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SUMMARY

This thesis investigates the design of an integrated daylighting system that mitigates glare, enhances
thermal comfort, and optimizes energy consumption in architectural educational spaces. The study,
which focuses on the typology of schools of architecture, highlights how important daylight is for
sustainability, learning effectiveness, and visual comfort.

With the help of a thorough literature review, the study starts with a theoretical investigation of
daylighting principles, thermal and visual comfort metrics, and their relationship to energy
performance. In order to determine environmental and spatial design criteria, the analytical phase
looks at site conditions, chosen case studies -recent architecture school projects-, and architectural
school requirements. These conclusions led to the development of an architectural project that
combined environmental responsiveness, comfort, and functionality.

The project's implementation of the suggested daylighting system, specifically in the workshop
fagade, was examined using simulation models. Better light distribution and less glare were shown in
the results, and the optimized daylighting performance naturally led to increased thermal comfort and
decreased energy consumption.

Overall, the study demonstrates that well-thought-out daylighting systems can lower energy
consumption and greatly enhance indoor environmental quality, which supports sustainable
architectural design, particularly in hot and dry climates.

Key words:

Daylighting- Integrated Daylighting System- Glare Mitigation- Visual Comfort- Thermal Comfort-
Energy Optimization- School of Architecture- Hot and Arid Climate.
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INTRODUCTORY CHAPTER

|.General Introduction

Daylighting is a fundamental aspect of sustainable architectural design, particularly in educational
institutions such as Schools of Architecture. Effective daylighting enhances visual comfort, reduces
reliance on artificial lighting, and contributes to overall energy efficiency. However, the challenge
lies in optimizing daylight to prevent issues such as glare and excessive heat gain, which can
compromise indoor comfort and building performance (Cheryan et al., 2014).

In the context of a School of Architecture—where students spend extended hours engaged in design
work, model-making, and theoretical studies—a well-lit and thermally comfortable environment is
essential for productivity, concentration, and well-being. Studies such as Designing Classrooms to
Maximize Student Achievement (Cheryan et al., 2014) emphasize that environmental factors like
daylight quality, air temperature, and acoustic comfort have a measurable impact on cognitive
performance and learning outcomes. Therefore, achieving controlled, balanced daylighting in spaces
such as studios, lecture halls, and workshops is vital for maintaining optimal visual and thermal
conditions.

At the same time, research such as Design Optimization of the Skylight for Daylighting and Energy
Performance Using NSGA-II demonstrates the potential of advanced simulation and optimization
techniques in achieving energy-efficient daylighting solutions. These studies highlight that
integrating daylighting and energy analysis can yield systems capable of adapting to dynamic
environmental conditions, thereby reducing glare, moderating thermal gain, and improving overall
energy performance (Fakhr et al., 2023).

Building on these insights, this research explores the design of an integrated daylighting system
tailored for architectural schools, aiming to mitigate glare, enhance thermal comfort, and optimize
energy consumption. The proposed system will be tested and evaluated through digital simulations
to determine its performance across varying climatic conditions. By aligning architectural design with
environmental control, this study aspires to contribute innovative, evidence-based strategies for
sustainable daylighting—creating educational spaces that foster both comfort and academic
excellence.

I1.Problematic

Designing educational spaces, especially architecture schools, poses special daylighting challenges.
Students' comfort and performance are adversely affected by traditional daylighting solutions, which
frequently result in excessive glare, thermal discomfort, or insufficient illumination levels. When
incorporating daylighting into such areas, the following are the main issues to consider:

Glare Control: The usability of learning and working environments can be negatively impacted by
excessive daylight penetration, which can cause visual discomfort.

Thermal Regulation: Heat gain from poorly designed daylighting systems can raise cooling loads and
energy usage.

Energy Efficiency: While daylighting reduces the need for artificial lighting, ineffective integration
may result in higher HVAC demands, offsetting energy savings.

To address these issues, this study seeks to answer the following research questions:

- How can an integrated daylighting system effectively reduce glare while maintaining optimal
illumination levels in architectural education spaces?
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- What are the most efficient strategies for regulating indoor temperatures using daylighting
techniques?

- To what extent can the proposed daylighting system contribute to energy savings in
educational buildings?

- How can simulation models and experimental validation be used to assess the effectiveness
of the proposed system?

An integrated strategy that strikes a balance between thermal performance, energy efficiency, visual
comfort, and natural light distribution is required to address these issues. In order to effectively
manage these factors and support the sustainable design of educational spaces, this research suggests
a facade-integrated daylighting system.

I11. Hypothesis
This research is based on the following hypotheses:

H1: The integration of a well-designed daylighting system can simultaneously mitigate glare and
enhance thermal comfort by optimizing the distribution and control of natural light within
architectural educational spaces.

H2: The application of the proposed integrated daylighting system will result in a measurable
reduction in overall energy consumption, as verified through simulation models assessing visual,
thermal, and energy performance parameters.

IVV.Objectives

In order to accomplish the objectives of this study, a well-defined framework outlining the core
objectives and anticipated contributions must be established. The study's goals are to address the
daylighting issues that have been identified in architectural education settings. The goal of this
research is to lower energy consumption and improve indoor environmental quality by installing an
integrated daylighting system.

The primary objectives of this research are:

- To design an integrated daylighting system that mitigates glare while maintaining adequate
indoor illumination levels.

- To explore strategies to regulate indoor temperatures efficiently.

- To evaluate the energy savings potential of the proposed daylighting system.

- To develop and validate a prototype of the system using experimental setups and simulation
models.

V.Research Methodology
- Introductory chapter: The research's general framework is presented in this chapter. The
problem statement, background, study objectives, hypotheses, and methodology are all
presented. It also describes the thesis's organization, giving a synopsis of the subject matter
and goal of each succeeding chapter. The conceptual and methodological foundation for the
remainder of the study is established in the introductory chapter.

- Theoretical chapter: The study's key concepts—daylighting systems, thermal comfort, visual
comfort, and energy consumption optimization—are defined and examined in the theoretical
chapter. Through a literature review, it investigates their relationships and implications for
architectural design. The scientific basis for comprehending the environmental and design
principles that direct the study is formed by this chapter's synthesis of earlier research and
theoretical viewpoints.



INTRODUCTORY CHAPTER

- Analytical chapter: The theoretical framework is translated into analytical investigation in this

chapter. It is separated into two main sections:

The School of Architecture typology is the main topic of Part I, which also identifies functional
requirements, spatial organization, and environmental design needs pertaining to comfort,

ventilation, and lighting.

In Part 11, the chosen site and reference projects are analyzed, along with site conditions, climatic
data interpretation, and a programmatic definition of spaces. The contextual and design
parameters required to develop the suggested architectural project are provided by this analysis.

- Architectural chapter: The architectural chapter presents the design development of the
School of Architecture project. It presents the primary idea, design concept, and architectural
expression that are based on the results of the analysis. The chapter contains design views,
architectural renderings, and graphical documents that show how the project reflects the

values of environmental responsiveness, comfort, and functionality.

- Practical chapter: The suggested integrated daylighting system and its use in the planned
project are the main topics of the last chapter. It describes the idea behind the system, how it
is integrated into the building envelope, especially the workshop facade, and how it should
perform environmentally. The simulation and performance evaluation are also presented in
this chapter, evaluating how well the system reduces glare. The findings are examined in order
to support the theories and show how the suggested system advances sustainable architectural

design.

V1.The thesis structure:

—

INTRODUCTION CHAPTER

-

Y
General § L . . Reaserch
introduction Problematic Hypotheses Objectives methodology
S S S’
———
THEORICAL CHAPTER
/D Py Py Py =
% Visual comfort Dayil]llggl:lll]lﬁi;:;:mm Thermal comfort: Energy consumtion
[L_‘) S S~—r” S
E ———
;} ANALITICAL CHAPTER
% -1_—‘
& = Py Py P
= The school of architecture Project analysis The site analysis syntheses
v —— S’ S SN
ARCHITECTURAL CHAPTER
—_—
—_— ——
The concept idea The project

— e

PRACTICAL CHAPTER

The proposed system The simulation

4



CHAPTER I: THEORETICAL FOUNDATIONS OF DAYLIGHTING, COMFORT, AND ENERGY
EFFICIENCY IN BUILDINGS

CHAPTER I:

THEORETICAL FOUNDATIONS OF
DAYLIGHTING, COMFORT, AND
ENERGY EFFICIENCY IN BUILDINGS



CHAPTER I: THEORETICAL FOUNDATIONS OF DAYLIGHTING, COMFORT, AND ENERGY
EFFICIENCY IN BUILDINGS

I.INTRODUCTION:

In architectural design, daylighting is crucial because it affects energy efficiency, thermal balance,
and visual comfort. It presents chances to lower energy consumption and artificial lighting in
sustainable buildings while enhancing occupants' quality of life. By looking at daylighting systems,
the concepts of thermal and visual comfort, and their relationship to energy use, this chapter offers a
theoretical framework. Additionally, it examines pertinent literature to highlight contemporary
methods and resources, which serve as the foundation for creating an integrated system that strikes a
balance between efficiency, comfort, and glare control.

I1.VISUAL COMFORT
I1.1.Daylighting in buildings
The dynamic nature of daylighting, both the day and the year, creates significant obstacles when

designing structures that strive to use this plentiful natural resource to satisfy the illumination
requirements of architectural spaces (AHMED et al., 2023).

11.2.The daylighting strategy:

The goal is to better catch and penetrate natural light, which will then be distributed and focused. To
avoid visual discomfort, the light should be carefully controlled. The intelligent utilization of natural
light minimizes power usage for lights(Liebard & Herde, 2005).

Stratégie de I'éclairage naturel
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Figure 1 daylighting strategy. The source: Alain Liébard, 1996, treatise on bioclimatic architecture and urban planning, p125

11.3.Architecture of Daylighting:

Conceptually, daylighting can be supplied to interior spaces by apertures on the side, top, or both.
Building type, height, massing, prevalent climatic conditions, site impediments, and building
functions are frequently used to guide strategy decisions. Innovative daylight solutions can also help
to maximise the use of daylight. These harness the physical rules of reflection and refraction to
precisely light spaces while avoiding excessive warmth. The selection of tactics and equipment for
optimal daylighting is consequently determined by the purposes of the structures and the light
requirements of each architectural area. The solutions include side lights, top lights, shedding devices,
and building orientation ways of daylighting. (Zarewa et al., 2023).

11.4.The visual comfort:
Visual comfort is a subjective assessment of the amount, distribution, and quality of light (Liébard &
Herde, 2005).

- The Haute Qualité Environnementale54 (HQE) group states that "visual comfort™ is the tenth goal
of the construction project. The following are its main lighting needs or requirements:

6
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-An enough visual connection with the outside world,;
-Optimal natural lighting in terms of energy efficiency and comfort;

-Artificial lighting that is only meant to be used as a supplement to natural lighting when it is
available.

I1.4.1.Comfort parameters:
The interventions connected to the parameters of visual comfort are:
-the level of illumination of the visual task
-the distribution of light in the room
-the luminance ratios
-the lack of distracting shadows
-the improvement of object relief and modeling
-the view outside
-the rendering of colors
-the shade of light
-the absence of glare (Liébard & Herde, 2005).

11.5.The visual performance:
The desired visual performance is decided by the task to be done and depends on the following
parameters:

- the level of illumination of the work surface
- the luminance contrast between the observed object and its support.

IHluminance is the effect caused by luminous flux descending from a natural or artificial light source
onto a specific surface. He expresses himself in Lux.

Luminance describes the amount of light that leaves a surface and enters the observer's sight. It is
measured in candelas per m2 (Liébard & Herde, 2005).

| | | |
0 150 300 500 750 1000 1500 100 000
lux

Figure 2 (a)Eclairement et luminance The source: Alain Liébard, 1996, treatise on bioclimatic architecture and urban planning,
pl13, (b) Le niveau d’éclairement de référence est selon ['activité. The source: Alain Liébard, 1996, treatise on bioclimati

(a) (b)
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11.6.Perception visual field:

The visual area viewed by a person gazing straight ahead must be separated into monocular and
binocular sections. The monocular field is commonly thought to extend around 90° temporally, 60°
nasally (depending on the prominence of the nose), 70° inferiorly (limited by the cheek), and 50 to
60° superiorly (bound by the brow). The monocular visual fields overlap to produce a combined
binocular field, the middle 120° of which is visible to both eyes.

Even if the visual field extends almost 180° horizontally and 120° vertically, the component which
has a importance for visual comfort ratings is a band of 40° centred at normal eye height. It may be
seen that there are frequently no constraints in the horizontal plane, resulting in an almost panoramic
picture of around 180° view angle.

The field of vision is also divided into central (foveal) and peripheral (foveal surround) vision. Foveal
vision, which exists in a 2° cone around the center of the retina, gives the human eye its awareness
and focus. Furthermore, the cones that are abundant in the fovea offer information on details and
hues. Peripheral vision (30° cone) provides quite high awareness and discrimination of brightness
differences between an object and its background or foreground via the rods (Marty et al., 2003).
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Figure 3 Perception visual field The source: Alain Liébard, 1996, treatise on bioclimatic architecture and urban planning, p285.

I1.7.Lighting in classrooms:
Students who receive more natural light (daylight) in their classroom outperforms those who receive
less natural light.

