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I NTRODUCTI ON

A new consci ousness evident |n nodern
architecture I's the need to design buildings
so that they stay cool In the sumer and warm
In the winter wi thout consum ng a great dea

of energy In the process. "Passive solar
architecture", as It Is called, is the
architect's response to the global energy
crisis. The availability of cheap fossil fuels
in the decades past was responsible for

di storting people's expectations from

bui | di ngs. d ass, concrete and steel boxes
were built by the thousands and each of these
had to have air conditioning plants to contro
the Internal tenperature within the narrow
range defined as "confortable". Wile It Is
likely that the working efficiency In such
buildings Is high, It Is equally likely that
conti nuous exposure to the controlled

envi ronment makes people |ose, at |east
partially, their natural ability to adapt to
different thermal conditions.

A nmuch better situation |s one In which
buil di ngs are designed to aneliorate the worst
of the weather, and man can then Interact
positively with the environnent to find
confortable working and living conditions. In
the cities of northern India this has been
achi eved by appropriate organization of socia
and econonmic activities, In addition to good
town planning and buil ding design. Even though
there I's a superficial simlarity between
them the northern Indian cities of Jalsal ner
and Dei hi have been built and function
differently. It Is Interesting to see how the
buil ders of these cities overcane the problens
of building in the harsh clinate.

JAlI SALMER

This |s a nmedieval town situated in the heart
of the Great Indian Desert. The daytine
tenperatures in the shade In June reach 50
degrees Centigrade, while the nighttine
tenperatures In January are just above the
freezing point. There is very little rainfal
(120-150 mm in the whole year) and during the
summer nonths of May and June the town is
subject to severe dust storns. The clinmate
demands protection fromthe scorching sunmer
sun and sand storns, on the one hand, and cold
wi nter nights on the other. As the summers are
dry It would be possible to provide therngl
confort easily by evaporative cooling. But
this cannot be done because water is a very
scarce comodity In the sumer. The nmain
source, a tank outside the city, dries up in
sunmer .
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The layout of the town is the first defense
agai nst the harsh clinmate. The streets are
narrow and partly shaded fromthe sun. For
protection fromthe dusty wi nds, the main
street orientation is at right angles to the
prevailing winds. At many pl aces buil di ngs
overhang the streets on both sides, providing
a cool shaded area for npbst of the day. The
continuous construction ensures nutual shading
of the buildings. Even though by these
arrangenents the town is nuch cool er than sone
other newly constructed areas nearby. The day
can be very hot, therefore life begins in the
town before sunrise, the dally chores being
conpl eted by late norning. The hottest part of
the day, fromnoon until about five or six in
the evening, is a period of rest when people
stay indoors. Many shops in the bazaar are
closed during these hours. As the sun nobves

| ower down in the sky and the air cools down,
the town conmes back to life. Children cone out
into the streets to play, housew ves go about
to fetch water, cattle that live in the
streets nove about in search of food and the
bazaar begins to fill up with people. Mst
shops are open until late in the evening so
peopl e can purchase their requirenents in
confort.

The second defense against the heat is the
massi ve construction of buildings. Built
mainly fromthe locally available yellow

col ored sandstone, these buildings have thick
wal I's and even thicker roofs of nud supported
on tinber beans. There are few wi ndows toward
the street but all houses are arranged, around
smal | courtyards and there are |arge openings
toward the courtyard. According to the
econom ¢ and social status of the house owner
there are three types of buildings. The
poorest live in very snall single story houses
(Figs. A, B &C built of nud. There is
usually a courtyard encl osed by high walls, on
one side of which is a verandah and a snal
room beyond it. Such major living activities
as cooki ng, bathing, sleeping, etc. take place
either in the verandah or in the courtyard

The roomis nerely a storage area wherein the
famly's few possessions are displayed
proudly. Under the roomthere is usually a
smal | basenent approachable only through a
heavy trap door. This is where such val uabl es
as jewelry and even food-grains are stored
safely. The thick roof and walls allow little
heat to penetrate into the roomand it thus
can be used during the daytime. The courtyard
together with the verandah, is used at al

other times. In winter the situation is
reversed, the room being used at night, and
the sunlit courtyard and verandah bei ng used
in the daytine.

