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“[The modern architect] must renew architecture from the moment when it was abandoned; and he must try to bridge the existing gap in its development by analyzing the elements of change,
applying modern techniques to modify the valid methods established by our ancestors, and then developing new solutions that
satisfy modern needs.”
Shearer, Walter. Preface to Natural Energy and Vernacular Architecture, p.xxii-xxiii
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Abstract
This study investigates a traditional Middle Eastern building element, the mashrabiya, and
looks at the potential application of this device within the contemporary context of the

Giles Weather Station in the Gibson Desert of Australia. The mashrabiya is a carved wooden
screen used to control the fierce desert conditions of the Middle East. It created conditions

of comfort within an extreme climate but is no longer prescribed due to the restrictive
economic constraints involved with its construction.

The research firstly considered the history of the mashrabiya and its various roles within

the traditional Middle Eastern dwelling and then applied contemporary fabrication and

design processes to its construction. The use of a CNC mill to construct the screen revealed
new variables and opportunities for their manipulation, thereby providing for new design

possibilities which transform the way in which it controls the desert conditions. The result
was substantial improvements in cost, performance and versatility of the screen.

Due to this program of research the mashrabiya was able to be applied to the Giles Weather
Station in a much more ambitious manner than would otherwise have been possible. As a

result of this the weather station aims to be architecturally unique, both in appearance and
in functional performance.
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Introduction: Giles and Traditional Architecture
“What appears to be needed, therefore, is an appraisal of the conditions under which the traditional solutions are technically, environmentally, socially, and economically valid, so that use can
be made of this knowledge in appropriate situations. It would be of great benefit also if societies
with similar conditions could share their traditional solutions to specific problems. Following appraisal, some solutions may be rejected as inappropriate, but a scientific understanding of the
principles upon which they are based could serve as a useful foundation upon which to develop
new solutions more in keeping with the local economics, environment, and society than those that
have replaced the traditional ones. Many traditional techniques could be improved, using new
materials and knowledge, rather than totally abandoned.”
Fathy, Hassan. Natural Energy and Vernacular Architecture. Foreword, p.xvii
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Introduction
In August 1873 a group of four travellers, led by the great adventurer Alexander Giles, set
forth in an attempt to cross the wild desert plains of central Australia. Their journey was all

the more impressive on account of the long list of failed attempts before them: a list compiling
many who had died in the attempt. Eight months into their journey and short on supplies and

water, Giles and the youngest member of the exploration, Alfred Gibson, made a desperate
attempt to cross a vast and arid stretch of desert. One by one their horses, driven mad by
heat and thirst, died beneath them. Eight days later Giles stumbled out, weak from thirst
and near delirium, alone. Gibson had perished, yet another victim of the unrelenting desert
conditions.1 The all encompassing heat, the arid landscape and the harsh, unwavering sun;
such extremes of climate are beyond the capacity of human tolerance, both psychologically

and physiologically. Giles and his crew were beaten by a land so severe that it renders the

human capacity useless. Such is the untenable nature of the desert that concerns of comfort
long give way to matters of sheer survival, as the unfortunate Gibson found.

Over a hundred and forty years later the aptly named Gibson Desert remains one of the most

inhospitable places on earth. For the few who brave the heat, one outpost is particularly

worthy of note. The Giles Weather Station, named for the luckless explorer, is the only
manned meteorological outpost for 2.5 million square kilometres.2 Sited near the original
Fig. 1- The Gibson Desert
of central Australia

1874 base camp, the weather station now monitors the same scorching heat and arid

conditions that once conquered Alfred Gibson. The importance of this weather station
cannot be understated, for not only does it provide a rare glimpse into the climatic extremes

of desert life but it also is a key point in predicting the weather conditions for the southern
states of Australia.3 In the midst of furnace-like conditions a few lone scientists brave the
heat to conduct critically important scientific research.

It is interesting therefore that the architecture of the Giles Weather Station, a facility for

advanced climate research, is so climatically inapt. Tin sheds, which would not look out

of place in a suburban Sydney back yard, serve as houses. Mechanical ventilation and
cooling (HVAC) units adjoin every room, waging constant battle against the intense heat.
The buildings are wasteful, inefficient and uncomfortable. The weather station serves as an

example of the fact that although our technology may be advanced, intelligent application of
it is often found wanting.

1 Giles, Ernest. Australia twice traversed, Vol. 2, p. 46
2 Storm Boys. Report on Giles Weather Station shown on Landline, ABC network, 2006.
3 History of Giles Weather Station, Australian Bureau of Meteorology. www.bom.gov.au/sa/giles/history.shtml
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Fig. 2- Residential units at
the Giles Weather Station.

It is also an example of how the knowledge once possessed by traditional societies has been
forgotten. The extreme conditions faced within the Gibson Desert have been successfully
dealt with in the almost identical climate of the Middle East for thousands of years. The

solutions that they developed were based on passive, craft-based architecture that worked
with the climate, rather than fighting against it. They developed architectural typologies

which, even in the middle of a merciless desert, managed to create comfort. Yet whether

due to technological development, rapid globalization or changes to the economics of
construction these traditional architectural solutions are now being forgotten or ignored.

Although old, parts of those historic solutions could potentially be applied in the Gibson
Desert. “The survival of traditional societies over hundreds and thousands of years indicates
that they surely possess knowledge that can still be of great value either in its original form or
as the basis for new developments.”4 The vernacular desert architecture of the Middle East is

a broad field however, covering hundreds of different building typologies, thermal strategies
and traditional solutions and as such cannot be covered fully within one study. Therefore the
question asked within this research is if the investigation and adoption of just one element

of the traditional Middle Eastern desert architecture could benefit the architecture of the

Giles Weather Station. The element chosen for this research is the mashrabiya, a carved
wooden screen which was highly important in combating the extreme desert climate.

The mashrabiya is a lattice screen that was used within Middle Eastern desert architecture

to regulate light, heat, airflow, humidity and privacy. It was a highly prized feature in these
countries, not only because of its extraordinary versatility and effectiveness at controlling

the climate but also because of its delicacy and beauty. Its use enabled desert buildings to

become light, breezy and open, creating comfortable and socially engaging conditions. Its

decline from use has resulted in the loss of both a huge wealth of knowledge and the sheer
aesthetic value that it once brought to the streets of the Middle East.

4 Shearer, Walter. Foreword to Natural Energy and Vernacular Architecture by Hassan Fathy, p.xvi
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This study researches the functional aspects of the mashrabiya and applies this knowledge

to the Giles Weather Station with the aim of creating a more effective and climatically
appropriate built form within the Gibson Desert. The first two chapters describe the
history and functional performance of the traditional mashrabiya, investigating its role
within the Middle Eastern desert architecture from its initial development through to its

eventual decline from use. Its precise functional attributes are isolated and defined in terms
of the relationship between the physical parameters of the mashrabiya and the influence

that they have on the internal environment. This leads to the third chapter which applies

contemporary digital design and fabrication methods to the construction of the mashrabiya
and in so doing develops a series of mathematical rules for the optimization of each of its

physical variables. The result is that the cost, performance and architectural versatility of
the screen are greatly improved.

Chapter four develops the component based system and associated features required to

apply the experimental mashrabiya developed in the previous chapter to the Giles Weather
Station. With this research the mashrabiya is transformed from a traditional window screen

into something far more appropriate for the context of the Giles Weather Station, the form

of which becomes a unique expression of a functional solution to the extreme conditions of
the Gibson Desert. The design of the weather station is a demonstration of the viability of
traditional architectural knowledge within a contemporary environment.

Fig. 3- Mashrabiya used within a building in Cairo, Egypt
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Chapter 1: History of the Mashrabiya
1. History of the Mashrabiya
For the mashrabiya to be considered as a viable architectural solution to the problems faced

within the Gibson Desert an understanding of its history is required. As Hassan Fathy points

out, any traditional architectural solution must be understood implicitly in terms of its
scientific, social and constructional aspects before any attempt can be made to apply it to a

contemporary situation.5 Precisely how and why the mashrabiya came to be used needs to
be investigated. Just as important to understand are the reasons behind its eventual decline

from popular use- reasons which are currently prohibiting it from being applied to modernday architecture. Without a full appreciation of the role that it played within the traditional

Middle Eastern dwelling any application of the mashrabiya into the context of the Gibson
Desert would be inherently flawed.

Therefore the aim of this chapter is to provide the background information required
to appreciate the traditional construction and application of the mashrabiya. This is
accomplished by exploring the mashrabiya’s history from its initial development within
Middle Eastern desert architecture to its eventual decline from use. Each part is an important

chapter in the story of the mashrabiya, providing important insights into the applicability of
the screen within contemporary western architecture and the Giles Weather Station.

5 Fathy, Hassan. Natural Energy and Vernacular Architecture, p.9
PERFORMANCE AND PERMEABILITY
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1.1. Desert Context
The desert plains of the Middle East, held in the deathly grip of an unforgiving sun, roasted

slowly over countless millennia, becoming barren, sandy and inhospitable. From the

countries of the Northern Sahara, Egypt, the Arabian Peninsula and all the way through to

Iraq the dominant climatic condition is one of extreme heat.6 The scorching temperatures
are exacerbated by the aridity which evaporates every drop of water, parches the tongue
and dries the skin. Such conditions are beyond the capacity of human tolerance and without
an effective architectural intervention discomfort quickly leads to incapacity or even death.

Yet within this furnace-like environment lived a great many people whose existence was
enabled by strong vernacular traditions; people who built houses designed as cool points of

respite amidst the baking sands. Thick earth walls created dark shelters, shielded from the

harsh rays of the sun. The heavy earth forms were bastions against the desert heat, cooling
Fig. 4- Ancient mud building
within the Egyptian Desert.

in the cold night air and retaining that coolness during the day. Courtyards filled with desert
plants would act as sinks for this night air, storing it until day when it would flow out into
each room of the building. Strategically located fountains and pools would further cool the

air as it passed through the rooms, while high ceilings and wind catchers would draw the
hot exhaust air up and out of the building. The result was dramatic and resulted in a method
of living which defied the extreme desert conditions. But not everything worked so well

in this format. The lack of openings resulted in interiors that were too dark to undertake
daily tasks and had no real connection with the street or neighbouring houses. Airflow was

restricted and consequently the rooms were often poorly ventilated and stuffy. Although

cool, the buildings were not necessarily comfortable and were effectively shut off from the
world.

The solution to these problems was provided by the mashrabiya, a carved wooden screen

that let in ambient light yet restricted direct light. In this capacity it was able to cover wide

openings on the side of the building without causing an increase in internal temperature,

resulting in a steady airflow and ensuring the rooms remained cool yet were light, breezy
and comfortable. Additionally, they provided privacy to the occupants, an important factor in
the predominantly Islamic countries of the Middle East. The mashrabiyas took on an artistic

character, driving the architectural expression of these desert houses. They became prized
for their beauty, yet regardless of their visual merit they still remained highly functional and
practical objects.

6 Badawy, Alexander. Architectural Provision against Heat in the Orient, p.122
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Fig. 5- The Bayt Al-Suhaymi
house in Cairo, dating from
1648, has some of the finest examples of domestic
mashrabiya still in existence.

Fig. 6- Inside the building it is
light and airy. The mashrabiya softens the light entering
and becomes like a veil gently
covering the building.
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1.2. Development
Due to the ever-evolving nature of architecture, it is difficult to pinpoint when the mashrabiya

first became used. What is certain is that its development and optimization was a process

that occurred over many hundreds of years. Martin Briggs speculates that while its origins
could possibly be found in the Coptic churches in Egypt, “the earliest authenticated examples
occur in the Ayyūbid cenotaphs (thirteenth century) in the mosque of Imām ash-Shāfi’i,

in the railings surrounding the tomb of Sultan Qalāwūn.”7 From this point onwards, and
especially during the Ottoman reign in Egypt (1517-c1805), the use of mashrabiya screens
in domestic residences became widespread.8 Due to the effectiveness of the mashrabiya in

creating a comfortable internal environment within the extreme heat of the desert it became
a very popular architectural feature, spreading quickly throughout the desert countries of
the Middle East. Cities such as Cairo in Egypt, Jeddah in Saudi Arabia and Basra in Iraq have
particularly widespread examples of their use.9

As each country adopted the mashrabiya it was slowly adapted to suit their particular

climatic, social and cultural requirements, so that various regional differences can now be
seen between the mashrabiya of individual towns and countries. “Thus, while in Rosetta

and Alexandria these are made of turned woodwork, resembling that of Cairo though less
elaborate, the window-openings of houses in Damietta, Mansurah, Matariyyah, etc. are filled

with a trellis formed of delicately fretted strips of wood, equally appealing in a different
way.”10 Although the style and detailing of the mashrabiya often changes between countries

it is important to note that functionally they each perform the same role. Along with stylistic

changes to the screen there were regional variations of the name itself. In Yemen it is
called the takhrima, barmaqli in Tunis, Shamashil in Iraq and rowshin in Jeddah, amongst
a multitude of others.11 For the purpose of this study the name and spelling used will be

‘mashrabiya’ and the style used as the primary reference point for detailed analysis will be

the turned wooden screens that are most popular in Cairo. The screens were distinctive
in their delicacy and intricacy, and are the style that is most commonly recognized as true

‘mashrabiya.’12 Additionally, the climate of the Gibson Desert is extremely similar to that of
Cairo, meaning that the functional performance of the screen should be able to translate
relatively easily between the two locations.

