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Abstract

It seems evident that the geometry of the urban form as an urban design parameter is
crucial. The layout of the structure can modify the urban climate through proper design,
thus improving the thermal comfort both outside and inside buildings, even reducing
energy demands for heating and cooling requirements. Although solar design potentials on
an architectural scale are at present well developed, the approach and the techniques
applied on an urban scale are yet to be consolidated in order to promote climatic
responsive urban design. This thesis is concerned with a method to evaluate solar energy in
urban design. The emphasis of the thesis is to study the relationship between the urban
form and solar insolation and to establish a comprehensive approach which can evaluate
the urban forms, with respect to the generated shadow pattern, and can be applicable to all
types of urban configurations.

Among the considerations which have also been investigated, is the inter-
relationship between solar insolation and thermal performance of urban patterns. The thesis
discusses the possible application of these forms in Palestine, in order to highlight the way
that the derived results can be handled in real practice. While the analysis was mainly
related to the Palestinian climate, the techniques employed may be applicable to other
countries. The main structure of this thesis is arranged in two parts. The first part identifies
the conceptual framework of the sustainable urban design in order to provide the reader
with basic information about the subject. The principal aim of this part has been to outline
the research area on which the present work was set. Secondly, parametric studies have
been performed to bridge the gap in the previous studies. The parametric studies are
structured into four chapters. Each study raises separate but overlapping issues and the four
studies together cover the basic classified types of urban forms.

The first study compares radial and rectangular forms in order to explore the solar
behaviour of the radial form, as opposed to the rectangular one and to illustrate the
methodology adopted in this research work to evaluate the urban forms with regard to the
generated shadow patterns and thermal performance. The second study compares radial
and rectangular urban canyons to clarify the influence of the self-shading effect of the
radial form. The experiment evaluates the most suitable spacing between buildings to
avoid overshadowing and maintain good solar accessibility. The study was also performed
to determine the urban fabric that allows the achievement of high urban density under
optimal solar insolation conditions. The third part contains studies related to aspects of
solar insolation in bilateral types of building. The study compares different radial forms
varying in the extent of their concavity to find out the one with the minimum variation of
exposed areas between the two opposite facades.

The final chapter of the parametric studies deals with the evaluation and analysis of
the radial forms and the rectangular U-shape. This experiment aims to prove the capability
of the methodology which was developed in this research, to evaluate such complex forms.
Simulation studies encompass shading and thermal analyses. Based on the simulations,
design recommendations were derived. The resulting framework provides a significant step
forward in understanding the built environment and demonstrates the rich potential in
using passive design as a means of influencing urban design. Finally, the thesis draws

conclusions and identifies areas for further research into the consideration of solar energy
in urban design.
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Nomenclature (Chapter S, Solar Geometry and Shading, Page 107 - 123)

| G,. [Solar Constant (1353 W/m?)
G,. [Extraterrestrial Solar Irradiance
E iThe Equation of Time
Lioc he Longitude of the Location Ly [The Standard Meridian for the Local Time zone
B [(360 (n — 81))/364] n [Day of the Year, 1 <n< 365
@ Latitude: The angular location north or south of the equator, north positive {- 90 <g< 90}
5 Declination: The angular position of the sun at solar noon with respect to the plane of the equator,
north positive (- 23.5° <5< 23.5"}
p Slope: The angle between the plane surface and the horizontal {0 <p< 180}
Surface Azimuth Angle: The deviation of the projection on a horizontal plane of the normal to the
Y surface from the local meridian, with zero due south, east negative, west positive {180 <y< 180}
© Hour Angle: The angular displacement of the sun east or west of the local meridian due to rotation
of the earth on its axis at 15° per hour, morning negative afternoon positive.
0 Angle of Incidence: the angle between the beam radiation on a surface and the normal to that
urface.
0, [The Angle of Incidence is the Zenith Angle of the Sun
w, [The Sunset Hour Angle
N [The Number of Daylight Hours [2/15 cos T (-tan ¢ tan 3)]
R; Ratio of Beam Radiation on Tilted Surface to That on Horizontal Surface (cos 0/ cos 0z)
H, [The Integrated Daily Extraterrestrial Radiation on a Horizontal Surface
T, he Atmospheric Transmittance for Beam Radiation (Gy/ G,)
a,, a; & k |Constants a,  [0.4237-0.00821 (6 - A)
a,  0.5055 + 0.00595 (6.5 - A)* K'  10.2711 +0.01858 (2.5 - Ay’
A The altitude of the observer in kilometres |r,, r; & ry [The correction factors
Gup  [The Clear Sky Beam Normal Radiation Ga,  [The Clear Sky Horizontal Beam Radiation
T4 [The ratio of diffuse radiation to the extraterrestrial radiation on a horizontal plane (G«/G,)
T, Sol-air Temperature (°C)
T, Outside Air Temperature (°C)
G ITotal Incident Solar Radiation (W/m?2)
r a Solar Absorptance of Surface (0-1)
| Qs [Total Direct Solar Gain in Watts (W)
F U he U-Value of the Specified Element (W/m’K)
LA The Surface Area of the Element (m?2)
abs  [The Surface Absorption of the Element
R,, [The Outside Air-film Resistance
Q he Resultant Heat Flow (Watts)
AT  [The temperature difference between the warm and cold sides of the material (K)
H Height to be given in meters above sea level (m ASL)
Abbreviations
SOLALT [Solar Altitude Angle SOLAZM [Solar Azimuth Angle
LONG [Longitude of the Given Locality L.SM ILongitude of the Standard Time Meridian
EOT IThe Equation of Time DEC ISolar Declination Angle
AST |Apparent Solar Time GHA IGreenwich Hour Angle
UV Ultraviolet NIR Near Infrared
1AU 1 Astronomical Unit (1.496 x 10" m)
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Introduction

Introduction
I. Background

Much of the energy consumed by societies is used to run buildings. Large quantities of
non-renewable fossil fuel are used to generate this energy, fuel that will not be available to
future generations. The processes involved in the conversion of fuel into energy also have
a lasting negative effect on the environment through the emissions they cause. This
situation calls for a rapid and fundamental reorientation in our thinking, particularly on the
part of designers involved in the process of urbanisation. The form of our future built
environment must be based on a responsible approach to nature and the use of the
inexhaustible energy potential of the sun. This can be achieved by developing the urban

structure in configurations that demand less energy for the thermal needs of buildings.