The mi ddl e-i ncone house (Fig. D) is a two-or-
three-- storied structure with a conpletely
encl osed courtyard. The deep and narrow
building is surrounded by simlar houses on
three sides which protect it fromthe sun. On
the fourth side is the street and the entrance
to the building. The size of the courtyard is
such that direct sunlight can penetrate down
to the | owest
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floor only for a short period during the day.
Protected fromall sides the ground floor
roons stay confortably cool during the day
The verandah is used for cooking and washi ng
etc. Such activities as cleaning grain and
stitching clothes, which need better Iight,
are carried out In the courtyard. The front
roomis where visitors are entertained and
where wonen spend the afternoon. This is the
room where there i s maxi num air novenent due
to the courtyard effect. Just as in the
smal | er houses the rear roomis used only as a
st orer oom

The roonms on the upper floors are better lit
In the larger fanilies, these roons are used
by different fam |y nmenbers. However, there
are no "bedroons" as sleeping is an activity
in which the whole fanmly Is together. Mst
often wonen sleep on the terraces, whereas nen
sleep on the raised platformat the entrance
to the house. The rooftop and street are the
two cool areas at night in the sunmer.

Jaisalnmer is fanmous for the richly carved
stone facades of its buildings. Wile every
buil ding in Jaisal mer has sone of this
carving, it is the rich nen's houses that are
Intricately carved fromtop to bottom These
bui l dings, called "Haveli", are the third type
of Jal sal ner houses, nuch |arger and nore
interesting than the other two house types
These are three-or four-storied structures
with additional wind pavilions on the top
floor. Each building I's built around one or
two courtyards with additional ventilation
shafts provided at appropriate |ocations. The
nmost interesting of all the havelis is Nath
Mal *'s Haveli in which are enbodi ed nost of the
speci al design features found in other

havel | s.

This building (Fig. E) is planned around two
courts, the one in the front being nuch
smaller than the one In the rear. The front
part of the building is three stories high and
serves as the main living quarters of the
famly. The rear portion, a story |ower,
contains the servants' quarters. The front
court was used by fam |y nmenbers, the rear
court for keeping aninmals. On either side of
the front courtyard there is a small apartnent
built around a narrow vertical shaft. Thus
there is a variety of vertical ducts of
different sizes In the building. Because of
their difference in size and orientation the
sun penetrates these courts unequally. The
differential heating of these courts causes
air nmovenent fromone to the other ensuring
ventilation in the rooms that are in between
Simlarly, air novenent fromthe street to the
courtyards occurs

The reception roomof the famly is |ocated on
the first floor above the entrance way. This
richly decorated roomis two stories high
internally. There are tinber shuttered w ndows
opening toward the street and a | arge nunber
of small ventilation holes in the upper part
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of the room Together these openings ensure
heat renmpval by ventilation

As this building is taller than the others
around It part of the external walls are
exposed to solar radiation. To avoid undue
heating up of the walls they are shaded with
proj ections and carvings. The Internal walls
of the courtyard are also treated in a simlar
manner. The total effect of the nassive
structure, the sun shades and the ventilation
systemis such that the famly has not felt it
necessary to install ceiling fans In the
roons, even though they now have an el ectrical
connection in the house.

OLD DELH ( SHAHJAHANABAD)

A d Del hi was established by the Mgul enperor
Shahj ehan in the 17th century A D. when he
shifted the capital from Agra to Del hi
Essentially a trading city, it has devel oped
into an inportant commercial center for
northern India. The climate is characterized
by a long dry summer followed by a warm humi d
monsoon and a short dry winter with clear
skies. The diurnal tenperature variation is

| arge except during the nonsoon. In summer the
dayti me tenperature exceeds 40 degrees
Centigrade while the winter night tenperature
may fall below 5 degrees Centigrade.

