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Abstract

Architecture in Al-Khobar is marked with impenetrable environments with minimal energy efficiency. Luxurious
features are sought after to satisfy the social and cultural norms. There is complete dependence on mechanical
sources in the name of privacy. Many architectural fundamentals are taught as an obstacle rather than an esthetic
functional element. Correspondingly, the oil discovery in the 1930's has caused many changes leading to the loss of
architectural identity. This coupled with subsidized energy prices wiped away the architectural quality and changed
the understanding of comfort. This paper explores opportunities to use economic growth, social norms and
environmental methodologies as interrelated components. It discusses alternatives to existing architectural
choices by addressing the dilemma affecting the quality of Al-khobar’s housing. It considers the complexity of the
climate by identifying seasonal architectural and environmental approaches focusing on the dynamic relationships
inherit in the daily cultural and social climatic cycle; Introducing passive strategies that motivate intuitive occupant
behavior and help infuse living spaces.
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1. Introduction and research methodology:

An elaborative psychological investigation on the occupants, and the architectural identity, pre
and post oil discovery. That investigation will lead into the reasoning behind the architectural
choice. Afterward, there are suggested solutions to change the approach, which includes it
being cost effective and appealing to the end user. These proposed solutions are tested to
illustrate the environmental performance and enhancement via passive strategies.

1.1 Location
Saudi Arabia is located in Western Asia. This study is on Al-Khobar, which is located in
the Eastern Province of the Kingdom on the coast of the Gulf bay.

1.2 Current situation

Identity as a perception has social and physical meanings. It establishes a
group of indications recognized by a group of people at a specific time
and place. People and places, however are exposed to change over time.

Continuity of identity is a very debatable concept. In Saudi, it is the
discovery of oil that has the biggest impact. Accordingly, architecture has L

been through two main stages, pre-oil era and post oil discovery. y
Fig. -1- Location



1.3 Identifying the problem

Energy consumption in the Eastern Province is caused by high ambient temperature and
relative humidity. Residential facilities display high usage of electricity fig.-2-. A study done on
Trends in Residential Energy Consumption (Farajallah, 2013) shows that 52% of the energy is
wasted from the residential sector and 80% of that waste is from air conditioning (Hijazi, 2012).
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Fig. -2- Energy consumption per capita and by sector in Saudi Arabia
1.4 The built environment and urban scenery

Saudi has a rich architectural heritage that shows in home planning with vernacular
characteristics. Historically, building designs and materials were considered according to the
climate and resources available. Modern architecture in Saudi has come under frequent
criticism as being affected by globalization and environmentally unsuitable for the hot dry
environment of Saudi. The discovery of oil in 1939 triggered the invitation of many foreign
companies that established their own living compounds. These projects introduced for the first
time a new concept of space and a new home image.

2. Understanding the built environment

TOTAL POPULATION

2.1 Population and family size

The expat community formulates a big percentage
of the population fig.-3-. The average Middle
Eastern family size is 4 members while in the in
Saudi, it is up to 6 people in a household (United
Nations research, 2006).
2.2 the inhabitant
The main aspects that make the social daily life
unique in Saudi are:

1. Prayer breaks five times a day
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Fig. -3- Population, Al Watan — Saudi Gazette infograph

2. Reduced amount of facilities open during 1:00PM to 4:00 PM.
3. On Fridays all businesses open after 4:00 PM because of the weekly Friday prayer

(Juma’aa).

. During Eid many shops close for 3 days except main shopping malls.
5. During the holy month of Ramadan shops open at 10:00AM and close at 5:00PM,
reopen after the last prayer which is approximately 9:00PM and then stay open till



2:00AM This is due to changed behaviour during Ramadan as the majority are fasting
from sunrise until sunset.

3. Climate analysis summary
3.1 summary

The coastal regions of Saudi Arabia have a desert climate characterized by extreme heat during
the day, sudden drops in temperature during the night, and very low annual rainfall in the
summer with dry winters. Because of the influence of a subtropical high-pressure system, there
is considerable variation in temperature and humidity. The average summer temperature is
about 47°C, but readings of up to 55°C are common. There is a lack of weather data, especially
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@@= DBT mean average

3.2 Saudi earth temperature profile
The concentration of any urban fabric plays an essential role in the amount of solar radiation
absorbed, reflected and stored in the fabric. It is normally assumed that the mean annual soil
temperature (in °C) equals the sum of the mean annual air temperature + 2°C. according to the
The mean air temp 27°C and ground temp 22°C. The different orientations and excavation of
the fabric depends on the location
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3.3 Comfort band Fig. -5- Saudi earth temperature profile on different depths
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adaptive comfort band can be measured by using the following Fig.-6- The increase in comfort
temperature for different air
speeds



formula Tc = 0.534To + 12.9. This formula represents the relationship between the comfort
temperature and the monthly mean outdoor temperature.
4. Analytic work

