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SUMMARY (English)

With the escalating emergence of numerous severe environmental challenges in recent years,
predominantly attributed to the construction sector, notably excessive energy consumption and
heightened environmental pollution, this thesis delves into the fusion of kinetic architectural strategies
and shading mechanisms to tackle energy efficiency and user comfort. It focuses on regions with hot
and arid climates such as Biskra, which exhibit a growing demand for illumination and cooling.
Specifically, the study centers on a multifunctional tower housing both commercial and office spaces.
The primary objective is to offer actionable insights for sustainable urban development in arid
climates. Through a combination of experimental research and theoretical analysis, the research aims
to showcase the potential of dynamic architectural solutions in mitigating environmental impacts and
elevating the quality of life in urban settings. By presenting advanced strategies and techniques for
solar protection that synergize with natural elements, the study explores how buildings physically
adapt to environmental stimuli. Furthermore, it investigates the capacity of these dynamic systems to
enhance thermal performance, user comfort, and energy efficiency within the desert context of Biskra

Province.

Key words: Kinetic Architecture, Shading, Dynamic, Energy Efficiency, Adaptive, biomimetic,
mimosa, Thermal Comfort, multifunctional tower
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INTRODUCTORY CHAPTER

GENERAL INTRODUCTION

The confluence of traditional architectural practices and modern technological innovations has led to
the evolution of dynamic architectural concepts. Among these, kinetic architecture and shading
mechanisms present promising avenues for energy-efficient and adaptive building designs. The city of
Biskra, with its desert climate and unique urban fabric, offers an intriguing context to delve into the
transformative potential of such dynamic architectural solutions.

The Physical Institute in Maldegem has found that building facades are a significant source of energy
loss. They account for over 40% of heat loss during winter and contribute to overheating in the
summer, leading to the increased use of air conditioning to maintain comfortable indoor temperatures.
Consequently, the building sector consumes more energy than both the industrial and transportation
sectors.

Biskra, known as the "Queen of the Zibans" and the "door to the desert”, is characterized by its
scorching temperatures and bright sunlight for a significant part of the year. Consequently, buildings
in this region grapple with the challenge of maintaining thermal comfort while minimizing energy
consumption. Traditional architecture in Biskra has long employed passive strategies, such as thick
walls and courtyard layouts, to mitigate the harsh climatic conditions. However, as urbanization
intensifies and architectural aspirations evolve, there is an increasing demand for contemporary
solutions that can seamlessly integrate with the city's historic charm.

This thesis aims to explore the application of kinetic architectural strategies and shading mechanisms
tailored to Biskra's unique environment. By examining how buildings can physically transform in
response to environmental stimuli, we will investigate the potential of such dynamic systems to
enhance thermal performance, user comfort, and energy efficiency in the desert context of Biskra.

Drawing on a blend of architectural theory, technological insights, and case studies, this research will
offer a comprehensive understanding of how Kkinetic and adaptive architectural systems can be
optimally employed in desert urbanism. By highlighting the symbiotic relationship between dynamic
architectural elements and Biskra's environmental conditions, we aspire to chart a future where the
city's built environment not only resonates with its past but is also resiliently poised for the challenges
of the future.
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Problem statement:

Arid regions, with their blazing sun and harsh climatic conditions, present a unique set of challenges
for architectural design and urban planning. Many researchers and architects have explored the
intricate relationship between architectural design, solar protection, and energy consumption in these
challenging environments. These challenges primarily revolve around achieving energy efficiency and
ensuring a comfortable environment for building occupants. To address these issues, research studies
aim to incorporate principles of kinetic architecture, relying on moveable and dynamic components of
the building, that can adapt sustainably to the ever-changing solar conditions, in response to external
factors or user interaction. These dynamic features can serve not only as building shading (energy-
efficiency) devices but also as aesthetic expression.

The central goal for shading building design is to reduce reliance on mechanical cooling systems,
such as air conditioning, and create indoor spaces that are both comfortable and energy-efficient. The
challenge becomes higher when it consists of a tower design in arid zones, as the case of the present
work . Designing a multifunctional high-rise building, combining a shopping center, services, and
office, mainly on the solar protection matter, due to its solar exposure for a long period.

Therefore, the challenge of relying on kinetic architecture is how to ensure synergy between
technology and architectural creativity; the former concerns mechanical and sensors systems, and the
latter concerns the features architectural design concept (aesthetics and integration). So, the questions
that arise:

1. How can kinetic architecture be effectively integrated into the design of a mixed-use tower in the
climatic context of Biskra to improve energy efficiency and user comfort?

2. What shading strategies can be employed to minimize solar heat gain and enhance thermal comfort
within the shopping center and office portions of the building in a hot desert climate?

3. What is the most suitable biomimetic source of inspiration (top-down biomimetic approach) for
kinetic elements design and operational principles which can be applied to enhance the overall
sustainability and environmental performance of the mixed-use high-rise building design?

Hypotheses:

1. Incorporating Kinetic architectural elements that respond to climate and sun data in the design of a
mixed-use tower in Biskra will significantly improve energy efficiency and user comfort by
dynamically optimizing daylighting, shading, and ventilation, thereby reducing the reliance on
mechanical systems for cooling and lighting.

2. Implementing dynamic shading systems within the shopping center and office portions of the high-
rise building in Biskra, based on solar exposure and climatic conditions, will effectively minimize
solar heat gain and enhance thermal comfort. This requires the strategic placement of shading devices,
the use of responsive materials, and the integration of smart technologies to adapt to varying sunlight
angles and intensities.

3. Understanding the unique motion principles of the Mimosa pudica plant provides valuable insights
for the biomimetic design of shading devices. Mimosa pudica's responses to temperature and sunlight
exposure offer inspiration for creating dynamic, climate-sensitive shading solutions for architectural
applications.
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3. Aim of the Study :

Objectives of the study This study aims to achieve a set of goals, which we define in the following
points:

- Explore the principles and applications of Kinetic architecture to assess its potential in
enhancing shading efficiency.

- Study adaptive mechanisms and shading strategies in organisms inhabiting arid environments
for biomimetic inspiration.

- Incorporate biomimetic principles into the architectural design process to enhance the tower's
responsiveness to environmental conditions.

- Presenting the design principles and standards for tall building. shopping Centre and office

4. Methodology:

In order to understand the problem of the study and in order to achieve the objectives, we must rely on
the appropriate methods for this, and therefore the descriptive analytical method was used as follows:

- The descriptive (theoretical) approach: It is divided into two parts. First, introducing the subject
based on information and data taken from books, documents and scientific articles in addition to
previous notes and official websites on the Internet, and everything related to the subject of kinetic
architecture for shading efficiency and biomimetic inspiration

Secondly, a theoretical study of the project: focusing on high-rise buildings and studying the standards
and characteristics of shopping centers and office

- Analytical approach: It is based on analyzing examples of multi-functional towers, with a focus on
shopping centers and local and international offices, in addition to analyzing some examples of
buildings that represent kinetic architecture.
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Structure of the study
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Introduction

In the first chapter we will explore basic concepts in architectural design that aim to achieve
sustainable development, energy efficiency, and thermal comfort.

Initially, sustainable development is defined as an approach that ensures that current needs are met
without compromising future generations, and addresses environmental, economic and social
dimensions. The study focuses on energy efficiency in buildings, defining energy and analyzing its
consumption, while proposing energy saving techniques and enhancing efficiency through thermal
insulation and energy saving devices.

The study investigates the impact of shading on thermal comfort and explores various shading
techniques. Additionally, it delves into kinetic architecture, which features buildings that adapt and
interact with their environment, incorporating kinetic structural systems and adaptive facades. The
study also examines bio-inspired design and natural solutions to human challenges, showcasing
examples like the mimosa plant.