7 Briggs, Martin S. Muhammadan Architecture in Egypt and Palestine, p.210
8 Kenzari, Bechir and Yasser Elsheshtawy. The ambiguous veil- On Transparency, the Mashrabiy’ya, and Architecture, p.21

9 Kenzari and Elsheshtawy, p.20
10 Briggs, p.160
11 Kenzari and Elsheshtawy, p.18
12 Gelil, Nermine Abdel. A new mashrabiyya for contemporary Cairo: Integrating traditional latticework from
Islamic and Japanese cultures, p.37
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Fig. 7- Examples of different styles and patterns of mashrabiya
found within Cairo.
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The early 19th century was a golden age for the mashrabiya, with the combination of climatic

functionality and ornamental detailing driving its demand. “The vernacular architecture of
the Arab World and neighbouring regions not only solved the climatic problems but did so

with a combination of beauty and physical and social functionality.”13 The desire to have the
most elaborate and decorative screen kept craftsmen constantly innovating and developing

ever finer details. Rich families imported rare wood from distant lands to distinguish their

mashrabiya, often using teak all the way from India or Java.14 A great trade ensued, a whole
industry based upon this valued commodity. As the demand for the mashrabiya grew, so too
did the skill and expertise of the craftsmen, each of whom would express his own unique
style and artistic qualities in his work.15

1.3. Construction of the Mashrabiya

The importance of the craftsmen cannot be understated, for not only did they create the
artistry and aesthetics of the mashrabiya but they also controlled the exact functional

properties of the screen by varying its attributes during construction. They defined precisely
how the screen mediated the boundary between the extreme desert heat and the cooler

interior, controlling the amount of light, heat and air allowed in. It is a testament to the

ingenuity and skill of these craftsmen that they were able to temper the environment to the
extent that they did. That comfort could arise amidst such intolerable conditions speaks

volumes of the knowledge and experience that is ingrained within the architectural forms
that they created.

Egypt, a country consisting primarily of deserts and low-lying river deltas, is a land almost

devoid of large trees. “There are few countries so sparsely planted as Egypt and the
neighbouring parts of Syria.”16 Therefore timber was hard to come by in any great quantities

and only small branches and sticks were available, meaning that the mashrabiya had to
be constructed from a large number of small interconnected elements rather than being

carved from a single block of timber. The craftsman would use a lathe to turn each stick
to the required thickness and length, beginning with a series of long primary balusters.
These could be anywhere between 100mm to a metre in length, depending upon the scale

Fig. 8- Craftsmen in Cairo and detail of the final mashrabiya, and would provide the basic framework of the screen.17
turning the lengthy primary
The balusters were turned to create a series of cylindrical lengths that were periodically
balusters on a lathe.
broken by larger spherical or cubic pieces that would become the connection points for the

13 Shearer, Walter. Foreword to Natural Energy and Vernacular Architecture by Hassan Fathy, p.xv
14 Akbar, Sameer. The Diminishing Role of Windows from Traditional to Modern: The Case of Jeddah, Saudi Arabia
p.17

15 Briggs, p.211
16 Briggs, p.203
17 Briggs, p.211
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lateral balusters. At each of these connection points the craftsman would drill a hole into

which the shorter secondary baluster fitted. To ensure the wood could expand and contract

freely with the changes in desert temperature the connection point was made without glue
or nails, a constraint that required a high degree of accuracy during construction.18 Once a

grid of balusters had been created it was secured within a frame to sprevent loosening. The
frames also acted as structural elements, spreading any wind and gravity load throughout
the length of the screen to avoid stressing any individual balusters. The net result was a
precisely designed and constructed screen stretching over a large opening, with up to and

even over a million individual components19 acting in unity to control precisely the internal
spatial qualities.

By changing the length and diameter of each baluster the craftsman could control the internal
conditions of the space.20 The ratio between the two defined the porosity of the screen,

which directly affected the way in which it regulated light, heat and airflow. Regardless of

the various climatic and social requirements, each building had an “optimal absolute and

relative size”21 for the length and diameter of its mashrabiya balusters, ensuring that a
precise solution could be tailored to suit every unique building. It was up to the craftsman

to determine these sizes during production and thus control the internal climate of the
building with precision.

Fig. 9- A small section of a
mashrabiya, held in place
with elastic bands.

18 Briggs, p.211
19 The mashrabiya used within the Arab Organizations Headquarters Building has over four million individual
pieces of wood used within its construction. http://www.arabfund.org/aohq/mashrabi.htm

20 Fathy, p.49
21 Ibid
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1.4. Decline of the Mashrabiya
By the early 20th Century however the mashrabiya was experiencing a significant decline in

use. It is now hardly used at all, and those that do remain are usually old and in a state of
decay and disrepair. The reasons behind the decline in use of the mashrabiya are twofold,

based upon cultural and practical considerations.22 A rapid modernization and increase in
globalization spread new technologies and styles throughout the world, leaving vernacular

traditions behind. Additionally a changing economic structure born from the industrial
revolution made small craft-based industries redundant, meaning that the construction
process of the mashrabiya could not compete with new forms of mass production.
1.4.1. Cultural

Mashrabiya and similar forms of traditional architecture have been utilized in Egypt and

the Middle East for centuries, providing an architectural form specifically adapted to the
harsh climatic conditions of these desert countries. “It is perhaps the remarkable suitability
of the Egyptian house to the exacting demands of the climate that chiefly explains the slight

change in its development through hundreds and even thousands of years.”23 However with

the rapid growth of Europe and America in the 19th and 20th Centuries it became important
for the slow developing economies of the Middle East to adopt the modern appearance
of western values and, as such, architecture.24 Therefore building elements such as the
mashrabiya, which had provided such an effective architectural solution for hundreds of

years, came to be viewed as antiquated and anachronistic. “It was symbolic because the
image of villas and apartments was modern and thus, if the [mashrabiya] was fixed on a villa

or apartment, the modern image which people were keen to express would be distorted.”25
In their place popular European architectural forms and styles were adopted. “By the end

of the nineteenth century Cairo had become a unique architectural exhibition in which all

European styles were displayed.”26 These new building typologies were not designed for use
within the extreme climate of the Middle East however and would quickly overheat beneath
the scorching desert sun.

The new styles of architecture generally consisted of static thermal zones rather than rooms

designed to facilitate passive ventilation,27 meaning the mashrabiya was unable to be applied
to window openings and became redundant. The alternative was mechanically driven
ventilation and cooling equipment such as air-conditioners. The air-conditioner became

22 Akbar, p.18
23 Briggs, p.146
24 Kenzari and Elsheshtawy, p.22
25 Akbar, p.18
26 Sakr, Tarek Mohamed Refaat. Early Twentieth-Century Islamic Architecture in Cairo, p.76
27 Akbar, p.19
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widespread as it is a relatively effective way of controlling the internal climatic conditions

with a high degree of accuracy and ease and quickly replaced the traditional solutions such
as the mashrabiya.

Unfortunately, the use of mechanically driven cooling equipment brought with it a number

of problems. Air conditioning units require a large amount of power and money to run
compared to traditional passive cooling methods. “In many of these [hot climate] countries,

air-conditioning accounts for more than 70% of the national electrical power consumption.
However, less than a century ago, the inhabitants of these countries lived in buildings

that incorporated only natural-cooling (i.e. far cheaper) techniques for achieving thermal

comfort.”28 Even worse is the fact that the architectural elements once used to cool these
desert cities, such as the mashrabiya, malqaf and salsabil created a sense of identity that

is conspicuously absent within the buildings now used in their place. “When the modern

architect replaced these decorative elements with air-conditioning equipment, he created
a large vacuum in his culture. He has become like a football player playing football with a

cannon. If the purpose of the game is scoring goals, then assuredly he can score a goal with
every shot. But the game itself will disappear, and so will any diversion for the spectators,
except perhaps in the killing of the goalkeeper.”29 The true value of the mashrabiya is that

it not only played an extremely important functional role but it did so in a way that added

significantly to the architectural expression of the city, something that is not matched to any
degree by its replacements.
1.4.2. Practical

The huge economic changes that occurred following the industrial revolution of the 19th

century meant that traditional craft-based architecture became financially unviable.30 The
process of carving and inserting each individual baluster of the mashrabiya was labourintensive and incredibly time consuming, and even historically the mashrabiya was expensive

to produce. “The [mashrabiyas] were the most sophisticated objects in the traditional houses
of Jeddah... As such, they were the most expensive elements in the building.”31 This may once
have been a method of construction that was economically viable, but now that the building

industry is mechanized and production is based on reducing the time and cost involved,
detailed craftwork such as mashrabiya struggles to remain relevant.

28 W.J. Batty, H. Al-Hinai and S.D. Probert. Natural-cooling techniques for residential buildings in hot climates,
p.301

29 Fathy, p.xxi
30 Akbar, p.18
31 Akbar, p.17
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Ultimately, the underlying reason as to why the mashrabiya is no longer used within Middle

Eastern architecture is that the construction process prohibits its use. Skyrocketing costs

mean that architects have no option but to forgo the vernacular traditions in favour of

modern alternatives such as air conditioners. If a new form of fabrication could be established
that was capable of mass-producing the mashrabiya to be financially competitive with the

mechanical alternatives then the screen could once again become a viable solution to the
Fig. 10- Many of the remaining mashrabiyas are very old
and decaying, such as this
one in Eritrea.
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problems of desert climate.
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1.5. Contemporary Interpretation of the Mashrabiya
The mashrabiya has a certain mystique surrounding it that holds some appeal to contemporary

architects. The precision and delicacy of the detailing speaks of a dedicated craft tradition
that is not commonly seen in modern-day designs. As such there has been recent interest
in reinterpreting the mashrabiya, or at least the aesthetic aspects of the mashrabiya, in new
architectural works.

Fig. 11- Mashrabiya inspired
screens on Jean Nouvel’s In- Jean Nouvel, a Priztker prize-winning architect, has interpreted the mashrabiya in a number
stitut du Monde Arabe in
of his facade designs. His use of the mashrabiya focuses upon the intricacies and patterns
Paris.

that provide the screen with much of its charm, a charm that he captures in a dramatic and

lively fashion. It can be noted however that while the facades are effective at filtering light
and providing for a visual spectacle they do not have the same functional role within the
building as a traditional mashrabiya once did. Their use is in direct conjunction with glass
Fig. 12- Interior view

curtain walls that block any airflow and create static thermal zones, meaning the internal
spaces need to be climatically regulated by means of HVAC units.

It is understandable that the visual intricacy of the mashrabiya should be the focus of

reinterpretation within contemporary architecture however there is a firmly established
body of knowledge within the mashrabiya that is easily overlooked. The mashrabiya is

an architectural element that has been developed over hundreds of years to perform the
important task of controlling the internal climate of a building and it has been proven to be
Fig. 13- Detail view

extremely successful. Whilst it is easy to focus merely upon that which holds a visual appeal,

“what is more important is that the historical prototypes combine with recent technological

advancements [to] lead to a more natural and environmental-friendly architectural design.”32

For this reason the focus of this study is to determine precisely the functional capacity of the
mashrabiya. It will endeavour to understand how the screen is able to successfully control
the climate and how a contemporary interpretation can form from that.

32 Saranti, K. Air moving in and through building: historical prototypes and contemporary applications, p.5
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1.6. Conclusion
For hundreds of years the mashrabiya was prized as a highly functional and decorative
element of Middle Eastern desert architecture. Indeed, the sheer artistry in the use of

tiny wooden balusters to create elaborate patterns belies what an integrally important
role it played within desert architecture. Without the mashrabiya the houses within these
countries would have been dark, stuffy and uncomfortable. Yet the rapid global changes
that occurred during the 19th and 20th centuries have effectively rendered traditional

architectural technologies such as the mashrabiya redundant. The incompatibility of the
traditional construction methodology with a new post-industrial economy means that it has
become far too expensive. That, coupled with a diverse range of new technologies such as
air conditioners, has meant that this long-admired craft is no longer used.

Nevertheless there is a wealth of knowledge inherent within the mashrabiya that is clearly

being overlooked due the technical difficulties involved in its construction. The way in

which it controlled the internal climate of the building while at the same time enhancing
the aesthetic and social aspects of the architecture is unmatched by any of its contemporary
replacements. For this knowledge to be usable in a contemporary context and within the Giles

Weather Station the entire process of construction has to be rethought. The use of a cheap
alternative fabrication process to recreate the mashrabiya has the potential to re-establish
the screen as a viable architectural element and to tap into its body of knowledge. Before
this can be done however the individual functions of the mashrabiya have to be isolated and
defined and the factors which influence these functions need to be established.
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Chapter 2: Function of the mashrabiya
2.

Function of the mashrabiya

The previous chapter described the rise and fall of the mashrabiya within Middle Eastern
desert architecture, but its history does not explain its reasons for being used. Its role within

the building was complex, with many different functions. Each of these functions need to be
determined to further understand how it can be utilized within the context of the Gibson
Desert and what performance aspects need to be optimized for the Giles Weather Station.

The suffocating desert heat of the Middle East required strict building typologies, involving

large areas of thermal mass, shaded interiors and small openings. The mashrabiya was

developed to increase the amount of ambient light and airflow, allowing the building to

be cooled while also creating a much-needed connection with the outside world. Hassan
Fathy defines the mashrabiya as having five primary functional roles: light control, airflow

regulation, temperature regulation, humidity control and visual privacy.33 In addition to
this there are also the aesthetic and social attributes of the mashrabiya which cannot be
overlooked. This chapter defines each specific function of the mashrabiya in relation to these

climatic problems and looks to understand exactly how the screen influences the internal
climate of the building.

33 Fathy, p.47
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2.1. Temperature Regulation
Deserts are among the hottest places on Earth. Temperatures of up to 50 degrees Celsius34
are far beyond what the human body is capable of tolerating, with both comfort and survival

depending upon an appropriate form of thermal control. Therefore the first role of every

architectural intervention in the desert is to dramatically reduce the temperature of the
living space. The vernacular architecture of the Middle East has been developed specifically

to regulate internal temperature, primarily through the use of large walls with a high thermal
inertia, darkened interiors and small openings.

Alongside the extreme heat is the large diurnal shift in desert temperatures, often up to 20
degrees.35 Thermal comfort needs to be attained not just in the heat of the day but also in
the cooler parts of the year, whether that be at night or in winter. Deserts can be bitterly

cold in winter and any architectural response needs to acknowledge this by allowing
heating to occur in the coldest months. The range of temperatures within which comfort

can be achieved is reasonably low and depends not just upon the heat storage capacity of

the building but also on a variety of other factors, such as the relative humidity, the rate of
airflow and the amount of direct sunlight within the space. Each of these factors is regulated
in some manner by the mashrabiya.

2.1.1. Role of the Mashrabiya
2.1.1.
It was not the mashrabiya on its own that cooled the building, but rather an intelligent

combination of architectural features, each designed to reduce heat gains and create a cool,
steady internal environment. The mashrabiya acted as a mediator within all this, regulating

the external boundary layer by blocking any direct sunlight, creating a constant airflow and
facilitating evaporative cooling.

