European Researcher, 2013, Vol.(47), N2 4-3

Engineering Sciences
TexHuuyeckue HAYKU
UDC 003
Ancient Climatic Architectural Design Approach

!Nasibeh Faghih
2Md Azree Othuman Mydin
3Mohd Rodzi Ismail

-3 School of Housing, Building and Planning Universiti Sains Malaysia, Malaysia
11800, Penang

'PhD

E-mail: nasibeh.faghih@gmail.com

23Dr. Education

E-mail: azree@usm.my

Abstract. Ancient climatic architecture had found out a series of appropriate responses for
the best compatibility with the critical climate condition for instance, designing ‘earth sheltered
houses’ and ‘courtyard houses’. They could provide human climatic comfort without excessive
usage of fossil fuel resources. Owing to the normal thermal conditions in the ground depth, earth
sheltered houses can be slightly affected by thermal fluctuations due to being within the earth. In
depth further than 6.1 meters, temperature alternation is minute during the year, equaling to
average annual temperature of outside. More to the point, courtyard buildings as another
traditional design approach, have prepared controlled climatic space based on creating the
maximum shade in the summer and maximum solar heat absorption in the winter. The courtyard
houses served the multiple functions of lighting to the rooms, acting as a heat absorber in the
summer and a radiator in the winter, as well as providing an open space inside for community
activities. It must be noted that they divided into summer and winter zones located in south and
north of the central courtyard where residents were replaced into them according to changing the
seasons. Therefore, Ancient climatic buildings provided better human thermal comfort in
comparison with the use contemporary buildings of recent years, except with the air conditioning
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1. Introduction

Undeniably, climatic architectures in most parts of the world date back to thousands of years
of history (Schoenauer, 1981). In ancient climatic buildings, the climatic factors have always been
important issue in the design to provide a series of appropriate responses according to the best
compatibility between the environment and human thermal comfort (Suter, 2006). Furthermore,
in traditional architecture, based on geographical location, buildings were designed to deal
with the outside environment through the roofs, external surfaces, windows, ventilators,
courtyards, basements and other elements (Adil, 2001). Nevertheless, with the advent of modern
architecture and the increasing usage of HVAC (heating, ventilation, and air conditioning)
systems, the importance of climate was receiving less attention and similar architectural patterns
were used in different parts of the world with diverse climatic conditions (Lili et al, 2011). As a
result of these challenges such as the reduction and depletion of non-renewable energy
sources of fossil fuels on the one hand, and pollution in cities and environmental impacts on the
other hand, attention to the climatic design was re-introduced in the 21th century (Nahla Adel and
Elwefati, 2007).

2. Discussion

In this section, two types of traditional techniques on ancient climatic designs with
special climatic considerations such as critical conditions are reviewed and the strengths and
weaknesses of these approaches in relation to the construction of modern buildings are discussed.

2.1 Courtyard Houses Approaches
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2.1.1 Overview

Courtyard houses — as four season buildings — provide controlled climatic spaces. Due to its
inward-facing form on four sides closed in by enclosed walls, heat transfer from the inside to the
outside and outside to the inside is limited (Okhovat, 2010). Based on creating the maximum
shade in summers and maximum solar heat absorption in winters, these buildings are divided into
summer and winter zones located in the back or front of the sun path, respectively. It means the
courtyard is situated in centre of building and the summer and winter parts are located in two
different directions of the central courtyard where the residents were re-located into these zones
according to the changing seasons (Meister, 2004). In the summer, because of the
particular orientation of the summer zone, the direct solar radiation can be avoided and only
diffused solar radiation and sunlight sparkles should be allowed for day lighting purposes. On the
other hand, due to the orientation of winter zone in front of the sun path, direct solar radiation is
entered into the house by windows facing the sun (Adil, 2001).
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Figure2.1. Three-dimensional picture of central courtyai’d house

2.1.2 Previous Case Studies

Few case-studies have demonstrated why the thermal comfort conditions inside courtyards in
hot-arid and temperate climates are significantly cooler than the prevailing ambient weather
conditions. Ahmad et al. (1985) conducted an ancient courtyard house within the sixth century and
compared it to a modern detached house under summer and winter climates at Ghadames, Libya.
In the summer, the outside temperature was between 20 ©C and 40 ©C while during this time the
inside temperature of the courtyard house was consistent at approximately 28 ©C. Nevertheless,
the temperature of the inside of the modern detached house was between from 34 °C and 39 ©C. In
the winter, the ambient temperature range was from 4 °C to 23 °C whereas the temperature inside
the traditional courtyard house has remained almost stable at 12 °C. In contrast, in the modern
house, during the winter, it was between 12 C and 14 °©C.