4.1 Summary of suggested strategies o 39
4.1.1 Earth as a cooling environment 35 ¥
3000 35
The material used is recycled cement and s 3
X 3 . 2000
follows the required U-Values for a residential 5o *
29
unit, which are roofs: .22/.13, walls: .53/.857 " .
/'
and FIOOrS: 1'825 ) . . ° 1, 1,1, 1,1, 1,1, 1,1,1,1,1,11,1,1,1,1,1,1,1,1,1,1,1, ®
Fig. -7- Scenarios of earth integrated units on a typical 123456 7 8 91011121314 1516 17 18 19 20 21 22 23 24
summer day 1st floor Solar Gain (W) e External Temperature (°C)
emmms Underground with top shading s Underground Exposed
4.1.2 Downdraught cooling s Parcially Underground @ Undergound with louvers

A data logger placed outdoors in Al-Khobar and the resultant difference between the outdoor
temperature and relative humidity allows the applicability of downdraught cooling. Pointing it
out as the second suggestion. According to the following formula: Ts=TDB- |

0.8(TDB-TWB) = =41-0.8(41-27) =40.2-11.2The supplied temperature =292C. ‘
Cooling load result shown on page -5-.

4.1.3 The courtyard effect
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Fig.-9- Courtyard effect on different levels

The courtyard was pulled down 10 meters below ground with an
exposed top. This was to study the

effectiveness of both elements r 1
implemented together. It is notable that -
the solar radiation had been reduced from C—— )y
18 kWh/m? to 6.2 kWh/m?2. — 1

4.1.4 Jacket facades
The jacket facade is an extra skin that is distant from the inner wall,
thereby creating a middle space that generates a microclimate acting as
a buffer or a transitional zone to the inner spaces regulating the
temperatures going through to balance the heat of the building and
reduces the amount of the solar exposure.

Winter

Fig. -10- Microclimate created by a stone jacket facade and global solar radiation simulation



4.2 Environmental Performance
The performance of all the studied strategies implemented together shown below illustrating
improved cooling without any mechanical ventilators during a typical summer day.
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4.3 Established guidelines
Living below ground level reduces the annual energy waste, as earth creates a

W=

sheltering environment that isolates the high temperatures and solar radiation _
while also cooling the structure. Adding louvers drastically reduces the heat gains. LF_TI_{—‘
The sunken concept is effective especially, if they contain waterbodies and
vegetation. Downdraught evaporative cooling is achievable and effective. Jacket 5t
facades are a massive contributor to the enhancement of the heat balance in the ] “
buildings. Vegetation enhances the air quality indoors and outdoors and even w8
helps maintain air quality during sand storms. Orientation and minimum glazing

on the south facades help with the quality of the indoor environmental
performance. i |

5. Design applicability Fig. -12- Established guidelines
5.1 social acceptance

The Saudi society tends to neglect energy waste for appealing features. According to that, any
application can be accepted if attractive and cost effective. The concept of buildings
underground is very rare. The negative perceptions towards living underground have
discouraged the public. Total underground spaces such as basements have been common in the
Gulf Region for storage rather than living. Partial integration to earth started to become
acceptable in the mid 1980’s, as prices rose dramatically due to a rise in oil prices and land
banking (Al-Mumin, 2001).

5.2 local resources

Nowadays, there is a construction booming in Saudi. The increase of construction using
recycled cement and concrete is applicable. In addition, a main guideline is orientation and
using less glazing.



6. Conclusion

The guidelines suggested challenge complex environment and the perception of a community’s
comfort that is dependent on cheap resources and luxurious features. The major impact can be
achieved through a social trend. The study of the surrounding envelope has proven the
possibility of adjusting the intense impact of the solar radiation by adopting simple traditional
strategies such as orientation, shadings and the amount of glazing. In earth-integrated
structures, the indoor environment is a result of the relationship between the ambiance, the
inhabitant and the perception of comfort. This work frame is designed to test applicability
before application and was conducted by establishing guidelines that assist the modern day
needs of architecture and environmental science. The applicability in an impenetrable
environment is very challenging. Enhancing the privacy and the environmental performance
while considering the architecture of the units can be the new approach. The research process
was to develop the social and environmental demands in parallel. The attributes of thermal
energy of tthermal Delight in Architecture are built on four

main elements: Necessity, Delight, Affection and Sacredness

(Herchong, 1979) fig.-13-. To conclude, utilizing traditional

environmental techniques and changing the approach to

architecture can form a positive change in residential unit

energy consumption. In brief, the solutions suggested

included the integration of earth, downdraught cooling, @;;ﬁ
jacket facades and the use of courtyards. Furthermore,

simulations were conducted to prove the effectiveness of

these solutions and the design has been tailored to address

the social and climatic demands of the inhabitants of the

Eastern Province of Saudi Arabia.
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