Direct sunlight is the cause of the severe temperatures and arid conditions in the desert,
heating the earth and air until it borders on unbearable for human occupation. The thin

atmosphere common within deserts means that the amount of heat energy transmitted

through the sun is extreme, far higher than in milder climates.36 The mashrabiya restricted
solar gain by shading the interior during the hot summer months, yet was able to provide

for heating in the cooler parts of the year by allowing direct sunlight in during winter (see
2.2.1).

34 Koch-Nielsen, Holger. Stay cool: a design guide for the built environment in hot climates, p. 27
35 Karaman, Aykut. Vernacular approaches to passive cooling in arid zones, p.3
36 Aljofi, E. The potentiality of reflected sunlight through Rawshan screens, p.817
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As the mashrabiya allowed for large openings within the building it created a gentle breeze

that passed through the internal spaces. A constant airflow helped sweat to evaporate from
the skin of the occupant, a process that greatly affects the apparent air temperature. The

amount of air that flowed through the mashrabiya (and therefore the rate of cooling) was
determined by the size and the porosity of the screen along with the driver at the air exhaust
point of the building (see 2.3 and 4.6).

By placing water sources in the mashrabiya the temperature of the air that passed through
it was reduced through evaporative cooling. This is important as the external air could
be extremely hot to start with, meaning that its cooling capacity as it flowed through the

internal space was compromised. By introducing evaporative cooling elements into the
mashrabiya it actively cooled the air as it passed through, creating a far more pleasant
internal temperature (see 2.4).

Each of these cooling and heating processes depends upon certain attributes of the screen

in terms of its porosity and sizing. A more porous screen will let in more light in the winter
but also increase the amount of air flowing through the space, changing the efficiency of the

evaporative cooling systems. Therefore it is important to understand the interdependencies
between the different attributes and functions of the mashrabiya. A change made to affect
one process may end up having an adverse impact upon another function.

Fig. 13- The heating and
cooling requirements for
Giles. The blue line indicates
that for most of the year a
significant amount of cooling
is required, while there is also
some need of heating (red) in
Winter.

8k

DEGREE HOURS (Heating, Cooling and Solar)

C

6k
4k

S

2k
0k H

J

F

M

A

M

J

J

A

S

O

N

PERFORMANCE AND PERMEABILITY

D

31

2.2. Light Control
As previously established the control of direct sunlight is of critical importance within desert
architecture. There are three aspects of light that need to be controlled; the heating caused

by direct solar gain, the internal daylighting requirements and lastly the visual qualities of

light, such as glare. Each of these aspects is controlled through the mashrabiya, which was
an effective solution to these problems in that it was able to control exactly what type of light

entered the building. The light changed from something harsh and unwanted to a highly
desirable feature of the internal space.
		2.2.1.

Direct Light

Blocking summer sun and reducing internal solar gain was the most important priority for
desert architecture, while at the same time allowing for a small quantity of light to enter

during the cold winter months. The mashrabiya was the key to controlling when and how
much direct sunlight entered the building. Summer light was blocked by closely spaced

balusters yet in winter the sun angle was much lower in the sky and could pass through
Fig. 15- Here the screen casts
delicate shadows throughout
the room, allowing light in
for heating in winter.

the interstices, warming the building from within. In this manner it is possible to maintain

a stable, comfortable temperature all year round. The mashrabiya on the equatorial facade
of the building became the active face as it was able to directly bring light into the building
when required.

The precise point in time at which the mashrabiya changed from being a cooling device to a

heating device is critically important to understand; if this point is placed too early or late

in the year it becomes counterproductive. This point was determined by the ratio between
the length and diameter of the individual balusters of the screen which defined the angle
at which light could begin to enter the building and consequently the time of year that this
would occur (see 3.1).

2.2.1.
2.2.2. Diffuse Skylight
Although the building needed to block direct light it also required sufficient internal

daylighting to allow for regular activities to occur. Diffuse skylight is useful within desert
climates as it can create well lit internal conditions without dramatic heat gain, meaning
that the “maximum use of indirect and internally reflected light is the most appropriate

form of daylighting.”37 The mashrabiya was an important tool in allowing ambient light into
the internal space without letting in direct sunlight.

37 Koch-Nielsen, p. 86
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The amount of diffuse light that enters a room depends primarily on the size and porosity

of the mashrabiya, along with the reflectivity and materiality of the balusters.38 These
parameters controlled how much ambient light entered into the rooms and as a result would

determine what tasks were able to be performed by the occupants. For example, if one were
Fig. 16- As shown here, the
mashrabiya is able to allow
sufficient ambient light into
the room without allowing
any direct light in.

to read in the room it would require a high level of ambient light and therefore a relatively
porous mashrabiya, whereas if the screen were merely covering a bedroom the amount of

ambient light required could be much lower. In this manner there is a direct link between
the parameters of the screen and the programmatic requirements of the building.
2.2.2.
2.2.3. Glare
There are also the visual properties of the light which had to be controlled. Desert sunlight

is extremely harsh due to a thin atmosphere and often contrasts sharply with the darkened
internal spaces.39 This, along with a high level of reflected ground light,40 creates almost
unbearable glare. The extreme variation in light levels causes intense visual discomfort,

and an adequate ‘visual buffer zone’ is required in areas of transition from the exterior to
interior.

The control of glare and reflected ground light was very effectively achieved by the
Fig. 17- This plan and elevation of a mashrabiya baluster explains the gradation of
light over the rounded surface.

mashrabiya which, unlike the brise-soleil or similar shading devices, managed to diffuse
the light entering and reduce contrast to the extent that looking out onto the open street

was like ‘looking through a pane of darkened glass made of lace.’41 The use of rounded

balusters meant a shadow gradient was created on the internal surface of each baluster,
which dramatically reduced any contrast that would otherwise have been created with

square sectioned balusters. “The balusters, round in section, graduate the light reaching
their surfaces, thus softening the contrast between the darkness of the opaque balusters and
the brightness of the glare entering through the interstices... Therefore, with the mashrabiya

the eye is not dazzled by the contrast as in the case of the brise-soleil.”42 The combined effect
of this delicate and intricate form of construction was that the light passing between the
balusters was softened dramatically, becoming vastly more appealing and desirable than
that outside.

38 Aljofi, p.818
39 Konya, Allan. Design primer for hot climates, p.50
40 Koch-Nielsen, p.86
41 Fathy p.47
42 Ibid
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2.3. Airflow Regulation
One of the primary methods by which humans cool themselves in desert climates is through

perspiring. As sweat evaporates from a person’s body it cools the skin through a process

of heat transfer. For this process to be effective and continuous an adequate airflow rate is

required to convey the emitted water vapour away from the skin, as sweat will only evaporate
if the adjacent air is capable of increasing in humidity. This means that air movement will
increase the rate of heat loss; hence a gentle breeze can provide significant cooling. 43

For this reason it is important that desert buildings have a constant, steady internal airflow.
The layout of rooms traditionally provided for them to be interconnected to ensure crossventilation, with the mashrabiya providing the large openings required while still restricting

any direct light access. Whether the air is driven by temperature or pressure differential, the

airflow rate is defined by the size and porosity of the mashrabiya, the parameters of which
directly affect the comfort levels of the internal space.
2.3.1. Role of the Mashrabiya

The construction, location and sizing of the mashrabiya determine the apparent temperature
within the building. The airflow rate is proportional to the porosity of the screen, meaning

that if the interstices constitute 80% of the total mashrabiya area (Porosity Factor [PF or
φ] = 0.8)44 then the airflow through the opening will be at 80% of what it would have been

with no mashrabiya in place. The result is a similar reduction in the cooling capacity of the
airflow.

If airflow is looked at in conjunction with evaporative cooling techniques (see 2.4), then
criteria for determining the optimum dimensions of the mashrabiya can be established.
Evaporative cooling processes work most successfully at high air velocities (up to a maximum

of approximately 1ms-1 for human comfort),45 and the air velocity is dependent upon the

sizing and porosity of the mashrabiya. As the porosity of the screen is usually determined

by the lighting conditions (see 2.2) the overall size is the factor that is adjusted to allow for
adequate airflow. The optimum size for a mashrabiya can therefore be calculated through
determining the desired flow rate, the porosity of the screen and the airflow driver.
2.3.2. Airflow Drivers

Ventilation in the traditional Middle Eastern desert house was usually driven by one of

two methods; airflow due to pressure differential (wind) and airflow due to temperature

43 Fathy, p.27
44 Gandemer, Jacques, and Alain Guyot. La Protection Contre Le Vent, p.55
45 Santamouris, M. and D. Asimakopoulos. Passive cooling of buildings, p.407
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differential. In both of these circumstances the mashrabiya acts as the primary inlet for the

air and thus plays a critical role in how it flows through the space. It is important to fully

understand both of these conditions as the rate at which they draw air through the space
will directly affect the sizing and design of the mashrabiya.

When there is a relatively predictable wind direction on a site then this can be used as the
driver for ventilating the internal space. Many cities have a prevailing wind that can be relied

upon to blow consistently, and as such have set up wind catchers (malqafs) and similar
systems to harness this naturally occurring breeze.46 Or, even simpler, openings on opposing
walls of a room can be positioned to create a pressure differential between the inlet and

outlet, resulting in an airflow between the two. 47 The size of these openings and the porosity
of the mashrabiyas which cover them determine the flow rate between the two, as defined
by the principle [F=CAIv],48 with A1 being substituted with APF or (A1.φ).

On a calm day however there is still a need for air to flow through a room. For this reason

creating airflow through the use of a temperature differential can be a much more convenient
and reliable method of cooling a space. “Air is warmed, causing convection, with the warm air

rising and being replaced by cooler air. A cool draft is created in the space between the warm
area and the cool-air intake opening... It is most important when the outside air is still and

yet the interior requires ventilation to achieve comfort.”49 Additional drivers such as solar
chimneys can be used to ensure a steadier flow through the space. Again, the mashrabiya

acts as the air entry point for this system and its size and porosity need to be calculated
accordingly.

Fig. 18- A town in Pakistan
utilising wind catchers or
‘malqafs’ to harness the local
air current.

46 Koch-Nielsen, p.125
47 Fathy, p.52
48 Fathy, pp.53-54. Refer to this text for a breakdown of this equation.
49 Fathy, p.52
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2.4. Humidity Control
In extreme desert climates the humidity can drop below 20%.50 When the humidity is this
low it is extremely uncomfortable, with skin over-drying and the body losing large amounts
of moisture. Alternatively, if the humidity is too high then it restricts the ability of the body to
lose heat through perspiration. The recommended humidity levels for comfort are generally

put at between 30-80%.51 To be effective at cooling any breeze blowing through the space

should have its temperature lowered and relative humidity increased. The mashrabiya, as
the primary air intake point of the building, is in a position to facilitate this cooling.

When porous clay water jars known as ‘goolas’ or ‘zias’ were placed in front of the mashrabiya

the air flowing past would cool as it evaporated small quantities of water from the surface of
the jars, a process known as evaporative cooling.52 “This latent heat of evaporation must be
supplied by the wet surface, which thus loses heat or is cooled. This process is called adiabatic

cooling, because it does not involve a transfer of heat to or from the air participating in the

process. Therefore, the air is allowed to cool as it expands and to heat as it contracts, and
the temperature, pressure, and relative humidity of the air change without varying the total
heat content.”53 Essentially this means that the decrease in air temperature is matched by an
increase in air humidity. If this process is provided for effectively it can dramatically cool the

air that enters the room and make it far more comfortable. The mashrabiya facilitated this
process by controlling the direction and flow rate of the air.54

Fig. 19- A porous clay wa- The village of Bãris, in Al-Khãrga Oasis, Egypt, was designed by Hassan Fathy using nothing
ter jar used to cool the air but traditional design and construction methodologies. The way in which he cooled the
as it passed through the
mashrabiya and into the buildings was by employing evaporative cooling devices at the air intake of each room. It has
building behind.
been said of the buildings that although the temperature could be up to 48 degrees Celsius

outside, inside it was cold enough to make people shiver.55 It is this cooling capacity which
makes evaporative cooling techniques so vital to desert architecture.

50 Karaman, p.3
51 Cook, Jeffrey (ed.) Passive cooling systems, p.361
52 Briggs, p.147
53 Fathy, p.23
54 As a side effect of this process the water in the clay jars would also cool and be nice to drink, hence the name
of ‘mashrabiya,’ which translates as ‘drinking place.’ Briggs, p.148

55 Gallo, Cettina. Passive cooling as design methodology: some examples from the past to the present, p.311
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Fig. 20- This psychrometric
chart for Giles describes the
zone of comfort (yellow) and
the actual experienced conditions (blue). As can be seen,
any building designed within
this location must both reduce the air temperature and
increase its humidity to reach
this zome of comfort.

PERFORMANCE AND PERMEABILITY

37

2.5. Visual Privacy
Privacy was an important issue within the predominantly Islamic architecture of the Middle
East. With strict cultural rules about privacy, especially regarding women, the traditional

Islamic building sought to restrict views into the building.56 The closely spaced bars of the

mashrabiya allowed the inhabitants of the building to see out but not for those outside to see
in. For people outside a building a mashrabiya would present a visual barrier, the darkened

interior being far outshone by the brightness of the wooden balusters. For those inside the

building the opposite was true. The brighter external conditions became the focus and the

Fig. 21- Here the focus is small balusters of the mashrabiya would diminish in visual dominance due to the scale and
placed upon the individual
balusters of a mashrabiya, sheer number of them. What would appear to those outside as a solid object became lacecreating a visual barrier.
like in its transparency for those inside.
The factors which controlled this privacy were a combination of screen porosity and
lighting conditions. By manipulating these two factors a screen could change from being
visually opaque to having the appearance of being completely transparent. This use of these
fairly basic principles of optics was extraordinarily effective in creating the desired spatial
boundary between inside and outside of the desert home. It allowed the mashrabiya to act

as an instrument of social interaction by providing people with a ‘meeting chamber’ in which

they could converse with the street without being seen, yet in which they were also afforded
the vibrancy of verbal communication with passersby and views into the neighbourhood.57
This is an aspect which is no longer seen with the use of glazed windows. “The relationship

between people and the outdoors does not exist anymore.”58 Without the two-way mediation
Fig. 22- The same mashrabiya but viewed from the in- between the interior and exterior that the mashrabiya provided contemporary desert
side and with the focus being
buildings are essentially closed affairs.
placed upon the brightly lit
external courtyard, becoming almost transparent as a
result.