Reynolds and Carrasco (1996) monitored an ancient courtyard building in Bornos, Spain
exposed to a hot and dry summer climate. For three days in August, the indoor temperature ranged
between 26 °C and 29.5 °C whereas the outdoor temperature has been from22 ©C to 44 °C. The
Reynolds and Carrasco study clearly demonstrated the thermal benefits of the courtyard houses,
which resulted in improved indoor thermal comfort.
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Golany (1988) investigated the thermal performance in one of the courtyard houses in
Magmata, Tunisia. The thermal data provided by him showed when the maximum outside
temperature was near 42°C, the temperature in the summer part of the courtyard was almost 25
©C that means inside it was about 17 ©C cooler than the outside. He also measured the temperature
of this courtyard house in mid-winter when the outside was 7 ©C, but the inside of the room was
about 9 °C warmer than outside by 16 °C.

% Sos
A /7

o [
\,

JV"

N

&

Figure2.2. Section through the traditional courtyard house explaining
(Aleid, 1994)
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2.1.3 Benefits

The studies of the courtyard houses indicate that these strategies have high efficiency in
providing cool indoor in the summer and warm indoor in the winter for inhabitants (comfort zone).
Moreover, courtyard building is as an energy efficient architectural design in critical climate
conditions, with the possibility to achieve as much as a 30 % reduction in cooling and heating costs
through careful landscape planning (Golany, 1988). Hence, this architectural method can be used
to provide annual energy saving and achieve appropriate thermal comfort for residents (Adil,
2001).

2.2 Earth Sheltered Houses

2.2.1 Overview

One often neglected technology is underground buildings. This part of research defines
underground buildings as a one types of ancient climatic approaches in both hot and cold regions
as an alternative to conventional above-ground structures to reduce energy demands as well as
peak load requirements. This approach is not new technology in architectural history; however, in
terms of optimizing energy consumption and attention, it will be an innovative idea. The use of
earth sheltered houses received attention only after the energy crisis in 1973 because of its
compatibility with the climatic environment, its surroundings being a climate control strategy and
energy savings approach followed in it. In the United States, military installations, in Japan and
Stockholm, some shopping centres, in Norway and Sweden, oil storage spaces are some examples
of earth sheltered public and private buildings (Golany, 1983).
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Figure 2.3: Section of Underground Houses

2.2.2 History of underground buildings

Although, this method has been used in some cultures as a successful solution to deal with
bad weather conditions for thousands of years (Goldfinger, 1969) , the use of earth depth and soil
thermal stability, as one of the elements of thermal control systems, turned into a popular
architectural method from the October oil embargo of 1973 (Labs, 1988).

The most historical significance of these approaches can be found in three major regions:
Northern China, the Goreme Valley of Cappadocia in Central Turkey, and in Tunisia. These three
areas share a hot-arid climate that is identified by fluctuating temperature, diurnal and seasonal
weather (Golany, 1988).

2.2.3 Function of Earth Sheltered Houses

Owing to stable thermal conditions at depths in the ground, underground houses are hardly
affected by thermal fluctuations (Adil, 2001).

With this strategy -covering the building envelope by soil- heat transfer between the inside
and outside is limited and the building is isolated from the direct impacts of the critical climate.
Therefore, it can provide a safe and comfortable living environment for its residents (Carmody and
Sterling, 1984).

The equation shows for estimating subsurface temperatures as a function of depth and day of
the year (with cosine expressed in rad) (Labs, 1979).
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Where Ty is the subsurface temperature at depth x (m) on day t of the year (°C), Tm the

mean annual ground temperature (equal to steady state) (°C), As the annual temperature
amplitude at the surface (x = 0) (°C), x the subsurface depth (m), t the time of the year (days)
where January 1 = 1 (numbers), to the phase constant, corresponding to the day of minimum
surface temperature (days), and a the thermal diffusivity of the soil (m?/day).

