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Abstract: The Kasbah of Algiers is considered as a model of human settlement in the Mediterranean climate
containing environmental features such as courtyards that improve indoor conditions. Yet, number of locals
decide to cover their courtyards nowadays in order to improve its performances to often make it worse.

This design study aims to rather analyse the courtyard by looking at its several qualities and pointing its
weaknesses. Moreover, it will introduce and test an affordable, seasonally adaptive feature that enhances the
courtyard's protective performances in a retrofitted building, reducing the cooling loads needed in the warmest
part of the year by half while conserving its permeability to fresh air and daylight.

Finally, the feasibility and replicability of the feature for different courtyard ratios in the rest of the citadel will
be touched upon in order to address today’s issue in a big scale. .
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1. Courtyard proprieties

The courtyard building is a type of configuration that has been found in early human
constructions all around the world. It was most commonly used in arid, hot climate when its
efficiency is optimum but different versions have been found in other climatic regions. The
courtyard in the Kasbah of Algiers was above all, the source of light that occupants needed as
the dark, narrow streets and small fenestrations did not provide enough of it. The courtyard
is also really important for families as it is a place of gathering. The courtyards also provides
daylight in winter while protecting from solar radiation in summer if well proportioned
(Ahmed S.Muhaisen, 2005).

Figure 1. Courtyard typology in Greece, China, Iraq, India and Italy

By studying 126 housing units and their courtyards in the Kasbah, | noticed that while
building forms were diverse, all courtyards were mainly rectangular with few exceptions and
central to the buildings that all have approximately the same height. By calculating the area
of each building and its courtyard, it is possible to deduce semi groups as shown in the
adjacent figures to finally get a ratio Courtyard Area -to- Building Area predominant in the
Kasbah that is 10%.



Figure 2. The Kasbah of Algiers

However, a number of houses experimented ratios of 13% and even 16%. This is to be
tested as well in the next chapter in order to determine the optimal ratio.

Studies from E.Mahmoud Zien Al Abidin proposed the rule of symmetry as sole
orientation decision while architects such as André Ravéreau ensure that every design
decision in the Kasbah of Algiers is driven by environmental considerations (André Ravéreau,
2007).
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Figure 3. Courtyard ratios in a Kasbah zone around the site

These affirmations were left unverified until the last decade when many academics such
as Ahmed S.Muhainsen undertook to study the optimum courtyard ratios and orientations
(A.S Muhaisen, 2006) in the city of Cairo, Egypt and Rome, Italy among other cities. Those two
cities are the closest in latitude to Algiers. According to his findings the optimum orientation
for rectangular courtyards stands around North-South axes where the position of the vertical
facades provide the biggest percentage of shaded area in summer period and sunlit area in
winter.

Figure 4. unfolded oriented North-South and East-West solar radiation impact
| decided to run a number of radiation simulations to demonstrate the well-founded of

this theory using a local weather file and rules of thumb. In these unfolded courtyards are
represented the impact of solar radiations on the vertical surfaces. The first figure represent



a North-South oriented courtyard while the second figure below represents an East-West
oriented courtyard. The chart represents the amount of solar radiations on each vertical
surfaces for a whole year. During summer, the most exposed vertical surfaces are the ones
facing East and West.
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Figure 5. Monthly average global vertical radiation Figure 6. Impact of different orientations on
radiations received
The North-South courtyard in the first figure gets most of solar radiations on the upper
parts of the vertical facade East and West while the East-West courtyard allows more
unwanted solar radiations to get all the way down to the bottom.

2. Design strategies for the Kasbah building
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Figure 7. Psychometric chart representing night time Figure 8. Resultant temperature for a typical
and thermal mass strategy impact summer day in the courtyard level for
different courtyard ratios

Using the ladybug tool on Grasshopper | was able to determine the most efficient
strategies to apply in the climate of Algiers; night ventilation and thermal mass that appeared
to be the ones already used in vernacular architecture for centuries. I, then, determined the
courtyard ratio to be used in my building that would provide the most comfortable
temperatures indoor based on the three most common ratios. The results in the figure 8 show
that the smaller the courtyard ratio, the better because of the solar radiations infiltration
impact.

The second step consists on studying and extracting rules of thumbs from case study
building in the Kasbah and apply those template on the designed building. In this step we
understand the importance of arches and overhanging elements in the local architecture.

Figure 9. Vernacular design strategies applied in design

The arches used in the Kasbah house and in most of Islamic architecture protect the
galleries and the rooms from some solar radiations as shown in figure 9. Nevertheless, there
is here a scope for improvement as solar radiation are still received by the outside surfaces of



the upper floor bedrooms. These spaces are the ones that need to be treated in this typology
of building.
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Figure 10. Unfolded 10%  Figure 11. Effect of summer solar radiations ~ Figure 12. Zone in the building
courtyard radiation on last floor spaces during summer affected by solar radiations

When looking at the impact of solar radiations on the surfaces of an unfolded courtyard,
figure 10, we notice that most of the unshaded area that Muhaisen quantified in his research
are focused on the East and West facing courtyard internal surfaces. This observation matches
with the resultant temperature of the upper floor spaces simulated in TAS that are in average
6°C warmer than the other rooms in summer season with a resultant temperature that can
reach 12°C more than other building spaces in the bedrooms located East of the courtyard.

The outcome of this research was based on a use of vernacular technics in order to
better suit the surrounding environment while proposing a feature added to the courtyard
that could improve its performances while still allowing a good natural ventilation to occur,
diffuse and enough direct daylight to enter the building via the courtyard. It is also important
to allow radiative cooling to occur by reducing the covered area to the minimum and use a
material with high thermal conductivity able to lose the heat stored during the day quickly. In
this case the use of copper is proposed with a thermal conductivity of 401W/mK compared
to wood that is 0.17W/mK.

The feature proposed merges the properties of the horizontal and vertical shading
device and is meant to be easy to install in any existing house. The hanged bars aligned form
a shield against strong solar radiations. In this design the shield is perpendicular to the angle
of solar radiations 215 of July at 4pm while other bars protect the internal surfaces from late
morning solar radiations and mid-day. These period of the day are picked because the
radiations and air temperature are the highest.

The following results will show that even if designed to protect the building from hot
season extreme solar radiations, the feature also provides a good protection for the mid-
seasons.
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Figure 13. Merged typology between
horizontal and vertical shading devices

Figure 14. Shading bars easily
hanged in the courtyard

PROTECTION FROM MID
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Figure 15. Radiation shield provided by the device



3. Performances

Most time of the year, resultant temperatures are within the limits of adaptive comfort. The
remaining period, mechanical cooling is needed. By comparing the building performances
with and without the hanged shading device, 71.96% less energy is needed to reach
comfortable temperatures on the most exposed bedroom located on the second floor.
When looking at the yearly temperature profile, | noticed that all the previous strategies
applied are not as efficient as the hanged shading device HSD on improving the indoor
resultant temperature on the upper floor bedrooms.
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Figure 16. Unfolded courtyard Figure 17. Unfolded courtyard
without hanged shading device with hanged shading feature

When comparing the cooling loads necessary on the exposed upper floors with and
without the hanged shading device | noticed that while 1193089.26 W was needed to cool
the space during a one year time, only 334513.8 W is needed when adding the HSD which is
71.96 % cooling loads reduction.
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Figure 18. Resultant temperature in

Figure 19. Yearly resultant temperature profiles
upper floor bedroom
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Figure 20. Yearly cooling loads with and without hanged shading device
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Figure 21. Adaptability of the shading device in 10%, 13% and 16% courtyard ratios ratio
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