In a study of almost 2,000 classrooms in California, Washington, and Colorado, students who were
exposed to more amount of daylight had better math and reading test scores than students who were
exposed to less daylight (2%-26% higher, depending on school district), even after statistically
correcting for student demographic variables such as socioeconomic status and race.

According to the National Center for Education Statistics, 16% of schools with permanent structures
and 28% of schools with temporary (portable) facilities have inadequate natural illumination.
Although adding additional daylight to classrooms might be advantageous, it must be done cautiously
to minimize visual irritation and temperature rises (Cheryan et al., 2014).

11.8.Contraste:

The light distribution in a area must be studied so that excessive brightness differences are reduced,
allow users to see properly. Extremely dark or brilliant fields should be avoided because they result
in an unstudied contrast. Contrast is the brightness difference between an object and its surroundings,
or between various components of an object, which causes it to stand out. The contrast balance is
vital for both comfort and detail perception. When there are considerable brightness changes in the
field of vision, the eye must adjust to the new gaze direction. During acclimation, visual acuity
reduces (Daich, 2019).

11.9.Glare:
1-Glare is defined as a visual disturbance caused by high luminance or luminance contrast. Glare can
be caused by direct natural light, light reflection on reflective surfaces (floor, computer screens,
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surrounding buildings, etc.), excessive artificial light, or an excessive light contrast between direct or
indirect light and neighboring surfaces.

2- Glare is the sensation caused by luminance in the visual field that is so high that the eye cannot
adjust to it. As a result, discomfort or failure in visual performance and visibility have occurred.

It is typically classified into two categories:
e Disability glare and Discomfort glare.

1. Disability glare prevents individuals from seeing specific objects in their field of view,
while

2.Discomfort glare causes discomfort without affecting visual performance or visibility.

This phenomenon can occur either when there is an excessive amount of light reaching the viewer's
eyes or when the viewer experiences a large range of luminance in a visual field. The intense contrast
among both illuminated and dark areas of the visual field leads to a gradual decline in visual
performance. As a result, it causes premature eye fatigue, which can be accompanied by discomfort
or other symptoms such as migraine.

Figure 4 Glare in different situations The source: the author

I1.9.1.Glare metrics:

The majority of glare research has focused on glare from different electric sources of light, but
because of its patterns and variations in luminance, daylight glare has been particularly studied. For
example, in daylight conditions, the window creates glare because the luminance is frequently uneven
and high, particularly when direct sunlight is present, and it usually covers a significant portion of the
visual field. because windows and computer screens are often close together and in vertical planes.
A significant luminance contrast between the window and the computer screen is caused by the direct
beam illuminance, reflections, and luminance in the sky-dominated portion of the window area, which
are frequently very high. There are various existing indices:

* British Glare index (BGI).

* Discomfort Glare Index (DGI); to focus on contrast rather than brightness.

* CIE Glare Index (CGI).

* Unified Glare Rating (UGR).

*Discomfort Glare Probability DGP.

* DGPs; to emphasis on brightness.

* Predicted Glare Sensation Vote (PGSV).

* DGP considers most parameters that affect the glare sensation (AHMED et al., 2023).
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The following five indices are used for evaluating discomfort glare:

Visual Comfort Probability (VCP), CIE Glare Index (CGl), Daylight Glare Index (DGI), Unified
Glare Index, and Discomfort Glare Probability (DGP) .

1.Visual Comfort Probability (VCP): This index initially was introduced in order to evaluate
discomfort glare probability and then it was edited for use in various lighting systems. VCP was only
developed to evaluate typical sizes, such as ceiling

mounted lights with uniform illumination. Therefore, it is not suitable for evaluating non-uniform
illuminance or for predicting daylight glare.

2. CIE Glare Index (CGI): To correct the mathematical inconsistencies of the British Glare Index
(BGI) for multiple glare sources, a new index was introduced, which was later accepted by the
International Commission on Illumination (CIE), and called the CIE glare index.

3. Discomfort Glare Index (DGI): This index is derived from the CGI and its purpose is to predict
the glare caused by large glare sources such as a window . The metric is based on subjective ratings
from human subjects in a daylit office space. The DGI value is associated with different levels of
discomfort glare. A value of 22 is considered a logically acceptable threshold.

4. Unified Glare Rating (UGR): The value of this index varies between 10 (just imperceptible) and
34 (just intolerable). Similarly to the CGlI, a value of 19 is usually considered the borderline between
comfortable and discomfort glare.

5. Daylight Glare Probability (DGP): To determine glare, DGP combines vertical eye illuminance
with elements of existing glare indices. In comparison with the existing glare indices, DGP shows a
very strong correlation with occupants’ glare perception. A comparison between glare metrics values

is tabulated in the table (Faraji et al., 2023).

Level of VCP CGl DGI UGR DGP [35,42]
Discomfort Glare
Just imperceptible >80 <13 <18 <13 <0.35
Just acceptable 60-80 13-22 18-24 13-22 0.35-0.4
Just disturbing 40-60 22-28 24-31 22-28 0.4-0.45
Just intolerable <40 >28 >31 >28 >0.45

Table 1 Table 1 Glare indices, source : (Faraji et al., 2023).

11.10.Indoor visual comfort in educational spaces:
Visual comfort in the indoor environment has been shown to improve learning outcomes.
Furthermore, the positive impact of the quality of view on wellbeing and eye health is discussed.

Reading rooms are frequently used during the day. Thus, the challenges posed by sunlight must be
addressed in the design. To maximize the benefits of using natural light sources in buildings,
discomfort glare should be avoided when designing daylighting systems. Because people must be
present in these areas for extended periods of time, a lack of glare control has a negative impact on
them.

11.11.0utdoor visual comfort in educational spaces:

The effects of shading devices on outdoor thermal comfort have been extensively studied. However,
the effects of shading devices on outdoor illuminance and visual comfort have largely gone
unexplored.

10
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Visual comfort is defined as "a subjective state of visual well-being caused by the visual
environment.” Several studies have found that translucent artificial shade can reduce illuminance by
16% to 81% when compared to outdoor open space.

The reduction in illuminance is determined by the solar angle, cloud cover, and season. While these
studies focus on objective measures of illuminance, few have investigated the effects of illuminance
on subjective outdoor visual comfort in outdoor environments (Lam et al., 2023).

Previous research found a multisensory interaction between both the thermal and visual sensations in
outdoor urban areas. For example, plant shade can decrease illuminance and sun sensation vote,
thereby trying to improve outdoor thermal comfort. It is unclear whether this phenomenon applies to
artificial shading (Lam et al., 2023).

11.12.The color rendering index:

The color rendering index of a light source is defined as the quantitative evaluation of the agreement
level of between the psycho - physical color of an object illuminated by the illumination under test
and that of the same object illuminated by the reference illumination (CIE, 1987). The index varies
between 50 and 100. In other sayings, the CRI color rendering index, stated as a percentage, a
represents the capacity of a source to truthfully render the different colours of an object.

The CRI of 100 demonstrates that the light in question includes 100% of the original colors (Daich,
2019).

11.13.Daylighting systems in buildings

A daylighting system is made up of systems, technologies, and architecture; while not all of the
components listed by Ander, Reinhart, and Wienold are considered necessary for every daylighting
system or prototype, at least one of them is usually present (Zarewa et al., 2023).

Types- schemas:
[1.13.1.Light tubes

Sun scoops (also known as tubular skylights, light pipes, and solar pipes) are tubes or pipelines that
collect natural light into an internal environment, as illustrated in the figure. Light tubes offer the
opportunity to bring natural light into the dark deepest level of a building or underground structure.
Light tubes consist of three major components: the trying to collect head unit, the duct unit, and the
diffuser unit. The access to the tube is generally a dome, which serves to reflect as much light as
possible into the tube. Reflectors and heliostats can also be used to reflect light into the tube,
improving performance. The the inside of the pipe is highly reflective, allowing light to move
downward into the space with minimal loss. Some light pipes have up to a 90-98 reflection ability
within in the tube (Zarewa et al., 2023).

Reflective pipe —> | Diffuser

e

Ceiling

Figure 5 light pipe sections (Von Wachenfelt et al., 2015)

[1.13.2.Light shelf

Light shelves play a significant role in improving and attempting to control interior daylight
performance, thereby increasing occupants' visual comfort. Its performance is determined by a variety

11
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of parameters, including geometry, materials, dimensions, the inclination angle of the device's
external portion, and external climatic conditions (overcast or clear sky, with or without the sun). The
outer portion of the system can shade the glass surface, while the inner portion reflects sunlight,
directing illuminance away from the window and resulting in a uniform distribution of light on the
workpiece surface.

However, the light shelf faces the challenge of changing sun orientations and altitudes, as well as
constantly changing sky environmental factors and climate. Nonetheless, the light shelf can help to
improve consistency and distribution at the back of deep space. Further to that, it can safeguard
occupants from bright sunlight in forwarding zones while also providing visual access to the outdoors
(Bahdad et al., 2020).

Figure 6 Illlustration of elevation view of a light shelf in a building
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Figure 7 Section of a light shelf with the path of sunlight rays (Ruck et al., 2000)

I1.13.3.Louvers and Blind Systems

Louvers and blinds are vintage daylighting structures that can be used for solar shading, glare
reduction, and daylight redirection. Louvers and window shades are made up of several horizontal,
vertical, or sloping slats. There are several types of louver and blind systems, some of which feature
technically advanced shapes and surface finishes. Blinds or louvers can be installed between two
panes of glass or on the outside or inside of any window or skylight. Blinds are installed inside or
between windows, while louvers are typically located on the facade's exterior. It has two types:

1) The "Fish" system uses fixed horizontal louvers with triangular sections that are precisely
aligned through special connections. The system, designed only for longitudinal windows, is
designed to reduce glare and reroute diffuse light; additional shading is recommended (e.g., a
roller blind) to heat gains and admission of sunlight. The louvers are designed to direct light
from the upper quarter of the sky into the upper quarter of the room (roof). In theory, the
system without glazing transmits 60% of diffuse light for an aluminum surface with 85%
reflectance.

12
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Figure 8 "Fish" system consisting of fixed horizontal louvers(Ruck et al., 2000)

2) The "Okasolar" system, also a static system, consists of multiple evenly spaced, three-sided,
reflective louvers inside a double-glazed unit. In the winter, the structure reflects light up to
the roof, while in the summer, it shades. These louvers are made to cater the latitude at which
they will be used (Ruck et al., 2000).
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Figure 9 The Okasolar system consists of fixed, equally spaced, reflective louvers (Ruck et al., 2000)

I1.13.4.Prismatic Panels

Prismatic panels are fine, sawtooth, two dimensional, clear acrylic instruments used to refract or
redirect sunlight in temperate climates. They transmit diffuse skylight but refract direct sunlight when
used as a shading device. They can be used for the skylights and facades in a variety of ways,
including fixed or sun-tracking configurations. An array of acrylic prisms makes up a linear prismatic
panel, with the prism backing being the plane surface formed by one of the prisms. Two refracting
angles exist. These prismatic systems are commonly decided to install in double-glazed devices to
avoid the necessity for maintenance (Ruck et al., 2000).

Upwards Redirected Sunlight

Incident Sunlight
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Figure 10 The use of prismatic panel as a redirector system (Eltaweel et al., 2020)
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Figure 11 Visualization of the light redirection achieved by the panel (Ruck et al., 2000)

I1.13.5.Heliostats Daylighting Devices:

As seen in the figures, heliostats are stationary mechanisms that follow the sun in order to direct light
toward a receiver of some sort. They can focus strong light onto photovoltaic panels, light telescopes,
and light transferring systems, among several other applications (Zarewa et al., 2023).

ad

I\

Figure 13 How holo-lux works (Daich, 2019)

I1.13.6.Fiber Optics Daylighting System

A rooftop collector (which is made up of heliostats or lenses) is used to collect fiber optic light, which
is then fed into the ends of fiber optic cables that can distribute the light throughout the building.
Research indicates that, in full sun, the cable can emit 1,180 lumens, which is equivalent to the output
of a 100-watt incandescent lightbulb.

The cable allows only the recognizable spectrum of light to transmit through; ultraviolet and most
infrared are filtered out. Some products lose only 4% of light for every 10m cable length. It is noted
that the high cost of glass cable production renders this current technology impractical, but research
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is being conducted on using a less efficient but significantly cheaper plastic cable. Other research is
being conducted to reduce various costs associated with fibre optic lighting.

The ongoing dimension limit is approximately 15m (Zarewa et al., 2023).
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Figure 14 Fibre optics lighting technology (Zarewa et al., 2023)

[1.13.7.The anidolic ceiling:

is an extensive natural light distribution system that works well in overcast conditions of sky. It is
actually a light conduit built into a suspended ceiling in the center of the space. The anidolic ceiling
is a zenithal lighting system made up of two parabolic mirrors that serve as concentrators, capturing
the incoming light flow and redistributing it over a larger area. The anidolic elements are installed at
both extremes of the light conduit: on the outside to capture light from the sky, and on the inside to
control the direction of light emitted into the space. This system is supposed to enhance light levels
in deeper parts of the space and create a more balanced distribution all through the the room while
occupying the limited space of the false ceiling. Consequently, it leads to significant energy efficiency
by lowering the use of artificial light in spaces with a large depth (Daich, 2019).
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Figure 15 How the anidolic ceiling works (Daich, 2019)
I1.13.8.skylight

A skylight is an architectural element implemented over an opening in a top of the building to permit
daylight into the skylights come in a variety of styles, including individual roof lights, dome lights,
ridge roof or curved continuous roof lights, and shed lights. A skylight's glass can be oriented in
various directions, which are used to enhance daylight performance, reduce glare, and enhance both
of visual and thermal comfort within a building (Fakhr et al., 2023).

