traditional Architecture

We previously defined traditional architecture as an "un-
conscicus and uncodified process” which developed through
times settlements, dwellings and cooling solutions
appropriate to local climate.

Such sclutions have been poorly studied, because of the lack
of economic and scientific¢c interest, in climatization by
-natural, "out of market"™ resources; therefore to understand
why traditional architecture performs relatively well we use
more subjective feelings, litterature reports and architec-

tural evaluations than physical data:
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Concept 1; WIND BREAKS (winter)

Two climatic design techniques serve the
function of minimizing winter wind exposure:
2 Use neighboring land forms, structures,

or vegelalion for winter wind protection.
10 Shape and orient the building shell to
minimize winter wind turbulence.

Concept 2: PLANTS AND WATER (summoer)
Several techniquas provide cooling by the

use of plants and water near building sur-

faces for shading and evaporative cooling.

6 Use ground cover and planting for site
cooling.

7 Maximize on-site evaporative cooling.

36 Use planting next to building skin.

38 Use roof spray or roof ponds for evapo-
rative cooling.

Concept 3: INDOOR / OUTDOOR ROOMS
(winter and summer)
Courtyards, covered patios, seasonal
screened and glassed-in porches,. green-

houses, atriums and sunrooms can be lo- "

cated in the building plan for summer cooling

and winter heating benefits, as inthese three

technigues:

14 Provide outdoor semi-protected areas
for year-round climate moderation.

20 Provide solar-oriented interior zone for
maximum solar heat gain,

2% Plan specific rooms or functions to
coincide with solar orientation.

Concept 4: EARTH-SHELTERING (winter

and summer)

Techniques such as using earth against
the walls of a building or on the roof, or
building a concrete floor on the ground, have
a number of climatic advantages for winter
insulation and wind protection and for sum-
mer coeling. These techniques are often
referred 1o as earth-contact or earth-shelter-
ing design:

11  Recess structure below grade or raise
existing grade for earth-sheltering
effect.

24 Use slab-on-grade construction for
ground temperature heat exchange.

33 Use sod roofs.

Concept 5: SOLAR WALLS AND WINDOWS
(winter}

Using the winter sun for heating a building
through solar-orlented windows and walls is
covered by a number of techniques:

1 Maximize reflectivity of ground and
building surfaces outside windows
facing the winter sun.

9 Shape and crient the building shell to
maximize exposure 1o winter sun,

19 Use high-capacitance materials to
store sclar heat gain,

29 Use solar wall and roof collectors on
south-oriented surfaces.

41 Maximize south-facing glazing.

42 Provide reflective panels outside of
glazing to increase winter irradiation.

43 Use skylights for winter solar gain and
natural illumination.

Concept 6: THERMAL ENVELOPE (winter)
Many climatic design techniques to save
heating energy are based upon isolating the

‘ interior space from the cold winter climate.

8 Minimize the outside wall and roof
areas (ratio of exterior surface to en-
closed volume).

15 Use attic space as buffer zone between
interior and outside climate.

16 Use basement or crawl space as buffer
zone between interior and grounds.

17 Provide air shafts for natural or me-
chanically assisted house-heat recovery.

18 Centralize heat sources within building
interior.

22 Use vestibule or exterior “wind-shield”
at entryways,

23 Locate low-use spaces, storage, utility
and garage areas lo provide climatic
buffers.

25 Subdivide interior to create separate
heating and cooling zones.

28 Select insulating materials for resis-
tance to heal flow through building
anvelope.

30 Apply vapor barriers to control moisture
migration.

31 Develop construction details to mini-
mize air infiltration and exfiltration.

32 Select high-capacitance materials for
controlled heat fiow through the building
envelope.

39 Provide insulating controls al glazing.
40 Minimize window and door openings
on noith, east, and/or west walls.

44 Detailwindow and door construction to
prevent undesired air infiltration.

For oAk Btac/:'uf edtineen é'c i o Jocdos i irans.