56 Kenzari and Elsheshtawy, p.17
57 Akbar, p.17
58 Akbar, p.20
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2.6.
2.6. Aesthetic and Social Role
Additionally, although not a functional aspect, the mashrabiya also filled a much needed
aesthetic role within these buildings. With heavy walls creating a stark and solid impression

a visual counterpoint was required, something to break the heaviness with delicacy. “The
exterior of the building is bare to the extreme. One side only, as a rule, faces a street, and
that street is narrow.”59 The mashrabiya added vibrancy and life to these streets by creating
new points of aesthetic expression. The delicacy and intricacy of the screens was the perfect
Fig. 23- A view of an ancient
street lined with mashrabiyas.

visual contrast to the functionalist architecture of thermal mass.

The decorative aspects of the mashrabiya became a social statement. The more complex and
delicate mashrabiyas were highly prized yet extremely expensive, so became symbols of

wealth. “Objects attached to buildings become an important means to convey the identity of
the occupiers to neighbours and passersby. Thus rowshans [mashrabiyas] were beautifully
engraved.”60 In their capacity as a representative of the household’s identity the carved
screens are unmatched in any form by their contemporary replacements. With their ability
to be carved into a multitude of intricate patterns they act as a conduit for artistic and social
expression, providing a personal touch and aesthetic focus to a house.

59 Briggs, p.148
60 Akbar, p.18
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2.7. Conclusion
There are five primary functional roles of the mashrabiya- the regulation of light, heat,

humidity, airflow and privacy. As a result of these functions the mashrabiya allowed desert

buildings to be comfortable, light and breezy, maintaining a stable temperature throughout
the entire year. The screens provided a level of privacy for the occupants while creating
much needed interaction with the surrounding street and neighbourhood. They turned a

stark, unadorned architecture into something far more expressive; a uniquely decorative

and ornamental way of building that tied aesthetic qualities seamlessly with critical
functionality.

One of the reasons the mashrabiya became so widespread is because its use could be

customized to each individual circumstance. The amount of light, heat, humidity, airflow

and privacy afforded to a building could all be adjusted to fit the requirements of its specific
location and program. This versatility is important to understand in terms of the physical
variables of the mashrabiya that affect the internal climate, especially if the screen is to be
optimised for use within the Gibson Desert.

Porosity, scale and overall size are the primary factors that influence the performance of
the traditional mashrabiya. The ratio between the baluster length and diameter, which
determines the porosity of the screen, was the variable which was most frequently changed

to affect the internal spatial conditions. The problem, however, that has become apparent
in this research is that there are too few variables in the traditional mashrabiya screen to

give absolute control over each functional aspect. For example, if one were to increase the
porosity of the screen it would simultaneously directly affect the light, airflow, privacy and
heating regulation of the mashrabiya.

A further investigation was therefore undertaken to determine other aspects of the screen

capable of being altered via contemporary methods of manufacture in order to optimally
control the screen’s performance.
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Chapter 3: Parameters of the mashrabiya

Fig. 24- By experimenting with the use of contemporary fabrication
processes to construct the mashrabiya a number of significant advances can be made and a lot more is revealed about the individual
parameters of the screen. Here the screen has been carved from
plaster by a computer numerically controlled (CNC) router.
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Parameters
In the previous chapter the precise role that the mashrabiya played within traditional Middle

Eastern desert architecture was defined. What still has to be established is exactly how the
mashrabiya achieved this, in terms of which physical variables controlled its functional

properties. The traditional means of altering the climatic properties of the screen was to

alter the diameter and length of the individual balusters, changing the overall porosity.61
Beyond this however the mashrabiya was restricted in its versatility by the limitations of its
construction process.

Changing the production methodology suddenly gives access to a far greater number of
variables and control over the mashrabiya. The use of computer numerically controlled

(CNC) milling devices, now a common form of digital fabrication, gives a much higher degree
of accuracy, speed and versatility than was previously possible using hand driven lathes.

By using a flip-bed CNC system, where a block is cut, flipped and a matching cut is made

on the other side, a screen of almost any possible shape can be made. This means that the
individual section, shape and dimension of each baluster can be precisely defined to provide
the optimal climatic and spatial control.

With so many more variables being available to work with under this new system it is

important to understand each and know how they affect the internal space. Therefore this
chapter determines the exact causal links between each physical variable in the design of
the mashrabiya and the impact that has on the internal environment. The variables analysed

are: baluster diameter, length, angle and cross section, sectional layers, baluster offset,
pattern and materiality. This information provides the basis for creating an optimized and
climatically appropriate mashrabiya screen for the Giles Weather Station.

The following research is based upon defining the variables for the Northern façade of the
building, which is the most active face. A similar process can be undertaken to determine
the affect each variable will have if the mashrabiya were to be applied to the other facades
or the roof, based upon the same basic mathematical principles. The scope of this research
will however be focussed solely upon creating an accurate description of the variables for
use on the equatorial façade of the building.

61 Fathy, p.47

42

PERFORMANCE AND PERMEABILITY

Baluster Length

Baluster Diameter

Fig. 25- Traditional Mashrabiya Typology
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3.1.
1.1. Baluster Diameter/Length Ratio
Stereographic Diagrams
N

345°

15°

330°

30°
10°

315°

45°

20°
30°

300°

60°

40°

1st Jun

1st Jul

50°

1st Aug

60°

1st
May
285°

75°

70°

1st Sep

80°

1st Apr
270°
15

1st Mar

14

13

12

11

10

9

7

17

255°
1st Feb
1st Jan

90°
1st Oct

8

16

1st105°
Nov

6

18

5

240°

1st Dec
120°

225°

135°

210°

150°
195°

165°

180°

Fig. 26- Stereographic
diagrams are a common
method of describing
heating, shading and
solar gain throughout
the year for a certain location. The image above
is a spherical projection
of the annual solar path
over Giles. Comprehensive information regarding the interpretation of
stereographic diagrams
can be found in the publication ‘Shading and
sun control’ by the AIA.
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ratio between diameter and length also defined exactly the time of year in which direct

light entered the room, determining the critical moment when the space would switch from
being cooled to being heated. If this were too soon in the year the room would overheat
dramatically and become unliveable. If it were too late then the space would be bitterly cold
during the winter months.

As direct sunlight is the primary driver of the thermal environment in the desert it stands that

this should be the initial consideration when determining the variables. The most important

function of the screen is to restrict direct sunlight during the harsh summer months. The
porosity of the screen therefore becomes subservient to the D/L Ratio and will be adjusted
accordingly further into this study.

The time of the year at which direct sunlight will enter the building can be calculated through

the use of shading masks, which will determine when 100% of the interior space is in shadow

light can enter the space must be defined through the use of a stereographic temperature
diagram. Fig. 26b clearly shows the points during the year when the climate is too hot and

too cold. By drawing a line through the diagram at the times where no direct light should
enter the space due to overheating, the point at which the building is in complete shade can

1st Dec

diagram, which can then be used to calculate the D/L ratio through the formula [D/L =Cosθ1].
This formula establishes the exact ratio between the baluster length and diameter to ensure
100% shading will begin at this time of year.

120°

225°

(b)

of the screen, which controlled the ambient light, privacy and airflow. Additionally, the

be determined. This line will correspond with a sun altitude angle (θ1) on the stereographic

135°

(a)

define the functional characteristics of the mashrabiya. This directly affected the porosity

(see fig. 27b on facing page). To start with the time of year in which absolutely no direct

15°

330°

315°

The ratio between the baluster diameter and length (D/L Ratio) was traditionally used to

135°

210°

150°
195°

180°

165°

The shading mask overlayed on top of the stereographic
diagram
represent the times of
the year in which the
analysis point is placed
in complete shadow. Image (a) shows the shading caused by vertical
mashrabiya balusters,
while (b) shows the impact of horizontal balusters.
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a) D/L Ratio

b) Giles Weather Station
Stereographic Diagram
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Stereographic temperature projection for Janurary
through June (l) and July through to December (r)
recorded at Giles Weather Station. The purple areas
shown primarily during the winter and in the early
morning are the points where heating is required.
Refer to appendix 1 for more detailed information.
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The red line indicates the time of the year in which
the change from cooling to heating must occur. The
shading mask (r) represents a D/L ratio of 0.5, which
corresponds to a maximum sun angle of 60 degrees.

D/L= Cos

c) Test Screen

d) Results

Shading Percentage

This diagram shows
the total shading percentage due to the D/L
ratio of 0.5 of the test
screen. Although some
light is allowed in the
screen is clearly not
porous enough to be
effective. Refer to appendix 2 for more information on all analysis and results.
The thermal gain as
a result of this winter light starts at the
right time of year yet
is clearly not sufficient
to heat the room, nor
does it favour morning
over evening sun.

This screen at Giles is designed for a maximum horizontal
and vertical sun angle of 60 degrees:
D/L = Cos 60
D/L = 0.5
Thermal Gain

Fig. 27- Baluster Diameter/Length Ratio Analysis
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3.2.
1.2. Baluster Angle
With a D/L ratio established a further variable, the baluster angle, can be used to define what

time of day the sunlight enters the building. This was not something that was possible to
achieve in the traditional construction of the mashrabiya, yet is an important consideration

as the mornings are consistently a lot cooler than in the evenings. This means that for a

stable temperature throughout the day sunlight is required during the morning but needs
to be blocked during the evening.

As the balusters rotate from vertical to horizontal their associated shading masks change
accordingly, moving from a symmetrical shape to one that favours the morning or evening

sun (See Fig. 28a on facing page). By applying this to the stereographic temperature graph
it can be determined exactly what angle is required on both the vertical and horizontal

balusters to provide the correct daily solar gain. By incorporating the previously established
D/L ratio an accurate shading diagram can be formed which will precisely map the times of
the year in which complete shading is provided by the mashrabiya.
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a) Baluster Angle
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Giles Weather Station
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b) Test Screen

c) Results
The shading mask
begins to favour the
early morning sun,
with less light being
allowed into the building during the hotter
afternoon period.

Shading Percentage

This test screen for Giles has a horizontal baluster angle of
0 degrees and a vertical baluster angle of 60 degrees. The
rotation of the vertical balusters makes a dramatic visual
shift from the traditional form of the mashrabiya, as well
as improving its functional performance.

1st Dec

Although the thermal
gain seems to still
be mostly during the
middle of the day the
morning gain will become more apparent
as the screen porousity increases.

Thermal Gain

Fig. 28- Baluster Angle Analysis
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3.3.
1.3. Baluster Section
Now that the placement of the balusters has been defined their cross sectional shape needs

to be considered. Traditionally the sectional shape of the balusters was circular, due to the
nature of turning balusters on a lathe. It served an important purpose as the circular section
created a diffuse gradient of shadow across the inner surface of the mashrabiya, greatly

reducing visual contrast and glare.62 For this reason any changes to the sectional shape of the
balusters should be based upon a derivation of the circular section to ensure that shadow

diffusion is retained. Changing the sectional shape of the mashrabiya balusters allows the
porosity of the screen to increase or decrease without changing the shading mask. This

gives the ability change the airflow rate and the amount of ambient light entering the space
without letting any additional direct light into the building during summer. Additionally,

reducing the section of each baluster will dramatically increase the amount of solar gain

in the winter from a fairly trivial amount to one that can actively heat the space. It should
be noted that altering the section of each baluster changes the angle at which sunlight can
get into the building, meaning adjustments must be made to the D/L ratio calculations to
compensate (see Fig. 29a on facing page).

As previously indicated the lighting conditions takes precedence over the other climatic

considerations at this point and should drive the decision-making. Both the solar gain in

winter and the amount of ambient light entering the building are determined by the porosity
of the screen. The porosity factor of the screen (PF or φ) describes the ratio of open screen

to that which is covered by balusters and can be calculated by dividing the total area of the

opening by the total area of the interstices. A PF of 1 is equivalent to an opening without a
mashrabiya, i.e. 100% porosity. A reduction in the baluster width will increase the PF value,

increasing the amount of ambient light and air passing through the screen. The PF value has

to be high enough to allow adequate ambient light to enter the space for normal activities
to occur.

The airflow rate is also directly affected by these changes to the porosity of the screen. The

interdependency between the lighting conditions and the airflow rate is too closely linked

to allow a precise evaluation of each on an individual basis. Therefore it is proposed that the

airflow rate be defined by a secondary driver such as a thermal chimney, the parameters
of which are subservient to those of the mashrabiya (see 4.6). The porosity of the screen

will still affect the airflow rate, but changes can be made at the exit point to respond to
the conditions present at the mashrabiya, allowing the airflow to be manipulated without
affecting the amount of light being introduced to the space.

62 Fathy, p.47
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a) Baluster Section
Direct Sun Light (A)

Primary Diameter (D)

y

L

POROSITY FACTOR
(PF or φ) = y2/L2

1
D
2
D

2

= Cos 1(E.D/L)

1

Elliptical factor (E) = D/D

= Cos 1 (E.D/(y+E.D))

Section

Section

b) Test Screen

c) Results
The shading percentage graph shows a dramatic improvement in
the amount of morning
light that it lets into the
building, becoming significant enough to provide for winter heating.
Shading Percentage

Here the baluster width is halved, resulting in a PF of 0.56.
The results are dramatic, creating an immediate increase
in solar gain during the winter period while still providing
complete shading during the hotter months. Additionally,
the screen becomes far more open and transparent as a
result, increasing ambient light and airflow.

As a result of this increase in direct light
the internal solar gain
within the building also
increases. It can now be
seen more clearly how
this screen begins to favour morning over evening sunlight.
Thermal Gain

Fig. 29- Baluster Section Analysis
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3.4.
1.4. Sectional Layers
An advantage of constructing the screen with CNC milling tools is the ability to add new
dimensions and depth to the screen in the form of multiple layers. This makes for a visually
dramatic shift from the traditional form of the mashrabiya and results in a number of
important benefits, from the control of solar gain to the reduction of overall glare.