Practical applications include theoretical analysis of tower projects, especially shopping malls and
offices, demonstrating how these architectural concepts can be combined to enhance energy
performance and thermal comfort in real-world scenarios.

I-Sustainable development and energy efficiency in buildings
1.1 Sustainable development:

Sustainable development is an increasingly widespread concept. Its main goal is to make the world
sustainable; which requires the will and collaboration of all, the North and the South, the rich and the
poor, governments and also populations to rebalance this world. For this vision, in this part we want to
present sustainable development by defining its pillars, issues and objectives.

1.1.1 Definition:

This is, According to the definition proposed in the 1987 Brundtland Report by the World
Commission on Environment and Development, sustainable development is development that meets
the needs of the present without compromising the ability of future generations to meet their own
needs.” !

Sustainable development is, from a strict point of view, an expression made up of two words:
Development and Sustainable. Which means the continuous and endless improvement of both
gualitative and quantitative aspects of human wealth. Furthermore, from a conventional point of view,
it is a socio-economic concept which combines the notion of socio-economic development, that of the
sustainability of wealth and that of environmental neutrality.?

It can therefore be defined as a strategic and political approach based on the notion of solidarity in a
space, with the objective of a triple dividend: economic efficiency, social equity and environmental
quality.®

Sustainable development is a concept which aims to improve the living conditions of populations
while remaining within the ecological carrying capacity. Sustainable development deals with both the
use and preservation of natural resources, whether renewable or not. Knowledge of physical and
biological sciences in the field of preservation of land and plant cover, particularly those that are arid,
and the resulting techniques and methods must also be supplemented by the study of social sciences.

1 CHERQUI, F. (2005). Methodology for evaluating a sustainable development project for a neighborhood adeque method. Thesis
Doctorate, University of La Rochelle, Civil engineering discipline, Paris. Accessed April 2019, at: https://www.habiter-
autrement.org/12.energies/contributions-12/These_FCherqui-quartier-durable.pdf

2: ZEROUALLI, M.(2009). Le développement durable : I'Algérie entre réves et impératifs. Le Quotidien d'Oran. Consulté le Avril 2019, sur
https://www.djazairess.com/fr/lqo/5115058

8 http://dspace.univ-tlemcen.dz/bitstream/112/5038/3/CAPITRE%201%20.pdf
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For a number of years, both at the national and international level, the environmental aspects of the
exploitation and management of resources have begun to be taken care of by the operators concerned.
In terms of sustainable development, economic and social progress

favorable to the production of wealth and the creation of jobs must take place without harming the
capacity for renewal of the components of biodiversity .* According to Brundtland's report, the notion
of sustainable development consists of two inherent concepts:®

The first concept is "need," which is prioritized because it defines essential requirements, especially
for the most deprived. The second concept is "limitations," which are determined by our current
technologies and organizational capabilities regarding environmental quality. These two concepts aim
to address both present and future human needs.

The idea of sustainable development has now become central to the discourse of many leaders and
development policies. This concept emerged after extensive reflection on the detrimental impacts of
human activities on the environment. ©

1.1.2 The three dimensions of sustainable development:

According to the Bruntland report, sustainable development is considered the result of a
harmonious evolution in the relationship between three essential interdependent dimensions:

» The economic dimension aims to generate wealth and enhance material living conditions.

» The social dimension: Covers the areas of health, education, housing, employment, intra- and
intergenerational equity as well as the prevention of social exclusion.

» The ecological dimension focuses on the protection of the environment, species, and natural energy
resources

Economic
it

Trade offs

Figure 01: The three dimensions of sustainable development
source : Sustainable development includes several dimensions | economistic
1.2 Energy efficiency
1.2.1 Definition of energy
Energy is, like water and food, an essential resource for life’. Energy (from the Greek: force in action)
is what allows action: without it, nothing happens, no movement, no light, no life®.

4 KADIK, B. La biodiversitt et le développement durable en Algérie. Consulté le Avril 2019, sur
http://dspace.crstra.dz:8080/jspui/bitstream/123456789/308/3/la-%20biodiversite-%20et-%20le-  %20developpement-%20durable%20-en-
Algerie.pdf

5 : BOUZEKRA, M. GUENAOUI, M. (2014). L’apport des nouvelles technologies sur I’économie d’énergie dans le batiment en Algérie,
stratégie ou prestige. Mémoire de Master, Université Abderrahmane Mira — Bejaia, Faculté de Technologie Département d’ Architecture

6 : BROCHARD, L. (2011). Le développement durable : Enjeux de définition et de mesurabilité. Mémoire présenté comme exigence
partielle de la maitrise en science politique, UNIVERSITE DU QUEBEC A MONTREAL. Consulté le Avril 2019, sur
https://archipel.ugam.ca/4046/1/M12097.pdf

7 1 NGO, C. (2008). "L'énergie Ressources, technologie et environnemet". 3 éd. Paris: Dunod.

8 Accessed Novembre 2023, at http://www.japprends-lenergie.fr/iressources/wiki-energie#ressource/sources-denergie/definition-et-
principes/energie-definition-1
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of energy are found on Earth, except energy that comes from the sun. It is inexhaustible and essential
to life. Without the sun, no wind, no rain, no daylight and no plants °.

In a physical sense, energy refers to the capacity to alter a state or produce work, resulting in
movement, light, or heat. Any action or change of state requires an exchange of energy. Energy is
obtained through the combustion of fuels or combustibles (such as oil, gasoline, diesel, fuel oil, gas,
coal, wood, etc.), by using electricity, or harnessing natural forces like wind or solar energy. In the
International System of Units, energy is measured in joules (J). Specialists and economists use the ton
of oil equivalent (toe) to compare different energy sources. In everyday life, we commonly use the
kilowatt hour (kwWh). .1

1.2.2 Buildings Energy consumption

Building is considered most energy-consuming sectors because its consumption includes the
energy used throughout the life cycle of a construction and this as follows:*

* Energy consumption for the manufacture of materials and their transport.

* Energy consumption during construction.

* Energy consumption during the operating phase, for heating,

ventilation, domestic hot water production, lighting and power supply of equipment.

* Energy consumption for demolition and waste disposal.

Building Operations
41.7%

Industry
24.4%

Bullding Construction
and Materials

5.9%
Trawoﬂaﬂonh Transportation - Light Duty
(rall, air, bus, truck, ship) (auto, SUV, pickup, menivan)

11.8% 163%

U.S. Energy Consumption by Sector

Scurce: ©2013 2030, Inc. / Archirecture 2030. Al Rights Reserved.
Data Source: ULS. Enevgy Information Administeation (2012)

Figure 02: energy consumption by sector
source : Why The Built Environment — Architecture 2030

The building sector (residential and tertiary) is responsible for 45.7% of energy consumption in
Algeria, and it represents an annual growth rate estimated at 7.1% (APRUE, 2014). 12

In Algeria, the branch of administration in the tertiary sector is the most energy consuming by 25%
(Figure 3.a), where the most consumed type of energy is electricity by 43% and natural gas by 38%
(Figure 3.b). 2

° Accessed April 2019, at https://docplayer.fr/340776-Tout-ce-qui-apporte-de-I-energie.html

©Accessed  April 2019, at http://www.japprends-lenergie.fr/ressources/wiki-energie#ressource/sources-denergie/definition-et-
principes/energie-definition-1

11 Amira MEGUEHOUT Khawla DJEDDAI 2019 CONTRIBUTION OF SMART BUILDING IN ENERGY MANAGEMENT Master
Thesis Mohamed Sedik Benyahia University — Jijel