Bioclimatic urban design involves arranging the forms and fabrics of buildings to increase
the benefits of renewable energy for heating, lighting and ventilation, and consequently to
reduce the consumption of conventional fuel (Littlefair, 1998). It is essential that urban
designers, whose plans influence the spatial structure of settlements, should understand this
relationship and incorporate energy considerations into the design process. In many cases,
climatic urban design can be achieved with little or no extra cost. The importance of
understanding the inter-relationships between energy and the built environment has been
given new impetus by the energy crises within the western world, especially at this period
of time, when major environmental problems have occurred. The energy crises of 1973
accelerated attempts to find advanced tools for the design and evaluation of shading

solutions.

Santamouris et al. (1996) pointed out that the layout and structure of a settlement can
influence the local climate of an area and can even modify it. This can be achieved through
appropriate design, hence improving the thermal comfort conditions, both outside and
inside buildings, and reducing energy demands for heating and cooling. Numan et al.
(1999) indicated that the geometrical parameters of the building envelope can offer
beneficial advantages in controlling the residential buildings energy performance. The
urban form and the shape it takes in a region of a given climatic character will affect the
microclimate of the site and, to certain extent, the immediate macroclimate of the region
(Golany, 1983). Geometry is a variable that may be controlled for the improvement of
bioclimatic conditions, besides other functional, socioeconomic and symbolic aspects of

the urban form (Assis et al., 1999). Bioclimatic urban design contributes towards making
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Introduction

human life more comfortable, safe and healthy. The effects of the geometry of the urban
space, and the shape and orientation of individual buildings and structures, are among the

major factors which can contribute to creating a more liveable microclimate.

One of the fundamental concerns of bioclimatic urban design is to increase and sustain the
liveability of urban spaces in cities, where comfort, particularly thermal comfort, is an
important criterion. As solar design moves into the city and becomes more widely
established, the issue of urban form design and the mutual effects between buildings will
become increasingly important. While mankind has to struggle with the intermediate-scale
climatic behaviour and patterns, he is quite at liberty to modify the micro-scale climate to
suit his needs. The ability to moderate thermal stress by eliminating or reducing extreme
conditions would certainly benefit the users of urban outdoor spaces. This would also
indirectly benefit indoor conditions as well, as it would mean reducing the stresses on
buildings. It seems clear that urban geometry as an urban design tool is more important in
urban climate amelioration than other factors, at least in the small-to-medium scale. Yet

this issue has not been widely addressed.

This thesis concerns itself with an approach to the evaluation of solar energy in urban
design. The research attempts to help the designer to understand the relations between
urban forms and thermal performance, thus creating more environmentally-friendly urban
design. The target of the research is to enable designers to produce comfortable, energy
efficient buildings surrounded by pleasant outdoor spaces within an urban context that
itself aims to minimise energy consumption and the negative effects of pollution. The
thesis explores ways in which passive solar principles of saving energy can influence the
design of urban form. The aim is to achieve an urban form that will assure the exposure of
the Buildings to the sun during a desired period in winter. Moreover, the form should

guarantee their protection from the undesirable summer sun.

Parametric studies have been performed to fill the gap in previous researches. In addition,
the possible application of these studies in Palestine is discussed, in order to enhance the
research work and to highlight the focal point of the research. The parametric studies are
oriented to satisfy two main points. The first goal will be to overcome the shortcomings in
previous studies in this field. Secondly, studies will investigate the solar behaviour of
common urban forms, which can be suitable for the Palestinian climate, thus enhancing the

development of the urban design process in the region.
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Introduction

In Palestine, excellent conditions exist to advance climatic responsive urban design, as
Palestine’s sunny climate makes it perfect for utilising solar energy over the year. Palestine
also does not own any of the traditional energy resources. In addition, the small area of
Palestinian territories and its overpopulation makes the conservation of the environment
crucial. Moreover, the large-scale housing projects, which are expected to be established in
Palestine in the future, for rebuilding refugee camps or to accommodate returnees, are a
good opportunity to make designs and experimental models that facilitate the use of solar
energy. It is hoped that the studies discussed in this research will lead towards a
development of design guidelines for urban design in Palestine based on local climatic and

socioeconomic criteria.

I1. Problem Identification

Although the approach of solar potential in architectural scale is currently well developed,
the methods and techniques for the assessment of solar aspect in urban scale are yet to be
advanced in order to enhance climatic responsive urban design (Assis, 1999).
Understanding issues of urban comfort is a stepping-stone in the design and the evaluation
of the climate responsive space. The issue of sustainable urban form does not appear to
have been explored sufficiently. However, there is an increasing awareness of the relation
between the geometric characteristics of the urban pattern and its insolation efficiency.
Although the importance of the relationship between buildings has been recognised and the
effect of buildings on the thermal comfort inside the indoor environment is well-known
(Fanger, 1970), the shortage of proper analytical work on the mutual effect of buildings
must be acknowledged (Mazouz, 1998). A substantial amount of work has been done in the
area of indoor comfort, while urban design issues are attracting research interests only

recently.

Previous researches on human thermal comfort have mostly focused on the indoor
environment. Shaviv et al., (1998) pointed out that in the recent years, the presented
guidelines in studies for energy efficient design deal mainly with the design guidelines of a
single building and only a few of them deal with the urban scale. Golany (1995a) stated,
“there has been considerable literature published on the subject of climate and single
building indoor architecture, but there is very little, if any, literature about urban design
scale as it relates to climatic considerations”. Matthews (1985) has mentioned that the

attention of research into energy-related aspects of the built environment has been focused
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Introduction

at the scale of the individual building, or of the city as a whole. Research is well
established at the building scale, but comparatively little work has been done at the

intermediate scale, where urban and architectural factors interact (Hawkes et al., 1987).

Due to the influence of climate on the urbanisation process, it is important to establish an
approach that may help in the formulation of some design guidelines for the urban
designer. There has, until recently, been a conspicuous lack of knowledge or concern about
the way in which solar insolation is utilised in the built environment. The situation has
been one in which the designing of the spatial structure of developments has proceeded
without any concern whatever for the impact of the urban geometry on the microclimate of
the settlement. Urban designers are still largely uninformed on the significance of their
decisions for energy use. In recent years, however, interest has grown in the idea that the
geometry of the form might be recognised in a way which would ensure a more rational

use of available energy resources.

