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ABSTRACT 

In an attempt to design and plan any particular environment, the historical 

background and the climatic elements of that area must be put into consideration. In 

this aspect, the culture and mode of living of the people and that climatic elements, 

such as rainfall, wind, temperature should be studied. This study helps the Architect 

and the planner to design and plan a house that will suit the environment. 

It is axiomatic that buildings cannot fill empty stomach, but they can do much 

to provide a means of creating ambient environment for physical, mental and spiritual 

comfort. In order to solve this problem, I have proposed that the physiological and 

psychological comfort of the people must be taken into consideration and therefore 

factors such as the size, propOltion, character and surroundings of rooms, the colour 

scheme and even the views from windows, extreme heat, dryness, nuisance of flies, 

sand and dust storms which have great effect on the inhabitants should be 

incorporated into the Architectural design and planning processes. 
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DEFINITION OF TERMS 

ENVIRONMENT 

Means and include the complex, totality of man's surroundings which cover the 

biogeophysical components (e.g. land, water, air, plant, animals etc) 

AMBIENT 

Mean the temperature and pressure of the immediate environment. 

VENTILATION 

To allow fresh air into a room, building or fenestration, either through Natural 

means or artificial means. (ie Air-conditioning etc.) 

ARCHITECT 

Someone who is a professional in designing building. 

PLANNER 

Someone who plans something, especially someone whose job is to plan the way 

towns grow and develop. 

COURTYARD 

An open space introduced in design to enhance ventilation within a confined 

allocated space. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 BACKGROUND TO THE RESEARCH 

Kano, because of the peculiar nature of its climate, inspired me to 

choose this topic. After my experience there as a layman and now as an 

Architect, I decided to undertake the study on how planning and design of 

external spaces can help to achieve physical comfort in the environment. 

To plan and design for an environment, it is paramount to study the 

climate and the historical background of the people. The nature of the 

climate has a great influence on the mode of living of the people and 

therefore this factor should be considered at the planning and design stages. 

For example, in Kano where rainfall is seasonal and scanty, where 

vegetation is sparse and where harmattan winds are severe, you find people 

living in clusters. This type of settlement as is the case in Kano City helps 

to combat the effect of dust and sandstorms during the dry season. Chapter 

One deals exclusively with the historical background and the climatic 

elements. 

Human beings form one of the Chief resources in developing regions. 

Apart from building for industry and commerce, the one areas of 

responsibility of an architect, builder, or planner lies in satisfying the needs., 



physiological, psychological and sociological of the people who are to be 

employed in the actual work of developing these regions and for whose 

benefit the development is being carried out. Chapter Three which deals 

with human comfort takes care of this topic. 

It is not just enough to understand the needs of the people but also to 

study the climate and the way it affects materials and structures. This, and 

many other associated problems, fonTI the basis of Chapters Three and Four. 

Because of the hot dry nature of Kano, it is important to know the 

problems posed to building materials and techniques which in reality 

require attention from the construction industry. Chapter Six discusses 

these problems and other problems experienced by the industry. 

1.2 STATEMENT OF PROBLEMS 

We have seen that in order to be able to plan and design any 

particular environment properly, the historical background and the climatic 

elements of that area must be known and well studied. In this aspect, the 

culture and mode of living of the people and that climatic elements such as 

rainfall, wind, temperature should be studied. This study helps the architect 

and the planner to design and plan a building that will suit and conform to 

the environment. 
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However, to provide an acceptable environment without air­

conditioning in places like the Savannah arid region of Nigeria (e.g Kano), a 

designer must be primarily concerned with controlling the Micro climate or 

the climate within the space enclosed by a structural shell; so, when 

designing, the orientation of the building as regards the solar radiation, I 

discovered that to arrest the situation, the walls of the building must be 

thick, bedrooms and living rooms should not be placed on the east-west 

directions. 

Summarily, great effect on the inhabitants should be incorporated in 

the design proper, so as to achieve a precise and excellent planning and 

design processes which defines the comfort of the inhabitants in relation to 

the environment. 

1.3 JUSTIFICATION 

Looking at the theme from a professional perspective, the effect of 

climate in Architectural design and planning with a view of achieving 

physical comfort in our environment can be best justified under the 

following explanations:-

The responsibility of the designer in planning the available 

spaces, taking care of constrains like, size of plot, clients brief 

and so on 
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The relationship of the design and the immediate environment, 

noting elements like ventilation, orientation in relation to the 

Micro climate of the environment. 

However, the Bottom line of any well designed building is to 

achieve maximum comfort for the occupant relating issues like 

solar radiation, temperature, wind direction, rainfall dust and 

sand storms etc. 

There is absolute need for the designer to study such environment 

viz-a-viz the design principles and always bear in mind the comfort of the 

occupants of such building. 

1.4 AIMS AND OBJECTIVES OF THE STUDY 

The aim of the study is to ascertain that Architectural Design and 

planner are done with foremost view of achieving physical comfort in our 

environment. 

The objectives include the following:-

(a) Relate the Architectural Design with the environment 

(b) Consider the Micro-climate of the environment in the design 

analysis. 

(c) Acquaint and study the effect of climatic elements such as 

wind, rainfall, temperature etc. on the building. 
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(d) Provide an acceptable environment without artificial 

ventilation (comfort) like air conditioning systems/facilities. 

( e) Provide a means of creating ambient environment for physical; 

mental and spiritual comfort. 

(t) Great effects, problems and constrains of inhabitants must be 

incorporated into the planning and design processes as a means 

of achieving physical comfort in the environment. 

1.5 SCOPE AND LIMITATION OF THE STUDY 

This study covered the effect of climate in Architectural Design and 

planning with the view of achieving physical comfort in our environment. 

Therefore, the scope of this study is unlimited to a specific period 

only but should be imbibe as a law, tradition and conditions of achieving 

human comfort in our buildings and environment. 

Inadequate resources, poverty and unaffordability has limited the 

study to an examination of problems since most Nigerians cannot afford 

building a descent building not to even say of their ability in consulting an 

architect to design a building that would be affordable, accommodating and 

achieve maximum comfort of professional involvement in the design and 

planning processes. 
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CHAPTER TWO 

HISTORICAL BACKGROUND AND CLIMATIC ELEMENTS: 

Kano by the 1990 census was the largest city of the Sudan region and 

the fourth largest city in Nigeria, with an area of 67843 hactres, and a 

population of about 2.5million and the surrounding scattered hamlets have a 

population of 1.260,000. 

Kano can boast of playing a long traditional role as trading centre for 

Northern Africa. Its origin started with a small settlement around Dala hill 

in the 10th century and later gained importance after the construction of the 

city walls in the 12th century and especially after the establishment of the 

city market on its present site in the 15th century. 

Kano spatial development was confined to the walled in area until the 

arrival of the British. The establishment of the British administration in 

1903 and the construction of railway from Lagos in 1912 introduced a new 

focus outside and to the east of the walled city. Commercial development 

concentrated in township and the residential area; Sabon Gari for Southern 

Nigerians, with Sabon Gari mark slowly shifting economic activities from 

the old city to the areas east of the city walls during the following years. 

Residential development followed and continued to the east with spatially 

separated areas for different ethnic groups. The main direction has been to 
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the east; only in recent years occurred a trend for further development in 

southernly directions. 

Kano's main characteristics is its compact physical development 

until today, mainly caused by ethnic segregation. This desire hoods, results 

in inner growth and increase in density. 

However, as densities have reached its upper limits in many areas, 

there is growing need for development of new residential areas which could 

induce people to move out from high density areas to low density areas to 

avoid future increase in density which if unchecked could result in some 

physical hazard. 

CLIMATIC ELEMENTS 

TOPOGRAPHY: 

Metropolitan Kano is situated on an altitude of 450,500m above sea­

level and is bounded on the north by river Taskman, on the west by river 

Wateri and on the south by river Challau, non of which has permanent water 

flow. The area has a vegetation that gives a park-like appearance. The 

plains are broken here and there by weathering processes and also by the 

wet season rains. Dala and Goron Dutse hills are the two prominent hills 

which are about 3 Om and 40m high respectively over the surrounding area. 
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VEGETATION 

The vegetation of Kano is similar to that of Savannah region. This 

vegetation is typical to places where the total annual rainfall is between 65 

and 100 cm and the relative humidity is constantly below 40%. Here, the 

dominant vegetation is grass with scattered trees. 

NATURE OF SOIL 

The soil of Kano is the typical sandy loamy type of fine grain which 

allows an immediate drains and does not easily become water log. It is not 

subject to marked expansion and contract in volume unlike clay soil area, 

therefore settlement of a built structure is minimal. 

CLIMATE 

The climate ofKano is typical of the Northern Nigeria Climate. Kano 

is one of the areas in the North where the effect of the tropical continental 

air mass Is felt most. The climate of Kano is mostly influence by the 

following factors. 

TEMPERATURE 

Extreme values in temperature occur during the dry season which can 

range from a low 13°C in January to a high 40°C in April. More moderate 

temperature value but couples with high humidity occurs during the wet 

season. 
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WIND CURRENT 

The wind current accuses two climatic seasons namely dry and wet 

seasons. The dry season (October - April) Is characterised by the tropical 

dry continental Sahara wind (harmattan from North - east). The wind are 

dust laden. 

The wet season (May - September) is characterised by South 

Westernly maritime wind which carry warm and humid air. 

RAINFALL 

The mean annual rainfall amounts to 862mm and occurs mainly 

between May and September with a peak in August. There is hardly any 

rainfall from November to February. 
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CHAPTER THREE 

HUMAN COMFORT 

The environment of hot dry lands presents problems to those who live 

and work with them, Temperature are usually high by day, and often at 

night, with low humidity, dry and dust - laden winds. Vegetation is sparse, 

the socio-economic are poor, and local resources are limited. 

The solution to the socio -economic problems in which the harsh 

climate an important role lies in the hand of the policy marks, but they are 

often influenced by circumstances beyond their control - circumstances such 

as the state of the international market for goods and the absence of political 

stability in adjoining areas. 

It is axiomatic that building can not fill empty stomachs, but they can 

do more to provide a means of creating ambient environment for physical, 

mental, and spiritual comfort. I shall therefore briefly examine some of the 

man needs of people in hot dry environments with special reference to Kano 

climate so as to arrive at valid basis for planning, design, and construction. 

PHYSIOLOGICAL COMFORT 

Physiological, uncomfortable condition in arid climates are mainly 

caused by the extreme heat and dryness and to a lesser extent, by the 

nuisance of files, sand, and dust storms. 
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Any study of the requirement of physiological comfort in hot dry 

environments loses the basic question, what constitutes comfort? 

Mactarlane and others have defined comfort as constitutes comfort? 

Mactarlane and others have defined comfort as certain thermal conditions in 

which over 50 percent of the people are unaware of their climatic 

environment that is, they do not feel the need to adjust to it. 

Human thermal comfort is usually found when the mean skin temp. is 

maintained by various means below 930f (33.90c) and above 88 of (31.10c). 

In Kano a person is comfortable when his body is able to dissipate to 

the sUlToundings all the heat it receives, including hot lost by evaporation 

from the skin and from the respiratory system. In a building, the heat loss 

from the body to the SUlTounding is mainly related to the air temp, mean 

radiant temp,. Humidity and air movement, and to a person's clothing, 

physical activities, and state of health. If some or all of these factors are 

combined in such a way as to make it difficult for the body to dissipate heat, 

then the equilibrium necessary for physical comfort is upset, and there is a 

gradual increase in the tissue temperature until a state of discomfort is 

reached, which affects work output and efficiency and in extreme cases 

cause heat stroke or intense fatigue. For example, movement of air reduces 

the effect humidity, and radiation may increase the air temperature. 
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The human body is able to lose heat to its surroundings by 

convection, by evaporation, and by radiation. Loss of heat by convection 

and radiation can take place only when the air and surrounding are at less 

temperature. Loss by evaporation depends upon the relative humidity of 

the surrounding air and the rate of air movement. Air movement will assist 

in cooling the body only when the air temperature is less than that of the 

skin and the relative humidity of the atmosphere is not very high. 

Consequently, up to a point beyond which heat alone becomes a factor of 

discomfort, hot dry air tends to be more comfortable than hot humid air. 

Apart from the problems of physiological comfort generated by 

adverse climate, by far the most significant irritant in arid lands is air 

pollution by dust and sand. 

The presence of dust and sand particles in the atmosphere is a hazard 

to human health and they also possess a considerable nuisance value which 

is most obvious to the people who live in these regions. Apart from the dust 

storms which periodically limit visibility, particles-polluted air causes 

discomfort and irritation to the eyes, nose and throat, and it also has a 

demoralizing effect on people, pa11icularly on the housewife. Her domestic 

work is considerably increased by extra cleaning and washing, and 

household equipment and mechanical fixtures require more frequent and 

often costly repairs. 
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PSYCHOLOGICAL COMFORT 

Here, it is paramount to point out that a comfortable body is no 

guarantee of a comfortable mind. The design and construction industry 

should therefore take equally careful account of the factors affecting 

psychological comfort. 