The use of additional layers changes the way that light passes through the screen. It is still

possible to use the previously determined D/L ratio, baluster angle and sectional shape as
a basis for the screen but certain ways in which the light passes through during winter are

different. The nature of the layered balusters means that in winter there are points at which
the interstices of each layer directly line up with the angle of the sun (see Fig. 31a on facing

page). The result of this is that the effective porosity of the screen increases dramatically in
during these times, increasing the amount of solar gain within the building.
Fig. 30- The reduction in contrast between the screen and
the exterior is important to
minimise glare. Adding a second plane of blausters (bottom) significantly decreases
the contrast.

After performing various shadow tests and computer simulation it became apparent that

the optimal number of layers is two. This ensures more direct light into the building during
winter than both the single and triple layered variations. The single layer lacks the dynamic

nature of the double-layered screen, while the triple layered screen has too many crossbalusters and becomes counterproductive.

By introducing an extra layer to the mashrabiya its ability to reduce glare becomes even
more effective. Glare is a by-product of having two dramatically different lighting conditions
within the field of view. Instead of having one layer of darkened balusters the new layer

creates two, each of different brightness. The first layer of balusters, that which is closest

to the outside, benefits from light reflected off the second layer of balusters, thus reducing

the amount of shadows across its surface. This creates a two-tiered transition between the
interior and exterior, greatly reducing both the visual contrast and the glare.

Adding additional layers to the mashrabiya also creates a more visually dynamic surface,
one that changes in appearance and opacity depending upon the viewpoint of the observer.
Although the mashrabiya was a functional element, it was its visual qualities that truly set it

apart from similar devices. The intricacy and delicacy of the screens were a visual wonder,
and any contemporary interpretation must express those qualities to do any level of justice
to the original form. The use of additional layers within the mashrabiya comfortably achieves
that by adding to the visual intrigue and spectacle of the screen.
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a) Sectional Layers
Sun angle ‘A’

As can be seen here, the
seperation of layers can
immediately improve
the functional performance of the screen. In
winter the shadows cast
by one layer of balusters can overlap directly
onto the next layer, such
as with sun angle ‘B,’
increasing the amount
of light that enters the
room. During summer
the screen still blocks all
direct light, as with sun
angle ‘A.’

Sun angle ‘B’

x
Radius (r)
1

1

x = 4E.r/(cos(90-

1

Maximum shading angle

Summer
Shade (A)

))

Winter
Shade (B)
Section

Section

b) Test Screen

c) Results

Shading Percentage

Although the improvements in both the shading percentage and
thermal gain as a result
of this added layer are
relatively small they do
have an impact on its
functionality.
The true value of the
extra layer of balusters
however is within the
visual aesthetics, especially in the changing
shadow patterns and
porosity that is created
by having a dynamic
pattern such as this.

The additional layer of balusters creates an extra level of
intrigue and complexity to the screen, driving the aesthetics in a completely new direction.
Thermal Gain

Fig. 31- Sectional Layer Analysis
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3.5.
1.5. Baluster Offset
The baluster offset describes the degree to which the two layers of the mashrabiya line up.
It is possible for the layers to be offset in a manner which does not directly impact upon the

lighting or airflow conditions through the space, yet which alters the apparent transparency
of the screen. By having a multiple layered screen the ‘visual porosity’ changes dependent

upon the position in which a person stands and the angle at which they look at the screen,
effectively meaning their ability to see through it varies across its surface. Offsetting the

balusters gives a level of control to the designer over which area of the screen is more or less
visually transparent. This becomes a key design consideration in designing for privacy, for

example in the Giles Weather Station where a swimming pool is directly adjacent to tourist
areas. By offsetting the balusters in a downwards fashion the bathers are protected from
view while the tourists are still able to see clearly out from the mashrabiya in an upwards
direction. This control is not universally exact as there are areas of the screen where it will

not be possible to completely block the viewshaft, but in principle this method works very
effectively.

For the offset to ensure that the direct light is not affected precision is required. The vertical
offset needs to be matched by a horizontal offset, the ratio of which has been found to be

determined by the equation [X1 /X2= 2Y1 /(Y1+Y2)] (see Fig. 32a on facing page), ensuring that

the solar gains are kept constant.
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a) Baluster Offset
For the offset to have no
impact upon the shading mask and thermal
gain within the building the balusters have
to be offset at the same
angle as the maximum
sun angle, in this case
60 degrees. This ensures
that even though their
positions have changed
the balusters can still
provide complete shading during the summer
months.

Y2

Y1

X1

X2

X1 /X2= 2Y1 /(Y1+Y2)
Section

Section

b) Test Screen
VPF = High
Blocked viewshaft

Open viewshaft

VPF = Low

Section
This test shows a baluster offset which favours the lower left of the screen. This will create a more visually transparent area
at that point and a less transparent area at the top right of the screen. This becomes apparent in a large scale mashrabiya,
where the cone of vision of the viewer can see the balusters from a number of different angles. If applied correctly this can
result in a screen that precisely controls both views and privacy.

Fig. 32- Baluster Offset Analysis
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3.6.
1.6. Pattern
The pattern of the screen is something that begins to move away from functionality and reach

into areas of aesthetic judgment. The use of patterning within the previously established

constraints of the screen allows the mashrabiya to adopt certain characteristics that are

unique to the individual designer and building. The input of each craftsman’s style was a
key stylistic attribute in traditional mashrabiya and risks being lost with the introduction

of computer aided design and manufacturing techniques. Therefore this point in the
production of the new mashrabiya is based primarily upon introducing stylistic qualities
into the screen.

The use of a non-linear pattern does have its benefits, mainly in the reduction of a moiré

effect that occurs when a number of linear elements are regularly spaced across a surface.
This was solved in the traditional mashrabiya with the use of rounded knobs in the centre

of each baluster that reduced the ‘visual spread’ across the surface of the screen. “The

characteristic shape of the lattice with its lines interrupted by the protruding sections of the
balusters produces a silhouette which carries the eye from one baluster to the next across
the interstices, vertically and horizontally. This design corrects the slashing effect caused

by the flat slats of the brise-soleil and harmoniously distributes the outside view over the
plane of the opening, superimposing it on the decorative pattern of the mashrabiya so that

it resembles a darkened glass made of lace.”63 As such, a similar approach to breaking up the
linearity of the screen is required in any contemporary adaptation.

Any pattern adopted must work within the constraints of the previously established

parameters of the screen. This means the baluster dimensions, angles and spacing must
remain very close to the original form for it to remain effective. This restricts the patterning
to relatively minor changes however there is still ample opportunity to creatively interpret
the form of the mashrabiya. Fig. 33 on the facing page shows examples of test patterns that
fit within the constraints of the established parameters for the Giles Weather Station.

63 Fathy, p.47
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Fig. 33- Test Patterns
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3.7.
1.7. Materiality
The material used to construct the mashrabiya has a significant impact upon both its
construction and its effectiveness. Wood, the traditional material, had both advantages

and disadvantages. Its appearance was visually dramatic, providing a point of distinction

between the heavy earth walls used to construct the rest of the building. The textured surface

softened the shadows on the inside of each baluster, reducing the glare and creating a soft
appearance. Its humidity buffering effect and ability to endure high temperatures were also

important. However it did tend to warp in the heat, which had to be dealt with by making

loose joints when constructing the screen. And, as can be seen by the current state of many
of the older mashrabiyas in the Middle East, the wooden screens eventually weather and
decay.

Ultimately though, the fact that wood was used meant that the construction process was

a long and arduous one, a process that was incapable of meeting a high level of demand
Fig. 34- Tiled ceramic wall
by OMC

or of adapting to new economies of scale. By contrast, the production of large numbers of
components usually requires an additive rather than subtractive construction process, such

as by forming them out of a mould. This dramatically reduces the amount of labour and time

involved while ensuring a high degree of accuracy and consistency between the elements.

Any new material used needs to be mass producible, strong, able to cope with extremes in
temperature and humidity and must be capable of expressing a certain visual softness.

Architectural ceramics have been utilised within the building industry for thousands of years

and are re-emerging in a number of contemporary designs.64 The ability to precisely control

the attributes of each ceramic piece, in terms of both its shape and material qualities, has
lead to its use in a number of cutting edge designs. As an additive, mould driven production
process it is ideal for the production of large numbers of delicate components as required

by the mashrabiya. New methods such as ceramic injection moulding (CIM) automate the

process, reducing costs and labour dramatically.65 Additionally many types of ceramics are
appropriate in terms of their material properties for use within desert architecture. High

Fig. 35- Semi-translucent ce- strength porcelain is thermally inert, meaning it won’t be affected by the dramatic shifts
ramic sculpture by Margaret
in temperature of the desert. It is waterproof, extremely strong and able to be produced
O’Rorke

with a semi-translucent appearance, much like that of china plates when seen in front of
a bright light.66 This is an interesting attribute which, when applied within the context of
the mashrabiya, could further reduce glare and also create a ‘glowing’ effect to the screen,
highlighting the intricate way in which it filters the light.

64 Lefteri, Chris. Ceramics: Materials for inspirational design, p.125
65 Lefteri, p.96
66 Lefteri, p. 61
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Final Mashrabiya design
Fig. 36- The final mashrabiya
design for the northern face
of Giles Weather Station is a
cast porcelain screen utilising a double layered interwoven pattern of balusters.
D/L = 0.5
PF = 0.56
Vertical baluster angle 		
= 60 degrees
Horizontal baluster angle
= 0 degrees
Max. vertical sun angle 		
= 60 degrees
Max. horizontal sun angle
= 60 degrees

Fig. 37- Shadow diagram
for June 21st, showing the
amount of light entering the
space during midwinter. The
amount of early morning
sun entering the building is
greatly increased while the
late afternoon sun is reduced
to a managable level. This
creates a situation where the
daily intake of solar gain is
precisely controlled, ensuring
the temperature throughout
the entire year is stablised.

6pm

Morning Sun

12

8am

Evening Shade
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3.8.
1.8. Conclusion
This analysis has led to the development of a number of previously unidentified variables in
the design and construction of the mashrabiya. The control that these variables give to the
internal climate of the building far exceeds what was previously possible using traditional

construction methods, resulting in more stable and comfortable conditions within the

building. Each aspect of the climatic conditions can be defined on its own terms with a

few minor changes to the parameters of the screen, and most of the interdependencies
between variables have been removed. The result of this analysis is a number of rules and

mathematical formulas for the optimal characteristics of the screen. These rules can be
universally applied and ensure that the design of the screen results in precisely the right

internal conditions throughout the course of the year, regardless of the geographic location
or programmatic requirements.

By applying this analysis to the case study of the Giles Weather Station a climatically
optimized screen has been developed that precisely suits the conditions found within the
Gibson Desert. This new screen looks nothing like the traditional mashrabiya screens of

old (see Fig. 36), a by-product of having so many more variables to work with due to the

new production process. When applied to the northern facade of the building this screen
will ensure the building has the correct heating, airflow and lighting conditions, along with
the required level of privacy. By adopting a similar analytical approach to each facade of

the building and the roof additional screens can be developed in the same manner, each
suited to the particular requirements of that face of the building. The next step in this study
involved applying this screen to the building in the form of a component.
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Chapter 4: Application of the Mashrabiya
4.

Application of the mashrabiya

With the precise physical parameters of the Giles mashrabiya defined, it remained to be
seen how this research could be applied to an architectural form. On their own, the variables
analysed are useless without a practical method of incorporating them into a building.

Therefore this chapter develops a cheap, functional and easily assembled component based
system to be applied to the Giles Weather Station.

The system developed is based around a small diamond shaped component which is
constructed through a ceramic injection moulding process. This produces a large quantity of

components at low cost and consequently increases their versatility within the building, as
may be seen in the creation of features such as roof screens. This along with elements such

as an integrated structural system and a series of misting sprays to facilitate evaporative
cooling combine to form a cheap and effective method of applying mashrabiya to a built

context. In preparing this research for application it was discovered that there are a number
of key links between the design of the mashrabiya and the physical properties of the building

itself. These links are used to tie the research to the architectural form, creating a direct

connection between the variables analysed and the design of the Giles Weather Station. The
nature of the work undertaken is such that the mashrabiya becomes an element of much
greater architectural significance to the building than was traditionally possible.
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4.1. Development of a Mashrabiya Component
For the mashrabiya to be a viable architectural element in the remote weather station

context it must not only be capable of being produced quickly and cheaply offsite but also of

being assembled easily once onsite. By using a single component that can be tiled across the
Fig. 38- Basic mashrabiya
component

surface in the same manner as a brick, the cost and time required in both production and
assembly was able to be minimised.

The component created is a 420mm by 300mm diamond consisting of ten rows of balusters
(see Fig. 38). The diamond shape was developed for two reasons. Firstly, the mashrabiya

created for the Giles Weather Station is based upon a 60-degree baluster angle, meaning
that a component with a matching base angle will be more functionally efficient. Secondly,

the tessellation patterns associated with this tiling are visually appealing, creating a series
of diamonds that flow across the surface of the building. The dark lines that are created by
the edges of the component do not detract from the screen, but rather enhance it with their
Fig. 39- Component tiling arrangement

pattern. The rounded corners echo the rounded edges of the balusters themselves, drawing

the detail through a hierarchy of scale. Each component has two different connection details

along its edges, a positive and a negative detail. These interlock with their reciprocating
neighbour once tiled together in a screen and are fastened through the use of a bonding
agent, meaning that no secondary connection element is required.

It is worth noting at this stage that the decisions made in creating and applying this
component were arrived at purely on the basis of a logical thought process. However these

function based decisions were still able to be aesthetically interpreted by the designer.
Another designer, applying the same basic thought process to a different site, would be
certain to produce a dramatically different final screen. This is important, for although the
design process is based upon a functionalist rationale, it still has the capacity to be creatively
interpreted, much like the mashrabiyas of old.

Fig. 40- Joint connection detail
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Fig. 41- Component Tessellations
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4.2. Construction
This research was based upon the premise that if new fabrication methods were used in
the construction of the mashrabiya then it could be once again be a commercially viable

architectural feature. The processes used to construct the components involve computer

numerically controlled (CNC) milling and ceramic injection moulding (CIM). The combination
Fig. 42- CNC Milling of the
inverted component mould.

of these two processes allows for the creation of a large number of identical, complex and
precise forms at low cost.

Using a CNC milling device a two-part negative cast can be produced which is an inversion of
the final component. This negative mould is used within a CIM machine, a mass-production
based form of fabrication in which raw ceramic powder is injected and then heated within
the mould. This is a very quick process, allowing individual components to be formed within

a matter of seconds.67 The resulting ‘greenware’ is then fired in a kiln, the temperature of
which determines its final physical properties, meaning the strength, transparency and
finish can all be altered as required.