The long-term minimisation of energy use has not been given adequate consideration in
urban design. The overall thermal performance of buildings is usually enhanced by
techniques such as thermal mass, surface to volume ratio and shading devices, and
planning regulations are established mainly for single buildings. However, what might be
true for a single building may not necessarily be true for a complex layout of several
buildings (Mazouz, 1998). In recent years there is also a growing recognition among
designers that in the current building activity not enough emphasis is given to climatic and
energy-conscious aspects. This can be seen in the new urban developments which are
being built with almost no consideration to climatic and energy aspects. This situation
represents a missed opportunity to promote quality of living in the built environment while
assuring efficient use of energy (Capeluto et al., 1998). Pearlmutter (1998) stated, “while
urban design guidelines have been developed for responding to climate in various regions,
these recommendations are often based more on intuition or sporadic observation than on
an integrated microclimatic analysis of thermal comfort conditions”. Therefore, designers
should be able to accept that one of their prime goals is the establishment of acceptable
levels of energy use within settlements and must devise and use methods for organising the
components of urban structure into more efficient spatial relationships. There is still more

that can be done to keep a building’s external environment within the boundaries of the
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human comfort zone. The design of urban form and the use of urban elements should also

address the environmental impact of the geometry of the urban form.

i. The Shortcomings of Previous Studies

Previous research has given more attention to examining individual forms and less care has
been given to examine the whole urban pattern which can include more than one block.
Less attention has also been given to evaluate the mutual effect between building blocks
and the amount of castable shadow from one block to another. It is important that this
mutual effect is investigated, especially in areas where the urban structure is very dense.
This is the case in Palestinian territories, where the land is very small and the local

population is expected to increase, especially after the return of over 5 million refugees.

Previous studies were mainly concerned with examining simple shapes and less attention
was given to examine more sophisticated forms, especially forms that can create self-
shading effects. Previous studies mainly focused on examining rectangular forms with
respect to solar rights and behaviour. These shapes are more suited to the grid urban
pattern. However, there are other common urban patterns (such as the radial system) within
the urban structure in which other more complicated shapes are usually found, such as
crescent and radial blocks. These forms usually tend to be adapted to road networks. These
forms are also used to diversify the urban structure and for their aesthetic value and unique
shapes. In some locations, the urban pattern constitutes several kinds of forms, includes
cubic and curvilinear shapes. Although, radial forms are not very common within the
current urban structure (mainly due to constructional and compositional aspects), clarifying
their characteristics from the solar point of view could encourage the use of such types of
form. Previous researches examined simple shapes due to the difficulties associated with
more sophisticated shapes, such as the generated shadow pattern. The radial form has no
simple direction and, in order to be examined, it has to be divided into many parts, as the
simulation has to be done for a surface with a specific azimuth surface angle. In this case,
the radial form has to be simulated as a number of segments which need to be summed at
the end. A higher number of segments, by which the radial surface is divided, will produce

more accurate results.
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Previous studies placed more effort in examining the optimum orientation of the long axis
of buildings with respect to solar radiation accessibility, regardless of the distribution of
the living spaces within the form. This assumed that for best living conditions (i.e. warmth
in winter, coolness in summer) the principal facades of buildings should face south (or the
long axis of buildings is oriented east - west). Facades facing southeast and southwest are
colder in winter and warmer in summer than facades facing south. East and west exposures
are warmer in summer and colder in winter than south, southeast and southwest exposure.
However, in many cases, the living areas of buildings face orientations other than the
optimum one. This occurs if a building is not a unilateral type, but has the living areas
locating in different directions. The most common type is the bilateral where the living
areas are located in opposite directions. This can be a back-to-back arrangement of
residential units within the storey or through a type in which the two sides belong to the
same apartment. In this case, the determination of the suitable orientation is more
complicated and depends more on the individual design and the distribution of spaces

within buildings.

Previous studies concentrated more on analysing the total shaded area generated in the
urban forms without considering its distribution in the individual facades and surfaces. The
analysis of the generated shadow pattern in these facades is very important to have the
form appropriately investigated and to gain the most benefit from the study. These analyses
are of more importance in bilateral types of building and can be directly reflected on the
design process. The study attempts to establish a comprehensive approach which can be
applicable to all types of urban forms and can fully evaluate the urban forms with respect
to the generated shadow patterns. In addition, the integrated methodology produced allows
a comprehensive means for comparing geometric alternatives and generating guidelines

which can help in developing urban design under climatically similar conditions.

Finally, previous researches did not clarify the inter-relationship between solar insolation
and the thermal performance of urban patterns. The studies are adopted to show the
benefits of establishing the relationship between the two aspects. The resulting framework

provides a significant step forward in understanding the relationship between the shaded

area and the collected solar radiation.
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ii. The Development of the Urban Design Process in Palestine

It is well known that in arid zones, the closed court acts as a shield from the excessive solar
radiation, and that the open layout is more suitable to cold climates to maximise solar heat
gains. In Palestine and other temperate climates, a layout which is semi-closed or semi-
opened, could be more advantageous. In this research, different types of urban forms were
examined which could be a midway between the closed and open layout (such as the radial
form or the rectangular U-shape). The research investigates the possible application of
these forms in Palestine, with respect to the possible unilateral and bilateral distribution of
the living units. The studies aim to focus on bilateral buildings, which is a very common
urban pattern in Palestine. This pattern can allow for greater building intensity, which is a
crucial aspect for urban design in Palestine due to the lack of land and the need to
accommodate millions of refuges. In addition, the experiments intend to verify the
common method used by architects to determine the most suitable spacing between
buildings, as well as to clarify its limitations. Hence, the studies were also performed in
order to determine the urban fabric that will allow the achievement of high urban density

under optimal solar insolation conditions.

III. Aims and Objectives

The main aim of the study is to investigate the relationship between different forms of
urban physical features and the shadow patterns they generate, and to develop evaluation
tools for deriving climatic design criteria and information suitable for use by planners and
designers. The research is also concerned with the development of a design index for
planning and urban form design of human settlements in Palestine based on local climatic
criteria. The research attempts to establish a relation between the urban form and solar
energy resources. This will save energy and adapt the urban design process to the climatic
conditions, thus creating more environmental and friendly urban design. The research is

building on design data some of which are directly related to the climate in Palestine.

The experiments aim to examine the solar performance of the curvilinear form in
comparison to the rectangular one. Different shapes and layouts produce different shading
patterns. A comparison of the shadow analyses between the two forms, in terms of the total

generated shadow in both winter and summer periods and for the whole year is conducted
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to investigate the form which could be more suitable for heating requirements and the one
that is more suitable for cooling requirements. The experiments also intend to establish a
methodology by which the urban form can be investigated in terms of the generated
shadow pattern. This methodology aims, not only to give information about the variation in
the annual shaded percentage between the two forms, but also to give details about the
season when this variation is greater. In addition, it will clarify the sides where this
variation is maximal and will also indicate the period during the day when this variation is
more significant. This approach gives an explanation of the status of the generated shadow,

which allows for the best interpretation of the results and, in turn, the maximum benefit

from it.

The overall research programme includes four parts. The first one assesses the radial and
the rectangular forms separately. The second part examines the performance of both forms
within an urban pattern, where the shadow cast from one block to another is considered.
The third experiment investigates the suitability of radial forms for bilateral types of
building. The fourth part attempts to compare the rectangular U-Shape and the radial form,
where both forms can create a self-shading effect. The possible application of these forms
in Palestine, with respect to unilateral and bilateral arrangements of living spaces, is

discussed.