Stimulation is received through sensory receptors and through the 

action of the different nervous pathway, leading to either stimulation or 

inhibition of the nervous activity thus affecting the emotional state of the 

individual. Factors such as the size, proportion, character and surroundings 

of rooms, the colour scheme, and even the views from windows have a great 

psychological effect. There is the combined effect of the sun, fresh air, and 

greenery which impinge on man's higher nervous activity, providing 

favourable sense impressions during periods of physical activity and rest. 

The psychological effect of colour is well known, and various colour 

standards have been established which are based on ability to soothe, 

stimulate, cause visual fatigue and/or promote increased physical activity. 

White and various shades of colours commonly found in nature, such as 

yellow and green, extert a soothing influence of the visual system by 

reducing eye fatigue and enhancing the strength of chromatic vision. 

The proportions of habitable areas such as rooms and courtyard also 

possess psychological significance. Courtyard walls must be proportionate 
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in width and height to the area of the ground they enclose, and the height of 

a ceiling needs to be related to the floor area of the room. A room with a 

low ceiling appears to be larger than one of the same size with a higher 

ceiling, but the cramped space of the former can take away the feeling of 

relaxation and rest and could well exert an unfavourable psychological 

influence. 

In Kano city I discovered that the houses are virtually similar in 

design and therefore possess monotonous environment. From experiment it 

has been found that monotony is the main source of boredom and boredom 

also increases the rate of juvenile delinquence, which in Kano has reached 

serious propOltions. This point to the need for provision of an environment 

that supplies perceptual stimulation - aural, visual, and tactile. Building can 

help to provide much of this stimulation by aiming at an architectural and 

aesthetic standard which avoids monotony and ensures diversity in the 

surroundings. If these aims can be achieved they will be reflected in the 

fostering of a community spirit possessing civic pride, integration, and the 

sense of enjoyment. 
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CHAPTER FOUR 

DESIGN CONSIDERATIONS 

To provide an acceptable environment without air- conditioning in 

place like Kano, a designer must be primarily concerned with controlling 

the micro- climate or the climate within the space enclosed by a structural 

shell. This mean dealing with such environmental factors as temperature, 

humidity, rate of air movement, and radiation from walls, floors, ceiling and 

other surrounding surfaces, all of which have an effect on human comfort. 

ORIENTATION 

The orientation of a room is the direction facing by its external 

elevations. The problem of building orientation is one related primarily to 

long blocks, where the rows of rooms share either one or two common 

external walls. The orientation of such a building is the direction faced by 

these facades, i.e The direction perpendicular to the axis of the block. In a 

square, or almost square, apartment or house, each of the rooms has a 

different orientation and the orientation of the whole building should as far 

as possible be in accordance with the different requirement for these rooms. 

The choice of orientation is subject to many considerations, including 

the view in different directions, the position of the building in relation to 

roads nearby, the topography of the site, the location of sources of noise, 

and the nature of the climate. This last is the aspect with which this study is 
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mainly concerned. 

Building orientation affects the indoor climate in two respects, by 

regulation of the influence of two distinct climatic factors. 

(a) Solar radiation its heating effect on walls and rooms facing 

different direction. 

(b) Ventilation problems associated with the relation between the 

direction of the prevailing winds and the orientation of the 

building. 

In humid regions, in order to achieve physiological comfort, 

orientation is more important with respect to winds than in relation to the 

patterns of solar irradiation. But in areas (e .g Kano) where ambient 

temperature has greater physiological influence than ventilation (e.g. where 

the humidity is low), orientation with respect to the sun is an important 

consideration for human comfort. Under these circumstances a north- south 

orientation of the main facades is preferable to one east-west. 

As has been stated before that when dealing with a building nearly 

square on its plan, the term orientation is applicable in effect not the 

building as a whole but to its different rooms. In every case, the relative 

advantages and disadvantages of a given orientations for each the 

individual/rooms in the apartment, e.g. Living room, bedroom, children's 

room, etc., having to be weighted. In most cases there are specific 
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considerations for various rooms. For example, sun is required more in the 

morning in bedrooms and children's room, for bathroom and w.e.s. the 

leeward side of the building is more desirable. 

STRUCTURE 

With radiation of heat from the surroundings minimized, it remains 

for the structure itself to reduce heat gained from conduction. The process 

of conduction can occur through any material and is the only method of 

heat transfer through solid substance which is opaque to radiation. 

In order to elude heat, it is essential to have some knowledge of the 

properties of building materials, particularly in relation to temperature 

variations and heat flow. The extent of heat gain through conduction can be 

controlled by the appropriate selection of materials, which is made possible 

by assessing the performance of the various materials in terms of their 

insulation value 

(K-value) or their overall thermal transmittance (U-value). The lower the 

U-value the insulation effect. But the amount of heat transferred through 

the building fabric under the periodic heat-flow cycle not only depends 

upon the type of insulation but also on its heat-storage capacity. The larger 

the heat-storage value, the slower the temperature change that is propagated 

through the material. 

Dense or heavy-weight materials such as mud-brick, and stone have a 
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very high heat storage capacity. They take a considerable time to heat up, 

once heated take a long time to cool down again (depending, of course upon 

the temperature differential existing in particular circumstances). Such 

materials, with their high heat-storage in hot dry regions, where they take a 

long time to absorb most of the heat received during the day before it is 

passed on to the inside surfaces. Thus their use ensures a cool interior. For 

multi-storey buildings where weight critically effects the design of the 

structure and the cost, a judicious combination of insulation and heavy­

weight materials or hollow and perforated masonry construction can be 

tried with considerable profit. 

To understand the effect of structure on indoor climate it is necessary 

to study the various main components of a building, namely the walls, 

windows, roofs, ceilings, and floors. 

WALLS: 

The function of the wall is to control and regulate the passage of heat, 

light, air, and sound inwards, or both ways. In order to successfully perfonn 

its function to maintain comfortable indoor conditions, the wall is further 

divided into sections consisting of opaque panels, glassed areas (windows) 

and doors, as well as permanent or controllable vents for the passage of air. 

The major function of the walls of buildings in hot dry lands is to withstand 

the onslaught of solar radiation and high day time outdoor temperatures, and 
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to control the inward flow of both heat and hot air for most of the day 

during the dry season (harmattan). 

Provided the openings, in the form of windows and doors, are 

carefully designed and located, the insulation value and heat storage 

capacity of opaque material wall panels is considerable. 

From tests carried out, it was found that heavy-weight construction 

would have a greater influence in reducing daily indoor temperature 

variations than light-weight construction. The overall heat transmission co­

efficient and time-lag data for common building materials show that heavy 

and massive constructions generally offer fairly good V-values and greater 

time-lag, and able to absorb large quantities of heat without a marked rise in 

temp hence their controlling influence. As a result, in hot dry regions a 

properly designed massive building can be relatively cool during the 

daytime. 

If the selection of materials is depended on their heat-storage capacity 

and consequent time-lag, then the question arises as to what is the most 

appropriate time-lag for a building. This would obviously depend upon the 

type of use the building is likely to have. For rooms to be occupied during 

the day, a time-lag of the order of8 to 10 hours will be required; for night­

time living areas the time should be short so that they may cool off quickly 

at night. 
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Other significant ways in which heat capacity affects the rise or 

indoor temp is the mass of internal elements such as partitions, furniture, 

and furnishings, which may receive direct radiant energy to the rays of the 

sun coming through unshaded windows. The radiant interchange at the 

indoor surfaces of the various building components could also be affected 

by the internal masses. 

GLASS 

The primary function of a window is to admit light and provide 

ventilation and view while limiting the entry of undesirable elements of the 

out-door envirorunent. A special function of a window in hot dry lands, 

where the dry season heat is the main source of discomfort, is to admit light 

without admitting direct sunshine. It should also exclude hot, dry, and dusty 

winds. Glass has little insulation value and heat will flow through it 

whenever there is a temp gradient from one side to the other. This is a good 

case for limiting the size of glazing, but too much reduction is likely to 

conflict with the needs for natural light inside the building. For conditions 

in hot dry lands, the Building Research Station in the United Kingdom 

suggests that a minimum glass area as low as one-sixteenth of the floor area 

of the room to be lit should be adequate for normal residential buildings. 

By incorporating certain iron compounds during manufacture, glass 

can be made to absorb some of the short-wave energy falling on it, thus 
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reducing the incoming radiation intensity. The range of heat-absorbent 

glasses available in the market is wide and they transmit anything between 

10 and 70 percent of the incoming solar heat. Most of them are limited in 

their effectiveness because their own temperature is raised, which in turn 

causes an increase in the heat convected and re-radiated into the room. The 

total heat flow is, however, much less (about 50 percent) than that through 

the regular plate glass. 

Better effectiveness can be obtained, however, if the glass is used 

independently of the structure itself and set away from the wall in a free­

standing position. These observations seem to indicate that, apart from 

minimum use of glass, there is also a need to provide effective shading 

devices. I shall later in this chapter discuss how we can use canopies to 

minimise heat radiation through the building fabric into the interior of the 

building. An alternative way to reduce solar energy entering the building is 

to use heat-absorbent glass in conjunction with regular plate as a form of 

double glazing. The reduction in total heat transfer from sunlit single 

glazing to nonnal heat-absorbent glass if it replaces regular plate glass, is 

about 25 percent. Hence the efficiency of the heat-absorbing lass when 

used above is rather limited. If double glazing is used, the reduction is 

about 45 percent. The inner pave of regular plate is not only a protection 

from the layer of warm air immediately behind the outer one, but it also acts 
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as a radiation filter to the long-wave energy emitted by heat-absorbent glass. 

If the space in between double glazing can be freely ventilated so as to 

remove the warm air as quickly as possible, the efficiency of the window 

can be even further increased. 

Another method of reduction of heat transfer and the entry of solar 

radiation through glass is by using the reflection principle. Heat-reflecting 

glass is obtained by depositing fine semi-transparent metallic coatings on 

the surface of glass during manufacture, or by application of reflecting films 

to ordinary clear to ordinary clear glass. 

GLARE: 

Apart from high temperatures, large glazed window areas also create 

problems of glare. Large windows make it possible to see a great part of 

sky from most parts of the room, and since Sky brightness is much higher 

than the brightness within the room, the human eye requires considerable 

effort to adjust from one to the other. The simplest way to control Sky glare 

is by reduction of window size, though it limits the entry of light, it does not 

necessary solve the glare problem in all cases. 

Le Corbusier once partially solved this glare problem by providing a 

small opening outside and a wide one inside so that not only the bearest 

minimum opening is shown, but also it helps to disperse light around the 

edges of the inside opening. Another method successfully used by Le 
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Corbusier provides long, vertical floor-to-ceiling slit windows located 

towards the end of the walls. Although the amount of light entering the 

building is considerably reduced, this method achieves a deeper penetration 

of light inside the rooms, the walls of which are literally bathed in the 

reflected glow, which avoids the contrast usually responsible for glare. 

Architect Louis 1. Kahn during this research work on glare came to 

the realization that every window should have a free wall to face. This wall, 

receiving the light of day, would have a bold opening to the Sky. The glare 

is modified by the lighted wall and the view is not shut off. 

SHADING DEVICES: 

When shading devices are applied in combination with the glass they 

can modify the thermal effect of windows to a very great extent. Another 

way of controlling the thermal effect of windows is by the use of special 

glasses or glass treatments, as discussed previously. 

Shading devices can be applied either externally, internally or 

between double glazing. They may be fixed, adjustable or retractable and of 

a variety of architectural shapes and geometrical configurations. Internal 

shading devices include venetian blinds, roller blinds, curtains, etc. Usually 

they are retractable, i.e. can be lifted, rolled or drawn back from the 

window, but some are only adjustable in their angle. External shading 

devices include shutters, ownings, overhangs and a variety of louvres: 
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Vertical, horizontal and a combination of both (eggcrate). Shading between 

double glazing includes venetian blinds, pleated paper and roller shades. 

They are adjustable or retractable from the inside. 

When discussing with Architect Ella, one of the Principal Partners of 

Ella, Waziri Associate, he pointed out that almost all the houses in Kano 

City are without over hangs. This has in no small measure contributed to 

the constant harassment of solar heat on the inhabitants. Even in Sabon 

Gari, where there are a lot of modern houses, overhangs are not adequately 

incorporated into design. In Kano, according Architect Ella, the problem is 

Solar radiation rather than ventilation. It is therefore pertinent to design the 

building with deep overhang to protect the walls from Solar radiation rather 

than having large openings to receive hot dry winds which effect the 

physiological comfort of the occupants. 