45  Provide ventilation openings for air flow
to and from specific spaces and appli-
ances,

Concept 7. SUN SHADING (summaer)

Because the sun angles are different in
summer than in winter, it is possible to shade

a building from the sun during the overheated

summer period while allowing it to reach the

building surfaces and spaces in winter. Thus
the concept to provide sun shading does not
need to conflict with winter solar dasign con-
cepts, as shown in the following techniques:

3 Minimize reflectivity of ground and
building surfaces outside windows
facing the summer sun.

4 Use neighboring land forms, structures,
or vegetation for summer shading.

12 Shape and orient the building shell to
minimize exposure to sumrer sun.

34 Provide shading for walls exposed to
Sdmmer sun.

35 Use heat reflective materials on sur-
faces criented to summer sun.

46 Provide shading for glazing exposed to
summer sun,

Concept 8: NATURAL VENTILATION(summer}

Natural ventilation is a simple concept by
which to coo! a house using the following
techniques:

5 Use neighboring land forms, structures,
or vegetation to increase exposure to
summer breezes,

13 Shape and orient the bullding shell to
maximize exposure to summer breezes.

26 Use “open plan” Interior to promote air
flow,

27 Provide vertical air shafts to promote
interior air flow.

37 Use double roof and wall construction
for ventilation within the buitding shell,

47 Orlent door and window openings to
facilitate natural ventilation from pre-
vailing summer breezes.

48 Usewingwalls, overhangs, and louvers
to direct summer wind flow into interior,

49 Use louvered wall lor maximum ventil-

ation control.
50 Use roof monitors for “stack effect”
ventilation.
“f-i'f‘ ab




"The great fondness of Mediterranean cultures for their
streets and plazas is largely thermal. A great deal of
social life goes on in the streets and plazas because they
offer the greatest thermal comfort. They provide a place to
bask in the sun or a shady and airy place to be cool, while
the houses are stuffy and either too cool from the night
before or overheated by the afterncon sun. In most Mediter-
ranean countries the custom of an evening promenade, or
paseo, developed tc take full advantage of the pleasant
coolness of the streets and square in the summer's evenings.
After the sun has set and the heat of the day is broken,
peopole emerge from their houses and their work - groups of
young men or young women, old people with their grand-
children, whole families together - and take a stroll along
the via and the piazza to see whom they may see, to stop and
talk, but most simply to enjoy the pleasant air" (7).
Traditional architecture was (and still is) an overall
organisation of space at different levels which correlates
in a very precise way built environment shapes to their en-
vironmental performance through gteady and culturallv based
design pattexns.

Traditional architecture was a morphological language which
developed rules to adapt common typologies to specific sites
and cultural demands at four different levels: landscape,
town structure, building, architectural details. The per-
gistence of culturally rooted architectural language gives
coherence to all built environment and prevents individual
designa and building fallancies.

Morphological languages are very steady and subtle struc-
tures; their roots go down to the symbolic and religious
meanings.

Taking in example "islamic architecture®, we can consider it

AL

as a general morphological language which develops common
rools and variations in typology and elements to respond to
particularly hard environment and climate. This climate is
characterized by dryness, high thermic daily range, fairly
high average temperature, strong seclar irradiation and
finally winds which can often be variable and dusty. The
adjustment of such an architecture to climatic conditions
has been undoubtedly worked out through a very long process
whereby the cultural and religious elements have been fused
totechnical knowledge. If we analyse it "a posteriori”, we
will see that Islamic Architecture presents distinct and

varying levels of adjustment.

- Urban level

The urban structure is usually a continuous pattern of
courtyard buildiﬁg clustered together and connected by a
very diffuse network of "cul de sac" narrow streets
departing from the main road system. Urban texture
contributes to the thermal protection because the narrow
winding streets are aprtially covered and function as the
courtyard in the house: they regulate temperature. (T?r.lj
“In a wide straight street, the cool air deposited during
the night is swept away by the first breath of wind. A wide
street offers no shade and heats up more rapidly than a
narrow one. The difference in comfort is clearly felt in all
the street that were widened and straightened during the
remodelling of old parts of Cairo. They are extremely hot in
summer and are full of dust. In the planning, the planner
simply superimposed the new layout on the existing one as if
it were non-existent, or as if this plan were made for an

underground system" (8).
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Figure 2

The close-packing, "cul-de-sac" texture of the arab

structure: a)
b Kashan (Iran).