12 . BENBACHA, C. (2017). Les fagades dynamiques; moyen de contrdle solaire pour accroitre ’efficacité énergétique des équipements
administratifs en climat aride - Biskra. Mémoire pour 1’obtention du grade de maitre des sciences (M.Sc.), Département D’architecture
Faculté D’architecture Et D’urbanisme Université Constantine 3. , sur
https://www.researchgate.net/publication/322404246 L es_facades_dynamiques_moyen_de_controle_solaire_po
ur_accroitre_l'efficacite_energetique_des_equipements_administratifs_en_climat_aride_-_Biskra
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B Administration
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Figure 3.a: Distribution of tertiary sector consumption  Figure 3.b: Distribution of tertiary sector

by branch. consumption by energy type
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Figure 4.a: Distribution of sector Figure 4.b: Distribution of consumption
consumption of the residential sector by type of housing

Source: Energy consumption in Algeria 15
1.2.3 Energy saving:

Energy savings refer to a decrease in energy consumption. For the world of construction, energy
savings are mainly focused on building uses for heating, air conditioning, ventilation of premises, for
uses of electricity such as lighting and other general uses such as household appliances, television,
IT.24

Energy saving has been a fundamental concern since the 1970s. It aims to strengthen independence of
supply and reduce “the energy bill”. This issue is part of a global environmental dimension: no longer
wasting traditional resources, which are not inexhaustible. This is the meaning of the Kyoto
conference, held in 1977 1

1.2.4 Energy efficiency in buildings:

The word efficiency comes from the Latin word “efficere” is meant: “to achieve something”,
efficiency is therefore the relationship between profit and the efforts which make it possible to
achieve this profit and can therefore be assimilated to output or effect. In scientific terms, energy
efficiency represents the ratio of energy consumed to energy produced.

18 . Consommation énergétique en Algérie (2015). Consulté le 11/2023, sur : http://www.aprue.org.dz/

4. AIR CONDITIONING. Energy saving. Accessed Novembre 2023, at https://www.climamaison.com/lexique/economies-d-energie.htm
15 :BOUZEKRA,M.GUENAOQUI,M. (2014). The contribution of new technologies to energy saving in building in Algeria, strategy or prestige.
Master Thesis, Abderrahmane Mira University — Bejaia, Faculty of Technology Department of Architecture
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In 2006, a directive from the European Parliament defined energy efficiency as “the relationship
between the results, service, merchandise or energy that we obtain and the energy devoted to this
effect”. So it is “do better with less”. Improving energy efficiency therefore consists, compared to a
reference situation, of either:

» Increase the level of service provided, at constant energy consumption.

» Save energy for equal service provided.

* Do both simultaneously.

Thus, energy efficiency solutions aim to improve the performance delivered with lower energy
consumption. Energy efficiency is all the better when you can do the same thing, or more, with less
energy.tt

1.2.4.1 Approach and stages of energy efficiency:
To achieve this objective within a building, two types of complementary strategies can be employed:’

» Passive energy efficiency involves minimizing losses by improving the thermal performance of the
building, such as through enhanced insulation and the use of insulated glass windows.

« Active energy efficiency focuses on reducing energy consumption through the optimization of
equipment and systems' operation.

* User behavior: training, awareness of energy efficiency.

* So in terms of energy efficiency, three levers must be used:

v The reduction in needs relating to buildings.

v Improving technical building equipment and their management.

v User behavior.
It is therefore a question of controlling energy consumption with a view in particular to protecting
non-renewable natural resources such as oil, gas, coal or wood. Energy saving became a major issue
at the end of the 20th century, when a double observation was made: fossil energy sources non-
renewable energy sources, such as fossil fuels, release CO2 into the atmosphere when combusted,
contributing significantly to rapid global warming on the human time scale®®.
1.3 Bioclimatic architecture
1.3.1 Definition:

Bioclimatic architecture refers to architecture that integrates climate and environmental conditions to
achieve thermal comfort in spaces for human life and development.This is achieved through
appropriately designed geometry, orientation, and construction of buildings tailored to the specific
climatic conditions of their surroundings. Bioclimatic architecture relies primarily on design and
architectural elements, minimizing reliance on mechanical systems, which are considered secondary
supports. By reducing energy demands and fostering a sense of well-being through pleasant
temperatures, controlled humidity, and ample natural lighting, bioclimatic architecture utilizes design
techniques and high-quality materials adapted to different seasons and precise construction methods.*°
1.3.2 Basic principle of bioclimatic architecture:

Bioclimatic architecture helps reduce energy needs, maintain pleasant temperatures, control humidity
and promote natural lighting (figure 5).
1-Buffer zones, such as minimally heated spaces like garages or pantries on the north side of
buildings, act as thermal insulation.
2- Compact shapes in building design minimize the surface area exposed to the exterior environment..
3-Strong thermal inertia: External insulation. High inertia materials.

16:: NGO, C. (2008). “Energy Resources, Technology and Environment”. 3 ed. Paris: Dunod.

17 BENCHAMEM, M, BENHAMADA, I, ROUIDI,S. (2016). the impact of sustainable processes on quality

energy of the building. ACADEMIC MASTER thesis, Mohamed Seddik Benyahia University — Jijel, Faculty of Science and Technology,
Department of Architecture.

8 Amira MEGUEHOUT Khawla DJEDDAI 2019 CONTRIBUTION OF SMART BUILDING IN ENERGY MANAGEMENT Master
Thesis Mohamed Sedik Benyahia University — Jijel

¥ Nadji Mohammed Amine, creation of an eco-district, master's thesis, April 2015, p46.
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4- Well-sized eaves or fixed and movable solar protection systems effectively prevent summer
overheating while allowing winter sun penetration.

5- Adequate materials, such as breathable (non-waterproof) materials, help regulate humidity within
homes and contribute to overall comfort.

6- Thermal and energy sensors are often placed on the roof to maximize capture efficiency, thereby
covering a portion of the building's energy requirements..
7- Efficient heating: Low heating .2°
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Figure 5: principles of bioclimatic design
https://www.e-rt2012.fr/explications/conception/explication-architecture-bioclimatique/
1.4 Thermal Comfort: The Interplay of Environmental Design and Shading Strategies in
Architecture

1.4.1 Definition Thermal Comfort:
Thermal comfort has several definitions depending on the consideration of the human being either as
a self-regulated thermal machine, a physical object or an active person affected by their sensations.
(Moudjalled, B. 2007). Let us quote: -thermal comfort is Satisfaction with the thermal environment
expressed by the state of mind, which is evaluated subjectively. (ANSI/ASHRAE Standard, 2017
cited by: BESBAS, y.2017) - by Jean-Yves Charbonneau: “like the satisfaction expressed with regard
to the thermal environment of the surrounding environment. »(Charbonneau, J-Y, 2004). - thermal
comfort is satisfaction with the thermal environment expressed by the state of mind, which is
evaluated subjectively. (Givoni, B. 1978).

1.4.2 Thermal comfort aspects:

A-Physiological aspects: Man has a dynamic thermoregulation system which makes it possible to
control and regulate the internal and external heat exchanges of the human body, in order to maintain
body temperatures at their set values.

B-Physical aspects: human produces and exchanges heat with his environment. Its internal heat
production is distributed throughout its body mass while its external heat exchanges take place on the
skin surface or in the form of:

Conduction: heat propagates inside matter (the same solid body or even liquid or gaseous fluid) from
particle to particle.

2 FECIH Mebarek .2021. The effect of shade on thermal comfort Center for art and culture. Master Thesis p 13

11
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Convection: transfer between air and solid matter resulting from the movement of particles (air) at
the interface.

Radiation or radiation: transfer from one body to another by electromagnetic waves, therefore
without direct contact.

Humidity: This involves exchange through evaporative caloric loss on the skin and wet surfaces
(lips, eyes, respiratory tract). Humidity does not have much impact on heat exchange.

