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ABSTRACT

The large programmes of Western style prefabricated buildings undertaken to alleviate the
housing crisis in Algeria, are found to be incompatible with comfort and cultural aspects of
Algerian society, especially in areas where social tradition still has great relevance to housing

morphology.

The objective of this study is to investigate the applicability of traditional building forms and
environmental control strategies, as solutions to cultural and climatic requirements in a modern

context, with reference to the M'zab region of Algeria.

Thermal and architectural analysis of typical traditional and modern houses, shows the

influence of key climatic and design parameters.

A site experiment was carried out during the summer of 1987. Temperatures in five different
locations were simultaneously recorded firstly in a traditional house then in a modern house
under different ventilation and shading strategies. Spot readings of humidity, air movement and
surface radiation were also recorded. The results showed that the traditional house, with
judicious internal organisation and appropriate passive methods of environmental control, is well
adapted to the local climate. Significant vertical temperature stratification occurs within the
dwelling. They also showed that the modern type bears no relation to either the social or
environmental factors characterising local architecture, with a consistently high temperature

profile throughout the dwelling.

The conclusion was that a design concept of vertical development based on the hierarchical
organisation of spaces, in conjunction with the use of evaporatively cooled air, could succeed in
creating a comfortable indoor environment. Such a planning arrangement can be sufficiently

flexible to accommodate both variable family units, and modern standards of safety and utility.



A new passive evaporative cooling device based on the mushrabyyah is presented. In addition
to its reliance on locally available materials, ease of use and revival of a traditional architectural
element, it also has the advantage of being readily applicable to the already existing houses in

order to improve their performance.
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1

GENERAL INTRODUCTION

Shortly after independence, Algeria undertook to realise an ambitious programme of industrial
development. New economic projects started to mushroom all over the country and naturally,
these constituted irresistible poles of attraction for both the unemployed and the low-paid from
ditferent walks-of-life. Inevitably, the reéulting internal migration added to the already very high
birth-rate led to an exponential rise in the housing derﬁand which the small number of mostly
decayed houses inherited from the colonial period could not satisfy. This was paralleled by
building needs in other sectors, such as schools and hospitals. By the mid-1970s, the problem
was such that it became a pribrity in develépment plans, especially since half the population
were at an agé of establishing their own homes, and statistics showed that in order to alleviate
the pressure, a total of 100 000 housing units would have to be built each year. This was
beyond the capacities of the country. Consequently, many building contractors, from different
qountries, were contracted through international open tendering. They brought with them their
mass production equipment, their designs and their standards. Everywhere in the country,
prefabrication was the key-word and every single town had its share of reinforced concrete
panels and high-rise flats. This form of housing may be found acceptable in some parts of
Algeria, especially in the North, because of the climatic similarity with the countries where they
originated, the familiarisation of the northern population with European housing style, and last
but by no means least, because the general public was thinking of it as a vehicle of modernity.
However, there still remain many regions where this intemétional type housing is quite
inappropriate for both cultural and climatic reasons. The M'zab in the south of Algeria is one

such example.

Questions may arise as to whether historic areas should be protected against any modernism
in order to maintain their traditional cachet and avoid contrasts. On the other hand, one may
ask if it would not be better for people to liberate themselves from a past that is just impeding
their aspirations, and concentrate rather on the present with a look ahead to the future. This

certainly leads to the most crucial and urgent issue facing the development of modern



architecture and many other cultural fields in Ghardaia in particular and Algeria in general - how

to facilitate modernisation without losing cultural identity.

Due to a misunderstanding of the definition of modernity, everyone has been expectantly
waiting for Western architecture to breath a spirit of that modernity. In terms of architectural
development, the attitude of Algerian people to the West is ambivalent, composed of both
apprec;iation and hostility. On the one hand, advantages of Western modern architecture, such
as structural and constructional technology, and environmental control systems, have offered
better technical solutions to the problems of the built environment than traditional architecture
could. People not only enjoy working and living in a well-lit, air-conditioned environment, but
also treat the affordability of these as a symbol of social status. In other words, pecple
appreciate the functional and some of the symbolic aspects of modern architecture. Cn the
other hand, people are hostile to modern Western architecture because of its destruction of
traditional concepts of spatial organisation and symbolic expression which used to play such
important roles in traditional architecture. In other words, people have an animosity towards the

cultural aspects of modern Western architecture.

This unreconciled conflict which persists between modern Western architecture and traditional
architecture then raises the question as to whether integration between the two would breed a

new architecture better than either of its parents, or whether the new will simply destroy the old.

In fact, there have been several occasions throughout history where contacts between different
cultures have proved to be landmarks in human progress and architectural development, as
different cultures were absorbed, and developed by different people as their own: Greece learnt
from Egypt, Rome from Greece, the Arabs from the Roman Empire, and Europe from the
Arabs. Moreover, integration does not mean an overwhelming dominance of one over the other,

but rather it is mutual influence.



