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Abstract

In commercial or residential spaces achieving comfort level is essential via thermal, ventilation and daylight
systems. This study will focus combining natural concept with building envelopes (glazing, shading device and
window shutter) and supporting it with previous studies and researches in this area. The study took place on
United Arab Emirates, Abu Dhabi (Residential Villa). Eco-Tect software was used to simulate the applied
strategies and analyze data such; daylight uniformity and sunlight movement, climate conditions summary,
thermal levels and materials conductivity. The main reason behind choosing UAE is the hot climate, therefore,
the need of ventilation systems, solar heat gain control and daylight equality is essential to reduce energy
consumption and achieve healthier indoor environment. However, choosing Abu Dhabi city as a case study is
due to the large development of sustainable built environment concept and the focus on this field especially in
“’Masdar city’’ Abu Dhabi (the low carbon cities). The natural concept that has been studied and applied to this
project was the Human Eye. The internal and external parts of human eye has been studied and analyzed in
terms of eye layers, movement and reaction with different conditions. Three strategies have been applied and
studied in three different phases on selected areas inside the villa and combined with human eye concept. In
results, tables and figures were analyzed and discussed for each phase. Finally, considering the proper use of
material, building envelopes strategies and climate conditions as part of the design in early stages, will help in
improving building energy efficiency, comfort indoor environment levels and sustainability solutions.
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INTRODUCTION environment concept and the focus on this field as in
A small concept presented by (Rule & Welch 2008) “’Masdar city’” Abu Dhabi (the zero carbon cities).
shows how the cornea is utilized to be part of the

building envelopes; the glazing system, by Focused Question (Objective)

considering the function of cornea as a transparent This study will mainly concentrate the building
part to penetrate light to the eye as the glass allow envelopes (glazing, shading device and window
daylight to pass to the space. This study will mainly shutter) based on previous researches and studies
concentrate the building envelopes (glazing, shading accomplished in this direction and combine it with a
device and window shutter) based on previous natural concept that matches the varied system used
researches and studies accomplished in this direction to enhance the indoor environment and the indoor
and combine it with a natural concept that matches comfort needs to attain the optimum desired space.
the varied system used to enhance the indoor To achieve comfort zone in commercial or residential
environment and the indoor comfort needs to attain spaces, the three major scenes; thermal, ventilation
the optimum desired space. and daylight should be considered.

General Problem Statement Natural Concept

The main purpose of choosing the project in UAE This study will concentrate the human eye concept,
generally is the hot climate, and how the window focusing the structure and the functions of the
shutter and innovative glazing will react as a solution external and internal parts of the eye on the retina
to improve the indoor comfort in terms of reducing and how can it be dynamically integrated to be
solar heat gain and achieving uniformity in daylight utilized in building envelopes mainly the innovative
in addition of the small focus on ventilation in some glazing, shading device and window shutter. The
specific season to motivate and enhance the human eye is a limb that consist of external and
knowledge of people to rely more on the natural internal parts performing together to capture and
ventilation and reduce the energy consumption which respond to light serving numerous of principles
can result in healthier indoor environment. However, (Deane & Gunter 1975).

choosing Abu Dhabi city as a case study in specific is
due to the large development of sustainable built
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The Eye Concept

The human eye’s visual system can be defined as; the
system that produce the best indication of the outside
world as an image to be focused on the retina
(Colicchia et al 2008). According to Rule and Welch
(2008, p.18) the following part define exactly the
main task of the external and internal parts of the eye

(Fig 1)

External Parts Internal Parts

Figure 1 Medicine Net (2004)

Fig. 1: The eye Anatomy (Medicine Net 2004)

External and Internal Parts of the Eye

Sclera: The White opaque area in the eye adjacent to
the cornea. Conjuctiva: is a transparent mucous
membrane that cover the front part of the eye. Iris:
The circular slim part inside the eye and function in
controlling the diameter of the Pupil. Pupil: The
centralized opening in the Iris that enhance the light
along with it to enter the retina. Cornea: Is clear
component located in the facade of the eye that coats
Iris, Pupil and internal chamber. Lens: Is clear
part, biconvex in shape that supports the Cornea in
refracting the light. Eyelids: Slim fold of skin that
coats and protects the eye, and form a chain of
eyelashes to protect from dust. Eyelashes: The main
task along with the protection is to spread the tears
on the surface of the eye to prevent drought.

Internal Parts of the Eye

Retina: Interrelated layers of neurons that is highly
sensitive to light.

Rod Cells: Cylindrical shaped cells located on the
exterior edges of the retina, performs highly in the
dim light.

Cone Cells: Cone shaped cells, performs highly in
the bright light.

The Eye Movement (Fig.2)

Small integrated part in the retina called the fovea,
were the brain moves the eyes through signs that
are received on the fovea to create view to the
surroundings, while it mask 2 degrees of human
visual angle (Deane & Gunter 1975).