IV. Method and Approach

Shading is an important design consideration. The significance of shading as an important
design tool was recognised by researchers more than forty years ago (Olgyay and Olgyay,
1957). Ahmed (1996) pointed out that the exposure of building surfaces to direct radiation
leads to high temperature in the surrounding ambient. The protection of the facade from
direct solar radiation can significantly reduce the absorbed solar energy (Belakehal et al,,
2000). Therefore, reduction of heat gain and increase in shading can be considered as a

major step in controlling overheated conditions.

“Direct solar radiation is the main source of external thermal excitation to which the form
is exposed. It is known that exposure of building surfaces to direct solar radiation not only
affects the surrounding environment, but also affects the thermal comfort inside the

building itself. Calculating the shaded area means that average direct solar radiation
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received by forms is indirectly examined (assuming that surfaces which are not shaded are
exposed). “It is found that solar exposure per unit surface area of building is related to the
discomfort index and the former is therefore a good indicator of the relative thermal

performance of buildings in different urban layouts” (Gupta, 1984).

It is very well known that solar heat gains to the building take place through the building
envelope. Most buildings in Palestinian urban structures are poorly insulated and have very
lightweight external walls and roofs, especially in the Gaza Strip and refugee camps, where
thin and hollow cement blocks are predominantly used. Thus, solar exposure can provide a
good indication of the possible heat gains, as the actual heat gain to the building interior
will not be greatly reduced by the thermal mass of the envelope. More important will be
the variation in the pattern of exposed and shaded area that occurs over the facades of

buildings.

Hence, the control of thermal environment in the spaces can be achieved by natural means
through the control of insolation on the external surfaces of the forms. These exposed
surfaces reflect some of the received radiation to the surrounding environment. Also, the
amount of re-radiated solar radiation from these surfaces to the sky dome varies according
to the extent of the closure of the layout. However, some of the reflected radiation remains

within the urban canyon and contributes to heating the outdoor living space. An optimum

form for a given site would provide maximum radiation in the underheated period while

reducing insolation to a minimum in the overheated period.

As different urban forms produce different shadow patterns, surfaces exposed to solar
radiation vary from one form to another and a shadow analysis simulation is used to
investigate the solar performance of the examined forms. Calculating the shaded area
means that average direct solar radiation received by forms is indirectly examined
(surfaces which are not shaded are exposed). The main objective in using the simulation
technique is to establish the influence of urban éerorﬁéktryénd building orientation on the
solar performance of different urban forms, namely rectangular and radial forms. The
shading analysis of the urban surfaces aims to evaluate their performance in terms of solar
radiation and the received amount of generated shadow over the whole year. The
experiment is based on the fact that under cold conditions, radiation will be welcome and

the building should receive as much radiation as possible, while under conditions of
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excessive heat, the same building should decrease undesirable solar impacts. An optimum
form for a given site would give maximum radiation in the under heated period while, at
the same time, reducing insolation to a minimum in the overheated period. In order to
establish the relation between shadow patterns and thermal performance of urban forms,
some thermal calculations will be conducted. Furthermore, urban forms will be
investigated by using different environmental profiles in order to illustrate the universality

of the work.

For a comprehensive understanding of the solar behaviour of urban forms, the generated
shadow pattern will be analysed in different ways. Each analysis will be clarified using
numerical and graphical methods. The research not only intends to make a comparison
between the performance of the two forms, but also to establish a comprehensive approach
and methodology by which any urban form can be fully investigated in terms of the
generated shadow pattern. These analyses can be divided into two groups. The first will
evaluate the amount of the shaded area generated in the two forms and the second will

evaluate the distribution of the shaded area during the daytime period.

i. The Evaluation of the Generated Shaded Area in the Urban Forms
This evaluation will include four main parts:
a) The Annual Shaded Area Generated by the Urban Forms

The goal of the analysis is to find out the form which will be more shaded during the whole
year. This will indicate the form which will be more suitable for cooling requirements.
The form with less shaded area will be more suitable for heating requirements. The shaded
area will be calculated for the whole year as in the following: As the variation in the
shaded percentage between forms is expected to be relatively minimum, and in order to
assure the highest standard of accuracy, it was necessary to conduct the simulétion by
using software which has the ability to give a numerical calculation for the shaded area.
The SunCast program was used to calculaté the shaded area, as the program is capable of
producing a numerical calculation for the shaded area (Appendix B1). SunCast produces a
shadow analysis each hour during the daytime period. The program records the

measurements for the generated shaded area at the middle of each hour.
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The daily average shaded area for both forms was calculated for each month. The daily
average shaded arca generated in each month is represented by the amount of the shaded
area generated during the middle day of the month (i.e. the 15" of each month). The annual
shaded area calculated by the program is represented by the shaded area of 12 days, each
representing one month of the year. To achieve better accuracy, the shadow analysis was
conducted during two days each month (the 15™ and the 21™), then the average amount was

taken as representative of the daily average shaded area during the month.

The main unit that was adopted in this research to evaluate the results was the average
annual shaded area per hour. This unit was taken as a scale unit to compare the shadow

behaviour of the two forms.

The average annual shaded area per hour = the shaded area generated in the 12 days that

represent the year/[ 12(the number of months)*12(the average daytime period)]

b) The Distribution of the Shaded Area in the Over and Under-heated Periods

The objective of this analysis is to investigate the period when the differences in the
shaded area between the two forms are maximal and the period when these differences are
minimal. The simulation was performed for two days, the 15™ and the 21* of December
and for the 15" and the 21" of June. The average results for the two days were conducted

as representative of each period to assure a high level of accuracy for the experiment.

This investigation will enable the evaluation of the expected differences in the shaded area
between the two forms in more specific way. The intention of the analysis is to determine
whether the major differences in the shaded area between the two forms take place in the
winter or summer period. This analysis intends to relate the performance of the form to the
special thermal requirements of each season. The analysis also helps to calculate the
insolation efficiency (Ew) of the forms, which is the main indicator of a building’s

usefulness in a temperate climate.

¢) The Shaded Area Generated by the Outer and the Inner Surfaces Over the Year
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The analysis will investigate the side of the forms where the maximum differences in the
shaded area, generated over the whole year, take place and the side where these differences
are minimal. Shadow patterns influence the distribution of living spaces within buildings.
In addition, unilateral and bilateral buildings can be greatly affected by shadow

distribution.

d) The Shaded Area Generated by the Outer and the Inner Surfaces in the Over and Under-

heated Periods

For each season, the analysis will investigate the side of the forms where the maximum

differences in the shaded area between the two forms take place.

ii. Evaluating Shadow Patterns during the Daytime Period

This investigation includes four cases:

a) Distribution of the shaded area in the two forms during the daytime period over the

whole year.
b) Distribution of the shaded area in the two forms during the daytime period in the over

and under-heated periods.
¢) Distribution of the shaded area generated in the inner and the outer surfaces during the

daytime period over the whole year.
d) Distribution of the shaded area generated in the inner and the outer surfaces during the

daytime in the over and under-heated periods.