Moreland (1975) and others use variants of the equation. When the variables are measured
from field monitoring, the method generates errors of no more than 1.1 -C (Labs, 1979).

The resulting temperature profile at different depths can now be shown in graph and it is
compared with the annual average of air temperatures.

The graph below shows that in depth further than 6.1 meters, temperature alteration is
minute during the year, equalling to average annual temperature of outside.

981




European Researcher, 2013, Vol.(47), N2 4-3

m I | I
1/2 |
2/4 * | /!

R \\ f!
3/6 N e

— R Average Annual
4/8 - ; Temperature
6/1 Vi

\
LT
S Vi
vl

Figure 2.4. Underground annual temperature fluctuations versus depth

2.2.4 Previous case studies

One study in a residential building with a two-storey in Kuwait shows that the infiltration can
be responsible for around 53% of the sum total peak cooling load On the other hand, in
underground houses, infiltration rates are considerably decreased, thanks to its buried walls.
Besides, heat gain via the roof and walls is significantly reduced since the temperature of the soil is
lower than the outside temperature in the summer (Fereig and Younis, 1985). The soil temperature
in Kuwait is almost 31 ©C at 3.0 metre depth in mid-July while the outside temperature reaches
nearly 45 ©C. Furthermore, shading and covering with vegetation influences the soil temperature,
reducing it to lower than the measured 31 ©C (Meister, 2004).

In the case study in colder climates, according to Kumar et al. (2007), it was considered that
during winters, the amount of heat loss in the earth supported structure was less than that of on-
ground structures, indicating through results that the floor surface temperature risen by 3°C for a
2.0 m deep earth supported structure because of lower heat transfer from the building elements to
the ground. Hence indicating than the passive heat supply from the ground even at the extreme
cold temperatures thus is a factor for energy saving in underground buildings.

2.2.5 Advantages

Most researchers on earth sheltered housing agree with the idea that underground buildings
provide energy savings by reducing heating and cooling loads annually in comparison with known
conventional structures (Carmody and Sterling, 1984). Carpenter (1994) states that the earth
sheltered buildings have the best potential of energy savings in any design. Not only is the
temperature difference between the exterior and interior reduced, but the building is also protected
from the direct solar radiation.

Dodd (1993) climes that the underground houses as a controlled micro- climate provide a
comfort zone for habitants according to soil thermal stability. As a result, Energy efficiency
according to soil thermal stability, reduction in bills of heating and cooling systems usage and
controlling noise and vibrations from the outside are the most important solution of underground
buildings.

2.2.6 Barriers

Despite that fact that the underground houses are energy efficiency and have other benefits,
they also have some limitations and disadvantages. Several researchers believe that there are some
psychological and social difficulties to overcome if underground housing is to be implemented on
an extensive basis (Golany, 1983). Aughenbaugh (1980) states that the biggest barrier to the
consideration of underground housing is that designer believes people will not accept to live under
earth’s depth. Although, he claims people will accept these buildings if they know about the
provided benefits of underground housing.
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3. Conclusion of Ancient Climatic Design

It must be noted that ancient climatic building methods have always paid some respect to the
climate. Although, traditional buildings approaches should be considered, evaluated and developed
but not copied. That means traditional architectural solutions should be studied, especially, using
soil thermal stability factor and special orientations; however, the barriers and restrictions should
be removed. In this section, two types of ancient climatic design approaches namely courtyard
houses and earth sheltered house were mentioned. The fishbone diagram shows over view of
Ancient Climatic Design Approaches.