-

)| 4

Figure 16 specific case of skylight (Fakhr et al., 2023)
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I1.13.9.Laser-Cut Panel

The laser-cut panel is a daylight-redirecting system created by laser cutting a thin panel of clear
acrylic material. A laser-cut screen is a fine that has been laser cut into a series of rectangular
elements. Each laser cut surface acts as a small internal mirror, attempting to deflect light that passes
through the panel. A laser-cut panel does have the the following characteristics:

(a) a very high proportion of light deflected through a large angle (>120°),
(b) a clear view through the panel, and,

(c) a flexible production process perfect for small or large quantities (Ruck et al., 2000).

Figure 17 (left) section (right) view through a laser-cut panel (Ruck et al., 2000)

11.14.Key Design Parameters for Optimizing an Integrated Daylighting System:

Daylighting
systems

Figure 18 Key design of daylighting system

11.15.Assessment of visual comfort:
I1.15.1.Quantitative Evaluation in Daylighting

Quantitative evaluation measures the performance of daylight using numerical metrics and data.
Common metrics include:

- Daylight llluminance (DI): Measures the amount of light (in lux) reaching a surface.

- Daylight Factor (DF): The ratio of internal illuminance to external illuminance under overcast
sky conditions.

- Useful Daylight Illuminance (UDI): The percentage of time daylight levels fall within a
desirable range (typically 100-2000 lux).

- Daylight Autonomy (DA): The percentage of occupied hours a space meets a specific
illuminance level using natural light.
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- Spatial Daylight Autonomy (sDA): The percentage of a space receiving at least 300 lux for
50% of the annual occupied hours.

- Annual Sunlight Exposure (ASE): Evaluates the potential for glare by measuring the
percentage of space receiving more than 1000 lux for more than 250 occupied hours per year.

- Daylight Glare Probability (DGP): A measure of visual comfort evaluating the likelihood of
glare based on brightness and angle of light sources.

[1.15.2.Qualitative Evaluation in Daylighting

Qualitative evaluation assesses the subjective aspects of daylight in a space, focusing on human
experience and comfort. Key factors include:

- Visual Comfort: Evaluating how well daylight reduces glare, provides balanced brightness,
and avoids discomfort.

- Aesthetic Quality: How daylight enhances the perception of space, materials, and architecture.

- Color Rendering: The ability of daylight to accurately reveal colors in the environment.

- Psychological Impact: The influence of daylight on mood, productivity, and well-being of
occupants.

- View and Connection to the Outdoors: How daylighting systems provide visual access to the
outside, enhancing user experience.

I11.Thermal comfort:

I11.1.Definition

Thermal comfort can be defined as a feeling of satisfaction with the thermal sensation. It is identified
by between both the dynamic equilibrium defined by thermal exchange between both body and its
surroundings (Liebard & Herde, 2005). It represents also ‘the state of mind, which express satisfaction
with thermal environment’ by the American Society of Heating, Refrigerating and Air Conditioning
Engineers (ASHRAE 2004). Hensen (1991) also define it as “a state in which there are no driving
impulses to correct the environment by the behavior”; which has the similarities with Givoni’s (1976)
opinion that thermal comfort is ‘ the absence of irritation and discomfort due to heat or cold, and as
a state involving pleasantness’. Alternatively, it is the state that the person is entirely unaware of
thermal condition of surroundings, neither considering whether the space they stay in is too hot or too
cold (Strathclyde 2007). There is one concept all of these and other definitions of thermal comfort
represent and emphasis: thermal comfort is the condition that individual feels neither too cold nor too
warm while wearing an amount of clothing suitable to the task they need to perform. Thermal comfort
is influenced by personal difference, such as mood, culture and other individual, organization and
social factors. As such, the definition of thermal comfort is not a state condition, but rather a state of
mind. The definition of thermal comfort is meant by the condition of mind, which correctly
emphasizes that, the judgment of comfort or not is a cognitive process involving many inputs
influenced by physical, physiological, and other factors (Hou, 2016).

I11.2.Parameters of thermal comfort:

- Metabolism: the human body generates heat through metabolism, maintaining a temperature of
around 36.7°C. A working metabolism that corresponds to a specific activity is added to the
body's basal metabolism at rest.

- Clothing: signifies thermal resistance to heat interaction between both the the skin's surface and
the surrounding environment.

- The ambient air temperature Ta.

- The walls' temperature (Tp). In a simplified manner, we define a felt comfort temperature (also
known as the resulting dry temperature): Trs corresponds = (Ta + Tp) / 2.

- Relative humidity (RH) is the percentage difference between the amount of water in the air at a
given temperature (Ta) and the maximum amount of water at the same temperature.
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- Air velocity affects convective heat exchange. Inside the home, velocity field rarely exceed 0.2
m/s (Liébard & Herde, 2005).
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Figure 19 The comfort temperature depends on the air temperature and the wall temperature. The source: Alain Liébard, 1996,
treatise on bioclimatic architecture and urban planning, p83

Figure 20 Comfort temperatures for different activities. The source: Alain Liébard, 1996, treatise on bioclimatic architecture and
urban planning, p83

111.3.Ranges of temperatures:

Thermal comfort refers to the temperature’s ranges, airflow velocities, and humidity levels that
residents do not find uncomfortable. It is primarily a result of the heat exchange between the human
body and its surroundings. These exchanges are caused by the following mechanisms: heating or
cooling of the skin by convection with the air, depending on whether the ambient temperature is
higher or lower than the skin's temperature; cooling of the skin by sweating the body in the air; and
heating of the skin by direct or indirect radiation from the sun. This radiation has a short wavelength;
it heats or cools the skin based on whether the walls' temperature is higher or lower than the skin's.
This radiation has a long wavelength, and the presence of machinery or people in the room can
generate heat. The increase in temperature causes the skin to heat up through convection (Liébard &
Herde, 2005).

In hot, dry climates: The air temperature is frequently higher than the body temp. It is necessary to
favor constructions with high thermal inertia in order to store coolness in the walls at night and restore
it during the day. The low humidity level means allowing water to evaporate and cool the air. The
existence of plants and trees helps to fulfill the comfort requirements (Liébard & Herde, 2005).
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Figure 21 Physical parameters of heat loss of the human body, The source: Alain Liébard, 1996, treatise on bioclimatic architecture
and urban planning, p81

111.4.The heat-balance approach

Cold discomfort is significantly highly related to mean skin temperature, while warmth discomfort is
highly related to skin wetness. Dissatisfaction can also result from whole-body discomfort or local
discomfort (unwanted heating or cooling of a specific body part). These relationships serve as the
foundation for scholars' methods in developing the thermal comfort research model, which includes
comfort model of Fanger (Hou, 2016).

I11.5.Thermal comfort standards types

European Standards 1SO 7730

ASHRAE Standards 55

- Chartered Institution of Building Services Engineers (CIBSE, UK Guideline)
- EN15251 (Hou, 2016).

IVV.Energy Efficiency

IV.1. Energy efficiency in Buildings:

Building Construction industry consumes 40% of the entire of the world's primary energy and it
is the responsible of 24% of CO2 of world's emissions. According to a report from the
Intergovernmental Panel on Climate Change (IPCC), CO2 emissions from buildings have
increased to the double from 4 gigatonnes (Gt) per year in 1971 to approximately 8 Gt per year
in 2004, and are expected to reach 14 Gt per year in 2030, owing primarily to rising energy
consumption in developing countries. By 2030, buildings will account for one-third of global
CO2 emissions.

As a result, improving building energy efficiency is becoming a highest priority on the policy
priorities among several countries and the global world community. The International Energy
Agency, the IPCC (is Intergovernmental Panel on Climate Change), and the United Nations
Environment Program recently released recommendations to mitigate greenhouse gas emissions
and reduce energy consumption of buildings.

Some of these recommendations include tightening regulatory energy standards for new
buildings, monitoring the quality and maintenance of existing buildings, encouraging energy-
saving behavior among homeowners, and stimulating the diffusion and innovation of energy-
efficient technologies. Technological innovation in particular has the potential to significantly
reduce building energy consumption. The energy efficiency of insulation materials, heating
systems, and other appliances has greatly improved over the last few decades, and recent
developments in solar boilers, geothermal energy, or lighting technologies have also been very
promising (Noailly, 2012).

IVV.2.Impact of Daylighting on Building Energy Performance:
Because of the contemporary environmental and energy crises, as well as CO2 emissions, many
scientific disciplines have shifted their focus to the use of clean energy sources. One of the most
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important sources of renewable energy in recent years have been the sun, which has been used in
a number of different ways, of one of which has received less attention than others: the use of
sunlight to illuminate the interior areas of buildings. Natural daylight and its efficient use are two
variables that reduce the energy consumption and contribute to the sustainable architecture design.
Natural light has played an important role in the advancement of architecture.
Temperature, location, and natural light exposure have always been important and fundamental
architectural considerations for architects. Existing records in the domain on how to use daylight
in diverse environments and climates and building styles are diverse. After evaluating and
comparing how different skylights disperse light in rooms, it appears that the space with a skylight
implemented in the ceiling has better conditions in terms of brightness and daylong light
homogeneity (Bashir et al., 2024).
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V.Literature review on daylighting systems:
V.1.Visual performance

shading device

article objective Tools/methods Climate and Data collection System Space Orientat- | componants limits
location of discription/ dimention | ion
case study location facades | s
(Daich et | capture, channel | model ceiling Hot aride The illuminance integrated ceili | 12mdeep | the nort | a collectoron |/
al., 2016) | and distribute day | system clomate, values were taken ng room h facad | facade,
lighting to the -simulation Biskra, using a luxmeter. e mirrored light
interior space. -scale model of | Algeria duct,
1/4 distribution
_HDR digital element
image
- fish-eye lens
- luxmeter.
(Choiet | Algorithm with | -Energy Korea Hot -local weather, shading device | 4.2m x the The shaded |/
al., 2017) | three shading simulation and humid in | - llluminance data | algorithm 5m x south fraction ,
control modes -Glare summer, cold | Sun positionf, using a shaded | 4.2m east temperature
(glare simulation and dry in Solar radiation, fraction that Sensors,
protection; -Illuminance winter -shade design can be utilized illuminomet
illuminance simulation information in conjunction ers, a
satisfaction; -Real-scale with an pyranometer,
energy mock-up external and a watt-
conservation) movable hour meter
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(Kimet | Devising a Rhino 3D Korea Hot -DGP the shading window composed of | complex
al., 2019) | multi-objective | Grasshopper 3D | and humid in | -solar radiation device can size(270 a driving ity of
exterior Octopus summer, cold | -the position of move and Omm x part the
movable Ladybug and dry in the sun adjust its form | 1800 composed of | System
shading system winter -weather data around the mm) four iron alnd thi
and an -material window frames and a ?ngaor:('jt
algorithm to properties adapting to flexible the
generate -the solar solar position. fabric optimiza
appropriate shielding rate Its length from material tion
shapes 200mm to connected to
1000mm the frames
Abdelha | assess the Diva for Rhino -illuminance Light shelves 4.6mx8m | South combination | provide
i optimum as the tool to values: are placed above «3m orientatio | of external S
im performance of simulate The simulations at | eye-level and n and internal uniform
Mesloub, Iight_shelves to daylight th_e summer_and have h_ighly Iig_ht shelves dayligh
faC|I|tate_3 the performance winter solsthes and | reflective upper using t except
2020 appropriate during the mid- surfaces that integrated the
distribution of season reflect daylight solar panels in .
daylight and onto the ceiling several places winter.
optimize energy and deeper into
savings, a space.
(Do & evaluate Simulation in Taipei climate data, 12 m x different | multi- multi-
daylight Radiance(three Taiwan, room *data i .| sectional sectiona
Chan, redirecting phase method) humid (geometry and 15mx | orientati facade(daylig | I facade
2021) film’s Energy Plus subtropical | Radiance 3.3m ons ht redirecting | concept
effectiveness weather and tropical | materials), sensor film, roller has not
when combined | BSDF viewer monsoon points, and the STad.es’ ?eleln
with climate facade’s BSDF glazing) eL>j(p)I/0red
automatically files and shading
controlled roller states
shades -illuminance
levels
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(Ozdemi | create an Grasshopper Hot aride the weather and the south 5mx7m single-
‘& approach to ClimateStudio clomate, precipitation data facade xX3m; glazed
evaluating tools in Rhino Mardin, -Initial data and glasses,
Cakmak, | daylight Turkey parameters metal in
2022) pe_rformance -An algc_)rithmic triangular
with a flat and mechanism cell shells,
dynamic
shading system
facade
(AHME simulation- using Rhino - Annual glare the Southwest | 6m x 5,8 | the an adaptive
based study for | software, evaluation: facad x 3.45m | Southwe | solar screen
Detal, | anadaptive solar | algorithmic weather file acade st was
2023) screen design modelling by - monthly directio | developed
driven by Grasshopper and Simulations n(south- | that
daylight and Diva with -series of western | consisted of
glare Galapagos commands; oriented | a modular
performance interface dimensions of the window | grid of
module ) hollow
boxes,
(Zarewa | Optimising indoor | Ecotect, Kaduna; climate data 300mm light the light
ot al. lighting condition | Radiance and Nigeria (qualitative pipe diameter collecting pipe
’ for visual comfort | paysim; Revit | tropical research,) Annual | is optimum to head unit, Perfor
2023) via light pipes climates weather data adequate the duct unit, | Tance (
. climate
lighting of and the changes
shopping malls diffuser unit |
modific
ations
in
installat
ion)