Marakesh (Marocco),

urban

AZ

- Dwelling level and internal organisation

The main strategy to resist thermal gains in summer is to
reduce walls exposed tosun radiation and hot wind. This
leads to three fundamental morphological models: the earth
integrated or underground house, the compact isolated court-
yard house and the courtyard house grouped in a continmuous
urban-texture (“casbah").

The underground model is diffused in particular areas like
Matmata in South Tunisia, where high cooling load combines
with a soft ground which makes possible the underground
technology.(?;r-3)

The compact isolated and *casbah" models are diffused
through all arab countries in different wvariations
appropriate to lqcal culture, physical environment and re-
sources. Both models are based on an inner space - the court
- surrounded by outer space (House space). Inner and outer
envelope have a surface much greater of a close cubic model.
Most of the openings are located in the inner envelope.
Houses are clustered in a close packing pattern with three
main different spaces:

- 1indoor house space between inner and outer envelope
completely covered by roof;

- internal indoor space surrounded by inner envelope and
open to the sky (the courtyard space);

- external open space formed by outer envelopes of the
houses.

Both compact and isolated models can vary in density (number
of stories), courtyard/built ratio, covered/uncovered court-
yard ratio, etc. depending on climatic and cultural
conditions,

The main element is the courtyard ("shan"). The central
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 Figure 3a T _
The underground patio model of Matmata (Tunisia).

Figure  m}
TheaCasbah Courtyard model (Algeri).

. éggi_73f~,

Figure 3c
The compact isolated model (Borij typology, Sfax).

space (called alsc “"patio" when partially covered),
protected from solar radiation, has two functions: one of
light source and the other of thermic regulation. Indoor
space (rooms or "iwan") facing into the courtyard is pro-
tected by courtyard and the clustering of houses. The court-

yard shadows all day long the indoor space which remains at

a lower temperature than the average exterior temperature(?f4)

Some vegetation may alsc be grown to increase shading and to
provide air dampness and cooling by evaporation., Cooling can
provide air dampness and cooling by evaporation. Cooling can
be further increased by humidifying devices functioning by
water evaporation,

The courtyard may be covered by light and movable shading
devices to increase shadow surface of the walls.

The courtyard and loggia are also the distribution system
migration which supports inside the house during the day and
night for a better utilisation of inner microclimate; also
functional distributions are based on inner space.

Daytime shady loggia and rooms near the courtyard are
employed to eat, have siesta and work; nighttime people
sleeps on the roof terrace taking advantage of the night
cooling.

In regions with a marked climatic difference between
seasons, also seasonal migration takes place. For this

reason the rooms of the upper floors are utilized in winter

while those on the ground floor are used in summer (9) .[-F,'If 8,6%

- Building technologies (walls, roofs and openings)
The selection and treatment of the materials to control the
day and night temperature swing is of the greatest

importance.
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Figure 5
"Daily" and "Seascnal" vertical migrations inside the house
follow the best local comfort conditions.
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Figure &
Climatic response of a courtyard house in hot-dry maritime -
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a) The cooling effect of a courtyard house. It regulates air
movement, binding on fresh air only when 1s cqoler than the
building (Jaisalmar, India).

b) Measured temperature and air tiow of the Jaisalmar house.

Heavy weight envelope has a great advantage and is strongly
recommended in spaces used during the day because of its
high heat storage capacity which attenuates the thermal
effect of outside climate.

Thermal resistance and density of materials determine a
great variation in thermal behavicur: a dry earth wall has a
better thermic performance than a concrete wall because its
thermal resistence is very high.

Also the external colour plays a great role: white colour
has & high reflectivity which means to diminuish the effect
of solar radiation.

Roof is the most critical component of the whole building:
it receives the greates amount of solar radiation during the
day and emits the greatest quantity of heat by night
radiation to the sky.

The heat loss to the sky is maximum with flat roof (protect-
ed from wind by lateral walls) made of building materials
(mud-brick i.e.) and painted white.

Outside openings are usually few and provided with shading
devices which allow a minimaom lighting and outside view
maintaining the visual privacy from outside.

The ventilating opening is usually used during the late
night, when air temperature is cooler; when used during the
day the entering air has to be cooled by evaporation.