The perfonnance of external devices is further improved if they are 

white or light in colour. Once the sunlight is excluded the ground and 

surrounding buildings are the main source of reflected light and radiant 

heat. This can only be countered by grass and vegetation cover, which 

helps create shade in the immediate vicinity of buildings. 

ROOF AND CEILINGS 

Because of its orientation and comparatively large area, the roof can 

be a major source of heat gain in a building. Intense solar radiation 
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generates considerable heat during the day and, after transmission, raises the 

temperature of under-roof surfaces. The main effect of this is that the 

temperature of the ceiling surface is raised which in turn, radiates heat to the 

other surfaces and occupants and thus accentuates bodily discomfort. 

There are many ways by which heat flow can be reduced, but most 

important of these include reduction of absorption of these Solar radiation at 

roof surface, thereby decreasing its temp gradient in the roof structure, and 

by incorporating materials of low thermal conductivity in the roof, thus 

minimising the inward flow of heat. 

The use of white or light colours on the upper surface to reflect heat 

is a wall-known method of improving the performance of roofs. White is 

the most effective colour for limiting the temperature of a roof surface, 

although its absorptivity for solar radiation is slightly higher than that of 

bright metal. 

The good thermal resistance of reflective insulation is due not only to 

its high reflectivity of its indoor facing surfaces. Probably the greatest 

advantage of the white coloured surfaces is evidenced at night when their 

high emissivity enables them to cool far more rapidly than a corresponding 

shiny surface. 

A major drawback of white paints and light-coloured finishes such as 

whitewashes is that they do not retain their reflective or low absorptive 

26 



abilities as when they are new. For instance it has been found that the 

absorptivity of asbestos cement roofing is 0.5 when new and 0.7 after 

twelve months exposure. In hot dry lands ever-present dust in the 

atmosphere greatly contributes to the dulling of reflective surfaces. This 

means frequent painting to maintain reflectivity, an uneconomical 

proposition. Another disadvantage of light colours on a sheeted pitch roof 

is that they can create a glare problem in the vicinity. 

Massive and heavy-weight roofs are usually flat and are particularly 

useful for buildings such as offices or schools which are not used during the 

night. Owing to its high heat-storage capacity and thermal resistance this 

type of roof introduces a time-lag and a diminution in the rate of heat 

transfer, so that after sunset it takes a considerable time to cool down. The 

extent of the time-lag depends upon the thickness of the slab. The table 

below indicates that the time-lag between the upper and lower surface 

temperatures for a 5.1 cm concrete slab is 1 hour 25 minutes and for a 20.3 

slab 6 hours, but in the case of a 20.3cm hollow tiles the time-lag is only 5 

hours. To increase this time-lag flat roofs are often provided with extra 

layers of light-weight insulating materials. 

A traditional method commonly used in the Middle East is to cover 

the slab with a layer of earth, a material with a considerable capacity for 

heat storage, 1 O.2cm of mud when used on a 102cm thick concrete slab can 
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reduce the ceiling temperatures by lO.oC. There are further possibilities 

where grass or some other form of vegetations may be grown on the roof. 

Apart from cooling the air above the roof, the roots of such growth preserve 

a certain amount of moisture which not only helps to keep the temperature 

down but also prolongs the life of the concrete by minimizing cracking in 

extreme temperature variations. 

The use of a double roof systems with an air space between appears to 

be the most effective means to reduce the heat load. The reason offered is 

that the upper layer of the roof has a reflective surface which throws off a 

high proportion of the sun's heat. The hot air which might accumulate 

between the upper and lower levels is allowed to escape at the open ends, a 

process which is often helped by the air flow. This system is used in a 

number of buildings in West Africa, particularly those in the University 

College at Ibadan. It has been discovered that ventilating the air space 

alone cannot solve the problem of heat transmission since convection plays 

a subordinate role. Therefore, for the double roof system to effectively 

achieve the desired result, it has to be insulated so as to contain the heat 

being emitted by the roof members. 

ROOF SPRAYS: 

Evaporative cooling may be used to prevent heating of the roof, using 

either stationary water ponds above the roof, or by spraying. Sutton reports 
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experiments in which the surface temperature of a light wooden roof deck 

was reduced from 150 of by water spraying, and to 108 of and 103 of by 

water pools S.lcm deep respectively. In addition to the roof, some 

reduction in surface temperature of the walls of the building is also 

produced by the spillage of cooled air. 

Cooling by spraying can be applied not only to flat but also to pitched 

roofs. From the practical point of view this method suffers many draw 

backs; Structural requirements to support pools of water, evaporative 

cooling is most effective in arid conditions, but such regions usually have 

restricted and costly water supplies; water ponds may provides a breeding 

ground for mosquitoes, etc. 

CEILING HEIGHT: 

The thermal performance of roofs is closely associated with the 

problem of ceiling height. It is generally believed that high ceilings are 

more effective in providing cool interiors in building in hot dry lands than 

lower ceilings. To what extent this is so, is debatable. 

The question is particularly important since lower ceilings permit 

considerable economics in materials, labour, and cost of buildings. When 

applied to multi-storey buildings, lower ceiling height can often mean 

savings or provision of additional storeys, thus helping in reducing the 

overall site development costs by providing increased accommodation on a 
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given site. In view of this, the only possible reason for building high ceiling 

is their contribution to indoor comfort and the psychological needs of 

people, ensuring generous space over their heads. 

Observations made in a number of countries in hot dry lands indicate 

that lower ceiling height improves day-lighting and does not cause a 

temperature difference at head level of more than 0.83 DC corresponding to a 

reduction of 1.22 metres of ceiling height. The headroom clearance for 

ceiling fans where used may become the decisive factor in determining 

ceiling height. Experience indicates that for reasons of safety 2.74 metre 

ceilings are the absolute minimum in case where fans are used. 

FLOORS: 

Floors can be constructed in timber or concrete. They may be on the 

ground, just above the ground, or raised higher as is done in many tropical 

countries where they virtually doubled the covered area in what would 

normally be a single-storey building. In hot dry climatic regions it is 

advisable to enclose the under-space of suspended floors so as to stop the 

entry of hot winds, which if not obstructed will heat up the floor itself. 

Concrete floors laid directly on the ground, or on fill, are known to exert 

certain stabilizing influences on indoor temperature conditions in dry 

season. 
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DESIGN FOR DUST AND SAND CONTROL: 

The need for building design to combat dust and sand varies 

according to climatic factors and project demands. Knowledge of variations 

in wind velocities and directions, month of occurrence and critical periods 

throughout the day, as well as the nature of the terrain itself, is of 

considerable assistance in determining the orientation and siting of 

buildings. The cooling effects of natural wind movement assist greatly in 

promoting bodily comfort, and are a major influence in detennining the 

setting out and orientation of building. Such winds that are prone to raise 

dust and create sand disturbances may deter the planner from developing 

natural ventilation of its fullest extent. At all events, a careful gauging of 

the circumstances is essential, and in no way should the problem of polluted 

air be minimized in favour of what initially appears to be more attractive 

design solutions. 

A zone of minimum air pollution is formed on the leeward side of a 

building exposed to wind currents. The zone remains constant for a wind of 

given speed and direction. 

Its variation depends upon the changes in the proportion of the 

building (see fig. A) and change in Direction or increase in the speed of the 

wind. It has a tendency to disappear if the main airstream becomes 
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turbulent during flow. There are advantages to be gained, therefore, by 

including centrally located courtyards within structures. An outdoor space 

adjacent to a building can remain relatively free of dust provided the outer 

perimeter walls are completely sealed. In such cases it is possible to 

transmit both light and air into the surrounding interior through the internal 

courtyard wall. 

The critical factors to be observed in planning for maximum 

efficiency in this instance have been noted in Fig. B. Fig. C indicates a 

method of protecting a building face by using barrier screens or walls 

located not more than 6.1 metres away. The use of adjustable or 

demountables screens to seal off the space to be protected in dusty and 

sandy wind conditions is one that could find great practical use (Fig. Dd). 

Because of its tendency to bounce along the ground and the fact that 

it rises to the heights achieved by dust particles, sand is comparatively easy 

to deal with. The tendency for sand particles to rise into the air can be 

minimised by using soft ground cover around the building precincts. When 

sand deposition occurs on the wind-ward side of the barrier, resulting 

mound formation allows the wind to change its direction without loss of 

velocity at the base of the barrier. Thus many of the sand grains bouncing 

back from the face of wall are carried up and over in a continuous streaming 
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effect. Although sand travels generally at heights or up to 1.07 metres, the 

walls or barriers, if they are to be effective, need to be higher than 1.68 

metres. Walls lower than this have been found to be inadequate and unable 

to afford protection because of the increased height of travel of sand grains 

brought about by build-up of wind pressure at the base of an obstacle. 
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CHAPTER FIVE 

PLANNING AND DESIGN OF EXTERNAL SPACES: 

Apart from the effect of construction elements and the kind of 

treatment and flow of air within the building, physical comfort is also 

substantially influenced by such external factors as vegetation, water, and 

the nature of surrounding spaces. These external factors assume importance 

in a hot dry setting, where the environment presents extreme conditions and 

where the land-scape is drab and monotonous. 

WATER: 

Water is perhaps the key ingredient of all the gardens in hot dry lands. 

It is used as a still pool, as a falling stream and as a jet or fountain. Helped 

by sunlight and breeze, it is capable of creating a variety of moods. 

Essentially, water improves physical comfort by the evaporative process, 

which by increasing the relative humidity, decreases the dry bulb 

temperature of the surrounding air. It is a process which is greatly assisted 

by air movement, irrespective of whether it is naturally or artificially 

induced. 

Before it is allowed to enter the habitable areas, wind can be made to 

pass over wet barriers, still water pools, or water sprays. The rate of heat 

loss from the moving air depends upon the area of water in contact with the 

air, the relative velocities of the water and the air during contact, the 

difference between the wet bulb temperature of the air and the initial 
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temperature of the water, and the time of contact between air and water. In 

view of the greater vertical cross-section of air, a spray pond is more 

effective than a still pond of the same size. The former, however is likely to 

consume more water. To achieve the same efficiency in a still pond, it will 

have to expose a considerable large surface, as compared to a spray pond. 

From the discussion above, we can see that water as a cooling 

medium can be used to effect a harmonious physical comfort in our 

environment if it is strategical placed in unprotected areas around the 

structures. However, judging by most of the new buildings in Kano, 

present-day architects do not seem to incorporate water into their design as a 

cooling medium. 

VEGETATION: 

Intelligent and judicious use of vegetation, whether in the form of 

trees, shrubs and grasses or merely creepers and vines, is known not only to 

help the micro-climate of a building but to improve the environment of a 

town as a whole. Researches by scholars show how plants and grasses 

reduce the heat load on expose surfaces by obstructing the passage of solar 

radiation. In a very thick forests, less than one percent of the incident solar 

radiation manages to reach the ground. According to Trapp nearly 80 

percent of the incident solar radiation is checked within the foliage itself, 

and out of the rest only 5 percent penetrates through and reaches the ground. 

Areas under denser and larger foliage cover take more time to get heated 
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and comparatively less to cool. The cooling effect is achieved with 

vegetation by using a high percentage of energy through the process of 

photosynthesis and also by employing the reflective properties of some 

foliage. Vegetation helps lower the surrounding air temperature by 

evaporative cooling as a result of transpiration. In an arid setting, it further 

provides advantages as a windbreak, thus arresting the flow of dust and 

sand into built-up areas. 

Tall trees shade the buildings and generally protect outdoor living and 

assembly areas. In public spaces they can act as a substitute for bicycle, car 

and bus shelters. If carefully ordered, vegetation can provide a pleasant foil 

against the flat and harsh building surfaces. Al these qualities underline the 

importance of vegetation, in a hot dry, environment, but their achievement 

is not easy in areas where water is perpetually short and where the range of 

trees, shrubs, and grasses suitable for use in specific locations is fairly 

limited. 

In the arid zone it is not always possible to grow trees sufficient in 

height to shade roofs. If planted too close to the building the water 

requirements of some trees tend to accentuate the natural seasonal changes 

in the moisture content of the ground, and accordingly the dimensional 

changes in the soils can adversely affect building foundations. But there are 

shrubs and plants which do not present this problem. 

To achieve maximum efficiency, trees have to be strategically placed. 
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In the Northern latitudes, their best performance positions are on the east, 

South-west sides. In Southern latitudes, the best locations are east, North­

East, and West and North-West. 

Low sun rays cast long shadows which can be utilized effectively on 

those sides normally difficult to protect from sun's heat. 