Heat balance: The metabolic heat produced in the body can be stored therein, inducing an increase in
internal temperature, Heat is either dissipated into the environment through the skin surface or
released through the respiratory route.?

C-Psychological aspect: the psychological aspect concerns the sensation and behavior of the
individual in a thermal environment.

1.4.3 Parameters influencing thermal comfort:

The comfort criteria most commonly used in architectural design are based on the work of Fanger; the
latter developed a theory according to which thermal comfort depends on 6 parameters:

1. Metabolism: This refers to the internal heat production in the human body, maintaining a core
temperature around 36.7°C. During movement, additional metabolic heat corresponding to the
specific activity level is added to the basal metabolic rate at rest. Metabolic rate is often quantified
using the unit "met."

2. Clothing: Clothing provides thermal resistance against heat exchange between the skin surface and
the environment. Similar to insulation in a house, clothing helps retain heat within the body.

3. Ambient air temperature (Ta): This is a primary factor in cooling the body. It refers to the
temperature of the surrounding air.

4. Wall temperature (TP): Felt comfort temperature, also known as dry resultant temperature or
operational temperature (Trs), takes into account both ambient air temperature (Ta) and wall
temperature (TP). It is calculated as Trs = (Ta + TP) / 2.

5. Relative humidity (RH): RH is expressed as a percentage and indicates the amount of water vapor
present in the air relative to the maximum amount it can hold at that temperature when saturated. 6-
Air speed: This parameter influences heat exchange by convection in practice, in a building, air
speeds should not exceed 0.2 m/s. in fact, the individual begins to feel the movement of the air at this
speed, and the designers of mechanical ventilation systems therefore try not to exceed it; in natural
hygienic ventilation of housing, it is more difficult to ensure air speeds, given the influence of wind
and temperatures on air movements.

In the case of natural ventilation, correct sizing of vents and chimneys is supposed to avoid excessive
drafts. Some chassis vents are also self-regulating depending on the strength of the wind, which is
additional safety. 2

21 FECIH Mebarek . The effect of shade on thermal comfort Center for art and culture Juillet 2021 . Master Thesis p 15
22 Alain Liébard and André De Herde. Treatise on bioclimatic architecture and town planning. The monitor.Paris: observ’ER,2005,
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Figure 06: the heat losses of the human body depend on 6 physical parametersSource:
https://www.inex.fr/ingenierie-thermique-etenvironnement/expertise-environnement/confort-etsante/confort-et-
sante

1.4.4 Thermal comfort strategies in buildings:

The concept of thermal comfort is influenced by multiple factors and cannot be attributed to a single
cause. It is affected by various elements such as the building's condition, environmental factors, and
the physical characteristics of the occupants themselves.

To comprehensively address thermal comfort issues, several strategies must be considered. Some of
these tactics include:

1- knowledge of the environment of the proposed site.

2-Orientation of the building.

3-Volume and configuration of the building.

4- Adequate ventilation to ensure proper air circulation and freshness

5-Types of construction materials and finishes used.

6-Integration of construction elements during the design of buildings 162

I1. The effect of shade on thermal comfort:

11.1 Notions of Shadow:

* Dark zone resulting from the interception of light or the absence of light: at setting sun, the valley is
in shadow.17 2

« Comparative darkness and coolness caused by the shelter of the direct sunlight. 182

1.2 Need for the shadow:

When ambient temperatures are within or above the comfort zone, any solar radiation entering can
contribute to discomfort, so shading designs must prevent this. However, during cooler times of the
year, it may be beneficial to allow solar radiation to enter directly into rooms to provide effective
heating. This can be achieved through movable shading devices or by geometrically selective design.

11.3 The function of the shadow:

2 International Journal of Scientific & Engineering Research Volume 8, Issue 12, December-2017 1023 ISSN 2229-5518

24 https://www.larousse. fr/dictionnaires/francais/ombre/559
% https://www.dictionary.com/browse/shade
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The functional requirements for shading vary with region and climate. Solar radiation entering a room
can have three primary effects:

1) Radiation absorbed by room surfaces increases air temperature.

2) Direct solar radiation on occupants increases their average radiant temperature.

3) High-intensity radiation from the sun or diffuse sky can cause discomfort glare or disabling glare,
impairing visual performance.

The function of shading is to mitigate these effects:

1) Reduce the total amount of radiation entering the room through reflection and absorption.

2) Improve the distribution of natural light within the room.

1. plan horizontal

O 2 ) S &
& & & ¢

Figure 07 Sunshine on the different walls
Source: www.regionpaca.fr

11.4 The different shading techniques:
Solar control can be achieved by the following technical means:

11.4.1-Shape and orientation of the construction:
For a comfortable building, it is better to favor simple and compact shapes21. However, the shape of
the building influences:
* The overall balance of energy irradiance from the sun.
* The rate of heat loss.
* The flow of flows around buildings.
Thus, according to V. Olygay, the optimal shape of a building minimizes heat loss in winter and heat
gain in summer. To determine the optimal orientation of a building, three factors should be
considered:
1. Solar radiation: Analyzing the intensity of solar radiation on surfaces oriented in different
directions, along with diurnal and seasonal variations, helps define the orientation that minimizes heat
gain from solar radiation.
2. Prevailing wind: Effective cooling through natural ventilation relies on capturing prevailing winds.
This orientation may not always align with the optimal solar orientation, requiring a balance between
solar heat gain and natural ventilation benefits.

Figure 08: Orient longer facades along the north. This will provide glare-free light in northern summer without
shading and penetration of the southern winter sun.
Source: http://lwww.nzeb.in/knowledge-centre/passive-design/form-orientation
3-Topography: The surface of the environment can store and reflect solar radiant heat towards the
building, depending on the angle of the surface relative to solar radiation and the type of surface. 23%

% Kamal, M. (2012). Un apercu des Techniques de Refroidissement Passif dans les Batiments : Concepts de Conception et Interventions
Architecturales.
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AT H—F—
Figure :09 Place buildings at a 30 or 45 degree angle to Figure: 10 If a site has several buildings, they
wind direction to improve ventilation. Shape can be should be arranged in ascending order of their
staggered in the wind facing direction equally to authors and be built on stilts to allow
achieve the same result ventilation.

Source: http://www.nzeb.in/knowledge-centre/passivedesign/form-orientation

11.4.2 Shading Devices:

The use of shading devices is a crucial element in many high-performance building design strategies.
Shading devices have been shown to improve energy efficiency, mitigate glare, increase the
availability of useful daylight (between 100 ~ 2000 lux), and enhance a sense of security.

Recognizing these potential advantages, a variety of shading configurations have been developed and
introduced to the market, including fixed, manual, and automatic movable devices, both internal and
external. Consequently, numerous simulation tools have been created to support shading design.

Operating Principle: The orientation of an opening and the incident solar radiation are pivotal in
designing external shading devices. Seasonal variations in the sun's trajectory affect the impact of
solar radiation. In the northern hemisphere, during winter, the sun's path is at a low angle slightly
south of east and west. In summer, it is at a high angle and north of east and west. Therefore:

- South-facing openings require shading that allows low-angle sun penetration for heat gain in winter
but blocks it in summer.

- North-facing openings primarily need shading to prevent high-angle sun penetration during summer.

- East- and west-facing openings experience less variation in solar radiation with seasonal changes in
the sun's path..?’

11.4.2.1 Fixed external shading devices:

Fixed shading devices are frequently chosen over mobile ones because of their simplicity, low cost,
and minimal maintenance requirements. However, their effectiveness is somewhat limited compared
to movable shading devices, which can dynamically adjust to changing sun angles and seasonal
variations.

1-Overhang, horizontal panel

2-Overhang, horizontal louvers in the horizontal plane

3- Overhangs and vertical plane horizontal louvers: Optimal orientation towards south, east, and west;
shorter overhang length improves effectiveness.?