The aim of the analysis is to investigate when maximum differences in the shaded areas
between the two forms take place during the daytime period. The investigation will also

clarify the distribution of the generated shaded area over the daytime period for the four

previously mentioned cases.

The latitudinal location of the site, orientation, time, month and the hour of experiment are

required for generating the shadow. Jerusalem climate data were suggested (3 1°47°) due to

the central location of the city, approximately in the middle of the Palestinian territories.
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V. The Structure of the Thesis

The significant limitations which are identified in the context of sustainable urban design,
provide the motivation for the development of a new framework which is able to integrate
the different dimensions of solar insolation in the built environment. To achieve this goal,
the structure of the thesis attempts to generate a framework within which the above
objectives can be promoted and achieved. The research outline includes two main parts
(Figure 1). First, for clearly setting the present area and its boundaries, a comprehensive
discussion is presented, in order to map the field and position of the research within the
context and in order to identify the gap which the research could fill. This theoretical
approach also gives the required background to establish the theoretical framework and the
methodological focus. This part of the thesis investigates the processes and principles
relating to the topic based on the current knowledge. Developing an understanding of the
issues involved is important for the analysis of field results on comfort and in the further

development of urban design strategies.

Secondly, experimental and parametrical studies have been performed to bridge the gap in
the previous studies and to enhance the theoretical approach of the research. The
parametric studies are the major part of the thesis and encompass shading and thermal
simulations which have enabled the study of a wide range of urban configurations.
Evaluations were undertaken with respect to design factors, such as geometry and
orientation, as they affect the urban microclimate. The possible application of these
experimental models in Palestine is discussed in order to validate the experimental work

and to highlight the focal point of the research.

The investigations mainly include four parts. The first one assesses the radial and the
rectangular forms separately. Also the experiments examine the behaviour of both forms
within an urban pattern, where the shadowing from one block to another is considered. In
addition, a comparison between different radial forms, varying in the extent of their
concavity, is performed. There is also a comparison between the rectangular U-Shape and
the radial form, where both forms can create a self-shading effect. Lastly, the implications
of these results are shown through their application to local Palestinian climatic zones. As
a result of these studies, it has become evident that some building forms are preferable, in

terms of passive solar design, to alternative built form proposals.
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The research outline is fulfilled in the following chapters as summarised below:

Chapter 1: Human Shelter And Climate: This chapter aims to give some basic information
about the relation between the human shelter and climate; it also illustrates some ancient
human attempts to deal with and control climatic conditions to make the shelter more
habitable.

Chapter 2: Basic Urban Design Principles: This chapter provides information about the
factors, mainly climatic and socio-economic that influence urban design. As each urban
form creates its own microclimate, the chapter also discusses the mutual effects of urban
design and climate. The chapter also mentions the role that vegetation can play in
enhancing the liveability of the urban outdoor space, and the importance of landscape
elements in connecting the urban form with the natural environment. Understanding other
factors that influence urban design are essential for clarifying the effect of climate on urban
design, as the generated urban design is usually derived from all these factors acting

together.

Chapter 3: Passive Solar Urban Design Characteristics: The chapter describes the features

of optimal solar urban design. It is focused on the methods and measurements that can be
undertaken to enhance the environmental principles in urban design. This includes criteria
of site selection and design. In addition, the chapter discusses the criterion of optimal urban
form, which can improve the urban microclimate. This includes the criterion of optimal

urban form in terms of solar orientation and wind flow patterns.

Chapter 4: An Overview Of The Palestinian Built Environment: The main illustrated topics
in this chapter are the geographical and climatic elements of Palestine. Detailed
information is presented for the current Palestinian territories (the West Bank and the Gaza
Strip). The situation of energy in Palestine is clarified in general and then renewable
energy resources and their possible adaptation to the Palestinian built environment are
highlighted. Other socio-economic factors that influence the urban design process in

Palestine are also presented.

Chapter 5: A Comparison Between Radial And Rectangular Urban Forms: Two forms are
suggested (rectangular and curvilinear). The two forms have the same built volume, the

same floor area and the same external surface area. The experiment is conducted for the
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radial form with the concave facade facing the south, and for the radial form with the
concave facade facing north. A comparison between the two forms in terms of the

generated shadow pattern was conducted.

Chapter 6: Mutual Shading Of Different Urban Patterns: In order to examine the variation
in behaviour between the two forms in terms of the generated shaded area, a comparison
between the two patterns was conducted. Two patterns of urban canyon are suggested
(rectangular and curvilinear). Each pattern constitutes of two blocks with the same
separating distance. The two patterns have the same built volume and the same canyon
facade area. In addition, both have the same external surface areas. The experiment is

conducted for patterns oriented east-west and also for patterns oriented north-south.

Chapter 7: A Comparison Between Radial Forms With Different Concavities: The
experiment discusses the possible application of radial forms in Palestine, with respect to
the possible Unilateral and Bilateral Distribution of the living units. A comparison between
different radial forms, varying in the extent of their concavity, is conducted. Also, a

comparison between radial forms with different orientation was performed.

Chapter 8: A Comparison Between The Radial Form And The Rectangular U-Shape: The
experiment aims to investigate the main characteristics of the curvilinear form as opposed
to the rectangular U-Shape in terms of the generated shadow pattern. The two forms have
the same built volume and the same external surface areas. The experiment is conducted

for forms with open spaces facing south, north and east.

Chapter 9: Overall Conclusions And Further Research: This final chapter evaluates the
results of these studies, draws some general conclusions, and makes some
recommendations for further research. It consists of three parts: the first part presents the
main contributions of the thesis to new knowledge. The second part discusses the possible
general utilisation of the conducted shadow analyses. Finally, in the third part some

recommendations for future research are presented.
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Chapter 1 Himan Shelter And Climate

1. Human Shelter and Climate
1.1 Introduction

Housing and all buildings are structures of components designed to mediate the existing
environment, which is less satisfactory in some way, into more comfortable and
satisfactory surroundings. Moore (1993) pointed out that historically, shelter has been built
to reduce the range of local climatic variations; to avoid some of the sun’s heat in hot
climates and to conserve heat in cold climates. In addition, shelter has been designed to
welcome the breezes when they can provide the desired cooling, and to avoid winds when

it exacerbates problems of an already cold climate.