However, during the integration process, there always exist two opposite dangers which are
likely to force modern architecture in M'zab in particular and Algeria in general to a single-track
development:

The first is that architects, in the course of resistance to foreign influences, fall victim to an
intensive anti-modern conservatism;

The second is that local architecture may become completely westernised, retaining ncthing of

what has hitherto distinguished it.

One might suggest that there is nothing wrong with International Style architecture since we all
live in an international community and use international modermn inventions'and products- such
as watches, television sets and cars. But architecture is quite different from such transient
material goods. One can buy a watch or a car and change it easily. Yet once a building is
completed, it will become a long-term part of the built environment and have a great impact
upon the formation of the sense of a place spiritually and physically. Consequently, the sense of
a place which is so important to the identity of a people will be threatened and lost if most
architecture with local or national characteristics is replaced by International Style architecture.

In order to avoid these two extremes, architects must know how far their own cultural heritage
in architecture has been diminished by modern standards; and how much of their heritage could

be preserved and revived to maintain a distinctive cultural identity.

After having understood the cultural aspect of the problem, through all the implications that a
new design would have in a traditional context, the designer would have to concentrate on its

climatic side.

Architects are trained to design buildings to fulfil certain functions, giving full consideration to all
design aspects, including site and environmental conditions. Building in any climate brings a
particular problem of adequate heating and/or cooling, normally solved in the affluent,
developed world by mechanical means. But, instead of using non-renewable energy io give a
good indoor climate, the architect could give serious consideration to the well tried traditional

methods exploiting renewable ambient sources, which have enabled occupants in the castio be
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comfortable with maximum economy. These traditional solutions should be studied but not
copied, as they have been developed under conditions that have changed considerably through
time. Unless the design is fundamentally correct in all aspects, no specialist can make it

function satisfactorily.

After awakening to this level of consciousness, they should endeavour to re-valuate those
applicable aspects of their heritage and readjust them to suit the ideology of the modern society

so that modern ideas and technology can be integrated to new architecture in M'zab.

In this sense, the present study tries to investigate ways of improving thermal comfort
conditions through a culturally and climatically better suited design. A site experiment
concerning the thermal behaviour of the traditional and the modern house was carried cut
during the summer of 1987, the results of which were related to the forms and other
architectural characteristics of the two models. Their comparative analysis revealed that
although the modern design has its own environmental and economic advantages, the

traditional type was better suited for both thermal and cultural considerations.

This, then, supports a modern vernacular synthesis, which is presented in prototype “idea"
form. The intention is not to suggest a definitive solution, but to demonstrate that modern
comfort and construction standards are achievable without heavy reliance on expensive

mechanical systems, and are reconcilable with traditional cultural values.

The first chapter is meant as an introduction situating the subject of this work historically,

geographically and physically.

The second chapter is concerned with the climatic analysis of the region. Environmental factors
such as the temperature, humidity and movement of the air are discussed according to their

influence on thermal comfort.



The third chapter examines ways in which heat is produced, acquired and lost. 1t also discusses
the influence of clothing and activity. Using the bioclimatic chart and the climatic data, the

degree of discomfort is delimited and the appropriate solutions defined.

Chapter four treats the architectural and thermal analysis of two models representing tha

traditional and the modern houses. The site experiment is presented and its results discussed.

Finally, using the conclusions reached by the experiment as guidelines, a new design is

proposed in chapter five. -



CHAPTER 1 : CONTEXT
1-1 : Geographic context :

600km south of the capital Algiers, and at a latitude of 32° 30" and 3° 45' in longitude, is a
region called M'zab with Ghardaia as the regional capital, (Fig.1-1).
The four other towns of the "pentapole” are: El-Ateuf, Bou-Noura, Beni-lsguen and Melika,

which is the nearest to Ghardaia, (Fig.1-2).

The towns lie on knolls or ridges on the floor of the valley of the river M'zab, and at an altitude

of about 450m above sea level.

The M'zab valley is one of many dug by fluvial erosion into the Hamada plateau. Being ravined

in all directions the region has been given the name: Chebka, literally meaning "net" or "lace”.

Two other towns of the same origins, Berriane and Guerrara, are found at 43km and 90km

respectively to the north and north-east of Ghardaia.
1-2 : Historic context :

In the year 761, Abderrahmane Ibn Rostom, one of the five missionaries who brought the Ibadie
doctrine to Africa, founded the state-city of Tahert, 9km from the present Tiaret. It soon became

very prosperous under the leadership of his successors, the Rostomides.

Plundered and burnt by Abdallah Achii, Tahert was abondoned in 947 by its inhabitants and the
few Berber tribes who were living on the outskirts with Imam Yacoub. The fugitives choose
Quargla, an old province which recognised Imams and was secure from the ruthless attacks of

the tribes who took Tahert.
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Retired in a region where Ibadism was still freely practised, but protected from the
covetousness of the princes by the heat of the Sahara and the aridity of the desert, the exiled of
Tahert undertook to erect a city in the image of the one they had just abondoned and which,
one day perhaps, would recover the radiance of their fallen capital, and would keep alive their

religion.

