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The research is discussing the Earth-Sheltered building type with analytical point of view. In this context, it started by a brief
definition about this type, and studies the opportunities and constraints related with the urban and architectural design.
Besides, it displays a quick overview of the contemporary use which is concentrated on the residential use all over the world.
Then, the research makes a brief explanation for some case studies of this building type at both Egypt and Japan. The
research mainly focuses on discussing the possibility of using the Earth-Sheltered building type in the housing projects at the
Egyptian deserts with its harsh climate, and Japanese slopes with its humid climate, through arguing that Earth-Sheltered
housing would be more appropriate in those areas or not. Besides, it examines the adaptation of the existing application
constraints of this type in both Egypt and Japan. The research suggests some urban and architectural applicable
recommendations to overcome some of these constraints at different climate situations. Finally, the research recommends
using this type of buildings for housing projects in the new communities in the Egyptian deserts, and Japanese slopes for
better environment.
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1. Introduction
The energy crisis has been alarmingly increased

during last decade. This in turn induces Architects to
look for a suitable building system, which can
effectively lower the energy consumption. There
have been many attempts to reach this goal. However,
one of the most effective systems that are found to be

against desertification (Charles, G. Woods, 2000).

2. Background.

The Earth-Sheltered Construction system is not a new
style nor extinct. Traditionaly, it had been used
effectively al over the world as an energy
conservative building system, there are many
Earth-Sheltered buildings built for various purposes
(Golany G., 1983). It started with living in the
existing and excavated caves in the ancient eras. Also,

capable of saving the energy inside buildings is the
use of the earth cover as an effective insulator

(Carmody J., 1993). In addition, it can be considered
environment friendly as it protects the Earth cover

it had been used as Temples and Tombs at the ancient
civilizations such as Pharoses Tombs.
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The Earth-Sheltered usage for housing purposes
has been considered the most common especialy in
harsh climates and relatively among the poor class of
people in order to save the land surface for other
purposes, or more protection from the harsh climate
and the security reasons. There are many vernacular
cases in China, Turkey, Iran, and North Africa
(Tunisia), and many others (A. Al-Temeemi, 2004).

The Modern Earth-Sheltered  architecture
developed later to include other uses, especialy
Housing. The main objective to use this style is
saving energy by the isolation of earth cover and
other environmental passive solar-cooling or heating,
passive ventilation systems (Wines, James, 2000).

The modern samples use the same concepts in
the traditional vernacular architecture but with more
development and technol ogy.

The Earth-Sheltered Architecture has some
special basic characters (its Classification types,

Opportunities and Constraints) (Golany G. & Taoshio
Ojima, 1996; Carmody J. & Sterling R., 1993).

2.1 Brief Definition and Types.

At the first glimpse when we mention the
Earth-Sheltered buildings; it may be thought that it is
completely under the zero level, whereas, it is just
one kind of its classifications according to relation to
the surface. On contrary, the modern examples of the
Earth-Sheltered buildings is usually existed above
zero level but is covered with a soil layer.

There are many classifications of Underground
Architecture depending on many characters (use or
purpose, construction System, relation to the surface,
Opening relation to the surface).

So, studying the types and classification
procedures is very important before going deep
though the research in order to see the possibility of
taking advantage of the geo-space for the design
purpose either functionally or aesthetically, table 1.

Tablel Classification of the Earth-Sheltered building type. (Hassan Ahmed, Heba, MA. 2009, P. 7).

(On the Hillside) (Bermed)

——  Relation to
surface

lKi.nd of opennings

Underground or Earth-
covered

(Chamber)

(Atrium)

(Elevational)

(Penetrational)

2.2 Opportunities and Constraints.

There are many opportunities of the Earth-Sheltered
building system we can make use of it. On the other
hand, the drawbacks of this building type which we
can avoid with good design, are focused on the
main reason for refusing to be underground
specially (psychologically and physiologically), and
how to overcome these bias, table 2.

2.3 Quick Overview of Contemporary Use

The Earth-Sheltered Architecture has been
commonly used worldwide within the Housing
sector rather than the public one (Carmody J. &
Sterling R., 1985).

Sterling supports this note, when he made several
studies on workers at factories, libraries and
governmental buildings.
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He found that the productivity had been
lowered as much as workers are isolated from the
natural environment outside. Besides, the air quality
isrelatively poor (Carmody J. & Sterling R., 1993).

However, Ojima conducted many researches
on workers at Japanese libraries, he gain a very
good results of satisfaction about the working
environment they are working at (Golany G. &
Toshio Ojima, 1996).