The eye movement responding to the light and surrounding conditions

Case study

The project located in Abu Dhabi - United Arab
Emirates Al Raha Gardens which can be viewed
using Google Maps (Google 2011).

Layout Plan + Front, Back and Sides Elevations
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Villa located in Al Raha Gardens — Layout plan
+Elevation 352 m?, G +1
(Author 2011)

Monthly sun path and shadows (Existing Project)
High solar heat gain between April to September, the
direct sunlight on the south fagade is concentrated
between Octobers to March (Ecotect 2011). However,
the major concern that the study will focus is the high
angled sun path and hot months.
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Climate Summary

The latitude is 24.4° and longitude 54.7°. Figure 7 is
illustrating the maximum temperature in all months
in Abu Dhabi. While August represent the highest
temperature by 45.6°c and the lowest temperature is
in January by 27°. Figure 8 shows the wind
direction which is mainly concentrated in the North
West side through the whole year. Thus, the cooling
system starts between May - October but reaches the
highest rates in July and August
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Figure 7 (Ecotect 2011)

Strategies (Architectural Solutions - Design
Concept)
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Shading Devices (Phase II)

The shading devices launch phase II of the study,
while the functions of the eyelashes and eyelids are
applied to create shading element that is explained in
figure 20. The upper part as shown in the sketch
figure 20 is fixed unit that act as the upper eyelash in
the eye and structured on corner brackets fixed to the
concrete wall which act as eyelids forming the
eyelashes. However, the bottom part is movable
manually in order to be closed and attached to the
window at night to create window shutter to protect
the indoor spaces in case of the need of ventilation,
while the material used in the bottom part similar to
the idea of “’Mashrabeya’’ that consist of holes that

create privacy, enhance the ventilation in some
specific seasons and create privacy. The varied type
of devices.

Window Shutter (Phase III development of the
concept)

The third phase of the concept combines between the
earlier mentioned elements in phase I and II, while
the use of Sclera as protective clement, lens to
diffuse and refract the light, eyelashes and eyelids to
create more conservation are represented in window
shutter unit as figures 21, 22, 23 (sketch) shows.

Figure 21 indicates the eye and how it’s protected by
its elements to prevent solar heat to penetrate
through windows. The holes represent the openings
to improve ventilation and penetrate light with
standardized materials will be used to enhance the
comfortable indoor environment.

Window Shutter Development

The panel used as a window shutter is made of thin
aluminum sheet or thin galvanized sheet double
layered. However, the panel is divided into equal grid
and holes created inside each box in the grid that
forms equal holes in the grid, the first column will
be covered with reconfigurable fabric that made of
nanoparticle fabrics, which react to the climate
condition and capture the dust from outside, although
this column can perform to improve the ventilation in
specific season. Conversely, the other column will
consist of polymer or prismatic glazing that refracts
light through the window and diffuses it with the
prevention of UV radiation (Fig.23).

Windows Shutter
7 e —T T
ojgepelolo|- g )
dolo B cﬁ,u\f’*k“ R
olcio M a8 __= = i
olda sl 1= 1
dl6/0laddld) Tr0 e A=
goclagge L JuL 10 5,
ie [sifa}lell=le ﬂ- The Glass (lens) —1 11 d U [__ L
doidadde “tue. peimom Ooanid]l - s
Protect from dust and climate ek g pat | A @R (=]
0
condltions, eahance ventilation, Toti B et EI_I:J,.LZ-//‘ 3 gl¢ .
P /// ==
e
Thin alumi sheet: e~
et =a000
By s e Ob= i ] 0 - Developing the concept of lens, eyelashes and
D | U I eyelids to window shutter that perform the
e . same functions of the eyes
|~ :

Figure 22 window shutter (Author

Figure 23 window shutter
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Non-woven polyester (reconfigurable fabric)

A review by Geyter et al (2006) argued that the
utilizing of polymer films to coat the textile surfaces
is essential in terms of development of the shell
wetting and linkage quality. This type of treated
textile present feasible chemical assembles on the top
surface because of the un-added non polymerisable
gasses such as; helium, nitrogen, oxygen and
hydrogen.

Ventilation

The technique of using the Nano-particle fabric can
perform effectively by filtering the wind that is
flowing to the space and release it afterwards.