Zhttps://fairconditioning.org/knowledge/passive-design/shading/
2 https://fairconditioning.org/knowledge/passive-design/shading
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Figure 11: vertical shading devices  Figure 12: shading devices horizontal
Source: thoake.com

11.4.2.2 Mobile external shading devices:
External mobile shading systems are installed on windows and glass facades of buildings to
dynamically regulate solar heat entry and visual light transmission. These systems not only impact the
cooling/HVAC load by controlling solar heat penetration but also offer sophisticated natural daylight
management..
there are various options for external shading and solar control features for buildings:
1.Shutters
2. Sunscreens
3. Roller Blinds
4. Awning
5. Fabric Blinds
6. Horizontal Rotation Winds
7. Rotating Vertical Fins
8. Horizontal Rotating Shutters (Egg Rate)
9. Exterior Frames with Movable Awnings, Bamboo Chicks?

Figure 13: Rotating vertical fins: robotics and mechatronics center by Birk Heilmeyer and Frenzel
Architects, Welling, Germany Source: https://co.pinterest.com

29 http://www.beepindia.org

16


https://co.pinterest.com/

THEORETICAL CHAPTER

11.4.3 Interior shading devices:

Interior shading systems have limited effectiveness in controlling solar gain compared to exterior
systems. They are less efficient because they permit solar heat to enter the building before being
intercepted, whereas exterior systems intercept solar heat before it reaches the building envelope.
11.4.4 Mutual Shading:

Building blocks should be arranged to utilize mutual shading, which helps reduce solar exposure on
vertical surfaces during the summer months.

111.3.4 The use of vegetation for shading: The characteristics of plants, such as foliage density,
canopy height, and distribution, should be tailored to meet specific shading requirements.

11.4.5 Roof shading:

Surface shading can be integrated as part of the building element itself or achieved through the
installation of a separate roof structure.

11.4.6 Shading by textured surfaces:

Surface shading can also be provided as an integral part of the building element

11.4.7 Solar control glass:

Large area glazing has become a matter of course in modern buildings, but unwanted room heating
can become a problem in summer; This is where solar control insulated glass can help, they let in
daylight, but reduce the amount of incident solar energy,*

I11. Exploring kinetic architecture
Introduction

In the realm of contemporary architecture, the paradigm is shifting from static, unyielding structures
to dynamic, adaptive ones. This evolution is not merely aesthetic or novel; it is rooted in the pressing
need for sustainability, efficiency, and improved occupant comfort. At the forefront of this
architectural revolution is the concept of kinetic architecture, which introduces the dimension of
movement into the built environment, allowing structures to adapt and change in real-time. Coupled
with this is the burgeoning field of self-shading buildings, which utilize dynamic elements to
modulate light and heat, ensuring optimal interior conditions with minimal energy expenditure.

Kinetic architecture challenges traditional architectural notions by embedding flexibility and
movement into structures. No longer just shelter or static spaces, buildings become living entities,
capable of transformations that can optimize their performance based on external conditions and
internal requirements. This is not about movement for movement's sake, but rather a calculated and
purposeful adaptation to enhance the structure's utility, longevity, and relationship with its
surroundings.

On a parallel track, the emphasis on energy conservation and the mitigation of the urban heat island
effect has propelled interest in self-shading building designs. In regions with significant solar
exposure, the sun's radiant energy can substantially increase a building's cooling demands. Self-
shading mechanisms offer a proactive solution, adjusting in real-time to block or allow sunlight, thus
regulating thermal gain and ensuring a balance between natural illumination and shading.

111.1 Définition :

Kinetic structures harness energy; movement in one part triggers a ripple effect throughout. They are
dynamic yet unstable. Introducing forces can lead to unforeseen reactions, but humanity adapts by
building new environments atop previous ones. ( Stan, 2006 ).

30 FECIH Mebarek .The effect of shade on thermal comfort Center for art and culture Juillet 2021 . Master Thesis p25-p29
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They exist both inside and outside buildings, and nature abounds with them. A keen eye can perceive
them; an artist can construct them (Stan, 2006). When visible within interior spaces and in the
building's surroundings, they bring a rich variety of forms inside and integrate with nature (Stan,
2006). Kinetic architecture involves creating spaces and objects that can physically reconfigure
themselves to adapt to changing needs, forming an adaptable architecture. This intersection unveils a
physical architecture uniquely suited to meet today's dynamic, flexible, and ever-changing demands.
Kinetic design relies on motion to achieve its effects (Zadinac, 2009)..%

I11.1.1 Interactive Forces in Kinetic Architecture:

Static movement: Forces applied during the design process via computer-aided programs, causing
building design modifications (movements) solely during the drawing phase.

Dynamic movement: Integration of technologies into buildings with mechanized structures that
transform based on climate, needs, or purpose.®

Draw

Static Movement
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Figure 14: Forces in kinetic architecture and architectural response
Source : https://www.sutori.com/en/story/passive-design-in-architecture-dancing-facades 13/12/2023

31 El Razaz, Z .(2010) . Sustainable vision of kinetic architecture
32 El Razaz, Z .(2010) . Sustainable vision of kinetic architecture
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111.2 Common définitions :
Facade: Traditionally refers to the vertical plane of a building's construction.
Envelope: Refers to the total building enclosure.

Building Skin: Initially distinguished cladding from structure, now denotes the envelope as an
intelligent environmental system exchanging energy, material, and information.

Kinematics: Studies motion independently of forces or masses, focusing on the "geometry of motion."
Kinetics: Examines laws of motion, considering forces and masses involved.

Dynamics: Studies forces affecting movement, often in relation to building systems or movable
envelopes.

Retractable: Describes textile membrane roofs in architecture that fold or bunch; "movable"” is a
simpler term for such systems.Convertible: Refers to building structures or features designed to adjust
quickly based on varying needs. It can relate to external building changes or internal space alterations.

Transformable: Pertains to objects or structures that can undergo controlled change, such as folding,
retracting, or shape-shifting.

Performative: Describes a building skin's capability to regulate external factors according to specific
architectural requirements, mediating between user comfort and the environment.

Adaptive: The ability of a system to autonomously adjust and adapt to changing circumstances. For
building envelopes, it's about altering behavior or configurations based on external variations.

Responsive: Refers to systems that move or react. It contrasts with "manipulate,” meaning systems
controlled externally. In this context, a responsive system takes an active role, undergoing changes
based on computations.

111.3 Kinetic Architecture Applications:

In the realm of contemporary architecture, kinetic systems have emerged as a significant paradigm,
offering dynamic adaptability and aesthetic variations. Figure 02 broadly classifies the applications of
these systems into three main categories:

. Kinetic .
Kinetic structure systems . Kinetic fagades
Interiors
Kinetic structure . . Geometric
Pattern configuration Application .-
types transitions

Figure 15 : three main categories of Kinetic Architecture Applications
Source : author 2023
111.3.1 Kinetic Structure Systems®*:

These systems, as described, can alter their position, mobility, or shape through various performance
methods such as pneumatic, chemical, magnetic, natural, or mechanical means. Kinetic structures can
be categorized into three groups as demonstrated. in Figurel6 :

33 El Razaz, Z .(2010) . Sustainable vision of kinetic architecture
34 Prof. Dr. Ashraf EImokadem, Prof. Dr. Magda Ekram, Dr. Ahmed Waseef, Basma Nashaat 2016 Kinetic Architecture: Concepts, History
andApplications
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a) Embedded b)Deployable <) Dynamic

Figure 16: Kinetic structure categories
Souce : M.C. Phocas, “Initiations and Future Directions in the Development of Kinetic Structures for
Earthquake Resistance,” J of Archit Eng Tech, 10 (2), 2013.
1. Embedded Kinetic Structures: As the name suggests, these are firmly rooted in their location and
work to control the overarching architectural system. An application might be structures that assist in
damping the effects of earthquakes.