Architect K. L. Datta, who was my lecturer in the University, has 

classified trees into the three major forms. Firstly, those with a round shape 

where the spread and the height is normally the same. A-shaped, these trees 

may be used for roof shading and should be located on the South-East, 

South, and South-West sides in Northern latitudes and the reverse in 

Southern latitudes. In the second type, which are regarded as oval-shaped 

trees, the spread is nearly half the height and the foliage takes an oval shape. 

These trees may be used for general shading on East and West at a distance 

ranging between 6.1 and 9.15 metres from the building to intercept the low 

rays of the summer sun in the later mornings and early evenings. The third 

type of trees are vertical and their spread is not very wide. They are known 

as columnar trees and it is recommended that they be used for shelter belts 

and screens, both for shade and for protection from dust storms. 

The selection of trees is guided by their functional and landscape 

qualities. The functional qualities depend upon their shape, height, and 

spread, and their rate of growth to maturity, trunk characteristics, root 

system, and their capacity to resist wind and give shade. Dense foliage, for 

37 



instance, will provide solid shade while open foliage will give dappled 

shade. 

The landscape qualities of trees depend upon their form, shape, 

texture, and colour of foliage as well as their floral and fragrance 

characteristics. The choice is also dictated by soil and water requirements, 

heat tolerance and pruning requirements. With a large variety of forms, 

stem clearances dimensions, and foliage characteristics to choose from, and 

after functional and landscape requirements are assessed, it is relatively 

simple to select the right type of tree for a specific purpose. 

LANDFORMS: 

Surfaces surrounding the buildings in a town also need very careful 

attention. It is a well known fact that ground surfaces exposed solar rays for 

a considerable period will in turn become heated and re-radiate to the micro­

climate. As a result the heat load creates extra discomfort particularly from 

about mid-day onwards and through the evening. Solar load varies 

considerably according to topographical and physical characteristics of the 

land. 

The greater the thermal conductivity of the ground, the more effective 

is its rate as a heat reservoir. Bare earth, asphalt, concrete and other types of 

paving have a high abortive capacity and thus become excessively heated 

during the days exposure to solar radiation. As a result, the air near the 

ground is heated beyond the normal. When carried into the building, it 
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raises the temperature level inside. External surfaces made up of sand, 

polished proving, or even water in some instances, can often direct the 

radiation onto the buildings, thus producing discomfort due to glare and 

additional radiation. 

In all cases, vegetation, particularly stretches of grass, is a useful 

element in reducing the incidence of the heat as well as the glare. Grass 

reduces heat transfer. It creates a thick heat, absorbing layer and gives shade 

to the soil below. Glare is reduced by planting trees or shrubs in such a way 

that on looking out of windows, only foliage is seen instead of the sky. This 

of course involves the proper selection and correct placing of trees in 

relation to window and other were opening of a building. 

DUST AND SAND CONTROL 

Apart from encouraging heat and glare, bare earth and hard ground 

surface also act as a source, and generate the flow of dust and sand into 

buildings. Loose soil and the absence of vegetation in hot dry lands further 

aggravate the problem. 

A number of temporary soil stabilizers have proved useful. Lime 

cement, and bitumen are typically conventional stabilizers, all of which are 

reasonably affective in yielding a dust fee surface. At the moment only 

bitumen surface coating offers any prospect of economical control of wind 

erosion and dusting. As an emulsion, which may be combine with latex 

(natural or synthetic and applied in a thin surface spray, it provides 
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temporary surface stabilization against wind erosion, but not against traffic 

loads) which will permit establishment of vegetative cover and thus 

permanent, wherever an adequate subsoil moisture condition exists cable of 

sustaining plant growth. In hot dry climates it should be recognized that a 

black top will lead to an appreciable rise in temperature on the surface soil. 

The role of plants as nature's soil protectors is well understood by 

most people in hot dry lands. They help stabilization and assist in binding 

loose earth, plants and trees are of inestimable value in generally lowering 

the dust and sand particle pollute. They act as wind break and filtering 

systems, particularly when carefully planted with siting of buildings, roads, 

footpaths, and open spaces generally and not as later haphazard visual fill-

Ins. 

COMPACT PLANNING 

The control of heat, dust and sand by using vegetation, water, and soil 

stabilization opens up the whole question of the role which opens spaces 

play in modifying the micro-climate. The need to design, plan, and 

maintain open spaces in hot dry areas where water is in short supply and 

vegetation hard to grow, emphasizes the importance of keeping them to 

manageable proportions. 

This need is well understood by people in Kano city and people in 

traditional desert settlements. A typical city in North Africa, middle East, or 

Kano city presents a very compact picture of house and other buildings 
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huddled together so that they not only shade each other but also 

considerably reduce the exposed open spaces around them. In cases where 

normal low-level dust swirls within the settlements, the interiors of 

buildings are protected by almost blank walls with very small openings. 

The streets are nalTOW and winding; therefore there is less tendency for 

wind velocity to increase as a result of tunnelling effects. The public 

spaces, such as market squares, are well sheltered from the impact of desert 

winds by adjoining house and high walls. House are built around pleasant 

well shaded courtyards. 

These extend to the outskirts of the city proper where a high 

perimeter wall act as a safeguard against hostile neighbours, and also 

provides an excellent barrier against the flow of dust and sand. 

Too much open space requires large areas of grass and these need 

constant maintenance and abundant watering. Even where growth can be 

encouraged and maintained, the great expanse of dust background, the roads 

themselves, and the further extension out into micro-climate spaces make it 

important to provide tolerably dust-free and cool spaces within the 

buildings. With the absence of controlled external space, the four walls of 

the buildings themselves are the only barriers against hot, dust-laden winds 

and direct solar radiation. 

This approach of compact planing in traditional settlements in the 

tropical region is rarely evident in most of the newly developed areas, where 
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designers seem to be bent on following layouts and subdivision more suited 

to the temperate or cooler areas of Europe and North America. Most of 

these are based on a gridiron pattern which primarily caters for the interests 

of the motor car rather than the people who live there. 

COURTYARD HOUSING 

The courtyard concept seems to offer a valid basis for design of 

houses in hot dry lands. Essentially horizontal in character, the courtyard 

concept represents perhaps the simplest and easiest form of shelter of people 

who are closely associated with rural desert traditions. It is worthwhile to 

look at the application of this concept of urban housing, particularly where 

problems of psychological and sociological adaptation are paramount. This 

form of housing, whether individual or collective retains some of the 

important elements of life of the desert communities. 

The courtyard concept modifies the micro-climate by helping to 

maintain air circulation through convection currents. At night, cool damp 

air is formed at ground-level slowly seeps into the rooms, thus making them 

cool to last for a good part of the next day. In addition, courtyards also act 

as a buffer against the noise from the street and stop the entry of dust and 

sand into habitable rooms. 

In addition to its value as modifier of climate, the cOUltyard offers 

many other advantages in hot dry lands. 

Firstly, all or most rooms open into it; consequently, apart from 
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security, it ensures absolute privacy. The later is further guarantee by the 

traditional house practice of locating entrance door in such a way as to open 

into a blank wall which obstructs all the view inside whenever the door is 

opened. As we have said, the courtyard acts as a buffer against street noises, 

and this can often be further helped by placing secondary service rooms 

such as bathroom and kitchen near the street. The courtyard also provides a 

safe play area for small children where mothers while continuing with 

normal household chores can directly supervise their activities. For adults, 

the courtyard provides a useful living and sleeping area at times when the 

weather permits such activities. In winter it is normally used for day 

activities while in summer it is used mainly in the evenings and for sleeping 

purposes. In short the courtyard virtually becomes an extension of house 

proper, thus adding to the total space available to the dwellers. 
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CHAPTER SIX: 

BUILDING MATERIALS 

Earth and Masonry constitute the basic construction materials for 

most buildings in hot dry lands. They are obviously ideal for a region where 

rainfall is low, timber is scarce, and the climate dictates the use of heavy­

weight materials with high heat-storage capacity. 

Light-weight materials such as metal, timber, asbestos, plastics, 

rubber, glass and asphalt are finding increasing use, particularly in 

sophisticated building in urban areas and in very remote locations where 

traditional local materials are not available and where building labour is 

either non-existent or very expensive. It is proposed to discuss the 

performance of these materials under the special conditions which prevail in 

hot dry areas. 

MATERIALS: 

METALS, TIMBERS AND ASBESTOS 

Most metals and their alloys perform well in hot dry climates. 

Corrosion of iron, steel, zinc, aluminium, or copper is negligible unless the 

local atmosphere is heavily polluted by industrial gases such as sulphur 

dioxide, especially when associated with particles of carbon as is often the 

cases. 

Fatigue cracking of lead in exposed situations, such as roof flashings, 

can be a serious problem. The trouble is intensified by the condition 
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produced by the relatively high temperatures of hot dry lands and by the 

high purity of the metal ordinarily marketed,. Fatigue cracking can of 

course, be reduced by employing low-alloy leads such as silver-copper-Iead 

alloys and antimonial lead, and by using heavy-weight sheets. 

Owing to the absence of water, timber is relatively scarce in hot dry 

lands, but when it is available its deterioration is not as server as in hot 

humid areas, where moulds and fungi cause additional problems. Whatever 

deterioration there is, usually caused by extremes of climates conditions. 

Continual dimensional change produce checks, splits, warping, and raised 

grain and reduce the point-holding properties of timber. Where the climate 

condition is too severe, steel framing is used to replace timber framing in 

most structures. The greatest hazard to timber, however, is attack by 

subterranean termites. Asbestos cement is not typical of building materials 

used hot dry lands. When used, it certainly performs better, in one respect, 

than in hot wet regions where algae growth on damp sheets leads to 

considerable blackening. There is evidence that climatic variations in hot 

dry lands affect the quality of some grades asbestos. Expansion and 

contraction of supporting structures can cause cracks in asbestos cement 

roof sheets. In remote location, where building materials have to be 

transported long distances, the breakage rate of asbestos sheets is extremely 

high. 
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PAINTS 

It has been suggested that light-weight materials require paint on their 

exposed surfaces to prolong their performance. Paint tends to break down 

more frequently in hot climatic areas, probably because of exposure to 

radiation, which intensifies physical, chemical, and photochemical 

deterioration. In monsoonal area the performance of paints is further 

affected by frequent alternations of rain and sunshine. This particularly 

apparent on wooden surfaces, where scaling and flaking is caused by the 

combined of photo-chemical action and the expansion and contraction of 

the surface of the timber. Paints intended for use in hot climate are 

improved by the use of fillers such as asbestos, which help prevent settling. 

Alight-weight structure requires painting approximately every three years, 

and this fact should be taken into account when comparing the cost off 

erecting a similar building of masonry materials, which would require little 

or no exterior painting and hence little if any maintenance expenditure. 

PLASTIC, BITUMEN, AND GLASS: 

In building, plastic are normally used for electrical fittings, floor 

covering, and in certain cases, as roof sheeting. Linoleum and plastic floor 

tiles have a tendency to become brittle, lift off the floor and, where kicked 

or trodden, get broken off. Exposure of thermoplastic materials to sunlight 

causes warping and cracking because of loss of plasticizer. The addition of 

small quantities of phenyl-salicylate and ultraviolet radiation inhibitor to 
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plastics helps to reduce deterioration. 

Bituminous materials are known to have shorter life in hot climatic 

regions in the cooler parts of the world. Intense solar radiation is known to 

promote chemical reactions which result in embrittlement, cracking, and 

crumbing. Provision of highly reflective surface treatment has been 

suggested as a solution to the problem, but the need for continual 

maintenance has almost eliminated the use of bituminous materials for roofs 

in hot climates. 

There is no evidence of deterioration in clear glass under the high 

temperate conditions normally experienced in hot dry lands. Any cracking 

which may occur is usually confined to coloured or tinted glass and is 

caused by tensile failure, due to the periphery of the glass being shaded by 

the edge of the frame while the centre part is exposed to solar radiation, 

which it absorbs: the difference in temperature within the same sheet of 

glass is often as 19.4°c
, hence the disintegration. A common from of 

deterioration of glass in hot dry area is etching or abrasion, caused by send 

particles blown by high wind. 

EARTH CONSTRUCTION 

Earth is probably one of the most widely used of all building 

materials in hot dry lands. For one thing it is the most economical and the 

most generally available material. The superior thermal performance of 

earth structures, owing to their density and thickness, has particularly 
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appealed to the people of hot dry lands. In some countries earth is also used 

in building as a mortar for bonding and rendering rubble walls, and is mixed 

with lime, cow dung, straw, or other appreciate materials for specific 

purpose. 

The use of earth construction continues in area where labour is cheap 

and abundant, where transported materials are either too expensive or 

unobtainable, and where self-help methods are available. in Kano city, the 

economies of earth construction are appreciated: it is the cheapest material 

available on site and is widely used for floors and roofs in addition to walls, 

all of which amount to a substantial percentage of the total building 

operation. 