"To reduce the glare without reducing the movement of air in
those rooms which could not be provided with a "malkaf", the
window was fitted with a lattice screen called a
"mushrabeya”, made of small wooden bars. These bars are
¢ircular in section, so that they have the effect of break-
ing up the light which falls on them; thus, there are no
sharp edges visible, nor is there any harsh contrast between
the darkness of the lattice and the brightress of the light.
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The glare is softened and the eye is not dazzled” (10).

( Fet €3)

- Cooling devices

Air movement inside the building can be used either to cool
structure either for physiological cooling.

Air movement can be generated by wind effect or by “stuck®
effect (temperature difference).

When wind iw warm it is better to generate ventilation by
stuck effect; when wind is cool the natural convenction can
be activated with a device able to catch winds and drive
them into the rooms.

The "Wind catchers" are very frequent in Iran, Irag and
Egypt; they project on roofs to intercept coolerm fasterm
less dusty air flows. During the day (when inside tempera-
ture is lower than outside one) bhot inside aire flows down
the walls of the wind tower, loses heat and enters fresher
than outside air into the room; it absorbs heat (refreshing
ambient air) and then is evacuated through windows. During
the night if wind is not blowing, wind tower functions as a
chimney suching exhausted hot air from rooms and replacing
it, with outside fresh air entering through openings.(F?T-4Q4ﬂ
Natural convenction and ventilation can be improved by add-
ing a device for the evaporation of water in order to lower
the temperature by means of latent heat loss by evaporation.
"Wind catchers" are often combined with fountain and humid
underground tunnels.

Water, which is quite rare in dry countries, is to be found
in the habitation and its usage is well defined and effi-
cient in witness to its scarcity. It may be utilized in
"patios" with basins, water-sputs, and fountains or little

streams which sometimes allow also the watering of the
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Figure 40

a) Wind catchers at work in the day (Wind entering on the

right) and in the night (hot air extracted on the left):

b) Mono and multidirectional wind catchers.
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Figure 11

a} Air flow measured in a "Qa'a" in Cairo (arrows indicate
direction and velocity in m/sec). The air flows in through
the "Mafkaf", ventilates the "Qa'a" and is evacuated through
the vents of the "Dur-ga'a". Ref. (17).

b) The plan of the "Qa'a" in Cairo.
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ground. It may flow on "silsabils" {which are decorated in-
clined surfaces where a fine stream of water flows emphasiz-
ing the evaporation process) or it may make the air cooler
thanks to a porous jar which catches the air through a "wind

tower" or a "moucharabieh® window (11).

3. Simplicity of Modern Architecture

The Modern Movement in architecture was an attempt to design
the overall organisation of space at different levels in a
“scientific way"; this means extending modern science and
technology to space control with designed patterns based on
"general and clearly stated rules", which tended to generate
simplification, lack of "sense of place", uncontrolled en-
vironmental performance.

Steel, reinforced concrete structure, glass, heating, ven-
tilating and air-conditioning {HVAC) installations and other
new technologies gave modern architects the opportunity to
build without the constraints of local physical environment,
rejecting one of the basic historic lesson of the past.

HVAC installations eliminated the need of accurate defimi-
tion of building shapes/environmental performances and this
quickly brought to a new "international style and language"
which can be roughly synthetized by the Le Corbusier state-
ment:

"The buildings of Russia, Paris, Suez or Buenos Aires, the
steamer crossing the Equator, will he hermetically closed.
In winter warmed, in summer cooled, which means that pure
controlled air at 18°'C circulates within for ever™ ({12).
Poor building physics knowledge and understanding of thermal

comfort-building-microclimate relationships brought often Le
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Corbusier to apply modern technigues in a very disastrous
way: an example the attempt to apply the double glass
cladding technology to the famous building "Cité de Refuge".
"We had been looking for an opportunity - it came: the
Salvation Army hostel Cité de Refuge. Six hundred poor
souls, men and women, live there. We gave them freely the
ineffable joy of full sunlight. A thousand sguare metres of
glass wall lit every room, from floor to ceiling, from wall
to wall ... the glass was hermetically sealed, because

warmed and filtered air circulates constantly inside, con-
trolled by the heaters and fans" (13).