Ancient Climatic Design Approaches

Courtyard Buildings

/

Earth Sheltered Buildings

Passive Heating

Climatic Building

Passive Design

Passive Cooling  Passive Ventilation Human

Climate
Comfort

Figure 2.5. Fishbone Diagram of Ancient Climatic Approaches

There are some disadvantages of both ancient climatic method mentioned earlier. For
instance, the earth sheltered houses have significant restrictions, including impossibility of using
landscape on the ground during temperate days, lack of suitable access to the ground surface and
natural light in all or parts of their interior spaces which make difficult condition for living.
Likewise, courtyard houses provide controlled climatic spaces for residents in the summer and
winter with different zones. Still the movement between different zones has the difficulty of
furnishing handling from the summer zone to winter zone and vice versa located in different
direction in the yard during the year. The SWOT (strength, weakness, opportunities and treat)
matrix below discussed the most important inside and outside factors of these approaches.

Table 2.1. SWOT Matrix of Ancient Climatic Approaches

Inside Factors

Strength Weakness

Best Compatibility In Critical Climate
Minimize Energy Consumption
» Improve Thermal Comfort

Construction Difficulties Today
Imposing Residents Relocation
Facilities Weakness

7 7
0.0 0'0
7 7
0.0 0.0

e
X3

S

L)

Outside Factors

Opportunities Threats

¢ Prevention of immigration % land constraints

As can be seen, the major strengths of the traditional design is that of improving Thermal
Comfort and Minimizing Energy Consumption while the most important weakness is imposing
residents relocation inside the building. However, relocation/movement of residents inside of both
courtyard buildings and underground houses has been one of the fundamental factors to meet
human thermal comfort needs.
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Figure 2.6. Resident movement between summer and winter zones in courtyard houses
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Figure 2.7. resident movement between deeper level

To sum up, to find the best solution for the design a modern climatic building that is efficient
for modern human living, the traditional strategies should be examined while at the same time
their restriction should be removed.
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AnHOTanuA. /I[peBHAA KIUMaTUYecKas apXUTEKTypa 3Hajla pAJ, COOTBETCTBYIOIIUX Mep JJ1A
Jiyqiieid COBMECTUMOCTH C KPUTHYECKHUM COCTOSHHMEM KJIUMaTa, HalpuMep, IPOEKTUPOBAHUE
«3eMJI1  BalUIEeHHBIX JIOMOB» M «JABOpP JIOMOB». OHH MOTryT 00€eCIeYUTh YeJIOBEKY
KJIUMATHYeCKHH KOM@OpT 06e3 Ype3MepHOTO HCIOJIb30BAaHUS PECypCcoB TOIUIMBa. BceisenmcrBue
HOPMAQJIPHOTO TEIUIOBOTO PEXUMa B IVIyOMHE 3eMJIH, 3all[UIlleHHble 3eMJIEH J0Ma MOTYT OBITh
cJIeTKa 3aTPOHYTHl TeIUIOBBIMU (uiykTyarusaMu. Bo [Bope Joma ObUIM MHOTOYHCJIEHHBIE
HCTOYHUKU OCBeIlleHUs, KOTOpble /[eMCTBOBAJIM B KauecTBe IIOIJIOTUTEJNS TeIUla JIETOM W
pazuaropa B 3UMHee BpeMs, a TaK:Ke IIPeZIOCTaBJIAIN OTKPBITOIO IPOCTPAHCTBA BHYTPHU /IBOPA /1A
o011ecTBeHHOM iesTesibHOCTU. CiielyeT OTMeTUTD, UTO OHU I0/Ipa3/IesIA0TCA Ha JIETHUE U 3UMHUE
30HbI, PAaCHOJIO’)KEHHble B IOKHOM U CEeBEpHOM 4YacTH IEeHTPAJbHOIO [IBOpa, I/ie JKUTEeJU
HaXOJWINUCh B COOTBETCTBHUU C U3MEHAIOIINMUCA Ce30HAMH. TakuM 00pa3oM, KJIMMAaTHYECKHe
JIpeBHUE 37aHUA 00N JIyYIIUM TEIJIOBBIM KOMMOPTOM I UejIOBeKa II0 CPaBHEHUIO C
HCIOJIb30BAHNEM COBPEMEHHBIX 3/JaHUU MOCJIeTHUX JIET.

KiioueBble cjIOBa: apXUTEKTypa; APEBHUN KJIMMAT; TEIJIO; U3alH; JIBOP; 3alllUIlleHHas
3eMJIs.
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