Not very far from Quargla, Sedrata was built. It rapidly became an important economic cernire.
Inevitably, the inner divisions re-opened as before, but worsened this time by the ceaszless
attacks from the wandering tribes'opposed to the sect. The permanent rivalry betwesn ifa

settled and the nomad made this refuge extremely vulnerable.

The Ibadites then started to look for anocther site, more defensible, more remote trom the
movements of caravans and which was not on the route or the camping ground of waridaiing
tribes. They needed to find a territory which would not be the subject of any covetousiiess =i

the tribes and would have strategic advantages.

The M'zab, desert inside the desert, with its landscape of crests and hillocks furrcywiz¢ oy
ravines, the widest of which is the bed of a river dry for months or even years and cziles: ine
M'zab ouadi, seemed to meet those criteria. The aridity of the soil, and the sterility of iic iand,
enabled these people to prove their faith through their works, because living and per: ~or G

the sect required them to strive harder than ever.

Under the guidance of sheikh Khaled Ben Aghar, and well before Sedrata was desiioyzd
around 1070, some pioneers started to raise the walls of what was going to be the firs! town oi
M'zab: El-Atteuf was erected in 1014. But the first settlement is believed to have besq i of
Ar'ram Tal Azdit, the castel of the handful of wool, founded around 904 near the palm-rlzntation
of El-Atteuf. The other towns appeared later: Bou-Noura in 1046, Ghardaia in 1058, iselixza in

1124 and Beni-lzguen in 1347. North of the valley, Guerrara was founded in 1630 an< iinaliv

Berriane in 1679.



1-3 : Physical context :

At the begining, the constitution of a town was not a fact of fate. Its creation as well as its
enlargement have been deliberate. The foundation process is still known: a group of
adventurers and enterprising people gathered with a sheik, well-known for his piety and his
courage, as their chief. They selected a site principally according to its military defencs
possibilities. The towns are therefore situated on knolls or on ridges, which at the same time
clears the cultivable ground and ensures that the dwellings and the urban spaces are out of
reach of flood water, (Platet-1&1-2). The founding group starfed by building a mosque c¢n the
top, which was at the same time a shop, an ammunition depot and a fortress; ihen the
enclosure was carefully laid out. This operation tock on a religious and military character. Tiia
same thing happened afterwards for the extensions, decided according to the communily
needs. The towns were, and still are entirely or partly, surrounded by ramparts or rampzaii-

houses, as well as by watch towers, and their urban structure is extremely compact, (Plate1-3.

Nowadays the towns look a bit different, for parts of the ramparts have been destroyed, and
new districts have been built, (Fig.1-3&1-4). Also doors and windows opening onto the outsica
have been pierced into some rampart-houses giving them a European appearance. But i 2
general manner, they are tiered along the slopes. Having the colour of earth and rocks, oy

give the impression of being vast clay bee-hives baking under the sun, (Plate1-4).
1-3-1 : Ghardaia :

Ghardaia is the most important town of the "Pentapole”. It occupies a hill on the top of v:i.ich
stands the mosque with its high minaret, (Plate1-4). The town has a concentric develcpmsit,
the centre of which is extremely compact. There are 2400 dwellings over a surtace area of
26ha. which represents a density of about 93 dwellings / ha. or 108 m?2 per dwelling, including

public and community spaces such as mosques, streets and market, (Fig.1-5).



Plate1-1: View of Beni-isguen, Melika and Ghardaia.

Plate!-2 : General view of Ghardaia and its palm-plantation.
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Plate1-3 : Rampart houses built on the
rocky edge of Bou-Noura.The chimney-
like construction in the centre is a watch-
tower and a stair-case for collecting the
wood brought by the river during the
flooding.

V Plate1-4 : View of the compact, Ksar type housing, with the mosque and its high minaret at the top of the hill surrounded

by the terraced houses.



Fig. 1-5 : Urban structure of Ghardaia.
Source: Atelier d’Eludes et de Restauration du Mzab.
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As for thoroughfares, Ghardaia has 124 streets or narrow lanes covering a distance of 12 kms
and linking 116 Jlots. They are between 1 to 3m wide, (Plate1-5), the widest part being around
the market place and the gates, and gradually narrowing towards the top. The straight lanes are
short and the long ones are somewhat tortuous so that long open views are avoided and
maximum shading is created. This iayout has resulted in a labyrinth-like pattern meant to cause
potential aggressors to lose their bearings, (Plates1-6 & 1-7). In some places, the lane is
covered by the houses in order to shade it especially in the case of a north-south oriented alley,
where the method of high, close and tortuous facades would not be as effective as in the case

. of east-west oriented lanes, (Plate1-8).