This form of construction, unlike that which was traditionally used, is able to rapidly produce

cheap and highly accurate components. The degree of precision that can be afforded through
contemporary fabrication techniques such as CNC milling and CIM casting mean that every
point of the screen can be precisely optimised to within a fraction of a millimetre without
errors emerging through the construction stage.
Fig. 43- Inverted mould
ready for ceramic injection.

Fig. 44- CIM production machine

67 Lefteri, p. 96
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4.3.
4.3. Structural additions
Each component is designed to be self-supporting and to be capable of transferring both
dead and live loads through to its edges. Beyond this however it needs to be transferred to
the ground, so a structural grid is placed over the components. This primary structural layer

is made up of a diamond shaped bracing frame constructed from light steel and interlocks

with the individual components through the gaps in their connection details (see Fig. 45).

This ensures no lateral movement occurs between the components and allows loads to be
transferred directly between the screen and the ground.

The shape of the structural layer is designed to echo that of the original component with its
rounded diamond form. This form allows the structural layer to spread evenly across the

surface of the screen but also creates a visual hierarchy between elements. Through each

of the layers of scale the patterning and attributes of the individual balusters remain clear,

from the design of the components to the structural elements. This becomes particularly

apparent when approaching the screen from a great distance, at which point it looks to be
a solid white wall. As one nears it the diamond structural bracing appears, followed by the
tessellated pattern of the components before finally the individual shape of each baluster
can be seen (refer to Fig. 46 overleaf). At each level the same basic physical attributes are
apparent, creating a hierarchy of scale that draws the eye deep into the intricacies of detail.

Fig. 45- Structural bracing layer
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Fig. 46- This diagram
shows the various
scales of detail within
the final screen design, from the individual balusters through
to the structural elements.
The blue areas display the transparency of the screen when
viewed in perpsective. As can be seen
the overall transparency is not uniform,
which has been developed to maximise
solar gain during the
cooler times of the
year.
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4.4. Roof Screen
The ease of production of the mashrabiya component allows it to be used in a far more
versatile manner than was previously possible. One example of this is in the creation of a
roof screen that can stretch over the entire building.

Using a climatic screen as a roof allows a more integrated relationship between the indoors
and outdoors through elements such as thermally regulated courtyard spaces, covered
‘outdoor’ areas that have a controlled amount of sunlight and solar gain. This becomes an
important architectural consideration as it allows the occupants of the building to move
outside without being exposed to the crippling heat of the desert. Additionally, if a screen is

placed over the roof of one of the rooms it can thereby control the roof’s exposure to solar

gain. In summer the thick roof slab can be shaded and remain cool whereas in winter it can
receive heat from the sun, regulating the temperature of the room below.

The roof screen requires an additional layer of structure. The primary structural pieces
ensure that the roof will act as a single unit, but this load then needs to be transferred down
to the earth. For this reason a secondary structural system is introduced which has much
larger structural members, again in the same diamond pattern, which lead the gravity loads

downwards through a series of columns to the ground. The spacing of these columns proved
to be at six metre intervals and created a grid which drove the layout of the building below.

Fig. 47- Roof Screen Model
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Fig. 48- The roof screen is
developed to reflect the same
basic geometries that can be
found in the smaller details
such as the individual component and the shape of the
balusters. The roof has number of different structural
elements which all bring
the load down to a series of
columns which transfers it
directly to the ground.

Fig. 49- The roof screen as
viewed from above
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4.5. Evaporative cooling sprays
A viable solution was also required for the evaporative cooling process in the Giles Weather

Station. Although the mashrabiya is very good at tempering the internal environment it does

require an additional cooling mechanism to ensure that the air that passes through it is of
the correct temperature and humidity. Porous clay jars filled with water were traditionally
placed behind the mashrabiya to cool the air as it flowed past. Although effective this was
Fig. 50- Misting sprays have
been proven to be the most
efficient and effective method of performing evaporative cooling within extreme
desert climates.

not entirely efficient and was not deemed an appropriate solution for a contemporary
adaptation of the mashrabiya.

As this study has been focussed upon optimizing functional performance it was determined
that the best solution was to use strategically located misting sprays in the design of the

screen. Evaporative cooling is a process that has been established to work most efficiently

when the water is sprayed through a nozzle of 0.2mm diameter.68 This creates water droplets
which have a surface area to volume ratio that is optimized for evaporative cooling. By

creating a network of sprays based upon this dimension it can be ensured that the amount
of water and energy used for cooling is kept at a minimum.

Misting nozzles are placed at the junction points between the primary structural elements

which allow for the nozzles to be spread evenly over the entirety of the screen (see Fig. 52).
Hoses pass through the hollow structural elements and lead back to a water storage point
Fig. 51- A desert house in
America is cooled through
the use of fine misting
sprays.

that is supplied directly from the reservoir beneath the Gibson Desert. The misting sprays

are sensor controlled to provide evaporative cooling only when required. This combination
of the mashrabiya and sprays creates a suitable and efficient method of cooling for the
building.

68 http://www.microcool.com/outdoor-cooling/index.htm
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Piping through
structural members to water
storage tanks

Fig. 52- Misting Spray Points
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4.6. Thermal Chimneys
The amount of air that flows though a room needs to be tightly controlled and depends

upon two main factors: the size of the air intake and the air driver. In this instance the air
intake is the mashrabiya and the air driver is a thermal chimney. As the size and porosity

of the screen is determined primarily by lighting conditions (see 3.3) the dimensions of the
thermal chimney must be adjusted to allow sufficient airflow.

By applying an equation to find the required dimensions for the thermal chimney69 it can be
seen that there is a logarithmic relationship between the height of the thermal chimney and

the porosity of the screen (see Fig. 54). So if for lighting reasons the porosity of the screen

is reduced then the height of the adjacent thermal chimney must increase dramatically to
create the required airflow. It should be noted that this calculation is based upon peak air
Fig. 53- Thermal chimney
design

flow during calm conditions. By contrast, of course, when a lower airflow rate is required
the thermal chimney can be shut off by means of a flue.

The size of the thermal chimneys at Giles varies according to the porosity of the screen

covering the adjacent room, which is defined by lighting and privacy requirements. This
meant that the thermal chimneys over the residential areas of the building were much larger

than those over the office spaces, which draws an interesting link between the program, the

Thermal Chimney Height (H)

Height (H)

detail and the architectural form of the building.

[A/B] (Constant)

0

0

Fig. 54- Relationship between mashrabiya porosity
and thermal chimney height

0.5

1

Mashrabiya PF ( φ )

69 [∆Te=A/B+(Ti-A/B)exp-BwH/(pecpQ)]. For a breakdown of this equation refer to:

Ghiaus, Cristian and Francis
Allard, eds. Natural ventilation in the urban environment: assessment and design, p.154.
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4.7.
4.7. Architectural interpretation
Refer to Fig. 56 on following
pages for a detailed diagram
of these points

As well as the design of the mashrabiya affecting the height of the thermal chimneys there
are a number of other links between the variables of the screen and the wider architectural

form. Although these may be relatively small changes the impact that they can have on
the optimum sizing of the building is dramatic, and results in a number of architectural

parameters which need to be taken into account when designing the building (refer to Fig. 56

overleaf). This is unusual in that the greater architectural form is in many ways subservient
to the smaller details of the building.

For instance, the optimum ratio between the height of the walls and the width of the room

is dependant to some degree upon the maximum vertical and horizontal sun angles allowed
by the mashrabiya. The sun angles define whether the greatest amount of solar gain will be

on the walls or floor of the building. The ratio between room width and height determines

which surface the majority of the sunlight will be on and how much heat will be transferred
therein. By ensuring that the vertical and horizontal solar gain for Giles was evenly distributed
within the internal space the optimum height/width ratio of the room was determined to be

2:1 (see Fig 55). By applying this to the 6m grid spacing established by the roof screen (see
Fig. 55- Height/Width ratio
analysis

4.4), the result is an optimal opening size of 3m high by 6m wide.

Additionally, the length of each room is determined to some extent by the amount of ambient

light that is permitted to enter the space. If only a small amount is allowed in then the space

has to be quite small, otherwise it becomes too dark. If a high level of light is allowed to
enter then the room can extend much further away from the window screen. The amount
of ambient light within the space is determined by the porosity of the screen, meaning the
length of the room is dependent upon the PF value. The optimum room length can be tested

using computer simulation software to establish the lighting levels at different points of the

room, which for the standard screen used at Giles (PF=0.56) the maximum room length was
determined to be 10m. This creates a standard room template of 3m high, 6m wide and 10m
long.

One method of regulating the temperature of the building is to partially sink it underground,
using the heat storage capacity of the earth to stabilise the internal temperature through
summer and winter. By creating a split level between the ground and the subterranean

floors an added amount of light can be brought into the space, heating the earth floor in
winter and warming the room from within. The setback of the split level is defined by the
maximum vertical winter sun angle allowed through the mashrabiya, and defined by the
equation [L=h1/(tan θ1 )] (refer to Fig. 55 overleaf). For Giles the optimum split level setback
was found to be 3m.
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Fig. 56-Architectural Analysis
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4.6.
4.8. Conclusion
This chapter established a component based system which is able to be used to apply the
research to the Giles Weather Station. With the functional, structural and constructional

issues identified and dealt with the screen has changed from being a number of optimised
variables to a viable architectural element, capable of being used within a built form. The

development of a cheap and easily constructed mashrabiya component greatly increases
the versatility of the screen, evident in its use as a roofing element. This, along with the

development of misting sprays and a logical structural system, has transformed the
mashrabiya from a simple window screen into a much more significant architectural
intervention, the use of which is limited only by the mind of the designer.

Along with the actual physical issues of applying the screen to a building there is also the
relationship that it has with the architectural form itself. An interesting result of this study
has been the discovery of a number of links between the optimal physical parameters of the

building and the individual variables of the mashrabiya. This has led to a basic architectural
typology that is to some degree subservient to the design of the screen, which changes the
design process from being programmatically driven to detail driven.

With these findings in place the mashrabiya has become ready to be applied to the Giles
Weather Station.
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Chapter 5: Architectural Application
5.

Architectural Application

Based upon what has been established up to this point a conceptual design stance for Giles

Weather Station has been developed. With the research conducted so far the mashrabiya is
both cheaper and more versatile, meaning it has the potential to be used in a much more
ambitious fashion than was previously thought possible.

Therefore this design utilises a climatically perfect ‘mashrabiya shell’ to enclose the entire
building. By having a separate layer of mashrabiyas acting independently of the built form it

can create a microcosm within which the building can exist. Instead of the building battling
with the desert heat it is placed within an environment where the air, light and temperature
are precisely controlled. It is similar conceptually to that of a greenhouse which, through

an enclosed shell with a mediating boundary layer, creates a thermally defined zone that is
optimised for the plants within.

The original weather station was comprised of a number of independent dwellings separated

by pathways. By using the mashrabiya as a shell over the building some level of independence
between dwellings has been provided whilst still holding them together within a much larger

form. Additional mashrabiyas could be used between dwellings as privacy screens, further
differentiating the spatial boundaries. This, together with established principles of desert
architecture such as the use of thermally massive walls, sunken courtyards and passive

ventilation, has created a viable typology with which to solve the architectural problems
facing the Giles Weather Station.
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5.1 Building Plan
The plan of the building has been created in accordance with established principles of
traditional desert architecture.70 The use of small confined spaces enclosed within large

amounts of thermal mass creates passive thermal zones which are able to be independently
regulated for comfort. The traditional use of sunken courtyards led to the idea of sinking half

of the building beneath the surface of the desert. This creates two layers to the building, an
upper layer at ground level which is open, breezy and looks out across the desert expanses

and a lower level which is darker, cooler and more internally focussed. The building is
orientated along an East-West axis to maximise the effectiveness of the mashrabiya on the
northern face of the building, creating a long building consisting of three adjacent zones.

The first, a residential zone, has four independent living quarters for the workers, as well as
a rear courtyard and a services area. Each living unit is thermally independent of the others
and consists of a north facing room containing a split level, allowing the sun into the lower
level to heat the earth floor in winter and creating a natural ventilation passage between

layers. The mashrabiya allows the rooms to be far more accessible and open than they
otherwise could be, blurring the line between the interior and exterior.

The second zone is a mixture of recreational and tourist space. As the weather station is

near the Desert Highway a number of visitors arrive each day. The tourist area contains
artefacts and information about the work performed at the station, engaging them directly
with the building. This area also contains features such as a bar and a swimming pool for
the workers to relax in, whose privacy is protected through the use of strategically located
mashrabiyas.

The third zone is the working area, which contains the laboratories and office space

required to conduct research. As these spaces need more light and less privacy than the
accommodation units the mashrabiya are more porous.

Each of these three zones is designed to maximize the collection and storage of cool night
air, allow for natural ventilation and create the right levels of privacy/transparency between

rooms. The basis of the architectural design is firmly rooted in Middle Eastern desert
architecture traditions, yet the interpretation of these traditions is directly based on the
specific programmatic requirements of the Giles Weather Station.

70 Konya, Allan. Design primer for hot climates
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Fig. 61- Model Photographs

a) Giles Weather Station with mashrabiya shell

b) Northern face of the building, viewed without mashrabiya shell

c) Southern face of the building, viewed without mashrabiya shell
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d) Garden Courtyard

e) Swimming Pool Courtyard

f) Eastern Entrance
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Fig. 62- Lighting Model
Here the true power of the ‘mashrabiya shell’ is shown.
The shell creates a tightly controlled internal environment,
with every shadow and dappled patch of sunlight being
tailored precisely to the building’s unique thermal requirements. This results in both sheltered buildings and courtyards that allow for constant, comfortable occupation.
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Fig. 63- Bas-Relief Studies
These studies were conducted to experience the tectonics of the large
rammed earth walls combined with the delicate intricacies of the
mashrabiya screen. The screen has to be applied carefully to ensure
that it is not overpowered by the visual weight of the walls. If designed
correctly the two can compliment each other, creating a building that
is both solid in form and delicate in detail.