2. Deployable Kinetic Structures: These are more transient structures, designed to be transportable
and usually temporary.

3. Dynamic Kinetic Structures: These structures, integrated within larger architectural systems,
possess autonomy in their operations and can be categorized as follows:

1) Mobile systems:Capable of physical movement between different architectural spaces.

2) Transformable systems:Able to alter their shape to assume different three-dimensional
configurations, often used to meet spatial or functional requirements.

3) Incremental kinetic systems: Can be added to or removed from a building as needed.

Additionally, kinetic devices can be arranged in patterns across two or three dimensions to create
diverse kinetic structures. Among the various pattern designs, two common configurations are:

a) Centric configuration: Focuses around a central point within the space. Two typologies within this
configuration include:

1) Pivotal: Organized around a central supporting element (pivot), with kinetic devices typically
operating radially from the center to the perimeter. An umbrella-like structure exemplifies this
configuration.

2) Peripheral configuration: Comprises supporting elements located around the perimeter of the
form. For instance, the retractable roof of the Qi Zhing tennis center in China (shown in Figure 17)
illustrates this configuration..*

35 prof. Dr. Ashraf Elmokadem, Prof. Dr. Magda Ekram, Dr. Ahmed Waseef, Basma Nashaat 2016 Kinetic Architecture: Concepts, History
andApplications
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A a
8) Traditional Nosth b)Traditional ¢) Qi Zhing Tannis
American tepas Mongolian yurt Cantar

Figure 17: Kinetic architectural structures with centric configuration
Source : C. Stevenson, “Morphological principles of kinetic architectural structures,” In Proceedings
of The Adaptive Architecture Conference, pp. 1-12, 2011.
b) Linear configuration :

This type revolves around an axis, either straight or curved, comprising a series of modules (kinetic
devices) linked by their edges or vertices to transmit movement from one to the next, as depicted in
Figure 18. Table 1 provides an example of each type of kinetic structure system.

‘ i

a) Deployable structure with b) Slidmg House, DRMM
straight scissors
Figure 18: Kinetic architectural structures with Linear Configuration
Source: C. Stevenson, “Morphological principles of kinetic architectural structures,” In Proceedings
of The Adaptive Architecture Conference, pp. 1-12, 2011.

111.3.2 Kinetic Interiors
This application of kinetic design concepts spans various scales, from shop fronts to kinetic walls. The

paper summarizes the main categories of this application as:
111.3.2.1 Transformable Spaces

Throughout history, architects and interior designers have endeavored to create living and workspaces
that are dynamic and adaptable to meet the evolving needs of their occupants. This concept is applied
across various levels, including the design of multi-functional furniture and spatially flexible areas.
For example, in Figure19%

Figure 19: Different options adapting housing by kalhoefer Korschildgen
source : S. Murray, S. Whibley, D. Ramirez-Lovering, Re

36 prof. Dr. Ashraf Elmokadem, Prof. Dr. Magda Ekram, Dr. Ahmed Waseef, Basma Nashaat 2016 Kinetic Architecture: Concepts, History
andApplications
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Housing. RMIT Publishing, Melbourne, 2008.
111.3.3 Kinetic Walls

Kinetic walls create the impression of responding to actions through arrays of connected elements.
This response is achieved through three different strategies [34]:
1. Centralized capture: Movement is detected centrally using cameras, followed by inductive
computer analysis of captured images to calculate and initiate a corresponding reaction.
2. Decentralized capture: Movement is detected by sensors distributed across the wall, followed
by deductive analysis and centralized calculation to initiate a corresponding reaction.
3. Fully decentralized capture: Movement is detected entirely by decentralized means, with a
direct, local reaction initiated by numerous small elements.
Table 01 illustrates examples of kinetic walls and introduces their concepts.
Source: Elmokadem, A., Ekram, M., Waseef, A., & Nashaat, B. (2018). Kinetic Architecture:
Concepts, History and Applications. Journal Name, Volume(Issue), page numbers 756.
Project Iigures
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111.4 Kinetic Facades
111.4.1 Definition of the adaptive facade:

Adaptability refers to a system's capacity to maintain its intended functionality while considering
various criteria across different conditions. This is achieved through the design of variables that can
adjust their physical values over time (Ferguson et al., 2007).
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Adaptive facades are highly versatile multifunctional systems where the physical boundary between
interior and exterior environments can alter its functions, characteristics, or behavior over time in
response to performance demands and changing conditions. This adaptive capability aims to enhance
overall building performance (Loonen et al., 2015).

Furthermore, these envelope systems can optimize energy savings by adjusting to current weather
conditions and enhance occupant comfort by promptly responding to their needs and expectations
(Loonen et al., 2013)

111.4.1.1 The characteristics of adaptive facades:

Adaptive facades represent the forefront of modern architecture and technological research, driven by
the aim to design dynamic envelope models. These facades utilize sensors, energy production
systems, and smart materials to reduce a building's energy demand. According to Aelenei et al. (2018),
this envelope typology is characterized by dynamic anisotropy, offering tailored solutions for different
orientations of the building. Structural modifications adjust environmental flows based on local
climatic conditions, including external environmental factors.

As part of the COST Action TU1403 collaboration, a characterization was conducted categorizing
facade technologies by their purpose, as shown in Table 2.1. The purposes include enhancing thermal
comfort, improving energy performance, maintaining indoor air quality (IAQ), and optimizing visual
and acoustic performance, among other requirements.

111.4.1.2 Classification of adaptive facades:

The abundance of adaptive facade technologies necessitated a systematic approach to accurately
understand and analyze them. The approach advocated by members of COST/GT n°1 focused on an
analytical method: defining higher-level structures within the facade (facade-systems) and identifying
the lower-level substructures (components and materials) comprising these higher-level structures.
This approach also facilitated separate studies of the substructures.

In this context, case studies in the database were classified into three main groups, aligned with the
following definitions:

» Material: Materials can exist in various states of refinement, including raw, extruded, or coated.
Additionally, there are inseparably combined materials, such as bimetallics, which fall into this
category. Examples include polymers, bimetals, steel, wood, and phase change materials.

&, )\' 3
Nichel-titanium (NiTi) PV régénérable avec Sel hydraté (MCP)
Polymeére a mémoire de hydrogel
forme

Figure20: Examples of materials used in adaptive facades.
(Source : Laura.Aet al.,2018).
» A component is an assembly of various elements that together form a complete constructive or
functional unit within a facade. For example, components could include systems an insulating glass
unit but also a window frame including glazing or a solar protection device.
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Dispositifs d’ombrage Vitrage a écoulement Dispositif d’ombrage
BIPV de fluide cinétique

Figure 21: Examples of components of an adaptive system.
(Source: Laura.Aet al., 2018).
A facade system comprises various transparent or opaque structural and technical elements that
collectively provide essential functions such as insulation, water resistance, and airtightness.
Examples of facade systems include:
- Prefabricated module curtain wall / Double skin fagade /Ventilated facade /Klnetlc facade 37

Fagade Cinétique. Fagade Biomimeétique. Fagade Double-peau.

Figure 22: Examples of adaptive systems.
(Source: Laura.Aet al., 2018)

Materials:
- Thermochromic;
- Electrochromic;
- Photochromic;
Thermotropic;

Components:

- Shading device;

- Layers of insulation;

- Energy recovery
device;

- Energy storage device;
- Air circulation device ;

- Solar tubes ;
- Green enveloppe
modules.