The nearer the mosque, the lower the headrocm under the covered lane which, according (o an
old local, was purposely designed in order to oblige the attacker to dismount or make him bend

thus making him more vulnerable, (Plate1-9).

Architecturally, the lane is animated by the form and colour of the walls, themselves enhanced
by the rythm of light and shadow. The only openings in the facades are the entrance door and
usually a small window above it. Niches, where oil lamps were put as public lighting beicre ths

installation of electricity, can still be seen, (Plate1-7).

Ghardaia, as all the other towns, has wells inside the ramparts supplying the poputaticn vith
water. The drawing and distribution were the responsibility of professional water-ca:riers,
(Plate1-10). Until the early 1970s, this was the only water supply for the town. Noweadavs,
pumps, pipes and other modern means are used, especially since large quantities of water nave
been found lying under the region and at a depth traditional wells could not reach. Bui at the
same time this abundance of water has had a negative effect on people's behaviour in that iney
are becoming less aware of its importance, sometimes carelessly wasting it. This situation could
result in the level of the phreatic water being brought up nearer to the surface due to the
increase of waste-water. A high concentration of salts and water would be created around ti.e
foundations causing them great damage by attacking the reinforcing steel and the chemical

properties of the cement.
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The market place of Ghardaia, which is the most important of the valley, lies to the south-west
end of the town, (Fig.1-5). The location at the outskirts was dictated by security considerations.
This characteristic is confirmed by the absence of any public spaces deep inside the town
which would attract strangers. Until the beginning of this century, caravans used to sell or
exchange their goods there. During their stay, the nomads were locked up on the market place

to prevent anyone getling in or out at night.

This rectangular plac'e of about 75m by 44m is entirely surrounded by an arcade or gallery,
under which are the shops,(Plate1-11). The place |s the centre of many minor markets ‘subh as
the meat market and the vegetables harket as wel_l as tens of different activities ranging from
the barber, the tooth extractor to the shoe-repairer, which makes it very colourful and lively,
(Plate1-12). It also is a joining point of many streets which have an economic function at their
end nearest to the market place. Every street has its specific mercantile activity as for example:
The embroiderer's street, blaziery street or the tailor's street,(Plate1-13). This spacial division is
slowly disappearing today as a result of the decrease in the number of artisans, on the one

hand, and the increase in the number of manufactured products in general stores, on the other.
1-3-1-1 : The ksar type housing :

This type of housing has its origins during the settlement of the Ibadites and was for a long time
the only built-space in the valley. It is a typical urban form of housing, (Plate1-4). The houses
are imbricated one into another, have two levels topped by a terrace, have no garden and some
have a basement. They are large, and as a result, offer satisfactory conditions of comfort by
meahs of internal migration in accordance with daily and seasonal cycles, compared to the

other types of housing found in the valley at the present time.

The urban tissue created by this type of housing is extremely dense. Except for the narrow
streets, the space is entirely built to a height of two and a half levels. There are no squares or
public places apart from the market place, which is rejected to the outskirts, therefore making

the urban layout more continuous and homogeneous.



Plate 1-10 : An old well in the street, traditionally used by water-carriers for distributing water to the houses

Plate1-11 : An corner of the market place of Ghadaia.
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Platel-12 : Shops and other minor activities - here a shoe repairer- under the gallery surrounding the market place.

MPlate1-13 : An example of commercial
streets around the market place- here the
vegetables street-
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The state of the houses is variable. They suffer some deterioration from lack of upkeep or due
to overcrowding. Some are modified by successive divisions or transformations or transformed

and improved or even taken down and rebuilt again.

This type of housing which is the most common in the valley, has for many years represented
an environment perfectly adapted to the way of life of the ‘population. But during the last
decade, this equilibrium has been broken. A significant rise ‘in the population resulted fn a higher
density inside the old towns. This housing has an historical value as the first settiement in ihe
“valley. It has the value of a testimonyto the cuiture of a community and its adaptation to a
particularly hostile site. Although it raises scme problems of adaptation to ;:ontemporary neeas,
it certainly remains an example of concentr‘ated housing which responded well to the culturai

and climatic requirements of the region.
1-3-1-1-1 : Inside the house :

In M'zab, as in all coutries where the daily life is impregnated by Islam, the threshold of the
house marks the separation between the public life of men and the secret, protected life of
women. As in almost all Mediterranean architecture, the entrance to the house is marked by a
doorstep. The entrance door, which is the largest of the house, is generally open and yet the
privacy of the house is preserved from the outside gaze by an entrance in the form of a
chicane, the second opening of which may be covered by a curtain, (Plate1-14). Women and
children can freely go inside. Children are sent from house to house as emissaries, transmiiting
messages, asking for something or just go there to play. Men however, whether they beleng to
the family or not, mark their arrival by calls, coughings or knocks on the door, because they
must give time to the women to cover themselves with the veil. Used to this exercise, wornzen

are very quick at doing it.