Herzog et al,, (1996) asserted that the natural resources available in a given location,
especially sun and wind, should be harnessed for the climate conditioning of buildings and
should be reflected in the design of their layout and form. The various patterns of building
will enter into a special reciprocal relationship with the climatic data (elevation of sun,
seasonal or regional range of sunlight, air temperature, wind factor and direction, periods
when wind occurs, quantities of precipitation, etc). Olgyay (1992) believed that certain

shapes are preferable to others in a given surrounding.

Sun’s heat is influential both positively (in cold periods) and negatively (in hot periods).
Winds occurring at the under-heated period should be intercepted, cooling breezes should
be utilised in the over-heated period. The criteria for balance are minimum heat-flow out of
buildings in wintertime, minimum heat-gain in the structures during the over-heated
period. A balance can be found between the under-heated period when we seek radiation,
and the overheated period, when we want to avoid it. In general, sites which show better

characteristics in the winter-summer relationship, are more adequate for living.

1.2 Early Urban Centres

The four main early urban civilisations (Mesopotamia, Egypt, the Indus Valley and
Northern China) are valuable examples in terms of the climatic impacts on the earliest
urban evolution in the ancient world. The rise of these four civilisations (Figure 1.1) was
an example of successful adaptation to the environment. According to Golany (1995b), a
common denominator among these four urban civilisations was their location in a hot-dry

climate. Also Morris (1994) affirmed that climate has been identified as one of the

Furid AL Qeeq. 0D, Thovis, 2004 1



Chaprer 1 Human Shelter And Climate

important determinants of the earliest urban form, along with topography, construction
material and technology. Ahmed (1996) pointed out that the existing vernacular
settlements in the respective regions are often the physical evidences of a climate

conscious design.
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Figure 1.1: The Four Old-World River Valley Cultures (Brooklyn, 2001)

The city is the largest, most complicated project ever conceived in the history of
humankind. Golany (1995b) indicated, “The city is composed of historical layers whose
physical formation and evolution have been shaped, interwoven and integrated by

diversified social, behavioural, economic, climatic and environmental factors”.

All early urban centres were located in river valleys: these centres are Mesopotamia,
Egypt, the Indus Valley and China. These areas share many common characteristics in

their environment, climate and evolutionary processes.

1.2.1 Mesopotamia

Figure 1.2: Mesopotamia (The Oriental Institute, 1997)

Mesopotamia is located in southwestern Asia (Figure 1.2) in the valley of two major rivers,

the Tigris and the Euphrates. The hot-dry climate, where this civilisation rose, is
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characterised by high radiation, especially in the summer, and great amplitude between day
and night temperatures. It is believed by scholars and archaeologists that the earliest cities
appeared around the middle of the fourth millennium B. C. in the southern part of

Mesopotamia.

Urban design and planning as a preconceived concept certainly did exist in the public
buildings, monuments, religious buildings and palaces of Mesopotamia (Figure 1.3, 1.4). A

great deal of both effort and creativity went into the ziggurat as a religious and observation

tower, the palace of the king, and most importantly, the temple itself.

v

e -
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Figure 1.3: The Royal Palace of King Sargon 11 Figure 1.4: The Oval Temple at Khafajah
(The Oriental Institute, 1997) (GAP, 2001)

Public buildings were architecturally monumental, standing clearly above their
surroundings and representing the religious and secular power of the Mesopotamian
civilisation. These monumental buildings were elevated on a ramp and were significantly
higher than the rest of the city’s skyline with the ziggurat being the highest of all (Figure

1.5). These buildings were balanced and symmetrically designed.

Figure 1.5: Ziggurat of Nabonidus (The British Museum, 2001 )
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Golany (1995b) reported that one of the main aspects which created the city form was to
place the maximum number of people within a minimal amount of land. This was the result
of the need for defence and for preserving land for agriculture. This also reflected the
social need of residents themselves for social closeness. In addition, it reflected climatic
considerations, because compact cities provide more shadowed areas. Usually, the cities

were round in shape.

Streets in the ancient Mesopotamian cities were developed in three levels at least. The
widest was the main street, leading to major monumental buildings and dividing
neighbourhoods. The second was narrower and penetrating into the neighbourhoods. The
third was the dead end, usually surrounded by a conglomerate of houses that were attached
side-to-side and back-to-back. Dead ends provided protection against hot and dusty winds
during the day and, to some extent, retained heat longer than the wide-open spaces during
the evening when it was most desirable. In most cases, these streets ended in a patio that
provided great privacy, safety and security. These dead-end alleys, as well as second-level
streets, were very narrow and were curved or zigzag in pattern. This characteristic
provided more privacy and protection from the intense heat and dust storms and from

enemies.

The design principle of the Mesopotamian house was the patio style surrounded by rooms.
Because Mesopotamian cities were densely developed, they did not have any significant
green area or public open space within the city. However, the distance from the middle of
the city to the open, yet mostly agricultural, space outside the city wall was an acceptable
walking distance. The archaeological indicators provide evidence for abrupt wind,
temperature and humidity changes coincident with the abandonment of sedentary urban

settlements (Manzanilla, 1997).

1.2.2 Egypt

Egypt is a good example of the great impact the environment can have on urban and social
development. Egypt’s climate is more stressful than that of Mesopotamia, the Indus Valley
or Northern China. The climate is defined in general as a hot-dry one with extreme aridity.

Rain is limited to the shores of the Mediterranean in northern Egypt and rarely occurs in
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the southern part of the country (Golany, 1995b). The Nile, which runs from south to

north, was the source of survival.

All human activities were focused exclusively in the cities and villages along the Nile
River. Due to the fact that population was never congregated into large demographic
aggregates, as in the case of Mesopotamia, Egypt was characterised as a civilisation
without cities, because population was more or less homogeneously distributed along the
Nile margins (Manzanilla, 1997). The lack of urban centres in Egypt eliminated the

contrast between rural and urban centres that was characteristic of Mesopotamia.

Figure 1.6: Ancient Egyptian Urban Centres (The Oriental Institute, 1997)

Because of the delta’s location (Figure 1.6) along a major international thoroughfare
running from Asia through North Africa, delta cities were ethnically mixed, heterogeneous
and culturally enriched. Although the Nile was used as a transportation link, the first
cataract prevented it from becoming a major water thoroughfare. Despite its distance from
the geographical centre of the country, the delta became home for almost all of the capital

cities throughout the history of ancient Egypt.