Double skin fa
Active facade
- (responsive);
- Ventilated facade;
- Kinetic facade;

- Green facade

Figure 23: Conceptual diagram of the classification of adaptive facades.
(Source: Laura.A et al., 2018). - Treated by author-.

37 Boukrouma Rayen 2020 Kinetic facades as alternatives to improve thermal performance in office buildings
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111.4.2 Definition Kinetic facades:

The concept of kinetic facades involves employing geometric transformations to generate motion or
movement in space. This motion or movement alters the physical structure or material properties of
building facades while maintaining the integrity of the building structure. Kinetic facades are
classified based on various transformations, with the most common classifications revolving around
facade transformation:

1) Translation: Movement occurs along a vector direction.
2) Rotation: Objects are rotated around axes.
3) Scaling: Expansion or contraction in size.

4) Motion through material deformation: Dependent on changeable material properties such as mass
or elasticity.>®

\_~

N —————— -

b S

Figure 24: kinetic fagade movement - (Source: MOLONEY Jules, DesigningKinetics for
Architectural Fagades : State Change, Routledge Editions, 3 juin 2011, p.22)

According to GREG Simmon (2017), the kinetic facade is considered a means that meets both human
needs and environmental conditions. It is becoming more and more intelligent by making it possible
to reduce the energy. Quite simply, it is designed to increase energy efficiency through adaptation to
surrounding climatic conditions, particularly in environments with extreme climatic conditions.*°

111.4.2.1 Spatial adaptation*
A. Sliding
sliding refers to the ability of panels or facade elements to move horizontally or vertically to adjust
their position, sunlight or the needs of the occupant. This sliding movement can contribute to self-
shading, thermal regulation, or the changing aesthetics of the facade.

here are two examples of adaptive architectural projects that integrate kinetic elements, particularly
sliding, to create multi-purpose spaces and meet the changing needs of users. These two projects,

% R. Velasco, A.P. Brakke, D. Chavarro, (2015, July). “Dynamic fagades and computation: towards an inclusive categorization of high
performance kinetic fagade systems,” In Proceedings of The International Conference on Computer-Aided Architectural Design Futures, pp.
172-191, 2015.

39

Prof. Dr. Ashraf EImokadem, Prof. Dr. Magda Ekram, Dr. Ahmed Waseef, , Basma Nashaat,(2017a Kinetic Architecture: Concepts, History
and Applications

40 Boukrouma Rayen 2020 Kinetic facades as alternatives to improve thermal performance in office buildings
41 Boukrouma Rayen 2020 Kinetic facades as alternatives to improve thermal performance in office buildings
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“The Shed” , “Sliding House,” illustrate how architectural kinetics can be used to modulate space in
innovative ways.

In the case of “The Shed,” it is a multi-purpose building designed to host a variety of artistic
performances and events. It has a movable outer shell that unfolds along rails to create a gigantic
reception area. When the hull is retracted, a large exterior space is available. The roof is made of a
steel frame filled with semi-transparent cushions, which makes it a good insulator. The movement of
the hull is by rails at the foot and top of the building, with large wheels to support the structure. This
makes it possible to adjust the size of the space according to the needs of the shows and the number of
spectators.

Figure 25 :The Shed- Diller Scofidio + Renfro
Source Shed, un centro para las artes / Diller Scofidio + Renfro | ArchDaily Colombia

The “Sliding House” is a detached house project located in the United Kingdom. It uses a sliding
movement to connect three inhabited volumes. A mobile outer shell 28 meters long and weighing 50
tonnes slides along the site to create different combinations with the volumes, creating various interior
and exterior spaces depending on its position. The motors necessary for movement are hidden in the
hull and powered by solar panels on the roof. This house offers flexibility and the possibility of
adding other modules as needed.
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Figure 26 :The “Sliding House
Source | Should Be Laughing: Architecture Wednesday: The Sliding House
These examples highlight the importance of architectural kinetics to create adaptable and versatile
spaces. They allow users to modulate their environment according to weather conditions, spatial needs
and planned activities, thus offering varied and creative experiences.

B. Rotation

When we talk about "spatial adaptation” and "rotation" in the context of a kinetic facade, we generally
refer to the ability of the facade or its elements to perform rotary movements to modify the
configuration of the space interior or exterior of the building. Here's how this could be interpreted:
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1- Rotation of Panels or Facade Elements: A kinetic facade can be designed to allow the rotation
of individual panels or elements. These rotations can be used to adjust natural light entry,
ventilation, visibility, or privacy in the interior space. The goal is to optimize the occupant
experience and adapt the environment to changing needs.

2- Orientation Modulation: Facade rotation can also be used to change the orientation of the
building relative to sun, wind or other environmental factors. This can help with thermal
management, optimizing energy efficiency and creating sheltered or shaded outdoor spaces.

3- Response to Climatic Conditions: Facade rotation can indeed be utilized to adapt to varying
climatic conditions. For instance, during periods of strong wind, rotating the facade can be
effective in minimizing the wind's impact on the building's interior. This adjustment helps
enhance comfort and maintain structural integrity by reducing wind pressure and turbulence
inside the building.

The text describes an Apple store designed by Foster + Partners in collaboration with Apple's head of
design. The store is located at the foot of the Burj Khalifa tower in Dubai, opposite the large fountains
of the Dubai Mall, one of the busiest places in the city. The store design has several interesting
architectural features:

The store is ideally located to maximize its appeal, being positioned at the heart of the action in a busy
location in Dubai.

The store features a huge glass facade that opens onto the public space, reinforcing the visual
connection between the interior of the store and its exterior environment. This feature creates a
welcoming and attractive atmosphere for visitors.

The magazine has 18 wings (grouped in pairs) which can be folded by rotation. These woven panels
serve to separate or connect the exterior terrace to the interior space of the store. During the day, these
panels close to provide shade and comfort to customers, while at night, they open completely to reveal
the store in the public square.

The panels are made from carbon fibers, which form a dense but light-permeable mesh. This allows
natural light to be filtered in a pleasant way, creating a bright ambiance inside the store.

Figure 27: Apple StoreDubai Mall- Foster + Partners
Source: Apple Dubai Mall / Foster + Partners | ArchDaily Peru
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Figure 28:Apple Store Dubai Mall— Détails techniques des ailes
Source : Apple Dubai Mall / Foster + Partners | ArchDaily Peru
This Apple store in Dubai stands out for its innovative design, notably through the use of rotating
movable panels and sophisticated materials. It manages to offer a unique visual and spatial
experience, in harmony with its lively environment and the needs of customers.

C. Deformation

When we speak of "deformation™ in the context of a kinetic facade , we generally refer to the capacity
of the facade or its elements to undergo structural or geometric transformations to modify the space
interior or exterior of the building. Here's how this could be interpreted:

Deformation of Panels or Facade Elements: A kinetic facade can be designed to allow the deformation
of individual panels or elements. These deformations can be used to modify the shape of the facade,
creating interior or exterior spaces adapted to different activities or climatic conditions.

The Eco-29 project designed by FoxLin and Braham Architects is a multi-purpose event space that
incorporates a kinetic interior double-skin facade. Unlike some other examples of architectural
Kinetics that use a movable exterior skin, Eco-29 opts for an approach based on a three-dimensional
deformation of the interior facade material to create adaptable spaces. Here are the key points of this
project:

- Spatial Versatility: Eco-29 was initially designed to accommodate weddings, but it was
designed to be flexible and versatile to accommodate various types of events, such as pop-up
shops or launches of products. This versatility is made possible thanks to a kinetic system
which allows you to vary the configuration of the space.