Table 2 literature review of visual performance daylighting systems, source: the author
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V.2.Thermal performance

article objective Tools/method | Climate and | Data System Space and Orientat-ion componants limits
S location collection facades dimentions

(Huang | buoyancy driven | EnergyPlus | hot and -TMY3 of office Various the outline Complexity of
etal., exterior dynamic | Firefly humid Taipei and 6.0 mx 5.0 | orientatioons | frame, drive | buoyancy
2015) | shading system climate of | Kaohsiung mx 3.0 m; device & mechanism

to improve the Taiwanese | -temperature with one floating-

e”efrgy ; -solar 6.0 provided

fﬁ; t%;T;g?e an radiation liquid

comfort compartment
(Ahmed | experimental Rhino and Egypt hot | Temperature | central part | Living south -temperature
et al., results of Grasshopper | and arid solar moved room facade. sensor
2016) | thermal climate radiation vertically, | 6.65m x -Arduino

performance of Humidity the minor 3.25m x board

rbeljs}ll((jj?gélilouple ; data move from | 2.70m -aluminum

with smart 0to 180° ar_ld panel

kinetic shading -links

system -Servo motor

-DC motor

(Evola evaluating the | -Ecotect Hot -operative Office The main external roller | It’s not easy to
et al., effectiveness of | -Energy Plus | climate of | temperature building facade is blinds draw general
2017) shading the city of | -occupancy 27.5m x South solar control conclusion

devices to Catania, period 11.5m oriented and | film

improve Southern -ITD is almost internal

thermal Italy. entirely venetian

comfort and glazed blinds

illuminance

level indoors,

glazed

buildings
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(Sheikh | present a -Revit 2016 | hot and the building | panels - the North- primary
& biomimetic -Insight 360 | humid orientation, moving on | commercial | East facade | unit:shading
Asghar, | adaptive facade | -Ecotect climate of | sun angles, x and y axis | building IS not module; made
2019) that reduces 2011 Lahore, solar on a steel for offices | exposed to up of four
solar heat gain | -numerical Pakistan radiance frame with direct shading
and hence the | valuation levels, indoor | structure twenty sunlight, the | panels, steel
energy light ing The whole | story - other three frame
consumption levels, system is height in facades are | structure,
thermal controlled each receiving hinges, guide
performance | by sensor floor:9 feet | direct solar | rails and
of materials | feedback and 1 inch | gainduring | electric motors
system daytime

Table 3 literature review of thermal performance daylighting systems, source: the author
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V.3.Energy consumption performance

article objective Tools/method | Climate and | Data collection | System Space and Orientat-ion | componants limits
S location of facades dimentions
case study
(Giovannini | Examine the | DIVA-for- Abu Dhabi, | climate-based | Closed Office scale: | facades Three In a desert,
et al., 2015) effects of the | Rhino United Arab | data, mode: 3.52mby5 | facing east overlapping venetian blinds
SVM system | EnergyPlus Emirates. metrics as: blocking m by 3.04 and west patterned shields | are not
on global Hot desert Daylight direct m. Phase-change practical.
primary climate Autonomy, sunlight. Building actuator No use of the
energy Energy demand | Open scale: Clear glazing ASE (Annual
performance for lighting, mode: five-story, Reflective Sunlight
and annual cooling, allows 10 offices materials Exposure)
daylight heating skylight metric;
performance. and view no north/south
out. analysis.
(Attia, evaluates the | Site visits. Abu Dhabi, / 1,049 units | / towers are Steel & complex
2017) Al Bahr Interviews. United Arab ;triangular round, there | aluminum manufacturing,
Towers Review of Emirates. origami are frames for Maintenance
adaptive standards and | Hot desert shading differences | structural challenge,
facade. codes. climate device, in support. Managers
Energy occupant open/ close orientation. | sun-tracking didn’t share
control. survey. with sun software; actual energy
position Sensors data,
(Elzeyadi, | evaluate and | -Simulation |/ Full-scale Dynamic | The study | The space | -Dynamic -No single
2017) compare the | tools; Field experimental | shading used a was likely | shadings shading
performance | testing; Full- testing at the | systems typical designed to | - Sensors or typology
of different | scale Facade adapt to office simulate control systems | optimized all
dynamic prototypes external space orientations performance
shading conditions | standard that receive criteria
systems in using for significant
Energy Sensors commercial | solar
savings use. exposure
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(Yietal, Initiate and | Rhino, Miami, Actual Adaptive | Double- East-facing | Shading Complexity of
2019) evaluate an | Grasshopper, | Florida environmental | external glazing facade elements, simulations,
algorithm DIVA,; International | data (hot, shading facade receives Sensors, existing tools
for adaptive | (TAPSSA) University, | sunny hours) | devices facing a strong Arduino (BIM plug-
facades to algorithm, Hot and fed into the adjustto | large morning microcontroller | ins) can’t
enhance intelligent humid with | simulation sun's courtyard. | sunlight, , wireless handle
building Hardware; strong model. angle and causing communication | dynamic
energy Case study sunlight On-site: intensity overheating | modules responsive
efficiency testing: real | exposure illuminance and glare forms well,
and fagade ina and solar ISsues. cannot be
daylighting. | lab radiation. generalized to
other
climates/
buildings.

Table 4 literature review of energy performance systems, source: the author
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CONCLUSION

The intricate yet crucial role that natural light plays in influencing indoor environmental quality and
building performance is revealed by the theoretical investigation of daylighting systems.
Functionality and well-being in occupied spaces depend heavily on visual comfort, especially the
management of glare. In a similar vein, thermal comfort becomes an important factor that is directly
impacted by solar gains and daylight penetration. Simultaneously, the potential of combining
environmental design with sustainability goals is highlighted by the optimization of energy
consumption through clever daylighting techniques.

Numerous tools, techniques, and adaptive systems have been developed to achieve a balanced
integration of daylighting, comfort, and energy efficiency across a variety of climates and building
types, as the reviewed literature makes clear. Conciliating daylight's dynamic nature with users'
shifting needs and the built environment's architectural limitations is still difficult, though. In order
to guide the design of an integrated daylighting system that aims to concurrently mitigate glare,
enhance thermal comfort, and reduce energy consumption, this chapter thus offers the conceptual and
scientific foundation required for the ensuing analytical and practical investigations in this thesis.
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CHAPTER I1: ANALYTICAL STUDY OF SCHOOLS OF ARCHITECTURE: CASE EXAMPLES AND
SITE CONTEXT ANALYSIS

I.INTRODUCTION

This Analytical Chapter (02) lays out the research framework for designing an architecture school. It
IS separated into two primary sections. While Part Il concentrates on projects analysis, program, and
site analysis, Part | offers a theoretical analysis of the School of Architecture typology, detailing its
spatial and environmental requirements. The projects were picked as part of a larger selection process
that also includes case studies from the modern era as well as other historical periods of architecture.
One example of modern architecture, for example, was specifically chosen to guarantee diversity and
demonstrate the evolution of environmental design responses. After identifying opportunities and
challenges, the site analysis looks at contextual and climatic data to provide the performance criteria
required for the design phase.

I1.The School of Architecture:

In architectural terms, can be defined as a physical and conceptual space where the process of
architectural education and exploration takes place. It is a designed environment that embodies the
principles of functionality, spatial organization, and aesthetic expression to facilitate the learning and
creation of architecture. The school's layout typically integrates lecture halls, design studios,
workshops, libraries, exhibition spaces, and collaborative areas, reflecting the dynamic interplay
between theory, practice, and innovation. Architecturally, it serves as a living laboratory, showcasing
design principles, materiality, and sustainable practices, often acting as a microcosm of the broader
architectural field it represents.

11.1.The spaces types of the school of architecture:

Educational sector Teaching, research and documentation

Administrative sector Administration

Relaxing Cafeteria, store ...

I1.2.Architectural standards relating to spaces. The source: neufert:

Space standards
——900—— This figure shows a typical mono-oriented classroom layout
with a width of 9 meters and a maximum depth of
HIEEIEIA) [ . T approximately 7 meters. The limited depth ensures good
HOOaEg S| s L X : .
| [ visibility and acoustics for all students, while supporting
| efficient use of space. Architecturally, such proportions help
L
e duno sl maintain functional clarity and simplify environmental
de classe mono-oreniée control by reducing the distance between the occupied zone
and external walls.
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This diagram outlines the minimum spatial requirements for
organizing desks in a traditional classroom layout. Each pair
of desks is spaced at 1.20 meters laterally and 70
centimeters longitudinally, with 60 centimeters allocated
per student. These dimensions ensure adequate circulation,

comfort, and accessibility within a compact footprint. From
Dimendens mimaespou an architectural standpoint, adhering to these minimum
puplres standards supports functional density while maintaining

usability and movement efficiency in educational spaces.
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@ Espace min. pour agencement des
tables en rang dans salle de cours

This diagram shows the minimum recommended
dimensions for organizing tables in a row-based classroom
layout. A lateral spacing of 1.60 meters and a depth of 80 to
85 centimeters between rows allow for comfortable seating
and circulation. From an architectural perspective, these
dimensions help ensure a functional and accessible learning
environment, balancing spatial efficiency with user
comfort.
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Rectangular amphitheater: This amphitheater is designed in
a rectangular format measuring approximately 11.40 meters
in width and 10.50 meters in depth, offering seating for 200
individuals. The seating is arranged in a compact grid,
emphasizing a frontal teaching approach ideal for lectures.
Two side aisles, each 0.90 meters wide, facilitate circulation
and ensure accessibility. The structure prioritizes clarity in
sound and visibility but offers limited interaction, reflecting
a traditional and passive learning model.

@ Arorarion aptect o 0 e

Trapezoidal amphitheater: With a layout estimated to be 20
to 22 meters wide at the rear and around 16 to 18 meters
deep, this trapezoidal amphitheater supports a larger
audience of 400 seats. Its shape optimizes sightlines and
acoustic focus toward the speaker’s area. A central aisle
enhances circulation and organization. The widening
geometry enhances engagement and spatial comfort,
making it suitable for large lectures while remaining
visually and acoustically effective.
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This educational layout consists of multiple classrooms,
each approximately 7 to 8 meters long and 6 to 7 meters
wide, arranged on both sides of a central corridor. It
represents a conventional school model that enables easy
monitoring and standardized access. The internal
configurations favor individual work and frontal instruction
but lack flexibility and do not encourage inter-class
collaboration.
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In this extended cluster model, the total spatial arrangement
spans approximately 25 to 28 meters in length and 6 to 7
meters in depth. It includes multiple classroom areas along
with designated zones for group and small-group work. The
diversity of learning setups supports different teaching
styles, enhancing student autonomy and group engagement.
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Internal transparency and easy transitions between zones
promote a more open and communicative environment.

o

Classo D Cla I &;ﬂﬁ
PN % o g)? ===
@ =) Q ®r‘_‘ (1] :]}7:]) |

@Rmdm‘d«b‘v rangée do classes en « Cluster » avec
espaces de classes et des anciennes Classes ransiormées en espaces pout
travai en groupes, avec de nouveaLX équipements santares

This layout transforms standard classrooms into a clustered
configuration extending approximately 20 meters across
and 6 to 7 meters in depth. The reorganization introduces
internal flexibility, with varied desk arrangements and
group zones. This approach promotes collaborative and
interactive  learning, moving away from strict
compartmentalization toward shared, dynamic spaces that
better reflect current educational philosophies.

] 1 [ |

Here, classrooms measuring around 7 meters by 6.5 meters

T@ N g’%“uﬁgj I gﬁ%gg are aligned in a single row along a corridor, maintaining a
%ﬁ Bt} PR rigid, traditional spatial organization. The desks are
—— _ arranged in varied but mostly linear formats, emphasizing
(Dt st teacher-centered instruction. This configuration is efficient
but spatially isolated, reinforcing conventional pedagogical

methods.
T ————— This open-concept layout converts classroom boundaries

IS ;w% Bmloss
oo @B Te @,

@ Reconversion de l'espace fig. 4 en un systéme ouvert 2 la fois sur le corridor et
les anciens espaces de classes

into flexible zones that connect to the corridor. The
combined area covers around 20 meters in length and 6 to 7
meters in width. Central group spaces are shared by
adjoining classes, reinforcing collaborative learning while
maintaining visual openness. This layout promotes spatial
fluidity, though it may require acoustic treatments to
manage sound levels in such an open environment.
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@ Exemple pour une bibliothéque scolai

This school media library is organized into functional
sections within a compact area. It includes multipurpose
rooms, IT stations, reading zones, and service desks. Each
space is clearly defined to support both individual study and
group activities. The space is efficiently used, allowing
simultaneous use by multiple user types while maintaining
order and accessibility.
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@ Exemple pour une

bibliothéque scolaire / médiathéque

Spanning an estimated 28 to 30 meters in length and 16 to
18 meters in depth, this larger media library integrates
traditional reading areas, audiovisual spaces, work zones,
and a lecture hall. The spatial zoning is deliberate, allowing
a smooth flow from quiet reading sections to more
interactive or digital zones. The layout supports varied
learning modalities, reinforcing the library’s role as both an
academic and social learning environment.