A major disadvantage of earth construction in lands that have any 

appreciable rainfall is that frequent repair work to the external wall surface 

is needed. This is particularly the case in monsoonal areas of semi-arid 

zones where periods of continuous rain cause the surfaces to crumble. Earth 

walls are vulnerable to moisture and require maintenance after each rainy 

season. Although some waterproofing is achieved by oil coating and cement 

or lime rendering none of these is entirely satisfactory. Good design can 

considerably help to minimize these problems, with such devices as deep 

roof overhangs and verandahs to protect the external wall surfaces. 

CLA Y PRODUCTS AND MASONRY: 

Next to raw earth construction, clay bricks baked in a kiln are the 
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most important, and by and large one of the cheapest, building materials in 

hot dry lands. What is more, they are likely to remain so far many years to 
(\ 

come. The Burt brick industry is gradually becoming well established in 

Nigeria. 

Building have always been aware of the limitations imposed by the 
(\ 

use of Butt-brick work, but its long life and infrequent need of repair is also 

well appreciated. The demand for better quality products continues, 
C\ 

however, and research work is being done in Burt-brick manufacture in 

areas where soil is inferior. New types of bricks are continuously being 

developed, and it is now possible to choose from a wide variety of products, 

ranging from acid-resistant bricks, kiln brick, and heavy-duty engineering 

brick to face bricks, all with a considerable range of colours. 

Except in very primitive circumstances, use of building stone is 

largely limited to decorative areas as a relief from brick and concrete work. 

The material is cheap, but the labour cost is so high as to make building 

stone uneconomical when compared to brickwork. When chosen with 

reasonable care, stone is known to weather quite well in hot dry climates, 

but the erosive influence of dust and sand and high temperatures may 

produce stresses and cracking. 

CONCRETE AND CONCRETE BLOCK 

Concrete product are widely used in hot countries and in most cases, 

are subject to little deterioration. The chief problem lies in the supply of 

49 



ingredients, particularly cement, which in some areas is imported at an 

exorbitant cost. Sand and gravel, unless available locally, may have to be 

transported over long distances. But the most important need is the 

availability of reasonably clean water. Saline salty water and water with 

phosphate content and organic matter is considered unsuitable for concrete 

work. Large amount of water are needed for washing aggregate and for 

mixing concrete. Water is also necessary for continuous wetting of the 

surface of concrete work for at least two weeks. 

This is particularly so in hot dry lands where rapid evaporation and 

resulting dehydration is known to result in low strength, cracking, and 

excessive permeability of the concrete. 

Because of its high cost, concrete work in most of the industrially less 

advanced countries is largely confined to public and commercial building. 

For low-cost building in areas where Burt clay brick-making is not 

indigenous, concrete block is increasingly being used for wall and floor 

construction. It is now possible to install simple, economically run machines 

to compress and vibrate hollow concrete blocks which use a minimum 

amount of cement. In really remote locations, very low costs can be 

achieved by using hand-operated machines similar to those employed for 

the manufacture of stabilized earth blocks. The hollow block require sand 

and aggregate of good quality, with reasonably controlled condition for 

washing and grading. Controlled condition are also essential when it comes 
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to mixing cement and water. Concrete block building requires more careful 

attention to design and construction than is normally necessary for bumt­

clay products. 

A major problem posed by block construction is cracking due to 

shrinkage caused by temperature fluctuations. Given adequate care during 

construction-and by employing such design precautions as use of lime-rich 

mortar, control joint, and incorporation of joint reinforcement when 

necessary. 
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SUMMARY: (Findings, Conclusions and Recommendations) 

We have seen that in order to be able to plan and design for any 

particular environment, the historical background and the climatic element 

of that area must be known. In this aspect, the culture and mode of living of 

the people and that climatic elements such as rainfall, wind, temperature 

should be studied. The study help the architect and the planner to design and 

plan a house that will suit the environment. 

It is axiomatic that buildings cannot fill empty stomachs, but they can 

do much to provide a means of creating ambient environment for physical, 

mental, and spiritual comfort. In order to solve this problem, I've proposed 

that the physiological and psychological comfort of the people must be 

taken into consideration and therefore factor such as the size, proportion, 

character and surroundings of rooms, the colour scheme, and even the views 

from windows, extreme heat, dryness, nuisance of files, sand and dust 

storms which have great effect on the inhabitants should be incorporated 

into the planning and design processes. 

To provide an acceptable environment without air-conditioning in a 

place like Kano, a designer must be primarily concerned with controlling 

the micro-climate or the climate within the space enclosed by a structural 

shell. So, when designing, the orientation of the building as regards solar 

radiation and ventilation should not be overlooked. As regards solar 

radiation, I discovered that to an'est the situation, the walls of the building 
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must be thick, bedrooms and living rooms should not be placed on the east­

west direction, canopies should be used to provide shade and double roof 

system with vents can be employed to diffuse solar radiation. 

In Kano, ventilation is not a big problem because of the hot dry wind 

and so the window size should not be too wide and fenestrations should be 

kept at the minimum level. 

Apart from the effect of construction elements and the kind of 

treatment and flow of air within the building, physical comfort is also 

substantially influenced by such external factors as vegetation, water, and 

the nature of surrounding spaces. These external factors assume importance 

in a hot dry setting, where the environment presents extreme conditions and 

where the landscape is drab and monotonous. In this write-up, I have 

canalized how water can be used as a still pool, as a fountain or jet and as a 

falling stream. Helped by sunlight and breeze, it is capable of creating a 

variety of moods. Intelligent and judicious use of vegetation, whether in the 

form of trees, shrubs and grasses or merely creepers and vines, is known not 

only to help the micro-climate of a building but to improve the 

environmental of a town as a whole. 

The compact planning and courtyard concept seem to offer a valid 

basis for design of houses in Kano. The need to plan, design and maintain 

open spaces in Kano where water is in short supply and vegetation hard to 

grow, emphasizes the importance of keeping them to manageable 
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proportions. This need seems to be well understood by the people living in 

Kano city. Kano city presents a very compact picture of houses and other 

buildings huddled together so that they not only shade each but also 

considerably reduce the exposed open spaces around them. 

The courtyard concept modifies the micro-climate by helping to 

maintain air circulation through convection currents. It also acts as a buffer 

against the noise from the street and stop the entry of dust and sand into 

habitable rooms. Courtyard provides security and also offers absolute 

privacy. The later is further guarantee by the traditional Hausa practice of 

locating entrance door in such away as to open into a blank wall which 

obstructs all the view inside whenever the door is opened. 

Finally, for us to comprehend this topic very well, I decided to make a 

study on the building materials that will suit the climatic environment of 

Kano. Earth and masonry constitute the basic construction materials for 

most building in Kano city. They are obviously ideal for a region where 

rainfall is low, timber is scarce, and the climate dictates the use of heavy­

weight materials with high heat-storage capacity. 

Light-weight materials such as metal, timber, asbestos, plastics 

rubber, glass and asphalt are finding increasing use, particularly in 

sophisticated building in Kano metropolis and in very remote locations 

where traditional local materials are not available and where building labour 

is either non-existent or very expensive. Most of these light-weight 
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materials perform very well in hot dry climates. For example, corrosion of 

iron, steel, zinc, aluminium, or copper is negligible unless local atmosphere 

is heavily polluted by industrial gases such as sulphur dioxide, especially 

when associated with particles of carbon as is often the case. 

55 



"....-------- -.-

BIBLIOGRAPHY 

1. AJ. Aronin, 'Climate and Architecture' 

Reinhold Publishing Corporation, New York. 

2. B. Givoni, 'Man, Climate and Architecture' 

Van Nostrand Reinhold Company New York, 

1981. 

3. B.S. Saini, 'Building in Hot Dry Climates', 

John Wiley and Sons Ltd., 

New York, 1980. 

4. G,E. Sutton, 'Roof Spray for Reduction 

in Transmitted Solar Radiation, Engineering 

Progress at the University of Florida,' U.S.A., 

Vo1.5, No.1 , 1951 

5. I. S. Groundwater, 'Solar Radiation in Air Conditioning, 

Crosby Lockwood and Son, London,' 1957. 

6. K.L. Datta, 'Contribution of Landscape 

of Building Comfort' , Idian Construction, 

News, 1961-1962, PP. 1-14 

7. Mm1in Evans, 'Housing, Climate and Comfort', 

The Architectural Press Ltd., London, 1980. 

56 



I APPENDIXES 



1A 
KANO T )WNSHIr 

F 
, ... I... se." , 11 '0. E ~_.~ 1000'" I J) I"Ct'.ll ,. 1 ... ,1. 

_---- _.~~~. )000 _ _ ~ _ _ . J 

2 

3 

4 

6 

7 

9 

10 

A 



(a) TEMI?ERATUHE 

monlhly mean 

r1:Im:mrT ····.[on dally ,"'Hi ":' ~. '.".:..1 ·nin,/mox. 

I{' 

35 

JO 

25 
20 

1fT 

n ~ 
!IllJ I L 

II, W. ill1 Ilill II 'II.!. ~!~, . ill 
15 !U 
10 '" 

OJ 
v 
• 0 

~ , , ,~, ;-'"i'. b-J f M A M J ) A 
Month. 

(b)' MAIN WIND DIRECTIONS. 

, 
I· 
~ , 

\
' 

" 
I 



1C 
(c) R.ain IJ fVAPora1.IoY'l 

• 

'tOO -
360 

~o 

l~') - , 

:LOO -= T ~,-
160 ' ,~ 

(d) RcLQ-livil tlurnldiiy 

~o.,\h. . 

! 
i 
I 
I 
I 

; 

I 

I 
" 

! 

, ! 
! 

I r 

! , 
i 
I 
I' r 
" , . 

, 
i .-
: p . 



3A 

. :.'.:/ " '::':'"':"~[..IJ-li HEAT'AUSOIIOING 
- . 1'-_ L GLASS SUNSHft.'lE 
- " I I 

.. + .. ~_NO"M" GW,," ; 

--::~.;· - .r 
.. . ... _ ._-­...... 

1 B. Effective usu of /leat ·absorbing glass in .Iall glazing. 

, 

l 
19 . Plan of C/lancullory Luilding for Luanda, Angola, 
designud by arcl1itecc l.ouis I. Kalin. rile glurfl j. , L'I'I,I 

is . ,'oic/ed by placing eacll offica in sucll a way rllar 
ir overlooks rile small sllielded court. 

" 

.. 

-' 



.. (aLovu right). Fafadu lrealmulIl of 'his Law Courts 
building in Morocco by,. lil:Jct .''Jan -,..·rancois Zevaco 
fOllows (htl lriJditional IJractil;e ill hot dry c,.,11alic 
regions: I/,e smaller opellings have kept glazed areas 
to the minimum. 

.;. i:~ .'f':: :1 
l·,·i 

• (right). Solar radiatiOIl <Ind sky glare call be 
reiJsonably chucked by reducillg the size of the Open . 
ings. To bl1 effuctive, howuvur, they Iwed to be care . 
fully design lid and located as shown in Illis studio 
room 1.1 a house ill I tawa, in /IIdola, Zambia, designed 
by architect JUlian Elliott. 

-' 



, ... ~~~~ __ ~ __ -+-I,~~.!~k~'-----••• 
.,,('2 I 

\ 

(' d concrete louvres in the 
__ , r ;(iciIlIlCY .0(, tf'~SIl C:X~digarll Indi.' is conslder­
Higfl Courr bUlldmg m la( Illeir' high IIeat-srllril l/e 
auly reduc.:d because 0 res Sleadily warn, IflU 

I capacity. A(ta, sUIIS~r Ilia IQ~"to ClIL' u,)ildin). rhus 
, " " on lIS way '" , , -'1 001 Col" !.19', r 81 ( ' t -rio,s 10 SU(f,C/1". II r 

makin_ ir difficu/r o',1n C I . 

down (u, day rime comforr- • \ • ' 
, ' 

- " 'Ta':lll 'l- "'Ubct of shduinU "'I)o.i'instantaneous so:ar heat gain throl! ,0 a 
singlo thickn uss of common window Uh.ss a , 

Type 01 ;haOil' 
lin ish ';)/1 sidll o:xpos ,d 10 sun 

Ou\~idll slallel' shade, slals set to prellcnt direci sun 
lalling on olass : while. crcam 

OUhide commercial ,lln"ull st. <lcing screen of narrow 
melal slats; sola. allil.JJe allolle 40" so that /10 

dircct sun 1<:115 or. ola~s : dark 
Jut.ide canllas ' ;-o'\'nin\l, sidt:s open : dark or medium 

colour , , ' , 
'r,;rt, . , . . ~ti. .Iinrl.i, slats set \0 pr\!vcnt direct 

s·.nsh ' ".. I" ;$ino through : diflusil 'relecting 
a;I..Hnin!um .. 