If you are invited, you would have to wait outside until the master of the house has wainad ihe
women, who are always designated under the term "family”, and then you are asked to go

inside. In most of the houses, the man has his own room where he can receive his gussts
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without disturbing the family life. It is furnished with matresses, carpets and pillows so that
guests may be received comfortably. The walls are often decorated with pictures and souvenirs.
It is there that the meal or tea would be served by children or young men and this is probably

all that would be seen of the house.

if you are a woman however, the female inhabitants may wish to see you or you could ask to do
so and would be permitted to visit the rest of the house, (Fig.1-6). An old grain-mill composed of
two millstones may be found in the chicane for the use of the neighbours who do not have one.
As socn as the chicane is passed, a fairly large space characteris}ed by a row of niches and a
few metal rings attached to the wall, is discovered. In summer, it is a much appreciated placa
for the weaving loom because of ité air movement, (Fig.1-7). This space leads to the centrai

volume and is practically part of it.

The central volume, which many authors refer to as a courtyard, is the largest room of the
house. It has no window opening onto the outside, (Plate1-15). A square opening is left in the
ceiling, which allows encugh light for the daily activities. In summer, and during the day, it is
covered to prevent the heat and the sun's rays from reaching the inside, but it is opened during
the night to allow the hot air out and the fresh air in. In winter, this hole is closed during the cold
night and opened during the day, thus it is not normally necessary to introduce auxiliary heating.
It is in this central space that almost all the domestic activities take place. It is not furnished
except for the weaving loom, shelves and niches pierced in the walls. Short lengths of wood are
inserted along the walls to be used as hangers, (Plate1-16). A dellou, a sort of bucket made of
goat skin, can be found suspended from a beam in order to cool the water by taking advantage
of the air movement and causing it to be fresher as well. In this central room but to one side, is
the traditional kitchen containing a hearth, small niches for storing matches and small objects.
Opening on the central space and taking advantage of the vertical light, is the "Tisifri" or
women's lounge. It is found in all the old houses and it is there that the female guests are

received away from the sight of men.
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Fig.1-6-b: First-iloor plan of traditional house,
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Fig.1-6-a: Ground-floor plan of traditional house.

a) entrance. b) men's room. ¢) women's room. d) kit

hen. e) room. [} toilets. g) galery.



25

Fig.1-6-c: Section A-A.
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Fig.1-7: Example of a chicane : a - The entrance.
b - The central space.

¢ - The weaving loom.



Plate 1-16 : Inside the central space, the built in shelves and the stairs leading to the first-floor.

Plate1-17 : Terrace on the first floor, with the gallery, the shaft of the central space and the kitchen chimney
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The other rooms opening on the central space do not have a specific function as they can be
used as bedrooms, wardrobe or storage according to need. They all have their walls covered by

carpets to a height of about 1meter in winter and most of the furniture is built in. Old people, for

whom the stairs can be very tiring, have their room on the ground floor.

The toilets are situated away from the central space. The house often has a shower-room. Thz
stairs leading to the first floor are irregular in height and form. The stair case opens under a
gallery where, apart from summer when it is too hot, women cook, do the washing or have tea
with their guests, (Pla;e1—.1 7). In order to avoid overheating the house during the hot season, a -
second hearth is found on the first floor. This gallery is alwayé facing south in order to shade the
rooms behind it from the high sun in summer, and allow the low sun in winter to heat the walls.

More rooms are found on this floor which are used during the winter for their warmth.

Everywhere in the walls, sticks of wood are attached for hanging clothes and utensils. Small
holes enable women to look out to the street without being seen. The flat roofs on the second
floor are accessible to women only. However, it a man has to go there, for repairs for exampie,
he must alert his female neighbours by shouting three times so that they can hide. These upper
flat roofs are used for sleeping during the summer and may be partitioned in as many open air
rooms as needed by the family. They are also used during the whole year for drying differen:

sorts of foods such as fruits, vegetables, meat and home-made pasta.

1-3-1-2 : The palm-plantation housing :

The palm-plantation housing is the second type of traditional origin. Once a shelter for the
worker, it became a summer residence for when the family leaves the main house in the "ksz:"

to the much cooler palm-plantation.

This type of housing is often detached and scattered among gardens, each unit having a
fortified appearance, (Plate1-18). The houses have two levels: the ground floor and the first

floor. As far as the internal organisation is concerned, they are similar to those in the ksar. Tz
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Plate1-18 : Example of the fortress-like palm-plantation housing.

Platel-19 : Detail of construction of a roof covering a street.
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density is very low: 4 houses / ha. The houses are seldom accessible by car. An efficient
network of paths enables people, whether on foot or riding an animal, to circulate everywhere

while constantly shaded by trees.
1-3-1-3 : Importance of the palm-plantation :

The impact of the palm-plantation on the Mzab valley lies in three sectors nameiy: the
economy, the micro-climate and the scenery.