Table 5 standards of the spaces of school of architecture, source: neufert
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11.3.llluminance levels of spaces of the school of architecture:

Task or Activity M1 | UGR | CRI | Reference
Plan
Filing, Transcription 300 |19 80
Writing, typing, reading, data processing drawing 500 |19 80 Working area
Industrial Design 750 |16 80 or 0.85m
Computer-aided design workstations 500 |19 80 | from the
Conference room 500 |19 80 | ground
Table 6 illuminance of the spaces of school of architecture

I11.Project analysis

111.1.The list of examples:

111.1.1.Book examples
School of Architecture - Austin E. Knowlton Bordeaux School of BAUHAUS School

School of Architecture

Architecture

University of Miami

111.1.2.Existing examples

EPAU Algeirs

Biskra Depatement of
Achitecture

111.2.The elements to be analyzed

Project Data Urban Aspects Architectural Technical and Environmental
Aspects Functional Aspect | Aspects
-Technical -Distant Environment -Design Concept | -Circulation -Lighting
Sheet
-Immediate Environment -Volumetry - Spatial and -Thermal
- Situation Functional
-The Project Plot -Entries Organization -Energy

-Motivation of
Choice

-Roads and Accessibility

Consumption
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111.2.1.The analysis of book examples:

111.2.1.1.Project data

The project Technical sheet situation Motivation of Choice
Architect: Arquitectonica | Coral The project was chosen because of its
(Bernardo Fort-Brescia, Gables, unique form and small scale, and it shares
Raymond Fort, Sherri Florida, the same context as the location of this
Gutierrez) United thesis project. It also helps to address
Year of Completion: 2018 | States projects of various sizes rather than just
Surface Area: 13,125 large-scale.
School of Architecture - square feet (1,220 m?)
University of Miami Number of Floors: One
level
Architect: Arquitectonica | The Ohio | The project presents a volumetry rich and
State simple. its design concept is appropriate
Year of Completion: 2004 | University | for our climate due to facades and using
in vegetation. It belongs to contemporary
Surface Area: Co[umbus, architecture.
Ohio,
: . USA.
Austin E. Knowlton School | Number of Floors: five-
of Architecture story structure
Architects : Lacaton & Talence, the project's symbolism and the way its
Vassal France, building elements are fragmented into
close to various geometries set it apart from the
Year of Completion: 2009 | the other cases that were chosen and assist in
Bordeaux | ensuring variety within the thesis and
Surface Area: 19 570 m? University | avoiding a focus on a single project type.
S , campus
Bordeaux School of
Architecture
Architect: Walter Gropius | Dessau, The project is selected because it
Germany | maintains the coherence of the urban
Year of Realization: fabric while introducing architectural
1925-1926 interventions, reinforces urban continuity,
Architectural style: and is recognized, ensuring the availability
Modernist of data for analysis. In architecture, it is

¥

BAUHAUS School

Surface Area:
Approximately 7,500 m?2
Number of Floors: 3 main
floors

widely known.
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111.2.1.2.Urban aspects
The Distant environment

project

The project is located
in the University
campus of Miami and
it is surrounded by
many types of

projects: residential,
commercial

.U. of Miami administration OFuncamps/Magicamp O Music Library Center Mahoney Residential
College

. . Intramural Fields
.Eaton Residential College .Lakesme Village O OCommerciaI

‘Lake Osceola .Lowe Art Museum . Mahoney-Pearson Parking O e pool
Garage
Q U. of Miami

School of Architecture - University of Miami

Its location on the
Ohio State University
campus, close to
important landmarks,
academic buildings,
residence halls, and
recreational areas,
facilitates students'
everyday lives.

- University residences - Parking lots -Ohio Stadium - Instructional buildings
I:l Public parc I:l University halls .Dhio State Ice Rink El Pedagogical departements

.Commerc\'al building .The oval place DSL John Arena

Austin E. Knowlton School of Architecture
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Paysage de Bordeaux

Z T Périmetre d'étude

Batis en limite du site
I Secteur avec RDC actifs (restauration,
commerces, services )

I Secteur résidentiel entre RDC et R+2

Ecole Nationale Supérieure d'Architecture et de

it is situated in an
urban area, bordered
by kedge School, a
residential area,
commercial area. The
compus, where it is
located, is well
integrated into the city.

B Secteur résidentiel R+4

B Entreprises , activités R+3 et R+4
— Projet Central Parc : vocation mixte
Il Ecole Kedge

Il ENSAP de Bordeaux

BAUHAUS School

.The station of Dessau .

Surrounded by a
variety of building
types, the Bauhaus
on the outskirts of
Dessau creates an
urban continuity by
forming the city's
extensions

.Commerce . Parking

l:l Dessau Public parc

. Dessau University
Preparatory College

|:| Residences
- Instructional

buildings

I:I Medical services

-services
l:l Mixed zone
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The immediate environment the project plot

project

\

. -

Miami

The immediate area is pedestrian- The project occupies 100% of the
friendly, academic, and well-integrated blot.

into the campus landscape; the project
continues to have a unique architectural

School of Architecture - University of

. Instructional buildings

[ Jpedagogica departements The project takes up about 60% of the

I uriversity residences plot, with the remaining unbuilt area
being used for circulation, vegetation,
and greenery and the design itself

The immediate surroundings are
educational in nature, with departments
and instructional buildings all around,
and nearby residences adding continuity,
vibrancy, and ease of use.

Austin E. Knowlton School of Architecture

. B Secteur résidentiel R+4
& 3 ‘3 I Entreprises , activités R+3 et R+4
K — Projet Central Parc : vocation mixte
Bl Ecole Kedge
Il ENSAP de Bordeaux

Open green spaces and pedestrian
walkways encourage interaction and
integration with nearby faculties,
because it is surrounded by other higher
education facilities.

Roughly 70% of the plot is devoted to the
project, with the remaining portion being
used for circulation and green spaces.

Ecole Nationale Supérieure
d'Architecture et de Paysage de Bordeaux
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- Mixed ZOHEDMedicaI se_rvices

— commerce [T o Cotee

8 =720 - Residences I:IDessau Public parc

= niversity of

(?) i i b '; . Kpplied ?;iefn:es

wn

D

<

% Open green areas and a different types _

< of buildings encircle the Bauhaus The project spans two plots separated by a
School, which is positioned to highlight road, connecting them to restore urban
continuity, openness, and strong links to continuity, each part occupies only 10—
C 20% of its plot to ensure openness and

The o

. roads and accessibility
project

.National Street

. principal Street
‘ secondary Street

O directions

School of Architecture -
University of Miami

. National Street

. principal Street

‘ secondary Street

O pedestrian roads & directions

Austin E. Knowlton School of
Architecture

.National Street

. principal Street
. secondary Street

Supérieure

Ecole Nationale

O bus route & directions
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BAUHAUS School

.National Street

. principal Street
. secondary Street

O directions

111.2.1.3.Architectural aspects

The -design concept
project

é IS

>

= ©

g =

£ 6

= )

3¢

S S The project is desighned to be at the center of an intersection, the building creates a plaza and adjoining
% 5 pathway that links the campus to the Miami Metrorail. The roof slab warps slightly, seemingly melting in
%) the Miami heat. The exposed structure of glass and concrete serves as a teaching tool by illustrating

some of the basic tenets of modern architecture, construction, and sustainability.

_ the building was designed to improve the natural light quality of the Interiors and to create useful

38 outdoor spaces so for that two deep Courtyards where carve it from the unrelating perimeter walls. Thus,
§ ways were found to increase the presence and power of the landscape in a tightly constrained site and as
s g a striking complement to the contemporary architecture.

el

e =

S ©

X Z

|

= o

B

>

<

Ecole Nationale Supérieure

d'Architecture et de Paysage de

Rardealix

From the initial 1973 master plan emerge two forms of apparent geometric simplicity affectionately
nicknamed the “eye” and the “pyramid”. The first, an obvious reference to the Modern Movement and
Oscar Niemeyer, serves as an amphitheater with effective acoustics. The building is inspired by powerful
architectural forms, such as triangles and fan-shaped volumes, symbolizing both the dynamics of
progress and an innovative approach to teaching.
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Form follows function: functional and pure volumes, innovative use of new materials, (glass curtain
walls, horizontal windows, absence of ornamentation, the overall design of all the elements and, through

S the glass wall, a relationship is created between the interior and the exterior.

S

wn

wn ~
-] 3
< 5
T X
5() U
m 5
The -volumetry -entries

project

Miami

School of Architecture - University of

The volumetry of the project aligns with the goals of the
interaction with the environment, Miami climate and the
sustainability. Minimalist Form so that the strength of the
design lies in its simplicity and clean lines (rectangular
form and melt roof), Thoughtfully designed to mitigate
Miami’s heat and glare (the glass quality and the project
orientation).

A

the project has one principle excess which is
located at the intersection of two streets and 3
secondary entrances with one indirect access
leads to a space then to the project

Austin E. Knowlton School of Architecture

The building is composed of rectangular and cuboidal
volumes, The large overhang above the entrance enhance
the sense of scale and create a welcoming gesture.The
columns supporting the overhanging volume introduce a
sense of openness at the ground level. The circular cut-out
in the ceiling of the overhanging volume adds dynamic
element that breaks the strict rectilinear geometry.

‘ main entrance
‘ cafeteria entrance

Administration entrance

basement entrance

- emergency exit

40




CHAPTER I1: ANALYTICAL STUDY OF SCHOOLS OF ARCHITECTURE: CASE EXAMPLES AND
SITE CONTEXT ANALYSIS

Ecole Nationale Supérieure d'Architecture et de Paysage de Bordeaux

What is different in this project is that the distribution of
spaces is fragmented:

-The pyramid in the center dominates the site, creating a
visual and symbolic focal point. -The workshops are
organized in a radial manner, which favors a functional
distribution and interaction between the spaces. -The
semi-circular structure connects the pavilions and offers
meeting and exchange spaces for students and teachers. -
The project is inserted in a green setting, with open spaces
around it that reinforce its integration into the site. The
pyramid in the center dominates the site, creating a visual
and symbolic focal point. -The workshops are organized
in a radial manner, which favors a functional distribution
and interaction between the spaces. The semi-circular
structure connects the pavilions and offers meeting and
exchange spaces for students and teachers. -The project is
inserted in a green setting, with open spaces around it that
reinforce its integration into the site.

———

Lack of qualified pedestrian access
(historical access to the north of the
condemned site). A Light VVehicle access to
the southwest: which serves 233 light
vehicle parking spaces. A logistics/
firefighter’s access to the south. Roads

organized around the periphery of the site.

BAUHAUS School

The building is composed of three wings, they're all
connected by bridges. large two-story bridge associates
the school and workshop spaces, which creates the roof of
the administration located on the underside of the bridge.
monumental entrance It separates the different buildings
according to their function. architectural treatment and
connects everything by an "interior" circulation. It is
impossible to have a single vision of the building. You
have to go around the Bauhaus to understand its shape.

To ensure clear accessibility within the plan,
the main entrance is positioned strategically
at the intersection of the wings and is
emphasized by a large red door that is
reinforced by stairs that draw attention to it.
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111.2.1.4.Functional aspect

The project | -circulation

the project consists of a single level with a free plan so the circulation is really fluid and easy

School of Architecture
University of Miami
=
o

. circulation (vertical and horizontal)
. the stairs

. the amps

Y O meeting spaces

the vertical circulation path begins At the main entrance, the vertical circulation path begins.The

inclined plane system moves up and through the building, passing through studios and review

Austin E. Knowlton School of Architecture

spaces along the way. The library's roof garden extends outward and onto the forecourt below,

bringing the inclined plane to its end above the starting point.

o X
) T ©
— +— (5]
g o @ T
= = B

u) .

§ e =2 9 O The project spaces
s 8 2 35
S a6 2 . The project circulation
L < %

o o A

The Bauhaus School's circulation is efficient and clear, with glazed bridges and corridors
connecting the wings to guarantee seamless movement and spatial coherence and visual

transparency.