These cities were never designed with protective walls because there was no threat from
either side of the river. The only protective cities developed throughout the history of
Egypt were in the delta region or those established at the political border between Egypt
and the Nubian tribes at the first cataract in southern Egypt. Egyptian agriculture was
exclusively based on irrigation and all of the economic and social conditions of the

civilisation resulted from that system.
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Except for monumental buildings, such as temples, palaces, etc., buildings in Egyptian
cities were built exclusively of mud. The climatic aspects were very obvious in the design
of Tell El-Amarna (City of Akhetaten). The houses were oriented toward the north or west

to take advantage of the cool wind (Figures 1.7, 1.8).

Eumamuu\ Pricst CITY OF AKHETATEN !

north and south harems

Figure 1.7: Plan of Tell ElI-Amarna Figure 1.8: Tell el Amarna, Reconstruction of the
(JEBF, 2001) Housing Area (JEBF, 2001)

The workmen’s neighbourhoods were planned by the government. The overall pattern
consisted of small units attached mostly in linear form with very narrow streets. The

structures were geometrically standardised with all units being the same (Golany, 1995b).

Monumental buildings were usually made of stone. The impressive monumental buildings,
with heavy masses of masonry against vast open spaces, were typical of the ancient
Egyptian cities. The temple was the core of the city and became the centre around which

the residential and the commercial complex of buildings developed.

The first collapse of a state in Egypt was related to climatic change (Manzanilla, 1997).
Lower agricultural productivity as a result of low Nile floods caused widespread famine
and anarchy. The area of fields under cultivation diminished, the harvest season decreased,
and the numbers of livestock were reduced, of course, this was only one factor within a
more complex process of social and political disintegration that included the collapse of

centralised authority.
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1.2.3 The Indus Valley

The urban centres of the Indus Valley developed along the Indus River in the Himalayan
Mountains (Figure 1.9). These centres were developed around the middle of the third
millennium B. C. and lasted until around the middle of the second millennium B. C.
Geographically, the Indus Valley was the major crossroads of transportation north and
south along the Indus River and east to west from India to Persia. In the Indus Valley the

climate is also hot and dry.
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Figure 1.9: The Indus Valley (Washington State University, 2001)

Urban settlements in the Indus Valley were characterised by a high standard of design,
regularity, hierarchical street design and high-quality city services, including municipal
facilities and sanitation arrangements. The design also was affected by the environment,
climate, local building materials and site conditions (Golany, 1995b). Mohenjo-Daro can
be considered among the first cities of its time to introduce a systematic, preconceived

design.

Golany (1995b) reported that the two distinctive characteristics of Mohenjo-Daro’s urban
design are the semi-grid systems of streets and the independent government citadel. The
streets themselves were divided into three hierarchical levels. The first level consisted of
wide straight streets and the second level consisted of narrower streets, almost straight and
running parallel to the major street. The streets in the third level were the narrowest, with
some right angles running perpendicular to the first two levels of streets; dead ends were
almost nonexistent. The unique government citadel was close to the city but completely

separated from it and combining many different functions.
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Homes in Mohenjo-Daro shared some common characteristics with those in Mesopotamia.
They were also patio style homes with two storeys of rooms surrounding the open
courtyard. Access to homes mainly came from the second or third level of streets.
Mohenjo-Daro apparently was of mixed social and economic classes, since houses of

varying sizes were clustered together (Golany, 1995b).

1.2.4 China

The cradle of Chinese civilisation, which included the urban centres, was situated in the
northern part of China along the Wei He and the Huang He rivers (Figure 1.10). The
climate of this region is arid and semi-arid and becomes more arid toward the north and

northwest.

(] Shang Civitization

milen

GOBI DESERT

Makong 2,

> W\
Figure 1.10: The Cradle of Chinese Civilisation (World History, 2001)

The region as a whole has plenty of water along the Huang He and the Wei He rivers,
which enabled the development of intensive agriculture. The peak eras of the ancient
Chinese urban centres were during the Han Dynasty (206 B.C. — A. D. 220), and later the
Tang Dynasty (A.D. 618-907), and the Song Dynasty (A.D. 960-1279).

The principles of ancient Chinese urban design were best expressed in the capital cities.
Most of these cities were located in central and some in northern China. Most of the
capitals were built as new towns and from a preconceived plan prepared by theoreticians,
philosophers and builders. There are several design principles evident in the ancient

Chinese urban design centres. These include the use of open space, the use of belowground
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space, and the integration of residential and commercial needs. Courtyards were used
throughout the cities as a common public space. Gardening and natural landscaping were

combined with sources of water to enhance the quality of the environment.

Within the city, two types of land-use patterns were dominant. One pattern, which was
used only in the marketing areas, combined markets on the ground floor with residences on
the second floor. In all other areas, residential and commercial buildings were separated.
Housing concentrated around an internal open space enclosed by walls. The family home
usually turned its back on the street and focused around an internal courtyard. The same
design was true for entire neighbourhoods which were collections of these houses enclosed
within a larger wall and arranged around an internal open space that was common to all
houses. Thus, each grouping created a nesting pattern from the core of the city to its outer

edge (Golany, 1995b).

1.2.5 Comparison of Early Urban Centres

In comparing the four case studies presented here, we can outline some of the
commonalities of these early urban centres of the world. Location and site selection of the
hot-dry climate area are a common denominator among the four case studies. All these
civilisations developed in arid zones with differing degrees of aridity. Rivers were the
source of life and the spine of each of the four civilisations with villages, cities and
transportation developing in a linear pattern along their banks. The river was the source of

fishing, drinking-water, transportation, and most importantly, for agricultural development.

Ultimately, climatic conditions may have been the major factor in the selection of the
location and the evolution of human settlements throughout early civilisations. People were
pushed away from the tropical zone by the continuous threat of illness and diseases
resulting from heavy rain, swamps, dense vegetation and the difficulty of coping with the
discomfort of the rainy, humid tropical climate. It may be that the high density of wild
animals, reptiles and insects threatened life and health even more. Similar pressure may
have occurred from the temperate zone falling north of the arid zone because of the
stressful cold climate of snow and blizzards that characterises those zones. In either case,
the zones that were left relatively comfortable for humans were the arid and semi-arid

regions (Golany, 1995b). In addition, the hot-dry climate of the arid zone, especially that of
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the Middle East and the Fertile Crescent, provided vast open space, cloudless skies and

views unobstructed by forests.

1.3 Climatic Effects on Human Shelter

Studies of vernacular types of buildings tend to confirm that the grouping of buildings
together seems to take into account climatic effects according to the latitude (Mazouz,
1998). Climate effects on human shelter include the choice of location for new settlements;
the shape and spatial patterns of settlements (Figure 1.11); the orientation of the urban
mass; the spatial organisation of land utilization within and around the settlements; the

alignment of major vehicular and pedestrian routes; and the intensity of use.

LDINGS 4 OUFERENT CLIMATE REGIONS

Reinius, Stockhoim.