1- The economy: The production of the palm-plantations has been the main rescuice
of the valley for centuries. Nowadays, the exploitation of these plantations according ic moriem
agricultural techniqu‘es is not possible due to their decay. Consequently, the production is not
competitive and has become marginal. Nevertheless, consisting of tall trees, they constiiuis &
moderating screen for the sun's rays and allow three levels of farming: palm trees, fruii i-2cs
and vegetables.

2- The micro-climate: The importance of the green cover is such that it creates an
environment particularly propicious to life in these desert zones. And so the rainfall, althcugh
low, is perceptibly higher in the valley than in the surrounding plateaux. Moreover, the
moderating effect of the plantation, lessens the superheating of the valley due to its tcrogizphy.
Finally, the role of the palm-trees in breaking down the wind velocity and in the proteciion of iz
soils against erosion is not a negligable one.

3- The scenery: Being the only green site in these barren regions, the plantziions are
a fundamental characteristic of the landscape of M'zab. By contrasting with the mocrotonous

surroundings, it brings life to the hostile desert.
1-3-2 : Building techniques :

The characteristic of the architecture of M'zab cannot be explained only by the matericls used,
as none of them implies a unique building technique. On the contrary, many techiigues are
used for each material. The only constraints facing the builders are of a mechanical nature.

Construction is by specialised workers but any one from the community can help or cusiiz
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for them. When the owner does not build by himself, he participates nevertheless in the general
conception of the house, and from the first stage of its realisation to the last, he discusses the
plan with the specialist. He may ask for a wall to be demolished if he feels like medifying the
internal organisation of his house due to new family needs. Every project and every realisation
are the subject of family discussions. The point of view of women is very important, and very
often they seem to be behind the alterations in the house. The man acts as a mediurn between
them and the builder. Buildings were subjected to some genuine rules of urban design. In
particular it should not be possible to overlook one's neighbours. Neither should it be possible to
completely shade him, the sun being, in a manner of speaking, inalienable. Another rule
observed during the building prbcess consist—s in using a lintel instead of an arch in the extreme
opening of the gallery situated on the first floor, to ensure that the forces be transmitted
vertically through the column to the foundations and not diagonally towards the neighbeuring
house, as would happen in the case of an arch. But it should also follow more general rules, of
religious derivation. Nothing in the external appearance of the house should reflect the
differences in fortunes. The rich must not outshine the poor. This absence of ostentation, very
respected until recently, resulted in no house contrasting with the others by its size or its style.

The rich and the poor having similar houses where any decoration was banned.
1-3-3 : Building materials :

Formerly, only local materials were used in construction. Nowadays, the opzning of new roads
has brought to the builders: cement, steel, soft wood, etc. As for the traditional materiais, they
are:

- Stones: Blocks of variable dimensions extracted from the limestone strata are used
without cutting, a rough squaring is done on site just before the layirig. Flat
stones are kept for horizontal adjustments as tiles.

- Sunbaked bricks: Of the size of a concrete block, they are made from the most
argillaceous soils. Wet earth is kneaded and moulded then dried in e sun.

Sometimes, straw is added to give more cohesion.
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- Sand: If argillaceous, it is directly used as mortar. If not, it is mixed with a setting
agent.

-Timchent: It is a sort of traditional plaster, of grey colour, obtained from a hydrated
gypsum. Extracted from the limestone plateau where it lies in horizontal
layers at a depth of 1m approximately, this gypsum is calcinated in kilns.
these are filled with combustible brushwoods and tufts of dry plants, the
pieces of gypsum placed in a vault of 1.5 min thickness over the fire.

After combustion, which takes one day or more, timchent is separated from
the residue of its fabrication, after collapsing as a result of becoming frizhia.

- Plaster: It has a quick setting and is locally produced at about 10 kms from
Ghardaia. Nowadays,vthe use of plaster supplants that of timchent.

- Quicklime: It is very abundant in the region. Prepared in kilns of about 2m height, iis
calcination is similar to that of timchent but requires five to six
times more wood. This makes it uneconomic, the more so as wood is rai
locally available.

-The palm tree: Every part of it is made use of but only after its death. The trunk is cut
longitudinally in four parts which are used as beams, on the top of whichi ihe

palms are laid, (Plate1-19).

1-3-4 : The modern housing :

The new settlement, the concern of this study, "cite du 5 Juillet", is situated about 3Km frcm tiig

traditional centre of Ghardaia, in an area called: Sidi-Abbaz.

The scheme started in the mid-1980s with 400 dwellings. These have three, four or iive
bedrooms including the living-room and are organised around a central semi-public spacz in

clusters of eight, distributed on two superimposed levels of four housing units each.

The urban layout of these clusters is represented in figure(1-8). They give the impression of

being dispersed on the ground, leaving large bare spaces, ranging from 13m to 35m in ..l
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between them. As a consequence, this layout is found to aggravate the eifects of the slightest
air movement in terms of drifting sand, flying dust and whiriwinds. It also creates long
pedestrian paths, reduces the shaded spaces and increases the area of walls exposed to the

sun, (Plate1-20 & 1-21).