Results of the strategies

By applying the window shutter (Phase III) of the
development, the result shows better daylight in the
room in August. The shutter is applied on one
opening to avoid blocking the view from the other
sides
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Figure 24 window shutter — Living room (Ecotect
2011)

Thermal Analysis (Hourly heat gains/losses —
Living Room Ground Floor — window shutter
phase I1I)

Graph 25 demonstrates the hourly heat gains and
losses were the conductivity reduced less than 3200w
and the HVAC loads as well to 4900w

Figure 25 window shutter hourly heat
gain/losses — Living room (Ecotect 2011)

Thermal Analysis (Hourly heat gains/losses —
Living Room Ground Floor — window shutter
phase III)

The hourly temperature remains constant at 26°c in
August inside the room with 95% air conditioning
efficiency but the total conductance reduces to
255w/k and total admittance 851w/k as graph 26
shows.
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Figure 28 Shading Device hourly heat gain/losses —
Living room (Ecotect 2011)

Daylight Analysis (Living room — Shading

device phase II)

The phase II strategy by using shading devices on the
south facades in august, the results is showing
enhancement in the direct daylight and distribution
daylight. The opening is low emissivity glazing.

Thermal Analysis (Hourly heat gains/losses —
Living Room Ground Floor — Shading device
phase II)

Graph 28 demonstrates the hourly heat gains, while
the conductivity of materials reduced dramatically to
less than 3200w. The highest rate of conductivity
increases at 12 noon with the raise of direct solar
and beam. The HVAC load reduced to less than
6600w.

Thermal Analysis (Hourly Temperature — Living
Room Ground Floor — Shading device phase II)
The hourly temperature for thermal analysis
illustrated in graph 29. The average temperature is
34.8°c while the ground 27.1°c. The total south
window 7.192m? and total admittance is 839w/k and
total conductance 285 w/k.
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Significance of the Problem

Combining a natural concept with the current or
futuristic technologies to create and improve any new
ideas, can significantly motivate the new learning of
people by developing better philosophy (Rule &
Welch 2008). Therefore, choosing the human eye as
a concept in science can construct and maintain a
merged idea with the building envelopes and perform
as functional solutions in architectural design that
enhance the aesthetic part, increase the indoor
comfort, conserve the materials used and produce the
best vision and image. A small concept presented by
(Rule & Welch 2008) shows how the cornea is
utilized to be part of the building envelopes; the
glazing system, by considering the function of cornea
as a transparent part to penetrate light to the eye as
the glass allow daylight to pass to the space. The
main purpose of choosing the project in UAE
generally is the hot climate, and how the window
shutter and innovative glazing will react as a solution
to improve the indoor comfort in terms of reducing
solar heat gain and achieving uniformity in daylight
in addition of the small focus on ventilation in some
specific season to motivate and enhance the
knowledge of people to rely more on the natural
ventilation and reduce the energy consumption which
can result in healthier indoor environent.

Existing Structure & New Strategies

Heat losses/gain )
Heat losses/gain | Exisiting struciure) I ———
Hourly temp. {strategles) I ————
Hourly temp. (Exising Structure)
Daylight{strategies)
Daylight (Exdsting structure) - —————
0% 10% 20% 30% 40% 50% B0% 70% 80%

Figure 30 Existing structure & new
strategies (Author 2011)

Figure 30 shows the differences in percentages
between the existing structure and the strategies
(phase II and III) applied to the wvilla. Utilizing
window shutter (phase III) and shading devices with
low emissivity glazing (phase II) as improvement
strategies showed significant results in terms of
enhancing the daylight of the space were the living
room and bedroom 1 have been simulated and the
total daylight improved by 25%. Moreover, the
inside temperature remained the same in the existing
project and new applied strategies but the
improvement appears in the heat gains and losses
while the total conductivity reduced by 40% by using
phase II and III applications, in addition of the
reduction in the total admittance by the same rate.
Consequently, the HVAC loads efficiency can be
reduced by 6% by reducing the conductivity and
admittance rates by the new applications. The usage
of phase 1 which consist of polymer glazing and
improved to Electro chromic glazing is discussed in
the strategies in section 4.1 and results by reduced U-
value via Electro chromic glazing system. Achieving
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thermal comfort is critical part of the design stages
and project to improve the occupant’s satisfactions
and energy efficiency.

CONCLUSION

Three strategies have been applied to the simulation
influenced by the natural concept of the human eye
and the dynamic function and movement of the eye.
Phase I covered the use of polymer glazing and the
development to use Electro Chromic glazing were
the result shows significant reduce in U-Value but
the constraints remained the heavy structure, special
installment condition and the cost of this type of
glazing. Phase II in the strategies simulated the living
room and bedroom 1 by using the shading devices
and low emissivity glazing following the human eye
concept and results in improved daylight ranges,
conducted materials, admittance, heat gains and
losses in addition of the possibility to reduce the
HVAC loads. On the other hand, phase III applied
the window shutter on the structure by considering
the view to outside through adding opening in the
middle part of the shutter. The results in phase III
showed better improvement than phase II in terms of
daylight ranges, conductivity and admittance of
materials in addition of heat gains and losses and
improved the HVAC efficiency. Considering the
proper use of materials, building envelopes strategies
as part of the design and climate conditions of the
place can achieve energy efficiency; comfort indoor
environment and sustainable solution.
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