This experience came from the M.M. principles of de-

materialisation of architecture:

"In that epoch when 'mince’ must have been one of his high-
aest terms of praise, all other materials seem to have been
in his eyes poor substitutes for glass, his ideal of the de-

materialised building skin, the minimum membrane between

indoors and out®

Yhis sealed box of controlled ventilation and incffable sunlight
apened triumphantly, because comfortably warm, in the bitter

December of 1933, as Le Corbusier proudly claims. And as he also
frankly admitted, it ran into serious trouble at the other solstice
at gros de I'é1d, & la pointe de chaleur. The sealed glass wall with its
southerly aspect made the interior an intolerable glasshouse; for
reasons of economy it was a single skin, and not a mur newtralisant,
and even if it had been, it would have made much difference, by
Le Corbusiers reckoning, because the same budgetary restrictions
meant that there was no cooling equipment in the ventilating
systemy. In the upshot, the town planning autherities insisted on
the fiing of openable fenérres d'illusion whose environmental
performance seems to have been less jllusory than Le Corbusier
liked 10 pretend, while he himself was driven, shortly after, to
invent the external sunshade or brise-soleil. He did not, however, fit
such a sunshade to the Cité de Refuge—that had to wait for
another hand and a much later date. 1 ( A4 (' 1-_;.1_ 12 J

Later in the Thirties:

"he was becoming conscious of what he had done, what en-
virpnmental qualitiés had been mislaid in his attempts to
abolish the load-bearing wall. He was to discover, now, any
number of good reasons 'to fill this space up again when it
has been given to me empty'. To fil it up with suspended

lead sheets for scund insulation, to fill it up with
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curtains to exclude sun and staring eyes, to fil} it up with
glass bricks for related reasons, teo fill it up with solid
masonry and other 'materjals friendly to man', or toc start
thickéﬂng up the glass membrane with sun-breakers in the
exterior, further layers of glass containing warmed air on
the interior. In short, to replace additively, elemtn by

clip-on-element, the performance factors that a massive wall
had contained homogeneously and organically" {15).

I spent some times in dealing with Le Corbusier "environ-
mental misapprehensions", because they reflect the basic
conflict of the M.M. design pattern: the symbolic strength
of M.M. architecture has to be against local culture,
climate and ... definitely man.

I am not making a radical critique to Le Corbusier, who was
a great master of the M.M., but we have to start from the
above mentioned *misapprehensions" (extended te a large
number of architects of the M.M.) to understand how design
and architectural patterns worked inm hot climate context.

It worked apparently better in hot humid regions, where
light structures and "free space" made possible by reinforc-
ed concrete and steel, were more fitfed for freedom to ad-
justment to climate. International style (which is the
quantitative diffusion of the M.M.) broke with "colontal
architecture” losing an important lesson of the past.
Colonial architecture is a loose definition of the built
environment developed by European in their colonies in the
last four centuries. The first approach to adapt to the new
climatic conditions consisted in "tropicalising" current
European architecture (Palladian, baroque, neo-classical,
etc.). Tropicalising processes have different patterns de-
pending from dominant European cultures: not Europeans had
to radically modify their traditional building habits and
therefore the connection with local architecture and culture
is very loose. Portoguese and Spanish, whose architecture
was more adaptable to tropical climate, developed hybrid
architectures (American-Spanish, Brazilianm etc.) which were
very well fitted to local climate at different levels from

town plannings to architectural detaits.

-]

Simplicity of international style was fitting only to the
hecessity of uniform colonial market, which made a SLiong
effort to diffuse industrialized building and HVAC techno-
logies.

The design of Chandigar by Le Corbusier in the Fifties is
considered a "starting point" in the development of modern
architecture in tropical areas {16) .

But if we analyze cooling performance of single buildings,
we realize that generally it is not very high, because Le
Corbusier developed simple environmental control devices
(breeze-soleil for the sun and roof for rain protection)
without taking into consideration the complex interaction
between local microclimate and building thermal per-
formance.

The High Court Building, i.e. Fig.4%, is shaded by concrete
vertical "breeze-soleil”, but their efficiency is very low
because of the high heat storage capacity. Breeze-soleil are
heated by sun in the day and in the night warm cool air
entering into the building, making impossible the convective
night cooling for daytime comfort (17).

Environmental misapprehensions of the masters of modern
architecture are partially due to the lack of technical
knowledge, but mainly to the strong will to impose over
people and environment “personal languages" without social
rules and this is possible only when architects design for
the "Prince” and not for the people.