The analysed model is a three bedroom house situated on the first-floor. Its plan and section
are represented in figure(1-9). The first impression that is felt iﬁside is the mixing between day
and night living spaces. The kitchen is on the rbedroom side, and the bathroom on that of the
living-room. Moreover, in a climate whére the main source of discomfort is heat, the kitchen is
found to have no door isolating it from the rest of the house. Thié would cenaiﬁly have the most
pernicious effect on indoor environment, especially when considering the lenghty cooking
process. There are other conceptual or constructional incongruaties between house-design and
climate. For example, use of a single bitumen layer for watertightness on the outer surface of
the roof, results in 90% of the solar radiation being absorbed. A second example is that of thie
bad positioning of openings in the rooms, which results in a reduction of the effectiveness of

night ventilation for cooling the structure.

In a general manner, it can be said that this is a typical example of houses being designed from
outside for a different culture, at a different latitude. Despite all the attempts to adapt them, they
have never been adopted by the locals, either for their cultural incompatibility or their
unsuitability to the climate. If the cultural or social aspect of the problem exceeds the limits oi

this study, that of the climate however, forms the essence of it.

Therefore, for a better understanding of the role of climate in the design process, the fcllowing
chapter will be concentrating on the detailed analysis of each of the climatic elements

characterising the region.
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Platel-20 : Modern flat type housing. No shutters and no accessible terraces

Platel-21 :Large distances between clusters, deserted parking area and sand-covered streets



Void over I
ground-floor ' :
courtyard COUf’tyard

Living-rcom |,

_ Kitchen . Room' -

Room

Bath-room

lfm
ki

NENREEN
LT

l

Fig.1-9-a: Plan of modern house, first floor type. Analysed model.
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Fig.1-9-b: Plan of modern house, ground floor type.
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CHAPTER 2 : THE CLIMATE
2-1 : Introduction :

Algeria has four major climatic zones: firstly, the ittoral or coast-line including the north versant
of the coastal mountains; secondly, the valleys between the coastal mountains and the Telli
Atlas; thirdly, the high plateaux lying between the Telli Atlas and the Saharan Atlas; and finally

the Sahara Desert.

The four corresponding types of climates are respectively: the Mediterranean marine, the

Mediterranean mountainous, the Mediterranean continental and lastly the hot dry climate.

This chapter deals with the climate of the fourth zone only, i.e., the hot dry, the first three ones
having no influence on the subject of this study.
Apart from their meteorological importance, each of the climatic elements will be discussed as

regards its influence on human comfort.
2-2 : The hot dry climate :
2-2-1 : History of the climatic observations in the Sahara :

The first regular daily observations started in May 1845 in Biskra, then in Laghouat in August
1864. The weather station of Ghardaia was created in 1883, followed by Ouargla in 1884,

Touggourt in 1891 and E! Golea in 1892.

The meteorological information collected in the Sahara has been the subject of many general
studies on the climate of the region. The first one was that of A. Angot "Etude sur le climat de
I'Algerie” in 1881. In 1896, A. Thevenet studied, in his "Essai de climatologie algerienne”, the
data collected in the northern Sahara until 1894. Later, in 1929, A. Lasserre gave and

commented on the means obtained until 1928 in his "Apercu meteorologique des Territoires du
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sud de I'Algerie”. Then came, in October 1943, "Les moyennes meteorologiques du Sahara
algerien pour la periode 1925-1939", published by J. Lauriel and J. Dubief. In 1946, P. Seltzer
published the calculated means for the. period 1913 to 1938 concerning the northern Algerian

Sahara in his "Climat de I'Algerie”. Finally, in 1959, J. Dubiet' published "Le climat du Sahara."
2-2-2 : Climatic elements analysis :

In this section, the climatic elements of importance to human comfort and buiiding design in the
M'zab valley,; will be analysed in detail. Taking Ghardaia (32° 23' N, 03° 49' E, +450m) as an

example.
2-2-2-1 : Airtemperature :

Winter temperatures can be comfortable during the day but are chilly at night. During summer
days, temperatures are consistently high, whereas night temperatures may fall low enough to

be just tolerable, (Fig.2-1-a & 2-1-b).

The monthly mean in January is 10.58°C, the daily range being 9.83°C, (Table2-1). The
extreme monthly maximum lies between 23.5°C and 25.5°C, and the extreme monthly minimum
can reach the class -0.5°C to -2.5°C. The monthly mean in July, is 33.11°C, with a higher daily
range of 12.84°C. The extreme monthly maximum and minimum lie between 45.5°C and
47.5°C for the former, and 17.5°C and 19.5°C for the latter. The yearly range of the mean

temperature fluctuation is 22.53°C.