¥ ‘}.".Eia
:{:3 =)
W ;‘,j 173,
11 Bockstrom &

Skinner, Baily &
Lubetkin, Finsbury

208

Zehrfuss, Turus

W0 08

Reidy, Pedreguiho

Figure 1.11: The Climatic Effects on the Urban Form (Olgyay, 1992)
1.3.1 Shelters for Hot-Dry Climates

The climate is characterised by extremely hot summers and moderately cold winters
(Moore, 1993). Humidity is continuously moderate to low. There is little or no cloud cover
to reduce the high intensity of direct solar radiation. As a result of the characteristically
high intensity and duration of insolation in the arid regions, solar irradiance and its control

by Minimising jts thermal and glare effects becomes the most important environmental
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physical field (Mazouz, 1998). As a result of clear skies and low humidity, which allow
intense sunshine during the day and rapid night radiation back to the clear night sky, there
is a great temperature variation between day and night. The dry air, low humidity and
minimal rainfall discourage plant life, and the dry, dusty ground reflects the strong
sunlight, producing an uncomfortable ground glare. Local thermal winds often carry dust

and sand (Koenigsberger, 1974).

1.3.1.1 Traditional Shelters

As a result of excessive heat and glaring sun in hot-dry climates, the shelter has to be
designed to reduce the impact of heat and to provide shade. The tribes often built
communal structures for mutual protection from heat. Olgyay (1992) reported that
structures such as the pueblo of San Juan (Figure 1.12) were constructed of massive adobe
roofs and walls which have good insulative value to delay heat impacts for long hours, thus
reducing the daily heat peaks. By packing buildings together, the amount of exposed
surface was reduced. Pueblo structures usually extend on an east-west axis, thereby
reducing morning and afternoon heat impacts on the two end walls in summer and

receiving a maximum amount of the southern sun in the winter months when its heat is

welcome.

Figure 1.12: The Pueblo of San Juan (NMEDD, 2001)

The indigenous shelters of this region appear in many ways like those of the cold region.
Both share severe and inhospitable conditions. As in the cold region, a compact geometry
and thick insulation were used to minimise heat transfer. Thick adobe construction or
underground construction was used to delay the effect of high outside temperatures. The

ultimate in thermal mass is the underground construction. The house has the advantage of

notable thermal stability underground (Moore, 1993).
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In desert climates, such as in Saudi Arabia, urban settlements are usually densely packed
with common-wall adobe constructions and courtyards to provide self-shading and
minimal exposure to the sun. Because of the high daytime air temperature and the intense
exposure to sunshine, window and door openings are kept to a minimum to reduce direct
solar gains. Shutters are usually used on the windows; these are kept closed during the

daytime period and opened during evening hours in order to allow night ventilation.
1.3.1.2 Design Criteria

Thermally massive external walls can delay the passage of heat from the peak hot period

outside, so that it arrives at the internal surfaces later during the day (Figure 1.13). Large

thermal mass absorbs excess heat and helps the interior of buildings to stay cool for longer.

Figure 1.13: Traditional Egyptian Houses (SCC, 2001, ARCHNET, 2001)

Often design for protection from hostile outdoor conditions (heat, wind, dust and glare)
results in inward looking buildings, sometimes with courtyards. Ponds and vegetation may
be contained in courtyards, especially in areas with very low humidity; the use of
fountains, pools, water streams and plants is desirable to provide evaporative cooling.
Evaporative cooling is effective. However, in such climates, water is often in short supply
and so needs to be conserved. The best external space in this type of climate is the
courtyard. Konya (1980) stated that, “When the courtyard is provided with water and
plants it acts as a cooling well and modifies the microclimate™. Vegetation can be used to
shade building elements, for cooling by transpiration, for trapping cooled air, and for

filtering dust.
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1.3.1.2.1 Site Layout

oto: Wil Doak = - ‘_\ — /-[’ .. o‘f:: ‘;’#./: .-, .
Figure 1.14: Morocco-Merzouga Oasis Figure 1.15: Traditional Berber House in Morocco
(CiAS, 2001) (AR, 2001)

In hot dry climates, shading is more important than ventilation. Settlements are
characterised by a dense layout (Figure 1.14). It is usually preferable to have compact
planning for groups of buildings to provide mutual shading and minimum exposure.
Openings should be small to admit little sun and to prevent glare (Figure 1.15). Enclosed,
compactly planned and inward looking buildings are most desirable (Konya, 1980). The
tendency here is to have close groups of buildings, narrow roads and streets, arcades,
colonnades and courtyards, in order to obtain the maximum amount of shade and coolness.
Buildings in many cases are arranged around courtyards which are used to provide shade to
adjacent spaces. By aligning buildings close to each other, especially if east and west
walls are placed close together, mutual shading will decrease heat gain on the external

walls.

As it is common in a warm climate, many daily activities take place in the outdoor space; it
is therefore necessary to treat external spaces just as carefully as the building itself.
Adjacent buildings, pavements and dry grounds heat up quickly, causing both a painful
glare and reflected heat radiation towards the building during the day. The enclosure of
outdoor space by walls, which can be themselves shaded, will help to avoid such
undesirable effects. Trees, plants and water in the enclosed space will cool the air by
evaporation; will help to keep dust down and will provide shade, and visual and

psychological relief.
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1.3.1.2.2 Urban Form

Outdoor conditions are so hostile in this climate that both buildings and external living

spaces need to be protected against intense solar radiation. An enclosed, compactly

planned and inward-looking building is preferable (Figure 1.16).

Surfaces exposed to sun should be reduced as much as possible. During summer, in low
latitudes, the roof is the surface that is most exposed to solar radiation, followed by the east
and west walls. Therefore, the larger dimensions of a building preferably face the north and
south, as these elevations receive the lowest heat loads from solar radiation. Developing
rows of houses, detached or terraced, with long facades facing south-north can maximise
winter solar exposure and provide shading during summer (Santamouris et al., 1996). To
minimise the effects of the hot sun, buildings should be designed so that their major
window exposures face the north and south. The north facade of a building has less direct
exposure to the sun. Although the south facade is exposed to sunlight, it can be controlled,
as in the summer season, the angle of the south sun is quite high at midday so that a porch,
overhang or similar device will provide effective protection. In winter, the lower angle of
the southern sun allows sun to pass through the building. The effect of sun on the east and
west facades is more difficult to control since sun angle is lower in the morning and
afternoon. The worst orientation is the west. Although solar radiation is similar on the east
and west elevations, peak intensity on the west coincides with the highest air temperature,
causing a higher total peak load. Shading of roofs, walls and out-door spaces is critical.
Projecting roofs, verandas, shading devices, trees and the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>