Dillu: while, croan. 
Inside roller shullur lully drawn : ( 'Hk 

Percentage ul heat !Jain 
(unsh;lded window 

100 per co:nt) 

15 

15 

2ti 

45 
55 
60 

uSased on dala in thb American Sociery of Heating and Air-condiliolling Engillatl"s 
Guide. 1955, 

-' 

I 

" 
.. 
• 
'\ 
" 

, ~ 

,l 



.' , 
J. ' . , 

SOl !\II II ADIAIION RfHf C1ANC r 1' , 

!) B 7 li !) 0\ :I 2 \ 0 

I O~ -'~ I- --r 11~HITE ~AI~~~E-l -- '-T '~oF~~ 
.., ICE ... II GREEN AND GI1AVEL BLACK 

WHIT~ PLASTfP S~9.~ _ . . __ ~~[D(II~C~~~ Ii) ~/"SPH~LT 
.9 1 WHITE PAINT M C~EI\M LIGHT i RED TILE E ... .I1TH. t· \ 

I \ PAINT l;rl~EN LIGHT I SA'IO ilLl.CK 

o _ . r;~~~~~_ _ ... .. _ \. ._ ._~ A • .:... CONC RETE 1- - _I '=')"COI1~I~~ :~~J 2 

e-- 18 WHITE .WASHEO l 
WCI~AiTL~ GAIIII\NIZED 1I00FING I ~S OEf - 15 

, " SHEEf . ./) -

w 7 1--·--+-· .- . .... . . - . . -. ·----------1-- 3 ~ 

~ PINE WOOD I-

~ , ------ ----1"'0 "IiMoN,uM ------~ · ~ 

i : u_ __ -~~;~:A'r'UM ""ONI~A:::J;:~;:," - ~ -- ---: i 
:l •. - .-_. ---- - - ---\- ... -- . - lST3AOlllu., S\'~ - AEL -- - 1 _ --1--;--- - - -

.• " OXIDi ZE D 
GALV. S~! = ET 

.2 I-- --.--~- ----,:,~,~:o -~ -1-.----t~irT~~ ~ ' . 
. 1 b± COPPER I ALUMINIUM SHEET TAOOR RJ 

I ell SELECTIVE 
o POllStiE? ALUMIINIUM FOiL I __ ____ SURFACES 1 0 

.1 .2 .3 .4 .6 .7 .0 .9 

SOLAR RADIATION ABSOI1PTANCE -', 

Table. T emperaturos ettalned by concr"'e rrllf Jlabs 

2 ·ln 4-ln 8 -in 
(5.1 cml (10 .2 cml (20.3 ~ml 
concrote concrete cI.'ncro'f. 

Maximum" temperature 
Position OF °c OF ·c ~F ·c 

, 
Upper surf lice 121 49.4 104 40 .0 101 38 .3 
Lower lu: flce 115 46.1 07 .6 30.4 B4 26.9 
Mean lelf.:J. 116 46 .7 89.5 36 .9 88 31.1 

Time hg 1 hr 11' min 7. hr 30 min 6 -'r 0 :nln 

Maximurr sh,Jde tempereture BO ° F (26.7' CI. 
"4Y. ·in (1·~ .07 cml cley tilo, with 3Y. ·in (B.26 cml concreto screed . 

• . Mat>Jri8ls III tile upper left-hand cornar (If :lIis 
.:iiar;rar : are consio'ered to '>e 'cooli-wey do not 
absorb vel)' much of tllll so! naat tllat strike:' them , 
and they are go oJ rlldiators of the 118at tllat is ab$'-' bed . 
Rut materials in tile/ower rigllt ·lland :;orner 8rb '/;ot'­
' '''. . .• oorb a con~derable amoull t of tile sun'~ heat 
but tlley do not re ·radiate mucll of tllet absorbed. 
Some mnterials III tll8 upper rigllt·band corn or (wilen 
tile cons:ruction is not massive) may experi8nco wide 
temperrture $WIngs (roofing more tllan "~.r' F in 
2411ours). 

B·i n 
(20.3 cml 

hollc-w tile" 

° F °c 

99 .5 37 .5 
80.0 31.1 
90 .0 32.2 

5 hr 0 min 

-' 



l­
lL 

M 

I 

.\ 
I 

I ,........................ , PEBFOAATEO T
-- ORICK TILE 

..... .,.,...,.,...,., SCREEN 

·n. ·II! BHlCK 1 .L['> 
MUD LAID TO SLOPE 

2 COATS HOT BITUMEN 
R.C.C. SLAB • 

MI. SCBndBrd ducail c., parapee ''IIIIicll afford: prillac,/ 
i.>u c allows air co pass cluougll for sluepers on elle 
roof. Now clio USII of a layur of mud for insulacion . 

90 . 

85 ·- -

-, o",J:o; A'" I 

8UI---4- - ----

NO INSULATION ;-- I ' .. j ......... \ 
I.L , . \ 

::> Wor .. ' ...... ,,;::. ~. ::'~" I 
§ 70 --!2't- --;~. -:Li'~ - ---- :S'."::t 
~ .... ":':;;':" "',,i- . 

~ ':;':-' nEF~ECTIVE MET ... ,. f Oil 

I 

60 - I ----,-----

o 5 10 

TIME Of OilY IHRI 

• Effuce of ceiling insulblion on indoor air lumpora. 
curo undor typical summar corrdieions. 



. , 

Se:::>L 
CLOUO PARTICI ES I 

I FOG P'AIHlCLES I 
ATMOSPIlEftiCI I PEOIILES 

OUST 

OUST SAND 

10 • 

V) 10 '" 
i " 

1-

"-
I-

'_.-

" 
-' 10 
-' 
~ ... 
o 
w .... 
« 

10 ' . "- r----

......... 
r--. 

............ 
a:: 10 1 -1 ---n' 10 " 10 • 10 ) 

SIZES OF PARTICL~S (MMI 

l1li . Sizo and rare of fall of particles . 

PEBBLE SURFACE 

LOOSE SANO SURFACE 

... Effect uf surface on motion of grJin. ",':' similsr 
diameter and moving witll same wind s.JJed; onglll 
of i.7lp.1ct at ground surface is between TO 0 and 16" 
in : .. '111 case • . 

---::pl ___ : ~ .~ . (d) "..""-A--"---3A------.I'-

---~~::i' :: ·::·f I Wood "o,hovo. ---!._ . T .' .. '1 hu,ld"'G 

t-tioh pre~'Ufe Low p,ossure Et.jdy CUlfunl 
lone 

10 

i lono 

... Distribution of low pressure zOlle in tl18 loe of a 
b.;ildillg for a lamillsr surface wind of const.mt speed 
and direction: (01 Low pres.UJre zone' d·' I ( a. 
,CI:Juage over building (elevatiunl. (bl Low I-re.sulo 
zone duo to sideslip of air roulld building (plan): ' 
.-f .'ptll of zone is less tlwn in (a). lei Deptll ' 0/ low 
pressure zOlle decroases as deptll of building iQcreases 
(elevation: ct. lal). (cl) Deptll of low pressuft1 zone 
increoses witll ;ncreare in lengell of :I,e building ·(plan. 

-' 



•. 

. j 

.. 

31bL 

5 
CflOSS · SECTI0N 

"LAN 

=:[§J 
4 

dBY0~ 
. , (-I 

+2.~_+ 

=:10 
Ie . 'IV SLIGHT AIR POLLUTIUN OUE TU LOt: JECTION 

Q ' . L':C':O M \1"4 AIRSTREAM. fiNE DUS r IN SUS"'~NSION 

•. Air pollurion in c{Ju'lyards: (a) Central square 
court yivinlj protuction frof;: sand alld most of tile 
wincl·borne dust: orienta/ion unimportant. Ill) C,mtfal 
rectangular court giving good protectioll for depch up 
ro 3A: for depclls excuuding 3A rile building should 
havl] long axis p8rpendicular to clio wind diructioll. fc) 
Perimulur squiJru court giv8sproruction as in (a)agaillSr 
overhoad dusr bur odd." wflirl$ causud by sideslip will 
allow dust to eMur from tlru si:'es; depth of courts 
limitod to 3A; ball, rocuive salJlo prolt!crion. (u) Peri· 
melt!r recrangular court provides somu protectioll ro 
maximum deplll 3A bur would be burter sicua/ud Oil 

lUll sido of buildillg. ("I Fully O)(POSIIIJ spacil ruquirus 
a /Jdfriar I() provid8 PfO/liurio'l f{clI : ova/,ead dus' 
amI side swirls: protecriol/;s .II.:liulI ct lunglll illld 
118ig'lt of barrier and dista/~c8 frolll fiJc8 of buildin,/. 

(a) 

At~~~:r. t ... .. ' --- (U) 

ArW~" T." 
I I CROSS · SECTION 

--~~:=iif'~-~~ 
.;-... . 

(e) 

PLAN 
. . 

~~:;:.~, ''-~-'-:·.=T~' 
I 20 It ,1 

... Burrior streellS: (a) Portion of dust streiJm Olltt!rs 
slllllcered ",!,ace if barriflr is /t·ss tlWIl A. (1)) Amount of 
duse unrerlllg sllelcurud spacu :1I.:,eilses ar d/Hance of 
scroun from buildillg face illcreiJses. fe) Lictle dUH 
eTl(lirs s/Ie/tlued spilce if barriur IIlIig/1t A is eelual to 
118/IJIIC of bUlldmg and distiJnce dous flOC exceed 20 fc. 



___ ..... ________________ ... __ ... _____ rn 

,.. ~_. e:, ~ __ .. 
'-.. (continued). (0) Depr/I of enclosU/e f, 'om whidl dust 

is excluded is extended bV a combinarion of fixed 
side barriers and roof overhead (d. (c)). 

(u) cnOSS · SECliON 

(d) PLIIN 

• . Integrarion of protecred open spaces illro planning: 
(a) Cenrral courr gives grearest procacrioll from variable 
dust wllirls. (b) Perimerer court f}I ;!V be all adapCiJble 
space ClIf( Jghour rIle vear if movabltl dust barrier is 
provided. (e) Free standing screen provides ofllV limited 
protection because wind direcrioll is variable; inc/u" 
sion of barrier side ; c. eens is desirable. (d) Flexible 
barrier arrangemenr to provide protecrion from sand " 
and dus;;" barrier mav tJe folded co form a shading 
device at rimes whe" air pol/lltion is root iJ sori(us 
problem. 

• 

. ~ 

'" to 

I \ II 
L:V-l 

I 

ELEVATION 

(d) 

PLAN 

~t-. ~ •. ~i. .. T,~ .. ~~--~~--~~.~.I..·~!~----------



'+-AL 
• . Shadow charts: . iagralols i. ,;Iar to tl'<!ie call be 
drawr. to suit any specific lati",,:£, l.,d in the scale in 
which the bUI'lding drawings iI." .orep.1rl!d. By juxta. 
position of the tracings it is pOssible far a designer to 
visualize the extent and lIature (If s(03!f 'o9 (:Jr different 
locations of a tree. 

Shilduw Ch,"1 at 29 ' N 

--



I PAITEAN 
)W lIr 's FOR MARCH 71 ANO SEPT n SHOWN _ 
IW LINE:' ron APAIL 16 AND AUG 27 SHIlW N 
IW I.INES FOil MAY 16 AND JULY 20 SHOWN 
)W ·.lNES FOR JUN[ ]1 "flOWN _ • . _._ 
1' 1 NGE 
I' ~ . )nIL 16 (S n .) 
SII'l. 23 (S A) 

I ·AP'lIl 16 ,s C) 
·MAY 16 1$ A) 
AUG . 27 (S A) 
SEPf 13 (SC) 

21 · MAY 16 (S .C) 
JUNE 21 (S .A) 
·JUlY 28 (SA.) 
·SEPT . 2l (S C.) 

I' ·JUNE 21 (S .C .) 
·SEPT . 23 (S .C.) 

21·APRIL 16 (S.I\ .) 
' ·AUr.. 21 (S C.) 
·SEPT 23 (S.A.) 

'·MAY 16 (S A.) 
·J\llY 29 (5 C.) 
·AuG 21 (S .A.) 

JLNE 21 (S .A.) 
I·MAY 16 (S n .) 
AOOW AOVArT: 4G 
"AOOW CONSTANT 
MOOW RI,CH " .' 

-- ---

~'r ~_~iL 
Al 
[UVATION 

'1\ ' 
04 8 16 24 32 fEET 

seA.' r: b .. e .. f ·~· .• . , - --- , :1 

--- . .. ........ 

-' 
-----=::...---'.-.:;--

I 
! 
~ : 
I ' 

jl 
I 

1 
l ' 
l: 

I 

I' 
1,1 

I
I i 
"j 

t ,) 
i , ~ 

,i ~ 
'I , 



~20·--.l 
-1·-1-;-- 1 

I~ , M 
o ... 