84

PERFORMANCE AND PERMEABILITY

PERFORMANCE AND PERMEABILITY

85

Fig. 64- Western Elevation
The screens create a visually dynamic surface that slowly reveals different layers of detail as the viewer approaches. From
the outside they shroud the building in mystery, hiding the occupants from view. In the barren emptiness of the Gibson Desert
this building becomes a landmark, a simple form that rises from
the red earth to become a prominant feature in the otherwise
bare landscape.
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Fig. 65- Exploded Sectional Perspective
The interior of the building is full of interwoven spaces, with
layered rooms providing for tight air currents and controlled
ventilation. Internal courtyards draw the cool night air into the
subterranean level, which then filters its way between spaces,
cooling the building as it goes.
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Fig. 66- Sectional Perspective
The design of each living unit is created to provide the optimal living conditions for the occupant. The unit comprises of two spaces.
The first is on the upper split level, which looks out through the
mashrabiya onto the open desert beyond. This space contains
both the kitchen and the living area. The floor of the split level
is constructed of closely spaced wooden slats which allow air to
pass between the two levels. The lower level contains the bedroom and bathroom, and is the more private of the two spaces.
The walls are constructed from rammed earth sourced from the
site, which retains the vivid reds and oranges that can be found
within the local soil. This allows the building to respond closely
to the local conditions, and regardless of the fact that it is based
upon architectural principles sourced from the Middle East it still
reflects its Australian context, both in terms of materiality and
design.
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Fig. 67- Perspective
Here an experiment is made in having the courtyard partially
covered to allow full sunlight to access part of the space. Although
this approach was not adopted in the final design it does reveal
the number of different ways in which the screen can be used. In
this instance it creates a courtyard more in tune with the external conditions yet still sheltered to some degree by a roof screen.
This could be aplied to a transition zone between the inside and
outside of the building, creating a thermal buffer at the point of
entry.
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Fig. 68- Internal Perspective
One of the most dazzling effects of the mashrabiya was the way in
which it filtered winter sunlight. By using a screen on the roof the
effect can be enhanced even further with the interior courtyards
becoming dappled by a myriad of tiny patterns, not unlike being
beneath a tree. The soft shadows dance their way across the internal surfaces, slowly heating them as they do so. The courtyards
become small havens of respite against the fierce external conditions, protected from both sun and heat yet for all purposes still
‘outside.’ They tie the building together and demonstrate that the
building can not only be functional but also enjoyable.

94

PERFORMANCE AND PERMEABILITY

PERFORMANCE AND PERMEABILITY

95

Fig. 69- External Perspective
Visually the building is a stunning counterpoint to the barren
emptiness of the desert, the patterns providing a uniquely delicate approach to the harshness of the conditions. The overall form
is kept to a simple rectangular geometry to draw focus into the
materiality and detail of the walls and to create a more decisive
intervention into the desert landscape. From far away the building looks like a basic white square, resting alone beneath the sun.
It is only on approach that the true nature of the building reveals
itself, one layer of detail at a time.
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Chapter 6: Discussions
“What is to be answered is if those examples which compose historical prototypes can be
applied nowadays, if they have already been applied, if they were efficient and if the contemporary applications constitute an evolution of historical prototypes or innovative approaches.”
Saranti, K. Air moving in and through building: historical prototypes and contemporary applications, p.1
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Discussion
A number of interesting themes have been raised in this research. For the most part they can
be grouped into three distinct categories; the contemporary interpretation of traditional

architectural elements, the individual parameters of the mashrabiya and the application of
the revised mashrabiya in the Gibson Desert.

1.1. Traditional craft and contemporary fabrication
6.1.

By combining traditional architectural ideas with contemporary technology significant
changes to the mashrabiya and its application have been made. Firstly, the new construction

process allows the mashrabiya to be manufactured cheaply and quickly, making it
competitive with other climatic modifiers. Secondly, the new mashrabiya is able to perform
more efficiently. Thirdly, it allows the screen to be far more versatile in its application, the

use of it extending from simple window openings to an all-encompassing climatic shell over
the building.

The use of new methods of fabrication takes a now defunct architectural form and makes

it commercially viable. This is fundamentally important as the incorporation of traditional

knowledge into a contemporary sphere is based upon the ability to compete with modern
ideas both in terms of cost and effectiveness. The combination of CNC milling and CIM
casting allows for large scale production of extremely precise components at relatively

minimal cost, enabling the traditional architectural solution to become both architecturally
and commercially valid.

By using a CNC router to create component moulds it is possible to greatly increase the
accuracy and construction of the mashrabiya. It increased the number of variables that can

be manipulated during production and dramatically improves the degree of control that
can be had over the functional performance of the screen. With the equations and rules that
have been established over the course of this research the effectiveness of the mashrabiya

screen can be precisely calculated prior to its production and tailored specifically to each
individual site and program.

Finally, new construction processes have not only expanded upon the functionality of the

mashrabiya but also increased its versatility. The ease of production allows it to be used to

a far greater extent throughout the building such as on the roof and each façade, which has

been used in this study to create a climatically perfect ‘shell’ to encase the entire building.
The effect that this has on the interior climate is extreme, creating a microcosm within the

desert wherein every aspect of the thermal environment is controlled. This scope of use was
never considered possible with the traditional mashrabiya as the constraints implied within
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the construction were too rigid to allow for such ambitious use.

The mashrabiya is but one example of a craft based architectural form which has almost

disappeared due to rapid global changes. The work conducted in this study could easily

be applied to a variety of other ‘lost’ architectural forms, simply by using the same
analytical process and applying contemporary technology. That which might appear to be

redundant on face value could potentially contain valuable knowledge. “Architects must
thoroughly analyze traditional building methods and forms using scientific principles and

an understanding of social and cultural requirements before discarding any of them.”71 If

thorough analysis of these elements were to be performed within a modern context the
results could be dramatic.

6.2.
1.2. Individual Parameters of the Mashrabiya

There is little doubt that the results of this research have developed the mashrabiya both in

terms of its efficiency and versatility. The increased precision and control that is afforded by
computer aided production processes has given rise to a whole new set of variables which
alter the performance of the mashrabiya in ways which were never previously possible.
With so many new variables it becomes possible to tailor a shading mask that is perfectly
optimized for the given climatic requirements of a building, determining precisely the
heating/cooling attributes of the screen.

It should be noted however that the control of direct light took precedence in this study. This

was based upon sound reasoning yet it does lead to the possibility that the other performance

attributes were subservient to this factor, such that despite the much greater level of control
over each of the functional aspects a degree of interdependency between the variables could

have interfered with the final outcome. For example, if the porosity is determined based
upon the direct lighting requirements it means that the privacy and airflow aspects are

affected as a result. Subsequently, these had to be regulated by strategically placed artificial
lighting, offsetting the balusters and through the use of a thermal chimney to ensure some
degree of control.

A question can be raised at this stage as to whether the screen that has been developed, in
being so different, is still a ‘mashrabiya.’ The aim of this research was never to replicate the
form of the mashrabiya, but rather to tap into the knowledge and functional aspects that it

once provided to desert architecture. As a result the new screen is born from a series of rules

and principles based upon individual variables rather than an explicit reproduction and the
end form is dramatically different to that of the traditional mashrabiya. Since it is being used

in a completely new cultural context it may well be a good thing and perhaps even calls for

71 Shearer, p.xvii
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the finding of a new name.

An unexpected result of this study was the extent to which the variables of the mashrabiya

could alter the design of the building behind it. The optimum dimensions of the rooms, the
offset of split levels, the size of the thermal chimneys and the height/length ratio of the

openings all change as the mashrabiya is altered. This result was unexpected yet pleasing. It
meant that in designing the Giles Weather station the architectural form could be subservient

to the design of the screen, which is unusual yet reveals the enormous impact each of these
variables can have on the ultimate performance of the building.

The depth of this research lies in the fact that it can be almost universally applied

beyond the Giles Weather Station. The efficiency and control of the mashrabiya has been

dramatically increased in this study due to the creation of a series of rules and equations

which can determine precisely the practical performance of the screen during its design
phase, regardless of the location or function of the building. In fact, there is a possibility

that this form of screen could work even more successfully within more moderate climates.
As the mashrabiya has already been optimized over hundreds of years as a passive cooling

mechanism within the traditional Middle Eastern dwelling the number of improvements

that could be made to the cooling aspect was limited. However, a lot has been done in this
study to improve its heating efficiency within the winter months of the year. If this screen
were to be applied to a milder climate where a significant amount of the year was too cold
it could potentially be even more successful at stabilising the overall temperature than just
in its application to excess heat.

6.3 Giles Weather Station

The Giles Weather Station can be treated as a case study for the wider application of

the screen. The design and layout was produced to test the conditions within which the
mashrabiya is known to operate most effectively. As such it is designed in accord with certain

strategies that have been developed over countless years within traditional Middle Eastern

desert architecture: the use of sunken courtyards, tightly packed dwellings and large earth
walls are all proven ways of reducing the excessive summer heat.

However, the use of a mashrabiya ‘shell’ to cover the entire building is an ambitious shift from

its use in traditional window openings to the creation of a climatically perfect microcosm
within which the building exists. The research conducted into the parameters and function
of the mashrabiya has resulted not only in a new approach to the mashrabiya, but also to
desert architecture itself. The all-encompassing ‘shell’ changes the response of the building

to the desert conditions in a manner that was unexpected, yet pleasing. This was only made
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possible due to the analysis performed at the beginning of this study.

One of the main issues faced early on in the design of the Giles Weather Station concerned
the adoption of a building element unique to one particular location and culture and
transferring it to a completely new country and cultural context. However, it is clear that the

extreme heat and light problems faced within the Gibson Desert have already been dealt with
successfully by the mashrabiya in the Middle East. As Walter Shearer points out, “it would be

of great benefit [if] societies with similar conditions could share their traditional solutions

to specific problems. Following appraisal, some solutions may be rejected as inappropriate,
but a scientific understanding of the principles upon which they are based could serve as

a useful foundation upon which to develop new solutions more in keeping with the local

economics, environment, and society than those that have replaced the traditional ones.”72
This is really what is being transferred between these two locations- not the mashrabiya
itself, but rather the principles upon which it is based- which can be seen in the substantial

difference between the screens in the two locations, both visually and in application.

Additionally, the Giles building and screens have been designed to reflect both the location
and climate. The use of the red soil gathered from the site to make the huge rammed earth

walls, the low lying forms, the patterning and many more aspects have been developed to

echo the specific identity of the site. Although many of these solutions were based upon
Middle Eastern building traditions the final outcome is a unique and independent building
designed to reflect its Australian context.

72 Shearer, p.xvii
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Conclusion
The aim of this research was to fully investigate a traditional architectural element, the
mashrabiya, and determine whether it could be applied to the contemporary context of the

Giles Weather Station in the Gibson Desert of Australia. This required an understanding
of its functional and social significance within traditional desert architecture along with

a direct analysis of its performance variables. To become a viable feature the construction

process had to be completely rethought, and was done so with the use of computer aided
manufacturing. This combination of traditional architectural knowledge with contemporary

production processes produced surprisingly dramatic results, changing the form,
performance and overall versatility of the mashrabiya. It allowed an expensive and rare

window screen to become a much more significant architectural feature that defined the
form and spatial qualities of the entire Giles Weather Station.

As a result of this study the Giles Weather Station became unique in its form and climatic

functionality and hence far more effective and architecturally appropriate for the context of
the Gibson Desert. The building is unlike anything else in the Gibson Desert and is capable
of controlling the internal environment in a manner that is far more ambitious than was able

to be attempted in the traditional use of the mashrabiya. The weather station has becomes
iconic as a result of this research, an example of the expressive and aesthetic qualities that

can be born from a logical investigation of function and performance. And indeed, the visual

qualities of the screen seem almost to outweigh its functional merits, in that they provide a

stunningly unique form of architectural expression to the building in the shape of delicate
lace-like patterns shrouding the form. The fact that the aesthetics are driven primarily by

a desire for functional performance only adds to their appeal. This intricacy of detail was
one of the endearing attributes of the traditional mashrabiya that is so sorely lacking in the

contemporary alternatives of mechanically driven cooling systems such as air conditioners.

If for no other reason, this study can be counted as a success in that it created a functional

and practical solution to a critically important climatic problem that still engaged with the
much wider idea of architectural beauty.