This paper will concentrate on the domestic
use of Earth-Sheltered building style, as it is the
most common nowadays. The researcher believes
that the negative attitude towards Earth-Sheltered
homes will disappear with evidence of successful
designs found in severa parts of the world, such as
the one discussed below.
b AT 3 »

Fig. 1 Eric Earth-Sheltered Home.
Joe Eric and his wife have been lived in this
home since 1985 until now, at Cincinnati, Ohio.
They believe to reach the goal of world free of
fossil fuel by the year 2020. They tried to collect
and research for solar information, as much as
possible before building the home, from different
sources. They built their home themselves with
little help other expertise. The home is very bright
and has cross ventilation with low relative humidity
inside. It consists of three bedrooms and a sunroom
as a living room. At winter, the air is heated at the
sunroom then forced through ducts of gravel bed
under the house, worming the floor area by
radiation. At summer, the deciduous tree shade is
preventing the Sun angle to penetrate the home, and

cold air is collected through the gravel bed at night
to reduce the home temperature next day long. The
home is very light and bright, as shown in fig. 1,
(http://www.joe-davis.com).

3. Method

The research methodology can be divided into
Analyticd and Statistical, Qualitative and
Quantitative. This kind of research is Analytical
research (Qualitative type). So it will concentrate
on analyzing case studies about the Earth-Sheltered
construction from different climates (Egypt and
Japan), to measure the application possibility and
suitability.

3.1 Earth-Sheltered buildings at Egypt

The Earth-Sheltered construction at Egypt is not
found as a domestic use until now; it is al used as
tombs at different eras. Pharos made some temples
earth-sheltered by dugging it into the mountains
like Abu Simple and Hatshepsut temples Fig. 2.

RETE

Fig. 2 Abu Simple above, Hatshepsut under.

Pharoses understand that it will be cooler than
the outside atmosphere at this very hot city (Luxor).
Later on, Egyptians found other tombs at Siwa city.
But, they did not found dead people at it. So, they
used it later as homes. It is caled the Death
Mountain  (Gebel EI Mawta) Fig. 3
(http://lexicorient.com/egypt/siwa05.htm ).

At 1980" Hassan Fathy, the great Egyptian
architect built new (El Gorna) village for farmers,
Qena City. The old village was carved into rocks.
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Fig. 3 Mountain of the Death, Siwa, Egypt.
But, people refused to live at the new village,
asit is similar in style to the tombs. Unfortunately,
now there is no one at both villages Figs. 4, 5
(http://www.waseda.jp/prj-egypt/sites/Qurna/)

Fig.5 Cross-Section and plan of old village.

The researcher believes that it would be more
suitable from the climate change situation and the
energy saving aspects, to apply the Earth-Sheltered
building style at Egypt with its new contemporary
appearance. But, this step needs a lot of studies
before starting, like energy saving extent, people
perception acceptance, ability of application, and
choosing the appropriate place for application.
These studies need a research tools like a survey
questionnaire, and using simulation programs to

measure the thermal loads and energy saving extent.
Thiswill be done at further research.

3.2 Earth-Sheltered buildings at Japan

We can find Earth-Sheltered construction at Japan,
but it is very rare. The researcher noticed that,
athough it is used, but it is not used alone. In other
words, it is integrated with above conventional
buildings. This means that, there is no complete
self-standing Earth-Sheltered construction at Japan;
they only use it as basement or a complementary
part with the home. As aresult, although thereis no
negative psychological attitude to live underground
like Egyptians do towards the Earth Shelter; the
wrong use and application created negative
atitudes from Japanese people towards the
Earth-Sheltered construction. The Japanese use the
basement part of the building as a complementary
part of the home, while it is forbidden at Egyptian
building low to live at the basement; they only use
it as a storage areas or parking, sometimes
commercia use, but not for living.

Back to Japan, people living at basements
suffer from high humidity level, darkness,
dampness, and miss feeling of time according to the
isolation feeling, (Kazumori & Y uske, 2004).

For example, one case study has basement as a
living room and dining above ground, Fig. 6.
(Mariko et. al., 1999).

r\l uﬂi
ER
:: i
. Living
HE cF.
[rEr e
1P R 0
2
! i
wisniir
A v
Mg 1 i
LTSS »

Y e

Fig. 6 Japanese Room and Dining with
Basement.
This building suffers from dampness and high
humidity level, especially at summer season.
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The researcher suggests magnifying the cross
ventilation at the basement, for instance opening the
intermediate wall between the sunken garden and
the stairs, this will maximize air movement and
reduces the humidity level in order.

The cross ventilation effect can be noticed in
another example; Fig. 7, where the spiral stair
makes an air circulation movement inside the
building. Therefore, it contributes in reducing the
humidity level. As aresult, people at this house are
feeling sufficient environment to live there, (Mariko
et. al., 1999).

o (Living
| L |wres L1 v

TREr)

Fig. 7 Living and Dining with Basement.