J ~o--.....LL..---
ELEVATION Of THEE fOHM ·0· i L 2 

N .. 
I 

I SIiADOW flANGE 
AT 12 NOON 

10 AM 12 NOON 2 PM. 

Shaaow Pa It ern 01 
1180 lorm 'S' 

04 8 16 14 32 flET 
lE........... ! 

o 4 ~IIADOW "AnElIN 

U3 
SIIADOW RAN GE 
AT 2 PM 

4 I'M 

C.I El[VATION OF 

T/lEE FORM 'C' 

9AM 

C.2 SliADOW /lANGE 
AT I P.M. 

N • 
II A.M. 

I 

C.4 SHADOW I'AHEP.N 

Shadvw Pallarn ,,' 
Trce lorm .C' 

o 4 9 '6 2~ 32 HET SCALE ... ....,;.-. .............. _ ... 

C 3 ~ IiAU')W IIANCE 
AT 3 PM. 

J 
,I , 



--~_II:iIO:l:!--r- '.::::z--s-o_ ..... 

R(J(' :'v\ 

ZAURE 

.- ....L.&.. __ ... • 
Plan House ~ 0 5 10 

·NO. 12 N .... I 
20FT 
::J 

ROOM 

IiGOM 

ROOM 

Plan House 
NO. 2 

.C~~p: ·· ll 
I 
I 

-::a.I' 
VEF.AN;)A ... 

t--_·_-_:·-...... 
I : • 
I . I 
~ - . J 

COURTYARD . - . - . i 
I • I 
I 
I 
I 
I 
I 
I . -: .. , 
I ROOM 
I 
I 

.~---.............. 
o 5 1(\ 
~.~I 

20FT 
I 

Axonornetric 

Axonometric 



7 The form of dwellings 

The form of dwellings can be adjusted to take advantage of the 
beneficial aspects of the climate. and to reduce the impact of 
unfavourable aspects. The form. layout. orientation and scale 
of dwellings and dwelling-groups should therefore be con­
trolled in relation to the needs of thc climatic zone. The design 
of dwelling form should not only be related to improvement of 
the internal environment. but also to the creation of comfort- ' 
able conditions in the external spaces between and around 
buildings. This is particularly important in hot climates where 
outdoor spaces can function as living rooms. kitchens. play 
spaces. laundry spaces. and even as bedrooms. 

Outdoor spaces and semi-enclosed spaces are also cheaper 
than totally enclosed spaces. and arc therefore particularly 
important in low cost housing where totally enclosed space 
may be limited. They may furthermore provide a valuable 
alternative when indoor conditions are uncomfortable. (/) 
However outdoor spaces must also be designed in relation to 
climate as the need for solar radiation or for shade. for breeze 
or for protection against the wind. is as important as for indoor 
spaces. They should never be considered as 'Ieft-over spaces' 
remaining after the internal spaces are defined (although the 
by-laws in many countries. with requirements to set buildings 
back from the plot boundary. do not help in this respect). 

In this chapter a brief summary of the basic variables is 
provided, ineluding the proportion and depth of buildings; the 
spacing between buildings; and the ceiling height. This is 
followed by an outline of the requirements for the form of 
dwellings in each of the main climatic zones. For intermediate 
zones some interpolation or compromise between different 
requirements may be necessary. Many of the factors discussed 
may be limited by law: spacing angles and ceiling heights are 
two of the obvious examples. Nothing that is stated in this 
book can relievc the designer from the obligation of complying 
with local legislation! Nor should the designer follow the 
recommendations blindly since each climate will have its own 
particular requircmcnts and each site will have its own limits. 

Pmp()rti()11 alld depth 
The volume of a building will be very approximately related to 
its thermal capacity (its ability to store heat energy). while the 
surface 'lrea will be related to the rate at which the building 
gains or loses heat energy- see figure 7.1. The ratio of volume 
to surface area is therefore an important indicator of the speed 
at which the building will heat up by day and cool down at 
night. (This ratio is roughly related to the time constant which 
is described in chapter 8.) If the temperature range is high and 
it is desirable that the building heats up slowly. a high volume 
to surface ratio is preferable. In hot dry e1imates or e1imates 

(2) 

27 
( 3) 

I: 1 q:27 or 1:3 

7.1 The v()lume eJJect. The cube with a larger thermal capacity ill 
proportioll to its surJace area (()r rate tlJ heat loss) will cool dotVII 
more slowly. 
(/) SUlface area cxp()scd to di,'cct soLar radiatioll 
(2) SurJace area across w"ich the cube will gaill or Lose "eat to the 

mr 
(3) Volume, proportiollal to the therlllal hcat capacity Jor a 

hOlllogellous solid 
Ratio oj sUlface to volullle or rate oJheatgailllo lhermal capacity 
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(1) 

(2) 

(3) 

7.2 Ejfect oj building depth on internal collditions 
(1) Sillgie-balllwd rooms (buildiNgs which are olle room deep ill 

section) should be used whCII lmv heat capacity alld cross 
vell tilation are required 

(2) Double-ballhed rooms can bl'used to giv(' a high hea t capacity 
buildillg i1/ climates wI,erI' air movemellt is 1I0t so import alit 

(I) 

(3) 

7.3 Spacillg bl,tweell buildillgs 
(J) SpllCillg (llIgle used to colltrol the proPortioll oj streets alld 

extallal spaces to sajeguard ellvirollmelltal stalldards 
(2) The traditiollal jorm oj huildillg cOlltrol; allgles measured jrom 

the felltral axis oj the street 
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jor comjort 
(3) A compromise jor composite climates: the upper floor CfIIl be 

used il1 the humid season or at the time oj day whell air 
movemellt is lIeeded; the lower floor, ?Vith its higher heat 
capacity, call be used ill the hot dry seasoll 

(4) 

(3) The secolld method may give lower stalldards If'set-backs' are 
allowed 

(4) Buildings 1/10)' receive Sllll, light alld velltilatioll arolllld the 
sides oj opposite bllildillgs rather thall over the rooj 



the assumption that there will be high rates of heat gain 
through the roof. Most of the arguments for high ceilings will 
only apply to the top floor in multistorey buildings. On other 
floors, lower ceilings will reduce the external wall area and 
therefore the heat gain from the exterior. Only when internal 
heat gains are high can high ceilings be justified, and this is not 
usually a problem in domestic spaces. The control of internal 
heat gains is discussed in chapter 16. 

The use of ceiling fans in warm humid and composite 
climates requires ceiling heights of up to 3m to avoid revolving 
fan blades at heights which are within reach of the occupants. 
Lower ceiling heights may be possible if portable fans are 
used, and there are other advantages of using this type of fan in 
domestic situations. The use of fans to achieve air movement is 

(1) 

( 2) 

+4 
+2 

+1 --+ 
+2 

-+1 

7.4 The effect of increased ceiling height 
' /) Lowered ceilings will increase radiatiollfrom the ceiling to the 

body. bllt the differl'l1ce is not noticeable 
'2) The change in temperatllre gradient willllsually be less thnn 

!OC at body levt>/' which is not noticeable 

J) Increased ceiling heights will/lOt give 'sellSible' air II/ovement 
due til stach effect IInder normal conditions 

&2 

discussed more fully in chapter 14. 
The psychological factor may also affect perception. For 

those who are accustomed to dwellings with high ceilings, a 
lower ceiling may appear oppressive and uncomfortable. Over 
time lower ceilings are likely to become more acceptable, so 
long as r~of construction is adequate to prevent high ceiling 
temperatures. Lower ceilings are also associated with lower 
standards, although this association is unfounded as far as 
thermal comfort is concerned. Conversely high ceilings are 
associated with higher standards, since often only the rich can 
afford them. Traditionally high ceilings were often provided in 
dwellings that also had high standards of roof construction, 
generous verandahs, and other features, so that a large part of 
the improvement in comfort conditions under high ceilings in 
these cases may be due to other factors. 

Requirements for dwelling forms 
In warm humid climates close to the equator, the sun rises in the 
east, travels up to the zenith or the area of sky close to the 
zenith, and then sets in the west. The highest intensity of 
radiation will therefore fall on the roof and west walls, with 
slightly less on the east wall since morning temperatures are 
lower, humidities higher, and skies may be more cloudy. To 
minimise the impact of solar radiation the relative areas of the 
different building surfaces can be adjusted to minimise heat 
gain. Little can be done to reduce the roof area unless two­
storey dwellings are used. The east and west walls can be 
reduced and the north and south walls increased to form long 
thin buildings. With multi-storey construction thin slab blocks 
facing north and south have advantages in reducing solar 
radiation impact although the shallow depth of building may 
not be very economical. (See figure 7.5.) 

This form of building is also desirable"for good air move­
ment. Ideally dwellings should be one room thick with win­
dows on both sides of the building to achieve good cross 
ventilation. With low wind speeds, windows on only one side 
of a room will be insufficient to achieve adequate air movement 
for comfort when conditions are hot and humid. Where ~ooms 
are double banked on either side of a corridor, air movement 
will also be reduced even when internal doors are left open to 
allow air to blow through the dwelling. 

When sun and prevailing wind both come from the west it 
is difficult to p~event t~e, sun from entering without excluding 
the wind. Since compromise is not easy, 'the choice is between 
both sun and wind, or neither. When solar radiation enters 
through a west-facing window it may easily increase the inter­
nal air temperature by 5 deg C, and it will cause even greater 
djscomfort if direct radiation falls on the occupants. The effect 
of good air movement will be equivalent to a reduction in 
temperature of only about 2.5 deg C. It is possible to exclude 
direct solar radiation from west-facing windows by shading 
devices but these will be heated by solar radiation, and may 
heat up the air before it enters the room. Shading devices on 
west walls which exclude the sun will inevitably severcly limit 
any view out of the window and deflect air movement in 
directions where it may not be effective. It is therefore clear 
that west-facing windows should be avoided. 

Wind from the west may still be deflected through win­
dows facing north and south, by staggering the building form 
and using suitably placed external walls to create high and low 
pressure zones to induce cross ventilation-sec figure 7.6. 
Vegetation may also be used, but will not be so effective or 
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7.5 S%r radiatioll Oil buildillg sllljaces at (ftfferelll latitudes 

(/) Oil the equator the SU II rises ill the east, fJasses overhead 
(thl'OlIgh or close to the zellilh) alld sets ill the west . The eas t 

alld lVI'S t walls alld the I"()(!f w ill receive most solar radiatioll; 

(2) 

II//rth alld sOllth walls call be illcreased ill area without sig­

lIijiwllt illcreases ill heat gaill. 
/ 

AtlatitudesflLrther lIorth wid south from the equator, the SUlI 

is currespIlI/dillgly lower ill the sl<y at midday . The sOlLth (or 

lIorth) walls will therefore receive more solar radiat iOIl , alld 

therefore a mllre com/Jacl forlll is required If} II/.illimise heal 
gallis. 

permanent. Vegetation close to buildings may harbour insects 
or animals, and allow termites to by-pass barriers. 

Where winds blow obliquely to the north or south wall, 
the average wind speed within the room may actually be 
greater than whcn the winds blow directly onto the face of the 
building. When the angle between the face of the wall and the 
wind is less than 45 0, average wind speeds within the room will 
begin to fall quite sharply. So long as this angle is above 30°, 
the use of projecting fin s will assist in deflecting air flow and 
achieving a better distribution of air movement in the room. 

Since air movement is vital for comfort, buildings must 
be we\1 spaced to allow wind to return to ground level when it 
has been deflected upwards by buildings to windward. Table 
7.1 shows the results of wind tunnel studies6 to find the size of 
the 'wind shadow' in the Icc of buildings of different propor­
tions. The results, though theoretical, appear to correspond 
with good spacing which permits adequate air movement in 

(I) 

(2) 

(3) 

(4) 

7.6 Allemative soilitiolls to the problem created whell SUII alld 

willd bOlh collie from lhe wesl ill l/.IIt climates where cross velltila­
lioll is required for comforl 

( / ) With willd and S1l1/ from the west, rool/IS with lwo extemal 
wulls fa cillg lIorth 01/(1 south will have little air m(rve ll/.elll , but 

(2) 

(3) 

protectio/l from solar radiatioll 
RI/lJI/lS facillg east alld west w ill have breeze Wid solar radia­
tioll. a less desirable comb ilia t iOIl 

The careful placillg IIf e.>.:temal walls call be used to (/"eate high 
alld low fJresslire z Olles to achieve cross velltilatioll 'turllillg' 
the air I/WVelllellt throllgh 90° 

(4) The staggeril/g of rooms call be used to achieve the sallie result, 
obtaining the benefit of cross velllilation and protectiol1 frolll 

solar radiation at the sallie lime 

practice- see figure 7.7. It will be seen from the table that for 
most proportions of building, a space between building of five 
times the height of the windward building will allow the wind 
to return to ground level and to blow against the face of the 
leeward building. Wider spacing is only justified with long slab 
buildings, whose wind shadows are generally longer than five 
times their height. 