BAUHAUS School
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The Spatial and functional organization

ke
=
o

—_—
D
(@]
—~+

School of Architecture
- University of Miami

Austin E. Knowlton School of Architecture

- lecture halls

Administration

- workshops
- Library

- computer room

Ecole Nationale Supérieure d'Architecture
et de Paysage de Bordeaux
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neaa!
1T

library

il

ENICHRRNG :LJ

gl = P ecture
1 2 room
st |5 : .
Topm H S
i
. ' . . nate,
P dE 1 & z 1
P % avs w o« . . - . . . . e -
Sl i = workshop 1
: 1 . E s e B [nliul classrooms prelim. cou

studios

weaving
workshop

BAUHAUS School

._Jl

- Strong relation
=i - Week relation
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111.2.1.5.Environmental aspects

The

°
S
A=}
5}
Q
=4

lighting

thermal

Energy consumption

School of Architecture -
University of Miami

the artificial light is not needed
during the daytime while

featuring the first ever use of 18

ft High hurricane resistant glass

the openable windows sanctions
as insulator and eliminate the
total dependence on the air
conditioning during the summer

a sustainable work environment is
insured by the orientation of the
building and the Strategic
elements

Austin E. Knowlton School of Architecture

The building’s large glass panels
and strategic placement of
windows ensure the penetration
of ample daylight, reducing
dependency on artificial lighting
and lowering energy
consumption.

The central courtyard and open
spaces contribute to interior
lighting and airflow.

Ecole Nationale Supérieure d'Architecture
et de Paysage de Bordeaux

facades, positioning to let in and
to capture the natural light as
much as possible.

For optimal thermal insulation,
one of the passive techniques
used is the green terrace.

The overhang above the main
entrance provides shading,

The design allows for cross-
ventilation.

The vertical windows slits
reduce direct solar heat gain.
i ? P ke \

y—

The well-insulated fagade likely
minimizes energy loss, optimizing
the building’s energy efficiency
during extreme weather
conditions in Ohio.

Utilizing large windows and opeh ‘

Fragmented shape in order to
enable Integrate green spaces
into the project to create a
specific microclimate for the

. project and achieve a better
atmosphere.

BAUHAUS School

The workshops have a large glass
facade, which allows maximum
light and a view from the inside
to the outside
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111.2.2.The analysis of Existing exemples:

111.2.2.1.Project Data

Project data

Technical sheet

situation

Motivation of Choice

Polytechnic School of
Architecture and
Urban Planning:

Architect : Oscar Niemeyer/
Jean-Jacques Deluz/
BEREG

Year of Completion:
1968/1980/1999/2004/2006

The university
campus is
situated in the
capital, Algiers,
between the
communes of El
Huarache and

Choosing to analyze an existing
project by famous architects
which is visited helps to
understand the space, its context,
and user interactions. It allows for
critical assessment and offers the
chance to explore the principles

The department of
architecture of
Mohamed Kheidher
Biskra university

Surface Area: 3.75 ha Oued-Smar. and !mpact of renowned
architects.

Number of Floors: four

levels

Architect: OUMANE Abd Mohamed I chose this department for project

Karim /ARIOUET Brahim
Year of Completion: 2004
Surface Area: 7.000 m2

Number of Floors: four
levels

Kheidher Biskra
university, Biskra
city, Algeria.

2 Km far from
the city center.

analysis because I have
experienced the space myself,
having studied and lived it. This
direct exposure allows me to
observe every detail, and gain
deep insights into its strengths and
weaknesses. | can inspire from its
positive aspects while identifying
areas for improvement, making
my analysis both practical and
meaningful.
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111.2.2.2.Urban aspects

The Distant environment
project

The project (epau)

CACQE-Algiers regional laboratory-

National research institute

Motel ROUTAMA

National Polytechnic School

Technical Institute for Large-Scale culture
National Higher School of Agronomy

National Institute of Land, Irrigation and Drainage
Mosaic store

-~

The school campus is situated in the capital, Algiers, between the communes of El
Huarache and Oued-Smar, in an academic area

Polytechnic School of Architecture and
Urban Planning

The project
Miilitary police
The university central campus

Residential buildings
Public garden

The valley
Multi-sports stadium

The project in located in Biskra Univ on the Eastern side of the city, an accessible urban
area, near to 18 February Stadium and it reinforces the City Identity and development.

The department of architecture of
Biskra University
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The
project

immediate environnement

the project plot

Polytechnic School of Architecture and Urban Planning

B

The project (epau)
CACQE-Algiers regional laboratory-

Technical Institute for Large-Scale culture
National Institute of Land, Irrigation and Drainage

Mosaic store

the project is surrounded by educational
buildings such as institutes and
Laboratories and higher schools and
Residences which gives it a vibrant

The department of architecture of Biskra University

The project
Administration -univ-

The central club

Amphitheatres

Computer science department

The central library

Parkings

Green space

Administration offices

The large conference room

The old part of the architecture department and department of
earth and universe science

.

The project is located on the Biskra
University campus, close to other academic
departments. Its strategic location allows it
to be seen from the entrance of the

)
SR

IFIIED

(The project occupies 60% of the plot as
depicted in the illustration, where the rest
\is dedicated to the parking.

The project utilizes 90% of the plot, as
depicted in the illustration.
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The

project

roads and accessibility

Polytechnic School of Architecture and Urban

Planning

The project
Principal roads
Secondary roads
Orientations

The main entrance to the university

The Bouraoui metro station and two major nearby roads provide convenient access to the
Polytechnic School of Architecture and Urbanism. The university is easier to get to thanks
to the pedestrian pathways around it.

The department of architecture of Biskra University

The project
Principal roads
Secondary roads
Orientations

» The main entrance to the university

The university is well-connected by mechanical accessibility, ensuring ease of access to
the campus. Additionally, within the university, multiple roads provide convenient routes
to the department.
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111.2.2.3.Architectural aspects

The -Design concept

project

Inspired by Brasilia’s CEPLAN project,
Oscar Niemeyer emphasized simple,
economical design with patios for
interaction and privacy, while Deluz
proposed a functional alternative to his
fluid volumes, preserving visual harmony.

Polytechnic School of
Avrchitecture and Urban
Planning

Integrate several styles into the project by
using a Greek agora, Roman columns, ...and
mix different architectural forms , materials
was the concept idea

The department of
architecture of Biskra
University

The -Volumetry -Entries

project

>
=t

) /

The school volume is composed of simple
shapes (parallelepiped) organized around » mechanical entrance
internal outdoor spaces and patios in a
perpendicular way under the goal of simple
and economical design.

m) pedestrian entrance

Polytechnic School of Architecture and Urban Planning
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The department of architecture of Biskra University

The project consists of a composition
of organized geometric forms such as

parallelepiped, triangular prism, P Administrative access; teachers ...

cylinder, dome... .
Y Main access

) Secondary access

111.2.2.4.Functional aspect

The

ko]
=
o

—_—
[0
(@]
~—+

-circulation

The circulation is practical and simple
thanks to linear, open, and covered

circulation, while a corridor connecting the
horizontal circulation classrooms and workshops as horizontal

o ) circulation.
- vertical circulation \

L
=
8
£ o corridors that correspond to the project's
< S volumes; vertical circulation focused in the
] = articulations between the shapes, which
§ c ensure fluidity and interaction
< 8
[&) —
2]
L -
£ 8
3
g horizontal circulation
g B \ertical circulation
[7] Circulation
s
X
2
el
Y
o
<
=
(&)
e 2
S g
T >
I f
= Three main locations on the plan have vertical
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=
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111.2.2.5.Spatial and functional organization

The

project

Spatial and functional organization

Polytechnic School of Architecture and Urban Planning

[ ZoneT laboratories

]El Bl classrooms

L
- =y WOrkshops
! _: -1~ M aphitheater
grre . = administration
= .
_ [JiLLLLLJ Hhu:d i £ \c/\:;\g:eterla

Cnfrnncroom

l workshops
amgt » || labs )
@ | workshopsy E £
e
| 1¥bs D D ~ ©
class
labs * Foom .
c |_ labs s B strong relation
| administration | Weak relation

With strong and cohesive functional relationships, the project exhibits a functional organization
characterized by distinct spatial division and separation.
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Ground floor

Computer room
Amphitheatre
Adminitration
Circulation
Workshops
Exibition hall
wC

4

" amphi amphi

administration

computer rooms
=

urkshﬂ Iwul sho |
X I b

Exibitiop hall
'
El
a
1

1 B strong relation
workshap orkshof Weak rEIation

Library
Workshops
Classrooms
Circulation
|:| Computer room
Adminitration

wC

The department of architecture of Biskra University

administration

r 3

we

workshop workshop workshop .
E] : Strong relation

[: o | [t | [% ] Weak relation

Clarity and usability in the functional and spatial organization are made possible by the
administration area's clear separation and distinct expression from the educational portion, which are
made up of various volumes.
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111.2.2.6.Environmental aspects

The lighting thermal Energy
project consumption

Polytechnic School of Architecture

and Urban Planning

Large windows overlooking the open spaces allow
daylight penetration into the workshops and
classrooms.

The project's patios and
courtyards with the vegetation
produce a microclimate that
improves the users'
temperature.

/

the workshops and the classrooms which are the the
main spaces in the project are oriented to north south

to benefit from the natural Lighting in the better way.

And the stairs are well lighted thanks to the curtain
wall in there

the orientation helps to
minimize the Heat gain, either
the light colors of the spaces
also

The department of architecture of
Biskra University

IVV.The syntheses:
IVV.1.The analysis syntheses
Element Synthesis
Situation the projects are situated in an urban fabric within various contexts with
projects with different services to benefit from interaction and integration to
the city.
Immediate The immediate environment of the projects is an academic environment in an

Environment

urban fabric area to benefits from the interaction and to get an academic and
vibrant life.

Design Concept

the design concepts take in consideration the site and the climate challenges,
either the function. so, in our climate it's better to have open spaces,
vegetation, and Courtyards, passive solutions... to create microclimate and
design a sustainable project

Volumetry the volume mixes between simplicity and richness and serve the function of
the project and takes in consideration the climate, and balance between void
and blocks and built and unbuilt.

Accessibility the project is preferable to be in an urban area and connected to roads to

guarantee the accessibility and the social life
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Entrances Schools of Architecture must have many main strategic entrances mechanical
and pedestrian to guarantee easy accessibility and easy

Circulation fluid and functional circulation that connects different parts of the project,
and uses patios and open spaces, ensuring both functionality and interaction.

Spatial and | different functional parts such as educational, administrative, with strong

Functional functional relationship that's insure overall coherence.

Organization

Environmental

aspects

natural lighting, minimize heat gain, through the passive strategies and
creating project microclimate through the natural elements and the design.

Table 7 the syntheses of the projects analysis

IV.2.The requirements of each space

space lighting acoustics | ventilation orientation | dimensions
workshop From 500 <50 Strong hybrid ventilation to | South/North | almost 8 m2 per
[lux] to 850 | dB(A effectively remove dust and | to capture student
[lux] fumes. uniform
light
classroom 325 [lux] < 35 natural or mixed ventilation | South/ almost 3 m?2 per
dB(A). north student
amphitheate | 600 [lux] <35 mechanical ventilation for | Not 1 m? for each
r dB(A) air quality control and specified student
dense occupancy,
library 500 [lux] < 30-35 | mild natural or mixed Southeast to | /
dB(A) ventilation. capture
uniform
light
laboratory 500 lux 40-50 Full mechanical ventilation /
dB(A) with controlled exhaust and
negative pressure

Table 8 the requirements of the spaces of school of architecture

IVV.3.The proposed program

The space The The The space The The number
surface m2 | number surface m2
RECEPTION
EXIBITION
EDUCATION
library 130 1 3D Printer and 80 1
Laser Room
Reception Hall 230 1 Printing and 80 1
Production
Room
Main Circulation | 520 1 Workshops 130 25
Permanent 1 Classrooms 60 20
Exhibition
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Temporary 110 1 3D Models 130 open 1

Exhibition Workshops

Virtual Reality 110 1 Club Room

Workshop 70 1 Conference 100 1
Room

Bookstore 50 1 Materials 150 1
Library

Admn offices 89 1 Laboratory CMT | 70 1

Storage 1 Laboratory 200 1

outdoor 1 lecture hall 250 places | 2

Laboratory for

Local Plants

SERVICES
ADMINISTRATION Microwave 30 2

Room

Administration 20 5 Medical Unit 80 1

Office

Consultation 25 15 Cafeteria 100 1

Office

Teachers' Room 60 1 Prayer Room 60 2
Technical spaces

Table 9 the proposed program of the project

V.SITE ANALYSIS:
V.1.Site location in relation to the city

the project site is located in the university compus of Mohamed Kheidher Biskra, in the eastern part
of biskra city.

Figure 22 The location of the site. the source: the author

V.2.Motivation of choice

A key factor in this selection is the absence of an architecture school within this campus pole. The
selected site is strategically located within a university campus, ensuring a dynamic academic
environment that fosters collaboration and interdisciplinary exchange. Its proximity to university
residences enhances accessibility for students and faculty. Additionally, its easy access via key
circulation routes makes it a practical and well-connected choice.

V.3.The nature and morphology of the terrain
The terrain is mostly flat, with a slight level difference of approximately two meters. Its shape is
geometrically organized, forming an almost rectangular layout.
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Figure 23 The morphology of the site. the source: the author

V.4.The immediate environment

The terrain

University buildings
University residences
Residential buildings

Fire station

Communal Popular Assembly
The trade

Figure 24 The immediate environment of the site. the source: the author

V.5.Accessibility

| Thesite
I Primary roads
Secondary roads

Directions

J =) The main entrance to the univ

Figure 25 The accessibility of the site. the source: the author

all the primary and secondary roads within the university provide easy access to the site as shown in
the image.