This "tecocratic attitude” of M.M. architects originated from
the breech they made with the past historical architecture
in the faith that European progress and technological
achievements could solve the housing and urban problem of

the underdeveloped countries.
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New independent countries called famous architects to design
and build new cities and public buildings. Le Corbugier in
Chandigar (India), Louis Khan in Islamabad (PakistanﬂLénd
Dacca (Bangladesh) and Walther Gropius in Baghdad (Iraq),
etc.

Most of these architects and those who followed the works
there, tried seriously to understand local culture, values
and physical environment, so different from their original
culture, but often their effort was more "an intellectual
process" than a deep understanding which often requires
living, working and studying in the area for many years.
Architectural forms were the result of personal languages,
more often without any link with local culture, which in

many cases was vary strong (18).

4. Tropical Architecture

The term *tropical architecture* was conied at the beginning
of the Fourties ({19) to indicate architecture designed to
fit tropical conditions by means of environmental control
techniques, or practical means developed in the region.
Modern tropical architecture was developed at the beginning
in English and French colonles starting from the Thirties.
The need to adapt military forces to tropical climates
during the war, influenced the interest to develop tropical
architecture.

After the war, for the first time "natural cooling® is ad-
vocated, guldelines on tropical buildings are published (26)
and some European architects began to design tropical shapes

appropriate to hot c¢limate and to use cooling technologies.
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In particular solar control and ventilation devices diffused
very much

M.M. forms are still dominant with some change in external
cladding and interior arrangement.

M. Frey and J. Drew, British architects, began to write on
their experience on "colonial" design and building, Research
Centres (BRE in Great Britain, CSTB in France, etc.) began
to investigate material behaviour and building problems in
tropical areas (19).

buring the FPifties, the late years of colonial Domaine, the
interest in tropical architecture extended to the USA, A-
frica, Australia and India, but it is still the work of
small groups and individual architects as documented in
periodical publications.

Interesting radiant-evaporating coocling solutions developed
by Hay and Yellot in the States and, in general, solar
energy research iafluyenced hot-arid USA regions and Aus-
tralian architecture {Fig. 15); French architects designed
interesting natural cooled buildings supported by
research development on cooling technologies (sun control

and ventilation) (20).

The colonization processes in the Sixties supported a new

flourishing of studies in thermal comfort, cooling process
and techniques, use of solar energy, simplified calculation
methods, etc., which brought to the publication of well-
known guidelines and manuals, among which we mention V. and
A. Olgyay's, Degiopn with Climate, 1963, D. Danby, Grammar of
Architectural pesign, 1963, F. E. Maxwell and J. Drew's
Tropical Architecture im Dry and Humid Zones, 1964, G.
Lippsmaier, Tropenbau - Building in the Tropics, 1967 and B.
Givoni, Map, Climate, Architecture, 1969 and 0. Koenisberger
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et al., Manual of Tropical Housing and Buildjipg, 1974.

These methodological supports helped to diffuse among
students and architects an environmental conscious design

approach, which, anyway, did not produce much effects in the

.vi- AT e

built environment because of the world dominant HVAC
approach based on the very low oil cost.

Nevertheless also in these years some remarkable interna-
tional style tropical architectures were built (Figh- 16).

e

heasonal Architecture T

Underdeveloped countries agricultural and housing ¢rises,
environmental and oil crises in developed countries, con-
sciousness of the limit of material resources underlined at
the beginning of the Seventies the necessity to approach
settlement and housing design with appropriate technology,

bagsed on local cultural tradition, production and renewable

energy sources.

One of the limiting factors in the development of Interna- ;‘:,;:,:,i;:;m,... :"":.:‘:'.‘;"'.'.'.'.. s At |
F ol B

tional Style in the arid 2zones was the availability of e vfﬁé?-?;rf.'a::...

et Py
L)

R [

BRI Ly . a oyiLer Z / . . -

industrially produced buildling materials, HVAC equipments ey “g-:g, gt d ! _j £ Ab ﬁ‘l_“ i V(/’!k . Vi
In'af “7 = . . L 1 Tiees

ey § f]‘ . ‘i
and skilled craftmanship, which usually were imported (with ""‘]_m__ Y] S R Aloa Kloll, Atto PIVIRY B

14
the architects) from developed countries. u‘ | : Aj 4“'& < ("]7’ 6" =

-y a2 it

The high economical and social costs of international style

architecture limited the use to few important public mahe

buildings and upper classes dwellings leaving all other

housing demand to "informal sectors® because generally many :

of the public suﬁported programs for low cost housing
failed.
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Failure was (and still is} partially due to the design and
building paradigms of the Internaticnal Style which usuvally
was unable to consider existing urban and dwelling cultures
as a resource to develop along with the other local
resources {building materials, climate, etc.).