The orientation of buildings in this eli mate is critical as 
the shape of the building required for good air movement will 
cause a very large variation in the solar radiation received as the 
orientation is changed. The large windows required for good 
internal air movement will a\1ow direct solar radiation to pene­
trate into the interior if the orientation is unfavourable, and are 
difficult to protect with shading devices. 
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TABLE 7.1 LENGTH OF THE WIND SHADOW OF A BUILDING, IN TERMS OF THE HEIGHT, LENGTH AND WIDTH OF THE 
BUILDING FORM 

Wind shadow length ( x HI 
Building form Length of the building (LI 

Wind direction 
Width (WI Height (HI Roof pitch 2A 4A SA 16A 24A .. 
A A 0° 2t 3-t 5t 8 81- J1 

4 

2A A 0° 2 2-t 3i- 6 7 .J I 1, 

3A A 0° 2t 3t 4t 5-t 5t . J I I L 
A 2A 0° 5t 8t lli- 16t 18 ~ 
A 3A 0° 6-t 11 t 16t 18i- 20t A 
2A 2A 45° 2-1- 5t 9-.\- 13t 15 frt -
2A 1.6A 30° 3 4 6-t 10 13 Jrt.. 
2A 1.5A 15° 3 5-l-4 8t 11t 14t ...ErL 
2A 1.5A 15° 2t 4.1 

2 
6.1 11 13-t J'Tl 

2 I 

Source: R. H. Evans, 'Natural Air Flow around Buildings', Research Report 59, Texas Engineering Experiment Station, Texas, 1957. 

12 

7.7 ExampLe of the appLicatioll of table 7.1 

(1) As willd blows agail/st the face of a bllildillg a high pressllre 
zOlle develops 

(2) As the willd escapes upwards a low press lire zone is ereated 
over the roof 

(3) This low pressure zOlle extends behind the bllilding and draws 
the willd stream bach towards the ground 

(4) A simiLar flow alld presSllre distriblltioll is fOllnd ill plall 
(5) Air movemellt withill a buildillg oc(lIrs when air moves f/'()Ill 

all openillg ill a high pressure zOlle to (//1 opellillg ill a low 
pressure zOlle 
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(7) 

(6) SimiLar movemellt ocmrs ill plall 
(7) The dimellsiolls of a proposed bllilding rail be IIsed to find a 

shape of silllilar proporti()ns ill table 7. 1. In this rase A =3, 
width = 2A, l-J = 1.6A, roof pitch =30° alld len!tth of bllild­
illg =4A. 

(8) From table 7.1 the lellgth of the wind shad01v is fm/lld tl) be 
fOllr times the height of the blliLding, 4 X 5 = 20111. The shaded 
area indicates the approximate shape of the area ill which air 

1/lovement will be poor, alld the dOlled line shows the limit 
withill which other bllildings requiring cI'OSS-7 11'IItiloti(1/I are 
Iwt r('cOlllmellded. 
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Traditional houses werc raiscd off the ground on stilts to 
avoid the damp ground, and to catch the breezc. Thc sccurity 
and separation from animals offcrcd by this building form was 
also an advantage. Buildings which are raised off the ground 
still offer a numbcr of advantages. The surfaces under the 
building can provide a shad cd parking and storage area, and 
termite protection is easier. The spaces cnclosing thc indoor 
living spa~es will have a lower heat capacity when the building 
is raised off the ground, allowing the building to cool more 
quickly at night (see chapter 10). 

The ideal plan form therefore consists of a row of rooms, 
raised off the ground, with a low pitched roof with an overhang 
to protect the longer facades which face north and south. 
Alternatively a two-storey house would consist of a row of 
bedrooms upstairs, with the living rooms below. Since large 
windows are required, the indoor living spaces can be closely 
connected with outdoor living spaces on wide verandahs, with 
only the inconvenience of a mosquito screen to separate them. 
When winds are light, it may be more comfortable to carry out 
such domestic activities as food preparation out of doors. 
Shade will reduce direct and diffuse solar radiation, and will 
improve the comfort of outdoor spaces. Mature trees provide 
ideal shade, but pergolas, spaces under raised buildings, and 
extended roofs forming verandahs can also be used as they will 
not interrupt air movement. 

External walls can be used to channel air movement, but 
they may also reduce air movement, so that privacy and good 
air movement may be difficult to achieve simultaneously. 
Solid boundary walls should be avoided near ground floor 
windows or outdoor living spaces. Pierced screen walls or 

'permeable' fences can be used around outdoor living spaces 
although they will still reduce air movement. 

Noise is another problem in warm humid climates where 
the open south-facing window of one dwelling is opposite the 
opcn north-facing window or'the next. Open windows also 
give no protcction against the increased noise from outdoor 
activities. External walls between dwellings will have little 
effect on aural privacy, unless they are so high that they block 
air movement (though they may provide some visual privacy). 
Distance provides the best remedy with noise as with air 
movement, and for individual dwcllings or low rise develop­
ments this implies low densities-see figure 7.8. 

For higher densities, balcony access slabs probably 
provide the most practical building form which minimises 
solar radiation and maximises air movement. Privacy is still 
difficult to achieve economically since open windows will face 
directly onto the access balcony; pairs of walk-up apartments 
will have improved privacy though walking up more than two 
flights of stairs will be extremely uncomfortable in such a 
climate. The internal planning of apartments is likely to be a 
compromise between the requirements for air movement, and 
economy, since a shallow building is required for good air 
movement while deep buildings will be more economical. 
Habitable rooms should be located on the side of the building 
facing the prevailing breeze; access balconies or private bal­
conies should be placed on the face of the building orientated 
towards the equator since this face will receive the greater 
intensity of radiation. However, for latitudes within a few 
degrees of the equator this will not be important, since the sun 
will shine almost cqually on both north and south facades. 
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7 _8 Achieving allral privacy ill hot c/imotes with ()P(,II willdows 
(I) lncrrased distallC(' between source alld observl'r will redllce (3) Wide spacillg gives allml privary (llId good ~'(' lItil{/tioll ill 

1I0ise Levels 
(2) Barriers CllII be used where wide spacing is IlOt possible or 

desirable 

" 

warm hllmid c/imates 
(4) Courtyard hOl/ses give allral privacy alld prot('CtiIJII from 

dllsty willds ill hot dry climates 
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7.9 Spacillg alld orielltatioll requiremC'lIls j()r a warm humid 
climate (Oil lhe eqllator) 

Where dwellings are not designed to benefit from natural 
air movement and are reliant on fans or air conditioning for 
comfort, wide spaeing for air movement and privacy arc no 
longer so critical. The same form is required.to minimise heat 
gain, though buildings with greater depth may be poss~ble. 
For single and two-storey dwellings, privacy will probably 
remain the most important criterion for space between build­
ings, once the functional space requirements for access and 
outdoor space arc satisfied. Minimum spacing of 35m between 
windows of living rooms of different houses has been sug­
gested7 though acceptable standards may vary considerably for 
different countries. 

For multi-storey dwellings the space for daylight may 
become critical if air movement is ignored. With relatively 
bright skies, light angles of 40° to 50° will give more than 
sufficient height for domestic purposes. There are advantages 
in receiving light from around the sides of buildings opposite 
the windows, rather than over the roof, since light can more 
easily penetrate to the back of the room. However, this Illay 
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increase sky glare. A staggered arrangement of slab blocks will 
also give better air movement in the external spaces even if it is 
not required indoors. 

Figure 7.9 shows a spacing diagram which indicates the 
light angle and orientation requirements. 

Figure 7.10 shows a typical layout for a warm humid 
climate, which incorporates the requirements f~r orientation, 
spacing and building form. 

In equatorial uplalld climates air movement is no longer so 
essential although it may be desirable at times. Orientation 
becomes even more eritical, since direct radiation is stronger 
and skies arc clearer. Double banked dwellings can be planned 
when the altitude is such that air movement is only infre­
quently required . Again shaded external spaces arc needed for 
outdoor living. Solid sereen walls may now be advantageous, 
providing sheltered outdoor space, and at times solar radiation 
may be desirable. There is considerable scope to design out­
door spaces that · are sheltered from sun or wind in some 
seasons of the year while benefiting from sun or wind at others. 
This will require careful study of the climate data and sun path 
diagram. 
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7 .10 Typicallayollt in a warm III/mid climate 
Main dl'sign features: 
I. Main habitable rooms facing norlh-soulIi 

2. Wide spacing belween dwellings 10 e//Sure guod air IIl1nJement 

3. Narrow til'plh of dwelling 10 allow good air lIImJel1U'nt in all 

rooms 
4. Overhanging roof 10 Ihe north and sOlllh to prtnJide proteclion 

from sun alld rain alld gLare from Ihe bright mJfrcast SllY 

S. Trees 10 prmJide shade 10 the easl and west waLLs wi/hollt 

b/odling air lIImJemellt 

In monsoon climates wilh long warm humid seasons, the layout 
requirements for this season will predominate, so that spacing 
for breeze and orientation for sun remain important. It may 
however, be possible to arrange layouts so that buildings catch 
the prevailing breeze during the warm humid season, while 
some protection is given against hot dusty winds, which blow 
from a different direction in the dry season. The change of 
season will affect a number of layout requirements. Very wide 
spaces between buildings may become a liability for at least a 
few months of the year, since vegetation may wither and grass 
become brown and dusty unless frequently watered. External 
spaces still require shade, but shelter from air movement can 
help to maintain comfort in the shorter hot season. Thermal 
capacity is also an advantage in the dry season so that deep plan 
dwellings are not so disadvantageous, although on balance , 
single banked dwellings are still preferable. 

In tropical island climales which are found further from the 
equator, the sun will be lower in the sky. The south facing wall 
in the northern hemisphere (and the northern wall in the 
southern hemisphere) will receive a greater intensity of radia­
tion than that experienced in warm humid climates closer to 
the equator. The wall facing away from the equator will receive 
considerably less. The protection of the exposed wall will be 
more important and can be achieved by the use of north-facing 
living-rooms, and circulation and other secondary spaces on 
the south in the northern hemisphere. 
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w 

In these climates the wind will be much more reliable 
than in latitudes closer to the equator. Correct orientation to 
catch the wind is important as there will be little variation from 
prevailing wind directions. Many tropical island climates are 
in the tropical cyclone belt and may experience hurricanes or 
typhoons. This bclt is found north of latitude 8°N (and south 
of 8 0 S) in large areas of ocean where water surface tempera­
tures are over 26 DC. 

Exposed structural elements such as overhanging roofs 
and shading devices may be exposed to wind speeds of over 
l60km/hr (45m/sec). This may limit the size of overhangs and 
windows and result in buildings with a less open and 'airy' 
quality than would otherwise be possible. 

For tropical island climates with higher annual and diur­
nal ranges in temperature the increase in thermal capacity 
resulting from smaller windows, is not too disadvantageous, 
although windows must always be large enough to provide 
adequate internal air movement. 

In monsooll climates (or composile climates) with longer hot dry 
seasons, breeze is no longer such a critical factor, and closer 
spacing can be adopted. This will reduce breeze during the 
humid season but will also reduce the areas of hot dusty 
outdoor space which are undesirable in the dry season. Closer 
spacing of buildings will also create a larger prop.ortion of 
shaded outdoor space and increase the mutual shading. 

Composite climates further from the equator may also have a 
cold season when some sun is desirable for winter heating, 
since the sun is still high in the sky for most of the day; no 
increase in building spacing is required to achieve this. The 
path of the sun across the sky will be similar to that found in 
warm humid climates, though slightly further south in the sky 
in the northern hemisphere, and further north in the southern 
hemisphere-see figures 7.11 and 7.12. 

I n monsoon climates there will always be conflicting lay­
out requirements and different building solutions may be 
equally appropriate. Some traditional building forms create 
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7.13 /JllIn (lw/elevation of (I lraditional indian bllngalow 

(/) 

7.14 A comparison between the advalliages of low-rise and high­
'se bllilding forms in hoi dry climates 

I i1/ hot dry climates, isolated slab bloclu resllit in large sllnlil 
spaces which are diffiCIIlt to maintain or landscape, and a 
small proportion ()f exteY1lal shaded space. 

- I 1 

(2) 

(2) Closely clustered low courtyard bllildings leave less exteTllal 
space at grollnd level, bill it is she/teredfrom the wind, and a 
high pruportion is shaded. I"'ith low bllildings the /'Oof space is 
also more easily IIsed by the oCCllpanls. 