V.6.The surrounding buildings (shadow and light):

the maximum height of the surrounding buildings is ground floor + 3 so they do cast shadows
directly onto the site at only specific times of the day.
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Figure 26 Surrounding buildings shadow. the source: shadow web site

V.7. Winds and sunshine:

The predominant warm winds
originate from the southeast, while the
predominant cold winds originate from

the northwest.

The site is exposed to the sun all day
long.

Figure 27The wind orientation and sunshine
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Figure 29 (left) windrose speed (Dec-Feb), (right) windrose speed (Jun-Aug)
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V.8.Syntheses:
P w Vegetation
Se f N
§ .: @ H A sun
"? « _: - == =sp accessibility
- . > d
: : & /7 Cold wind
v : &
chuas v 7 Hot wind
. t
: {'U\? s ﬂ entrance
: ﬁ‘uz H { North
Figure 30 Synthesis of site analysis
Strength Weakness

Situated in an academic setting that
facilitates research and teaching.

There are numerous main roads on campus
that provide easy access.

Good orientation (possibility of natural
ventilation and lighting).

Quiet environment because of the location on
the campus (less noise disruption).

the absence of shading from nearby buildings
leads to overheating and glare.

exposure to environmental factors (heat gain,
direct sunlight).

Opportunities

Threats

Incorporating cutting-edge comfort systems
and microclimate solutions (pergolas, solar

devices, green areas).

The potential to establish a landmark that

enhances the campus's edge identity.

Possibility of taking advantage of the
orientation for sustainable tactics (daily

optimization, solar panels).

Given the peaceful setting, there is a chance
to improve outdoor areas for student

interaction.

Exposure to too much sunlight, which causes
discomfort and increases the need for

cooling.

Reliance on self-generated shading options

because nearby buildings don't offer any.

Table 10 the s.w.o.t. of the site
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CHAPTER I1: ANALYTICAL STUDY OF SCHOOLS OF ARCHITECTURE: CASE EXAMPLES AND
SITE CONTEXT ANALYSIS

CONCLUSION

The theoretical and contextual underpinnings required for the design process have been established
in this analytical chapter. The environmental and functional requirements of the School of
Architecture typology were explained in Part I, with a focus on the value of thermal comfort, balanced
daylighting, and spatial adaptability in facilitating administrative, collaborative, and educational
activities.

Through site analysis and case studies, Part Il offered useful insights into how various architectural
eras handled these issues where the projects were chosen as part of a larger plan that includes case
studies from various architectural eras, including the modern era, and how site-specific factors
influence design possibilities and limitations. The combination of these analyses emphasizes that a
school of architecture’s design needs to incorporate environmental performance, user experience, and
spatial quality into a cohesive architectural response, going beyond technical systems.

The results demonstrate that future designs must produce a learning environment that is innovative
in architecture, pedagogically supportive, and environmentally sensitive. Thus, the School of
Architecture is defined as a model of sustainable academic design by a larger framework that includes
the integration of daylighting, thermal comfort techniques, and energy efficiency.
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CHAPTER I1l: ARCHITECTURAL PROJECT DEVELOPMENT

I.Introduction:

This Architectural Chapter presents the design development of the proposed School of Architecture
project. With both the help of architectural renderings and other illustrations that demonstrate the
project's formal and spatial identity, it presents the design concept and guiding idea. In order to
demonstrate the relationship between form, function, and space, the chapter also highlights the key
architectural views and drawings. After that, it displays how the integrated daylighting system is used,
with special attention to how it is applied in the workshop fagade, where it serves as a practical and
aesthetically pleasing component of the overall design.

I1.The concept idea:

outdoor workspace,
open gathering space,
water space,

green space,,,

Architecture of
origin and future

Vibrant public w

spaces A schoolv thaF learns from
the past lives in the present
The traditional 1 l and imggings the ﬁ{tuﬁ Infinity in
local layout of » rooted in viscous unique =P ati
biskra v identity but aiming for CCHEAton
y g A 2D frame

: : lobal rel
Intimate and quiet SR

private spaces

educational spaces such as
workshops,

lecture halls,
lassrooms,,
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Figure 31 The initial pattern of the project, The source : the author
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Figure 32 The 3D design process

I11.Functional organization chart:

Mlainenrance

Figure 33 Level 0 Functional organization chart The source : the author
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Figure 35 Level 2 Functional organization chart The source : the author

64



CHAPTER I1l: ARCHITECTURAL PROJECT DEVELOPMENT

IV.Project presentation
IV.1.Plans

e LT

Figure 37 Level 0 plan, The source: the author
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Figure 38 Level 1 plan, The source: the author

Figure 39 Level 2 plan, The source: the author

66



CHAPTER I1l: ARCHITECTURAL PROJECT DEVELOPMENT
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Figure 40 North elevation, The source: the author
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Figure 43 East elevation, The source: the author
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1VV.3.Sections
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Figure 45 Section BB, The source: the author
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CHAPTER IV: PRACTICAL APPLICATION OF DEVELOPED DAYLIGHTING SYSTEM

I.Introduction

The research's practical implementation phase is presented in this chapter, with an emphasis on
turning the theoretical and conceptual framework into a workable architectural solution. The
subsequent sections seek to validate the suggested Integrated Climate-Responsive Architectural
Facade system through simulation, prototyping, and performance evaluation, following the
establishment of the scientific underpinnings and design principles in the preceding chapters. In
buildings situated in hot and arid regions, the applied phase aims to show how the incorporation of
intelligent, climate-responsive fagade systems can improve environmental performance and user
comfort. It emphasizes the steps involved in planning, building, and testing the suggested system in
practical settings in order to evaluate its technical viability, environmental effectiveness, and
economic feasibility.

I1.Overview of the system:

TriLux, the suggested Integrated Climate-Responsive Architectural Facade System, is an integrated
intelligent fagade solution made to adapt to the outdoor climate in hot, dry environments. TriLux
integrates low-power actuators, environmental sensors, and embedded control algorithms with a
three-layer panel assembly (an internal plywood backing, an external aluminum skin, and an air cavity
between them). The system’s objective is to optimize daylight harvesting while limiting direct glare,
to improve indoor thermal comfort and to reduce cooling and lighting energy demand.

Scientific name: Integrated Climate-Responsive Architectural Facade System

The name of the system: TriLux
111.0bjectives:

The Integrated Climate-Responsive Architectural Facade system is designed to achieve a balance
between visual comfort, thermal efficiency, and energy optimization within architectural spaces
located in hot and arid climates such as Biskra. Its main goal is to combine intelligent heat and light
control with a dynamic facade made of local available materials. Combining low-energy actuation,
adaptive shading, and real-time environmental monitoring, the system aims to:

-Reduce the amount of glare in interior spaces and control daylight levels to improve visual comfort.

-Reducing solar heat gain while maintaining proper ventilation and light transmission will maintain
thermal comfort.

-Reduce the need for mechanical cooling systems and artificial lighting to maximize energy
efficiency.

-Maintain architectural aesthetic with a simple, adaptable design that works for different kinds of
buildings.

-Reduce production and maintenance costs by using locally sourced materials and components to
promote sustainability.
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-TriLux's ultimate goal is to bridge the gap between contemporary facade design and environmental
responsiveness by acting as a scalable and replicable architectural innovation.

IVV.Performance Objectives

In addition to maintaining energy efficiency, the suggested system is made to maintain ideal indoor
environmental conditions that improve thermal and visual comfort. These goals are in line with global
norms that specify acceptable comfort levels for educational and professional settings, like 1ISO 8995
and ASHRAE 55.

The system specifically seeks to achieve the following performance metrics:

-llluminance level: About 500 lux is the ideal amount of illumination for offices, studios, workshops
and classrooms. To ensure consistent light distribution throughout the room, the system continuously
modifies the fagade elements to balance daylight penetration and reduce glare.

-Thermal comfort: By combining natural ventilation with shading control, a temperature range of
24°C to 28°C is maintained. By adjusting their position in response to indoor heat gains and solar
radiation, the system's responsive panels lessen the need for mechanical cooling.

-Relative humidity: kept between 40% and 60% to promote the comfort and health of the occupants
and avoid condensation or too much dryness.

-The system guarantees a comprehensive environmental balance by integrating these three factors:
light, temperature, and humidity. This enhances user productivity and well-being while lowering
overall energy usage.

V.System Components and Structure:

The proposed climate-adaptive facade system is composed of integrated physical and digital
components that work together to ensure real-time environmental regulation and user comfort. The
design creates a responsive, user-friendly, and energy-efficient solution by fusing smart technology
with architectural functionality.

V.1.Physical Components:

The three primary layers of the facade unit are arranged in a deliberate manner to balance
functionality, aesthetics, and insulation:

1) Outer aluminum layer: The outer layer of aluminum reflects too much sunlight and
offers resilience and durability against severe weather conditions.

2) Air cavity: By serving as a natural thermal buffer, the air cavity enhances insulation
and lessens heat transfer between indoor and outdoor spaces.

3) Inner plywood layer: provides a natural look that is appropriate for architectural
integration, lightweight performance, and ease of installation.

The structure also has a supporting metallic frame that was locally designed and fabricated to
guarantee stability and reduce costs.
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V.2.Electronic and Control Components:

The system incorporates a number of intelligent components for adaptive control and real-time
monitoring, such as:

-Sensors for humidity and temperature to gather environmental data.
-Light sensors to gauge the amount of daylight and identify glare.

-A low-power electric motor that automatically modifies the angle of the facade panels in response
to changes in the surroundings.

-The system's movements are controlled by a microcontroller and control algorithm that process
sensor data.

VI1.User Interface and Control Modes:

The system incorporates a digital display screen that provides real-time temperature (°C), humidity
(%), and illumination (lux) readings. This guarantees openness and makes it simple for residents to
keep an eye on the surroundings. The system operates under two modes:

1) Automatic Mode: To maintain ideal comfort levels, the control algorithm automatically
modifies the panels in response to sensor feedback.

2) Manual Mode: Using an easy-to-use interface, users can override automatic settings and make
personal adjustments as needed.

When combined, these elements create a clever and interactive facade system that can achieve
excellent environmental performance while preserving usability and aesthetic coherence.

VI1.Components of the prototype hardware:

Component Quantity Role Image
Light Intensity 2 Measures light intensity (lux)
Sensor to adjust panels
(BH1750) automatically.
Servo Motor Moves the panels between
(MG996R) open/closed angles (180°
2 control).
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Temperature, Measures temperature,
Pressure, and humidity, and pressure for
Humidity Sensor climate feedback.

(BME280) 4

DC-DC Buck Regulates and stabilizes
Converter voltage for the components.
(LM2596) 8

Dupont Jumper Controls the whole system
Wires (Male— 1 and processes sensor data.
Male, 20 cm)

Displays real-time values
Microcontroller (light, temp, humidity).
(ESP32, 38 Pins)

1
Connects electronic
OLED Display components in the prototype.
(0.96 inch)
4
Breadboard Used to assemble and test the
circuit without soldering.
1

Table 11 the components of the prototype hardware, source: the author.
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VII1.Prototype hardware:

Figure 48 (left) Power button, (right) lighting and temperature sensors

IX.System Working Principle and Operation Process:

The suggested adaptive facade system uses to maintain the best possible indoor comfort, automated
mechanical response and real-time environmental data analysis. Its operation depends on the sensors,
control unit, and movable facade panels interacting continuously.

Data Collection and Monitoring

The operation begins with the sensors continuously recording the surrounding environmental
parameters:

IHluminance (lux): measured by the light sensors to detect glare intensity and daylight availability.
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Temperature (°C) and relative humidity (%): monitored by thermal and humidity sensors to evaluate
indoor and outdoor comfort conditions.

The recorded data is displayed in real time on the integrated digital screen, allowing users to track
variations and system responses at any moment.

Data Processing and Decision-Making

All collected data is transmitted to the microcontroller, where it is processed by an embedded control
algorithm. The algorithm compares the recorded values with target comfort thresholds, defined as:

[lluminance: 500 lux
Temperature: between 24°C and 28°C
Relative humidity: between 40% and 60%

When deviations from these target ranges are detected, the control system automatically determines
the necessary adjustments to restore balance.

Mechanical Adjustment and Actuation

The low-energy electric motor receives signals from the control unit and activates the movement of
the facade panels. Depending on the detected conditions:

- When glare levels are high, the panels rotate or tilt to reduce direct solar penetration.
- When illumination drops below the target, the system reopens gradually to enhance daylight
access.

This dynamic adjustment ensures that the indoor environment remains within the desired comfort
parameters with minimal energy consumption. In addition to the automatic operation, users can
switch to manual control mode when specific preferences or experimental settings are needed.
Feedback and Optimization
The system operates on a closed-loop feedback mechanism, meaning that each adjustment is followed

by new sensor readings. This continuous process allows the facade to self-correct and adapt in real
time, ensuring optimal performance and long-term efficiency.

X.Simulation and Performance Evaluation

After the design and digital modeling of the adaptive facade system, a simulation-based evaluation
was conducted to assess its daylighting performance and the extent of illuminance improvement
achieved within the workshop spaces.

X.1.1. Digital Tools and Simulation Workflow

The system was first modeled and parametrically built in Autodesk Revit 2023.1, where its geometry,
materials, and motion parameters were defined according to the proposed design specifications.