The use of the mashrabiya as a climatic ‘shell’ over the entirety of the building is testament to
how much more versatile it has become due to the research conducted. The use of the screen

transcends its traditional application and becomes much more engaged with the totality of
the architectural solution in Giles, becoming intrinsically linked with the wellbeing and the

daily experience of the occupants. It creates a microcosm within which the building can
exist, a perfect environment that has been precisely controlled through the manipulation of
a few small variables. This method of creating an entirely new climatic zone within which
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the building itself can exist is a far cry from both the traditional architecture of the Middle

East and more contemporary examples of desert architecture. Although it was never the
intended outcome, the research has not only reinterpreted the mashrabiya but taken a new

look at the architectural response to extreme climate. The fact that this was possible was

due to conducting in-depth analysis of traditional knowledge and combining that analysis
with the design potential afforded through contemporary technology. This drove the design
of the mashrabiya in a completely new and unexpected direction, and the Giles Weather
Station was greatly enhanced as a result.
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Commenced: 1956
Last Record: 2011
Latitude: 25.03 Degrees South
Monthly Climate Statistics for ‘GILES METEOROLOGICAL OFFICE’ [013017]
Longitude: 128.30 Degrees East
Created on [ 15 Feb 2011 00:56:03 GMT+00:00]
Elevation: 598 m
Commenced: 1956. Last Record: 2011. Latitude: 25.03 Degrees South. Longitude: 128.30 Degrees East. Elevation: 598 m
State: WA

Data accessed from: Australia Bureau of Meteorology, www.bom.gov.au/climate/averages/tables/cw_013017.shtml

Statistic Element

January

Mean maximum temperature (Degrees C) for years 1956 to 2010
Highest temperature (Degrees C) for years 1956 to 2010
Date of Highest temperature for years 1956 to 2010
Lowest maximum temperature (Degrees C) for years 1956 to 2010
Date of Lowest maximum temperature for years 1956 to 2010
Decile 1 maximum temperature (Degrees C) for years 1956 to 2010
Decile 9 maximum temperature (Degrees C) for years 1956 to 2010
Mean number of days >= 30 Degrees C for years 1956 to 2010
Mean number of days >= 35 Degrees C for years 1956 to 2010
Mean number of days >= 40 Degrees C for years 1956 to 2010
Mean minimum temperature (Degrees C) for years 1956 to 2010
Lowest temperature (Degrees C) for years 1956 to 2010
Date of Lowest temperature for years 1956 to 2010
Highest minimum temperature (Degrees C) for years 1956 to 2010
Date of Highest minimum temperature for years 1956 to 2010
Decile 1 minimum temperature (Degrees C) for years 1956 to 2010
Decile 9 minimum temperature (Degrees C) for years 1956 to 2010
Mean number of days <= 2 Degrees C for years 1956 to 2010
Mean number of days <= 0 Degrees C for years 1956 to 2010
Mean daily ground minimum temperature Degrees C for years 1956 to 2010
Lowest ground temperature Degrees C for years 1956 to 2010
Date of Lowest ground temperature for years 1956 to 2010
Mean number of days ground min. temp. <= ‐1 Degrees C for years 1956 to 2010
Mean rainfall (mm) for years 1956 to 2011
Highest rainfall (mm) for years 1956 to 2011
Date of Highest rainfall for years 1956 to 2011
Lowest rainfall (mm) for years 1956 to 2011
Date of Lowest rainfall for years 1956 to 2011
Decile 1 monthly rainfall (mm) for years 1956 to 2011
Decile 5 (median) monthly rainfall (mm) for years 1956 to 2011
Decile 9 monthly rainfall (mm) for years 1956 to 2011
Highest daily rainfall (mm) for years 1956 to 2011
Date of Highest daily rainfall for years 1956 to 2011
Mean number of days of rain for years 1800 to 3000
Mean number of days of rain >= 1 mm for years 1956 to 2011
Mean number of days of rain >= 10 mm for years 1956 to 2011
Mean number of days of rain >= 25 mm for years 1956 to 2011
Mean daily wind run (km) for years 1956 to 2010
Maximum wind gust speed (km/h) for years 1956 to 2010
Date of Maximum wind gust speed for years 1956 to 2010
Mean daily sunshine (hours) for years 1956 to 2010
Mean daily solar exposure (MJ/(m*m)) for years 1990 to 2011
Mean number of clear days for years 1978 to 2010
Mean number of cloudy days for years 1978 to 2010
Mean daily evaporation (mm) for years 1967 to 2010
Mean 9am temperature (Degrees C) for years 1978 to 2010
Mean 9am wet bulb temperature (Degrees C) for years 1978 to 2010
Mean 9am dew point temperature (Degrees C) for years 1978 to 2010
Mean 9am relative humidity (%) for years 1978 to 2010
Mean 9am cloud cover (okas) for years 1978 to 2010
Mean 9am wind speed (km/h) for years 1956 to 2010
Mean 3pm temperature (Degrees C) for years 1978 to 2010
Mean 3pm wet bulb temperature (Degrees C) for years 1978 to 2010
Mean 3pm dew point temperature (Degrees C) for years 1978 to 2010
Mean 3pm relative humidity (%) for years 1978 to 2010
Mean 3pm cloud cover (oktas) for years 1978 to 2010
Mean 3pm wind speed (km/h) for years 1956 to 2010

37.3
44.5
2‐Jan‐73
19.1
11‐Jan‐83
32.4
41.3
29.7
24.1
6.8
23.5
11.7
13‐Jan‐83
32.1
3‐Jan‐90
19.3
27.5
0
0
22
9.5
13‐Jan‐83
0
29.1
122
1973
0
1965
2.5
20.2
61.3
104.2
11‐Jan‐83
5.4
3.9
0.9
0.2
361
113
6‐Jan‐75
10.2
27.9
13.5
6.8
14.5
26.9
17.3
9
38
3
17.5
35.3
19.7
7
21
3.4
15.4
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February

36
44.4
7‐Feb‐94
18.1
28‐Feb‐87
30.6
40.3
25.9
19
4
22.9
9.8
23‐Feb‐67
31.2
18‐Feb‐65
18.5
27.1
0
0
21.6
9.1
23‐Feb‐67
0
44.4
312.2
1974
0
2005
0.9
20.8
127.3
217.2
22‐Feb‐74
5.3
4
1.1
0.3
360
122
14‐Feb‐86
9.5
25.1
10.8
7.9
13
25.7
17.3
10.2
44
3.4
15.1
34.2
19.8
8.3
25
3.9
14.9

March

April

May

33.8
29.4
23.7
42.2
38.3
33.9
6‐Mar‐59 1‐Apr‐09 1‐May‐90
15.1
14.2
10.6
26‐Mar‐82 20‐Apr‐00 26‐May‐64
28.1
24
18.8
38.4
34.3
28.6
26
14.6
1.8
13.7
2.1
0
0.8
0
0
20.6
16.5
11.4
8.9
5.4
1.8
25‐Mar‐01 23‐Apr‐70 31‐May‐00
30.4
27.4
23.2
6‐Mar‐86 2‐Apr‐86 13‐May‐58
15.9
11.3
6.7
25.2
21.4
16.2
0
0
0
0
0
0
19
14.6
9.4
6.2
3.4
‐2.4
17‐Mar‐81 23‐Apr‐70 27‐May‐81
0
0
0
35.3
16.3
19.8
330.6
123.8
93.4
1989
2000
1988
0
0
0
1997
2005
2008
0.1
0
0
13.6
6.1
6.2
84.6
36.8
64.6
121.6
54.2
54.6
13‐Mar‐89 6‐Apr‐74 24‐May‐92
4.3
2.9
3.6
3
1.9
2.4
1
0.5
0.6
0.4
0.1
0.1
344
311
279
95
85
82
13‐Mar‐69 6‐Apr‐90 10‐May‐63
9.4
9.1
8.5
23
19.1
16
14.2
14.1
16
7.3
6.4
7.3
11.3
8.4
5.6
23.8
21.1
15.6
15.5
13.4
10.4
7.6
5.6
4.4
41
41
51
2.9
3
2.8
14.9
13.8
11
32
28.4
23
18.2
15.9
13.2
6.1
3.8
2.4
24
24
30
3.4
3.2
3.1
14.5
13.5
13.7

29.4
38.3
Apr‐09
14.2
Apr‐00
24
34.3
14.6
2.1
0
16.5
5.4
Apr‐70
27.4
Apr‐86
11.3
21.4
0
0
14.6
3.4
Apr‐70
0
16.3
123.8
2000
0
2005
0
6.1
36.8
54.2
Apr‐74
2.9
1.9
0.5
0.1
311
85
Apr‐90
9.1
19.1
14.1
6.4
8.4
21.1
13.4
5.6
41
3
13.8
28.4
15.9
3.8
24
3.2
13.5

May
23.7
33.9
1‐May‐90
10.6
26‐May‐64
18.8
28.6
1.8
0
0
11.4
1.8
31‐May‐00
23.2
13‐May‐58
6.7
16.2
0
0
9.4
‐2.4
27‐May‐81
0
19.8
93.4
1988
0
2008
0
6.2
64.6
54.6
24‐May‐92
3.6
2.4
0.6
0.1
279
82
10‐May‐63
8.5
16
16
7.3
5.6
15.6
10.4
4.4
51
2.8
11
23
13.2
2.4
30
3.1
13.7

June
20.3
29.9
1‐Jun‐91
12.1
22‐Jun‐81
16.4
24.6
0
0
0
8.1
‐1.6
23‐Jun‐81
20.2
5‐Jun‐98
3.3
13.1
0.8
0.1
6.1
‐7.2
23‐Jun‐81
0.6
17.5
113.9
1968
0
2010
0
7.6
43.1
53
13‐Jun‐95
3.2
2
0.6
0.1
270
84
19‐Jun‐86
8.4
14.3
16.7
6.2
4.3
11.6
7.7
2.7
57
2.6
10.1
19.4
11.1
0.8
31
2.7
14.1

July
20
30.8
30‐Jul‐08
9.2
11‐Jul‐97
15.7
24.6
0.1
0
0
6.9
‐1.1
17‐Jul‐61
20.5
29‐Jul‐75
2.6
11.7
1.9
0.2
4.6
‐5.8
1‐Jul‐90
1.6
11.7
55.2
1986
0
2003
0
2.7
40.5
40.4
22‐Jul‐86
2.4
1.6
0.3
0.1
277
82
9‐Jul‐83
9
15.3
20.8
4.3
4.7
10.9
6.7
0.7
53
2
10.6
19.1
10.3
‐1.4
29
1.9
15

August
22.5
33.2
24‐Aug‐95
9
1‐Aug‐75
17.6
27.8
0.8
0
0
8.7
‐0.6
21‐Aug‐68
20.8
20‐Aug‐95
4
14
0.7
0.1
6.3
‐4.2
21‐Aug‐68
0.5
10.6
77.6
2005
0
2007
0
1.6
36.9
64.4
27‐Aug‐05
2.3
1.3
0.3
0.1
296
84
11‐Aug‐59
9.8
18.6
22.8
3.4
6.2
13.8
7.9
‐0.4
42
1.7
12.9
21.9
11.3
‐2.8
22
1.6
16.1

September October
27.3
38.2
30‐Sep‐98
11.4
5‐Sep‐77
21.2
32.8
9.5
0.7
0
12.9
2
5‐Sep‐79
25.5
20‐Sep‐81
7.1
18.5
0
0
10.6
‐1.1
13‐Sep‐78
0
11.5
63.2
2010
0
2007
0
2.3
31.4
58.8
17‐Sep‐03
2.6
1.6
0.4
0.1
332
97
28‐Sep‐68
10.1
22.4
20.6
2.6
8.9
19
10.7
0
32
1.7
16.6
26.8
13.5
‐2.7
17
1.9
17.5

31.6
41.6
29‐Oct‐77
15.4
3‐Oct‐75
25.6
36.9
20.8
8.2
0.2
17.1
5.5
24‐Oct‐75
29.3
19‐Oct‐88
11.5
22.7
0
0
14.9
2.9
8‐Oct‐68
0
14.6
98.4
1975
0
1982
0.1
5.2
46.3
39.4
7‐Oct‐75
3.3
2.2
0.4
0.1
359
118
11‐Oct‐66
10.5
25.8
18.4
3.7
11.7
23
13
1.2
29
2
19.7
30.8
15.6
‐1.2
16
2.6
17.7

November December Annual

Number of
Years
Start Year End Year

34.3
35.7
29.3
43.9
44.8
44.8
17‐Nov‐09 27‐Dec‐86 27‐Dec‐86 N/A
17.8
16.7
9
14‐Nov‐94 1‐Dec‐66 1‐Aug‐75 N/A
28.4
30.6
39.4
40.3
25.3
28.5
183
14.5
19.6
101.9
2
3.9
17.7
19.9
21.9
15.9
7
9.5
‐1.6
21‐Nov‐92 2‐Dec‐66 23‐Jun‐81 N/A
30
31.4
32.1
23‐Nov‐87 31‐Dec‐10
3‐Jan‐90 N/A
14.8
17.2
25
26.4
0
0
3.4
0
0
0.4
18.1
20.3
14
4.1
7.8
‐7.2
14‐Nov‐94 4‐Dec‐68 23‐Jun‐81 N/A
0
0
2.7
27.6
43.8
282
136.4
327.4
843.4
1991
2001
2001 N/A
0
0.8
38
1969
1961
1961 N/A
1.2
5.4
142
12.7
29
250
73.4
91.7
450
68.2
121.2
217.2
22‐Nov‐91 9‐Dec‐01 22‐Feb‐74 N/A
5.2
6.6
47.1
3.2
4.7
31.8
0.8
1.3
8.2
0.2
0.4
2.2
361
368
327
139
121
139
16‐Nov‐79 6‐Dec‐71 16‐Nov‐79 N/A
10.3
9.8
9.5
27.4
27.3
21.8
13.7
12.7
194.3
5.7
9.1
70.7
13.1
13.7
9.6
24.3
25.7
20.1
14.7
16.6
12.6
4.7
8.3
4.5
34
40
42
2.8
3.4
2.6
19
18.3
15
32.6
33.7
28.1
17.2
18.8
15.4
2.3
5.9
2.4
18
23
23
3.4
3.7
2.9
16.7
15.4
15.4

54
54
54
55
55
54
54
54
54
54
54
55
55
54
54
54
54
54
55
55
55
55
55
55
55
55
55
55
55
29
53
54
21
32
32
43
32
32
32
32
32
52
32
32
32
32
32
52

1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1990
1978
1978
1967
1978
1978
1978
1978
1978
1956
1978
1978
1978
1978
1978
1956
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2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2010
2010
2010
2010
2011
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
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Fig. 70- Psychrometric Chart
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Stereographic Diagram
Direct Solar Radiation (W/m²)
Location: Giles, AUS
Sun Position: -14.8°, 60.1°
HSA: -14.8°, VSA: 60.9°
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Fig. 72- Direct Solar Radiation (January - June)

Stereographic Diagram
Average Temperature (°C)
Location: Giles, AUS
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Fig. 73- Average Temperature (January - June)
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Stereographic Diagram
Direct Solar Radiation (W/m²)
Location: Giles, AUS
Sun Position: -14.8°, 60.1°
HSA: -14.8°, VSA: 60.9°
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Fig. 74- Direct Solar Radiation (July - December)

Stereographic Diagram
Location: Giles, AUS
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Fig. 75- Average Temperature (July - December)
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Fig. 76- Average Wind Speed
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Appendix 2
Computer Analysis Results. Data analyzed within Ecotect Analysis 2010
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Fig. 77- ‘D/L ratio’ test screen results for direct solar radiation

Fig. 78- ‘D/L ratio’ test screen results for solar shading
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Fig. 79- ‘Baluster angle’ test screen results for direct solar radiation

Fig. 80- ‘Baluster angle’ test screen results for solar shading
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Fig. 81- ‘Baluster section’ test screen results for direct solar radiation

Fig. 82- ‘Baluster section’ test screen results for solar shading
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Fig. 83- ‘Sectional layers’ test screen results for direct solar radiation

Fig. 84- ‘Sectional layers’ test screen results for solar shading
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INCIDENT SOLAR RADIATION - Full Hourly

Giles, AUS (Direct Only)
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Fig. 85- Annual solar radiation for final screen
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