This conposite climate is, perhaps, nore
difficult to design for than that of
Jai sal mer, but the builders of Shahjahanabad
have done an equally good job. Located on the
banks of the river Yanuna the city was not
short of water even in the sumer and
therefore, people used evaporative cooling in
many different ways

As in Jaisalnmer, the streets of the old city
are narrow and the buildings are tightly
packed together. The few nejor streets
however, are wider and these were originally
lined with trees on either side. These bazaars
had continuous col onnades in front of the
shops, where people could walk in the shade.
The narrower streets were further protected
fromthe sumer sun by canvas awni ngs set up
by the shopkeepers. To provi de cool drinking
water to the passersby the pious set up water
stalls called "piau" along the streets

A nunber of building materials were avail able
to the builders of Shahjahanabad. These

i ncluded bricks, sandstone, |inme and tinber
Accordingly they built the houses with thick
wall's in brick and roofed themw th stone

sl abs supported on tinber beans on top of
which they placed a thick |ayer of earth and
finally, finished it with Iinme concrete. Al
wal s were given coats of heat-reflecting |inme
wash each year.
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The smal |l er houses (Fig. F) were built around
a single courtyard and were generally two
stories high. The larger havelis were
sonmetinmes three or four floors high and woul d
have two or nore courtyards. For reasons of
privacy very small w ndows were provided
toward the street but the" walls facing the
courtyard were nminly a nunber of tinber
shutters which, when fol ded back

changed the roominto a verandah. The best
rooms were those that had courtyards on two
sides for the reason that this would result in
continuous air novenent in the room Wenever
wi ndows were constructed they were | ocated
both near the floor and near the ceiling to
provide continuous ventilation. The idea of

wi ndows for view ng was unknown.

An interesting feature of the Shahjahanabad
houses is a roombuilt on the terrace. Called
"Sai waan", this roomwas invariably
constructed of tinmber with | arge wi ndows and
doors and a light roof, in contrast with the
massi ve construction of the |ower floors. The
latter would stay cool during the daytine but
would tend to warmup in the evenings. The
airy Saiwaan, on the other hand, would be warm
during the daytime but would cool down quickly
at night, when it could be used for sleeping.

By thensel ves, these buildings perhaps woul d
not be very confortable. They becane quite
confortable, however, with appropriate

organi zation of activities and by use of
sinpl e cooling devices. Not all areas of the
house were confortable at any given tinme of
the day either in sumer or winter. But at al
times there was at |east one area in the house
whi ch was quite confortable and that is where
the famly noved. In sunmmer the days were
spent on the lower floor and the night on the
terrace. In winter, when the sun is wel come
the day was spent on the terrace and nights

i nside the house

Evaporative cooling was used in sumer in

di fferent ways. People hung nmats of a special
grass called "khas" in front of the w ndows
and doors and sprinkled water on them These
mat s absorbed water and allowed it to
evaporate slowy, cooling the air entering the
house. Fl oor washing was another inportant
cooling nethod. The stone floors inside the
roonms were washed in the norning and because
of water absorption and evaporation they
stayed cold throughout the day. Before noving
to the terrace in the evening the famly
washed the terrace floor also. This rel eased
the heat absorbed in the roof during the day,
causing it to cool down quickly. Earthen jars
were used for storing drinking water- and kept
the water cool by evaporation
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CONCLUSI ON

I't is perhaps unreasonable to expect that by
usi ng passive sol ar techniques indoor
tenperatures could be confined to the narrow
range defined as "confortable" by air-

condi tioning engineers. But it is highly
possible to ensure a reasonabl e degree of
confort by proper building design. The success
of such techni ques, however, will depend upon
the willingness of the occupants to put up

wi th mnor inconveniences, inproving and
reviving their adaptive capabilities. Unlike
machi nes, human beings can adapt to changes in
the thermal environment by noving froma |ess
confortable place to one nore confortable, by
putting on or taking off clothes, and by
organi zing their activities according to the
time of day. The purpose of environnental
control in buildings is not to control
tenperature but to provide relative confort
for human beings. The igloo of the Eskinps and
the tent of the Bedouins of the Sahara are

bui | di ngs of unsurpassed efficiency and
econony. But if the arbitrary "confort scale"
of engineers were to be used to neasure the
performance of these buildings they would be
decl ared as not worth consideration as

bui I di ngs of val ue.
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