Kazumori made a questionnaire with Japanese
people to measure their attitudes towards basements
after they have been living in it for a period of time,
Fig. 8. (Kazumori & Yuske, 2004). The most
important item measured was the energy saving
(HVAC), the ability of ventilation, and the day
lighting of main room.

Suitability Consideration of Ol Pecple |
Crime Frevention

Energy Savicg (HVAC)

Safety from Nawral Disasters

Siomge Space

Insulation Ability & Air Tightmess
Sourd Insuwlation

Ability of Loag Life

Ability of Venlilation

Ability of Escaping while Fire 4z2.2
Muintenance — an
Space, Size of Floor Flan 354
Daylight of maic Reom i i

n n m an an &N an "
Fig. 8 Questionnaire Resultsfor Attitudes
Towards Basements.

To analyze this; the researcher thinks that if
we can maximize the ability of ventilation and day
lighting of main room; thiswill gain more sufficient
dtitudes. This can be obtained if the
Earth-Sheltered  construction is  stand-alone
building; not as a basement. In other words, if the
building is above zero level not underground, with
using of complementary architectural ways of cross
ventilation, or passive ventilation like Shafts; this
will contribute on better thermal performance, and
better people acceptance.

4. Results

4.1 Recommended Adaptation

The research recommends some placements and

design guidelines for architects, when building an

Earth-Sheltered construction, Table 3:
About selecting the site to build on; it is
preferable to build on slopes rather than flat
sites. Slopes have many advantages related
with Geo-Space buildings.
About Orientation; it is preferable at Egypt to
face the building towards North direction, at
Japan the direction preferred is reversed. At
Egypt, they need to cool down the building as
much as possible. At Japan, they need to gain
heat and sunlight more than cooling aspect.
About Accessibility, it is preferred to access
the building upstairs not downstairs; this will
make people feel like conventional buildings.
About Naturad View and eye contact; it is
preferred to have direct eye contact with outer
environment; the closed view raise the
confinement feeling.
Natural Ventilation is very important issue,
especially at Japan case. If it is not available;
they can use negative ventilation by suction
effect, but to count on one fagade it is not good
for ventilation.
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Table3 Adaptation Design Guidelinesfor Architects. (Source: Golany G., 1996, Carmody J. 1993, Hassan H., 2009)

Preferred Position Non-Preferred position
Site
Selection
Orientation
| a
Towards North, Preferred at Egypt
Accessibility
Illfgﬁmlli g_l:—_ll-l - Eli[
ownstairs
Eye Contact
ENEN T
M uENEE
Direct Eye Contact with Low Land
Natural
Ventilation
Good Cross Ventilation Poor Cross Ventilation

4.2 Application Possibility Guidelines

In order to measure the application possibility, there
are many aspects that architects should measure
each one as a very important issue, in order to gain
realistic view. Al-Temeemi had listed some steps
(A. A. Al-Temeemi, 2004). But, the researcher
thinks that there are more to measure;

1)

2)

Accessibility, it can be measured by studying
urban maps and choosing the appropriate site
is near to natural
infrastructure.

Geology should have been measured through

which resources and

3

studying the Soil structure maps. Because,
wrong decision to choose a site with
inappropriate soil structure; could lead to a
catastrophe. Like what happened at Mugattam
Mountain, Egypt. When people built their
homes by themselves on a porous rock of
Limestone structure; then a complete part of
the Mountain had a landslide and fall down
with hundreds of victims at Sep. 6, 2008,
(Nadin, Al-Masry Al-Y oum newspaper, 2008).
Acceptability should be measured by making a
survey questionnaire; in order to measure
people’s attitudes towards these buildings.
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4) Thermal Comfort can be measured by
simulation programs. And, the sense of thermal
comfort is different from country to another;
according to people’s perception of heat and
cold.

5) Energy Saving can be measured by Energy
monitoring and calculating the actual Energy
saving; in comparison with conventional
buildings. If the Earth-Sheltered building is not
existent; the Energy saving extent can be
measured also by simulation programs.

5. Conclusion

The Earth-Sheltered Architecture is not a new style
of buildings; it has been used long time ago.
Nowadays, architects are reusing the same concept
with new appearance. The application at Egypt has
many obstacles, mainly the psychological one. On
the other side of the world at Japan, the application
has one big problem; which is the high humidity
level if not properly designed. In an attempt for
application at both countries; there must be
extensive studies to measure the success extent,
using different tools like survey questionnaire and
simulation programs to measure thermal load at
both countries. The research created application
guidelines for architects to measure the application
possibility anywhere. Also, it demonstrates
recommended adaptation for better performance.
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