In fact, International 8Style diffused quickly in humid
tropics because of the lack of the architectural local
tradition, since adverse climate (high humidity and tempera-
ture) creates unhealthy environment which tends teo handicap
population and urban growth.

On the contrary International Style did not diffuse very
much in hot arid climate regions, because of their very rich
and precise architectural traditions which influenced modern

western architecture.

The lesson of cultural continuity comes from the pioneers of
the new Arab architecture: Hassan Fathy in Egypt, Mohamed
Salah Makiya in Irag and Saba George Shiber imn Kuwalt (21).

H. Pathy, the most famous in the world, also for his book
"Architecture for the poor", combined the use of local
availakble rescurces - mud and climate - with the traditional
features of islamic architecture and opened a way to solve
urgent housing problems in the underdeveloped countries
without importing unnecessary, culturally and climatically
inappropriate western technology.

H. Fathy's "natural cooled architecture" is essentially
based on the deep, culturally rooted knowledge of the
thermal behaviour of traditional architecture: urban court-

yard pattern, covered streets, domes, vaults, cocoling tech-

nologies ({wind catchers, selective openings, etc.) (Fig.1?

mean continuity with tradition which is the opposite of
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the international style concept of design emancipated from

precedents.

The architectural and theoretical work of the pioneers of
the new arab architecture educated a new generation of Arab
architects and recently influenced very much also the work
of European architects (Mokkah University, near Mecca by
Skidmore, Owings and Merrill, Brooklyn Museum in Karnak by
Esherick and partners) and some large buildings (The
Congress Centre in Mecca by P. Otto and R. Guthbrod, the
Airport in Jeddah by Skitmore, Owings and Merrills), which
mediated high-tech with a tradition of Arab architectural
language (22).(19)

I spent some time in dealing with Arab Architecture to point
out the general regionalisation of architecture, which is a
continuous process to approach built environment design
through local cultural values and resources {climate includ-
ed}.

In example we can speak of Australian regional architecture
only in a very broad sense; if we analyze the work of a
single Australian architect we have to better define the
region in which he is working (Fig.2oas).

And along with Australian architecture I can mention USA
West Coast Architecture, hot arid areas Indian architec-
ture, South East British Architecture, and .... a long list
of environmental-conscious local architectures., It is my
opinion that a contribution of "climatic design” to the dif-
fusion of cooling strategies and technologies in built en-
vironment has to move from the knowledge and the physical

performance analysis of such local architectures.
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lMurcutt added two lines of
Western rotary ventilators on either side of the ridg

spring (o life and whizz around in the iightest airs. The vents
are simple and extremely effective. their purpose is to clear
the air from below the arched ceiling and ventilate the
do something else that is equally import-

museum hall. But they
ng alive by their movement. and

ant, they keep the buildi

they tell us what kind of day it is. whether it is windy or
suli,
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¥ The roof of the typical Murcutt house has a similar rounded
ridge which the architect has explained as responding to the
wind in much the same manner as the aerofoil section of an
aeroplane. The wind influenced the house in several wavs:
the long rectangular plan shape is well suited to take advantage
of cooling breezes in the summer. and the walls are construc:
ted as diaphragms so they can be opened up to allow the
wind to percolate through the interior. The ridge profile is
rounded like the roof of the Turkic trellis tent so it does not
catch the wind. and a continuous gap is left on eirher side
below the ridge running the entire length of the root to draw
air through the enclosed roof space and keep it cool in summer
This is rathér like a “parasol” in its achievement of a cooling
effect by moving air under shaded conditions. a principle
which Maxweil Fry had noted in West Africa. and which Le
Corbusier incorporated in the High Court at Chandigarh.
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