During the day the clear, cloudless sky combined with the meagre vegetation cover, results in
high day temperatures by allowing an abundance of solar energy to reach the barren surface
which becomes intensely heated. But likewise, the absence of clouds allows a rapid loss of heat
by radiation to the sky at night, thus rapidly reducing its temperature according to a physical law

which says that the higher the temperature of a body, the more rapid is its loss of energy by
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Table 2-1 : Monthly mean temperatures.

Month

January
February
March
April

May

June

July
August
September
October
November
December

Yearly

OH

08.15
10.51
13.27
17.01
21.19
26.87
29.95
29.23
25.21
18.46
12.26
09.13

18.44

3H

07.01
09.91
11.58
15.00
18.99
24.50
27.54
27.00
23.29
16.86
11.02
08.09

16.67

Time

6H

06.22
08.27
10.34
13.80
18.20
23.78
26.41
25.63
21.97
15.75
10.28
07.34

15.67

9H

09.69
12.15
15.52
19.28
23.68
29.50
33.03
32.09
27.53
21.17
14.83
11.21

20.81
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of
12H

14.67
16.85
19.74
23.36
27.77
33.99
37.47
36.55
31.87
25.14
19.05
16.08

25.21

day
15H

16.05
18.47
21.44
25.28
29.65
35.99
39.25
38.41
33.47
26.48
20.13
17.26

26.82

18H

12.98
16.16
19.71
24.04
28.50
35.04
38.15
37.02
31.55
23.76
16.86

13.59°

24.78

21H

09.85
12.59
15.71
19.72
2415
30.08
33.07
32.17
27.43
20.22
13.85
10.68

20.79

Mean

10.58
13.02
15.91
19.69
24.02
29.97
33.11
32.26
27.79
20.98
14.79

"11.67

21.15
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radiation. This explains why heat is not only acquired quickly, but lost very fast as well. Thus,

resulting in large daily ranges.

As far as human comiort is concerned, high daily ranges may lead to additional discomfort
since not only are day temperatures too hot, but also night temperatures, although they do not
drop very low, may seem cool. As a consequence of which, changes in dress and rapid
adaptation to the change in temperature are necessary to maintain comfort. However this is not
always possible, especially in the case of the latter. Indeed the daily temperature fluctuation in
summer corresponds in magnitude to seasonal differentials. For exémple, thé mean daily range
in July of 12.84°C is approximately equal to theA variation in the monthly mean temperature

between July and April or July and October, (Table2-1).
2-2-2-2 : Precipitation :

Precipitation consists mainly of rain, though very rare and irregular. But snow is by no means
unknown to the region even though its rate of occurance is once in every ten years.

The yearly mean calculated over the period 1975-84 is 69.1mm, the driest year being 1983 with
10.7mm and the wettest, with 147mm, was 1980. But since years may pass with absolute
drought, means have little meaning in describing the climatic conditions, (Table2-2). The
average number of rainy days in a year is 12. It may happen that one day in winter receives the
equivalent amount of rain of a whole month, as occasional violent flash storms may suddenly
break and last only for a few moments. Examples of such a situation where the daily amount of

rain represents that of a month are September, 1975 or May, 1984, (Table2-3).

The consequences of such rains are well known: torrential rains flowing on ravined grounds,
which do not have enough time to absorb all the water despite a good permeability, thus
causing ground erosion. But over the ten years period of observation, the daily quantity of rain

has never exceeded 50mm, (Table2-3).
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During the summer months, rain may evaporate before reaching the ground, which gives an

idea of the dryness of the air, (Fig.2-2).
2-2-2-3 : Humidity :

Although the humidity of the air does not directly affect the load operating on the body, it still
plays a very important role in hot climates since it determines the evaporative capacity of the air

and hence the cooling efficiency of sweating.

There are many ways of expressing the humidity level of the air: relative humidity, absoclute
humidity, specific humidity and vapour pressure. A definition of each one of these expressions
is given here, as confusion resulting from the use of similar terms may lead o a

misunderstanding of their respective roles.

Relative humidity is the ratio of the actual vapour pressure of the air at any temperature, to its
saturated vapour pressure at that temperature expressed as a percentage. Absolute humidity is
defined as the weight of water vapour per unit volume of the air (g/m3), whereas the specific
humidity or mixing ratio is defined as the weight of the water vapour per unit mass of dry air
(g/kg). Finally, the vapour pressure of the air is the part of the whole atmospheric pressure that

is due to the water vapour (mb).

Vapour pressure is most convenient when expressing the evaporative capacity of the air, for the
latter is determined by the difference between the vapour pressures at the skin and the ambient

air.

In the case of Ghardaia, the humidity level is very low, with a yearly mean of 41.32% relative
humidity. The lowest relative humidity occurs in July, with a monthly mean of 24.24%. And the
most humid month is January, where the monthly mean attains 55.81%, (Fig.2-3-a & 2-3-0).

From these histograms it can be seen that the daily fluctuation follows the same pattern for the
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