75



CHAPTER IV: PRACTICAL APPLICATION OF DEVELOPED DAYLIGHTING SYSTEM

Once the system was finalized, it was integrated into the architectural project, specifically in the
workshops oriented to the South. This orientation was intentionally selected, as south-facing fagades
receive the highest solar exposure in hot-arid climates such as Biskra, making them more susceptible
to glare and overheating.

After that, daylight and energy simulations were carried out using the Insight plugin, which allowed
evaluation of energy efficiency and illumination levels in connection to the system's different opening
configurations (0.1, 0.2, 0.3, and 0.4). Cloud rendering was used to visualize the results, giving
accurate depictions of the lighting behavior and general fagade aesthetics. Ultimately, Dynamo was
used to automate parametric control and expedite facade opening adjustment, guaranteeing a
responsive and dynamic design.

X.2.Simulation Scenarios

To understand the system’s impact under different configurations, the facade was tested with four
distinct opening ratios, defined as:

The The system unit The facade system
opening
ratio
0.1

S
pl o< < >< >< > >
e
:

0.2

0.3

0.4

Table 12 the opening ratios of the system
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X.3.Daylighting Simulation:

The daylighting analysis was carried out using the Insight plugin integrated within Revit, which
enables accurate simulation of illuminance levels (lux) based on geographic location, climate data,
and material reflectance.

The target performance level was set at 500 lux, corresponding to the recommended illumination for
educational workshops according to international lighting standards.

Simulations were performed under typical sky conditions, at representative times of the year,
especially during summer and winter solstices, to evaluate seasonal differences in daylight
availability.

The | The The | The system unit The simulation
date | timing | openi
ng
ratio

9:00 0.1
am
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N
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i

=

N
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o

o

©

o

=

N
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am
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o

o
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o

=

N

Table 13 simulation of differnt openings
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X.3.1. Simulation of the opening ratio 0.2:

The date | The Simulation
timing
9:00 am
<
(9N}
o
A
o 4:00 pm
—
N
9:00 am
Lo
AN
o
I\
S 4:00 pm
—
(9\]

Table 14 simulation of the 0.2 opening ratio
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X.4.Expected Performance:

The main objective of the simulation phase was to evaluate whether the adaptive system maintains
the indoor illuminance close to 500 lux while reducing glare and controlling solar gain. It was also
expected that smaller openings (0.3 and 0.4) would perform better in glare reduction, while larger
openings (0.1 and 0.2) would ensure sufficient daylight penetration under lower external brightness.
This step provided quantitative data to validate the efficiency and adaptability of the proposed system,
guiding further refinement and optimization.

X.5.Results and Discussion:

The daylighting simulations revealed a clear improvement in natural light distribution within the
workshops with the integrating of the adaptive facade system. Among the four configurations tested,
the 0.2 opening ratio achieved the most balanced performance, maintaining an average illuminance
close to 500 lux across the working plane. This level ensured sufficient daylight without excessive
brightness or glare, aligning with international standards for visual comfort in educational
environments.
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GENERAL CONCLUSION

The goal of this study was to develop and assess an integrated daylighting system that could reduce
glare, improve thermal comfort, and optimize energy use in architectural learning environments. The
study examined how controlled natural lighting can be used as an architectural and environmental
driver to create learning environments that are efficient, comfortable, and healthy. It was based on
the ideas of sustainable design.

The theoretical investigation established the scientific and conceptual foundation of the work,
highlighting the intricate relationship between daylight availability, visual comfort, indoor
temperature regulation, and energy performance. It became clear from a critical analysis of earlier
research that incorporating daylighting techniques effectively not only improves thermal and visual
comfort but also considerably lowers building energy consumption.

By analyzing the typology of the School of Architecture and its functional requirements, the analytical
phase expanded on this understanding. The research determined the environmental, climatic, and
spatial limitations that affect daylighting performance by examining and analysing projects case
studies from various architectural eras and carrying out an extensive site investigation. The following
chapters' strategic orientations and design parameters were influenced by these findings.

The architectural development translated these insights into a coherent design proposal for a School
of Architecture that embodies environmental awareness through spatial organization, orientation, and
form. the idea aims to design a school that learns from the past lives in the present and imagines the
future rooted in viscous unique identity but aiming for a global relevance starting from the traditional
layout of Biskra city.

The practical component showed how the suggested daylighting system, which is mainly integrated
into the south-facing workshop facades that receive the most solar exposure, could be used. The
system diffuses natural light, controls solar penetration, and restricts heat gain through a multi-layered
adaptive facade.

Simulation analyses were performed under four different facade configurations to evaluate daylight
distribution, glare levels, and energy performance. The results revealed a marked improvement in
daylight uniformity within the workshops following the system’s integration. Among all tested
configurations, the 0.2 opening ratio achieved the most balanced outcome, maintaining average
illuminance levels around 500 lux across the working plane—consistent with international standards
for educational visual comfort. This configuration provided ample natural light while preventing
excessive brightness and glare, proving most effective in maintaining optimal indoor conditions.

The discussion of these results emphasizes that achieving optimal daylight performance depends not
only on geometry and orientation but also on the ability of facade systems to adapt dynamically to
external conditions. The study demonstrates that integrating system can transform direct sunlight into
a diffuse, stable, and comfortable light environment, while simultaneously minimizing energy use.

Based on these outcomes, several recommendations are proposed for designing effective daylighting
systems in educational settings:

Employ adaptive and modular facades that adjust to seasonal and daily solar variations.
Combine passive design principles with simulation-based optimization early in the design process.

Integrate visual, thermal, and energy evaluations holistically rather than as separate stages.
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Ensure that daylighting solutions are context-sensitive, reflecting both climatic and functional
characteristics.

In conclusion, this thesis presents a comprehensive approach that unites daylighting, comfort, and
energy efficiency within a single integrated design framework. It draws attention to how adaptive
fagade systems, particularly in hot and arid areas, can improve environmental performance and user
well-being in architectural schools.
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Projectexterior views
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APPENDIX 02



The prototype hardware pictures:










The analysed projects spaces surfaces:

Austin E. Knowlton school of architecture:

space surface
ground floor
jury spaceand lecture room 380 m?
classroom 100m? 63m? 150m? 115m?
gallery 130m?
first floor

Auditorium 510 m?
faculty offices 23m?
seminar room 50m?
computer room 40m?
Administration 12 offices + open spaces 435m?

second floor Studios
Studios 1530m? 1930m?
computer Laboratories 30 offices: 185 m?
PhD offices 10 offices: 14 m?
City and Regional planning 190m?

Bauhaus school of architecture:
space | surface
ground floor
Laboratory 2: 70m?
classroom 178m? 135m? 172m? 190m? with lockers
display room and exhibition 280m?
display room for materials 60m?
first floor

Library 150m?
Conference Room 60m?
Lecture room 155 m?
Studio 45 m?

second floor Studios
classroom 95m? 120m? with lockers
Lecture room 210m?
Studio 32m?

Epau:

space surface
Parking 95 places
Workshop 137m? 212m? 72m? 95m?
Teaching materials room of Workshop | 23m?
Conference room 120 m?




classroom

Prayer room 152 m

Cafeteria 60 m?

laboratory 74m? 74m? 124m?
classroom 82m? 65m?
medical unit 91m?

lecture hall + storage room

350 places: 450m?
100 places: 81m?
170 places: 210m?

computer room 70m? 46m?
printing and production room 82 m?
Biskra Departement:
space surface
drawing room 98m?
classroom 60m?
internet room 79.5m?* 75m?
reading room 293m?
lending room and store 110m? 82m?
librarian's office 28.5m?
computer-assisted design room 80m?
teachers' room 63m?

consultation office

11m? 14m? 17m?

projection room

75m?

practical work room 75m?
printing room 74m?
exhibition hall 195m?
model room 123m?
testing room 98m?
visual arts workshops 98m?
200-seat lecture hall 200m?
staff office 30m? 44m?
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Mahoney’s table :
a — Temperature ;

JlFE|M|A|IM|T |7 |a]|ls |o|N|D
Avrg
Temp | 18 | 19| 23 [ 27 |28 |31 |37 | 41|40 |28 |22 18
Max
Avrg
Temp |8 |8 |11 [15]19|25|29 |28 |24 |17|12]38
Min
EDT |10 |11 | 1212121212 12]10]11]10] 10
La+
bigh TAM
41 | 245
8 33
+
Lat | pAT
low
b - Humidity, Rain and Wind:

7 |F |Mm |aA M 1 |7 |A |s |0 |[N |D
Humidity | o 5o 151 |47 |44 |40 |35 |38 |47 |55 |57 |60
Rel. Max
Humidity
Rel M, |60 |51 |46 [42 |36 |31 |26 |31 [42 |50 |55 |59
Humidity

60.5|53.5|48.5|44.540.0|35.5|30.5|34.5[44.5[52.556.0(59.5
Rel. Moy
Group 13 15 15 12 12 |2 12 |2 |2 |3 |3 |3
(G.H)

Rain

159(17.5|24.7|22.6 (5.7 [23.6]0.0 3.7 |104]|16.3|44.8]0.3

(mm)




Prevailing
Wind

4.5

4.7

5.0

5.2

4.6

2.9

2.9

2.9

3.4

3.8

3.2

Secondary
Wind

rainfall

Total annual

185,5

c- confort:

G.H

<30%

30-50

50-70

>70

J

GH |3

-thermal stress:

Day f

Night | f

-temperature:

Moy.
Mens.
Max

18

19

23 |27

31

37 |41

40

34

28

22

18

Confort
Maxi
Diurnal
Mini

29
23

29
23

31
23

31
23

31
23

31
23

34
26

31
23

31
23

29
23

29
23

29
23

Moy.
Mens.
Min

11 {15

19

25 129

28

24

17

12

Confort
Maxi
Nocturne
Mini

23
17

23
17

24
17

24
17

24
17

24
17

25
17

24
17

24
17

23
17

23
17

23
17

d- indicators

J

F




HI

H2

H3

Al

A2

A3 | X

X

Givoni’s diagram :
a- Humidity :

J F

Humidity
Rel Max

61 56

51 47

44 40 35

38

47 55 57

60

Humidity
Rel. Min

60 51

46 42

36 31 26

31

42 50 55

59

b- Teperature ;

J F

Avrg

Temp
Max

18 | 19 | 23

27 | 31

37 141 |40 | 34

28

22

18

Avrg

Temp
Min

11

19

25 129 |28 | 24

17

12

N january
8 February
. March
v

Recommendations drawn from Givoni diagrams:

Month Recommendations | Month Recommendations | Month Recommendations
January Hi1, GI May V, L INV, AC September |V, I, INV, AC, DH
February | H1, GI June V, I, INV, AC October GL C,V, 1

March H1, GI, C July V, I INV, AC Novermber | H1, GI

April GL C,V Auguest |V, L INV,AC, DH | December | HI1, GI

H2: Active solar heating
H1: Passive solar heating

C: Comfort

V: Ventilation
[: Strong inertia

H: Heating

GI: Internal gain




AC: Cooling
DH: Dehumidification

INV: Very high inertia and night ventilation

RE: Ventilation cooling

Architectural recommendations for Algeria (N.Ould Hnia):

summer climate zones :

According to the summer climatic zones which were defined by Ould Hnia, the wilaya of Biskra is
located in zone E3 ( pre-Sahara tassili), this zone is characterized by a very hot and dry summer.

Recommendations

Principles for the Summer Period

1. Orientation

North-south (east and west are to be avoided).

2. Spacing between buildings

Compact layout by reducing the exposure of walls to the
exterior

(98]

. Summer ventilation or aeration

Night ventilation

I

. Openings/windows

Average 25 to 40%

5. Walls and floors

Solid walls and floors. High multi-day thermal mertia
(excluding overheating periods) with light colors.

6. Roof

Solid. High multi-day thermal mertia (excluding overheating
periods) with light colors.

7. Thermal msulation

Insulated roof

&. Protection

Summer protection. Complete shading of openings, north-
south openings

9. Outdoor spaces

Outdoor sleeping areas. Outdoor kitchen

10. Vegetation

Vegetation shades walls and windows.

11. Passive Heating

/

b-wmter climate zones :

According to the winter climatic zones, which were defined by Ould Hnia, the wilaya of Biskra is
located in zone H3a, this zone is characterized by an altitude between 500-1000.

Recommendations

Principles for the Summer Period

1. Orientation

Desired north-south with vertical occupation of spaces.

2. Spacing between buildings

Compact layout by reducing the exposure of walls in contact
with the exterior

W

. Summer ventilation or aeration

/

4. Openings/windows

For the total area of planned openings, allocate a south-
facing glazing area equal to 0.15 per n? of floor space for
winter sun capture.

5. Walls and floors

Solid walls and floors - daily thermal nertia > 8 hours,
compromise to be made with summer.

6. Roof

Solid and msulated roof.

7. Thermal msulation

Thermal msulation of the roof

8. Winter protection

from sandstorms by planting evergreens that grow in the
south.

9. Outdoor spaces

/

10. Vegetation

Evergreen vegetation to protect against cold and especially
sandstorm prevailing winds.

11. Passive Heating

Passive heating through storage, solid walls, inertia phase
shift 8 to 12 hours or south-facing glazing,

12. Climatisation

/
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