Figure 29 :— Eco-29- FoxLin and Braham Architects
Eco-29 Interactive Wedding Hall - FoxLin Architects

- Tense Fabric Front:The interior facade is wrapped in a stretched fabric. Mechanical arms
mounted on the walls and ceiling are used to deform this fabric surface, thereby generating
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new spatial configurations. The choice of a white fabric allows significant deformations. This
is an innovative approach to architectural Kinetics that relies on deformation of the material
itself rather than external moving elements.
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Figure 30 : - Eco-29- FoxLin and Braham Architects — Schémas de scénariid’aménagement
Eco-29 Interactive Wedding Hall - FoxLin Architects

- Custom Software Control:To achieve the deformations of the facade, the project uses two
types of motors controlled by custom software. This software allows users to set the
movement, speed and acceleration of each motor according to their needs. Users have the
flexibility to create different shapes and spatial configurations based on their preferences.

- Three-Dimensional Flexibility: The primary objective of the project is to achieve complete
three-dimensional flexibility of space. This entails architectural modifications that can adapt
to evolving event needs. The kinetic facade plays a crucial role in creating a fully adaptable
spatial environment, allowing for dynamic adjustments that enhance functionality and user
experience as required.

- Use of Sustainable Materials: Part of the project involves the reuse of materials, such as
reclaimed wood, to build the interior structure. This is part of an approach to sustainability
and reduction of environmental impact

In summary, Eco-29 is a g reat example of how architectural kinetics can be used to create versatile,
flexible and aesthetically interesting event spaces. The concept of three-dimensional deformation of
the material allows great design freedom for users and dynamic transformation of space, thus
providing a unique spatial experience for various types of events.

Bibliotheque Nationale Haus Schwarz Henning Larsen’s University

Biocatalysis b building

Figure 31: Examples of movements of different kinetic facades. (Source: El-Dbaa.,2016).
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Figure 32: Typology of plane movement. (Source: Schumacher et al. 2010).
111.4.2.2 Types of movement controls:*2

Michael FOX, the founder of the “MIT Group”® published a kinetic structure. FOX's major
theoretical contribution is a classification of kinetic control systems; this identifies six (06) general
types, classified according to the level of complexity as follows:

11.3.1 Internal control Mechanical movements, which have no direct control or mechanism. This
type is based on the transformations made by the internal energy of materials.

11.3.2 Direct control involves actuating movement directly using an external energy source.
Examples include electric motors, human energy, or biomechanical energy, where these sources
directly initiate and regulate the movement of kinetic elements within a system.

11.3.3 Indirect control the movement is based on a feedback system from the sensors In a feedback
system, the basic control setup starts with an external input detected by a sensor. The sensor then
sends a signal to a control device.

11.3.4 Reactive indirect control This is the optimization of several reaction sensors; that is: The
control device integrates data from multiple sensors to make informed decisions. It optimizes these
inputs and sends an optimized command to the energy source to actuate the movement of a singular
object

11.3.5 Pervasive indirect control This is a network of controls that uses algorithms. This system
requires a “feedback” control algorithm that is predictive and self-adaptive.

11.3.6 Heuristic and reactive indirect control It is an algorithmically mediated network which has
learning capacity. Movement in this level relies on people responding in singular or pervasive ways
and being able to self-adjust.

111.4.2.3 Operating mechanism of a kinetic facade:

To understand how this type of dynamic interface works, several researches have been carried out in
this context.

42 Boukrouma Rayen 2020 Kinetic facades as alternatives to improve thermal performance in office buildings
4 MIT Kinetic design Group: Group specializing in parametric design and kinetic design at the Massachusetts
Institute of Technology. Cambridge. USA.
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According to BRANKO and VERA., (2015), the operation of dynamic shading devices is based on
the following three main phases:

» Data entry (Input);
» Treatment;
» The results (Output).

The following table shows the operating mechanism of this type of interface.*

Table 02: Operating mechanism of kinetic facades: (Source: Wejdane Dhia.A., 2016)

- Temperature.
Data entry Environmental = Humidity.
(Input): variables - Light.

- Air components.

Motion control - Internal
type - External
Systems based on - Use of engines;
Processing of mechanical means - Use of hydraulic
the systems used: systems.

Systems based on Use of sensitivity sensors

smart materials and with

internal

movement.

- Closing / Opening (Off/On);

Result (output): - Pliant (folding) ;
The movement of - Shrinkage and stretching;
facade components - Rotation ;
- Giration ;
= Scaling.

111.4.2.4 Examples of kinetic facades:

The adoption of kinetic facades has become increasingly widespread., especially in developed
countries which are interested in the subject of energy consumption. So, the examples are very
numerous. In this chapter we try to analyze some of them.

A. Al-Bahr Towers:

The dynamic fagade of EI-Bahr Towers is designed as a contemporary interpretation of “mouchrabia”.
This is utilized as a shading device to maintain privacy while simultaneously reducing solar heat
gain.*®

44 Boukrouma Rayen 2020 Kinetic facades as alternatives to improve thermal performance in office buildings
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Figure 33: The kinetic system of Al-Bahr Towers. (Source:
https://www.researchgate.net/figure/The-Al-Bahr-Towers)

Each of the two towers features over 1000 transparent umbrella-shaped elements that open and close
in response to the sun's position. These shading devices are managed by a building management
system, creating a smart facade (Attia, S., 2017).

Main Components:

Actuator + Power & Control: cable connection back to
tower

. Strut Sleeves: penetrates the curtainwall & connects to
the main structure

the actuator
the Y-Arms and actuator

re ! connects the Y-Arms 1o the Hub
re Arms: supports the whole mechanism
e Tripod: ind supports the fabric mesh

eeN pwhw N =

forces
e Mobile Tripod to travel along the

h Frame & Sub-Fr

supporting the fabric

mesh
14, Fabric Mesh

Figure 34: Conceptual detail of the kinetic component of the Al-Bah Towers facade.
(Source : https://laviebohemetravel.wordpress.com).
Table 3: details of the kinetic facade of Al-Bahr Towers: (Source : Atia.S.,2017)

Descriptive details of the facade:

Type of facade system: ® Reactive kinetic facade (Responsive

system)

Functions/Objectives: =Thermal comfort;
= Visual and acoustic comfort;

=Appearance (aesthetic quality).

Technological characteristics: = Mobile screens to control
solar radiation;

= Automation system for
managing layouts and

building envelope elements.

Type of materials: = PTFE (Polytetrafluoroethylene).

Model of shading devices:

Triangular unit.

Trigger type (Input):

Optical. (Light level)

Actuator type (Output): = Mechanics.
Type of control : . Intrinsic. (Self-reactive)
System reaction time: = Per minute.
Degree of system adaptability: = Gradual.

Degree of spatial adaptation:

Per centimeter.

Level of visibility:

Visible change in size and

shape of dynamic elements.

System maintenance frequency:

Annual.
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B. KIEFER Technic Showroom:

The office building incorporates an exhibition space situated on the southwest side of the existing
production halls. Its facade is designed to showcase the creative manipulation and precise, innovative
processing of stainless steel, featuring a dynamic shading system that spans the entire facade.*®

Figure 35: The kinetic system of the KIEFER Technic Showroom facade. (The different scenarios).
(Source http://www.salazarposada.com/es/blog/detalle/blog-40).

The facade comprises 112 white metal panels that are individually and continuously movable using 56
integrated motors and an intelligent control system. These panels form a dynamic three-dimensional
folding surface. This design allows for shading specific parts of the facade based on weather
conditions or to create various media scenarios, as outlined by Susanne Gosztonyi et al. (2018).
Table 04: details of the kinetic facade of KIEFER Technic Showroom:
(Source: Susanne Gosztonyi.,2017)

46 Boukrouma Rayen 2020 Kinetic facades as alternatives to improve thermal performance in office buildings
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Descriptive details of the facade:

Type of facade system: L] Kinetic facade.
Functions/Objectives =  Thermal comfort ;
= Visual and acoustic comfort;
= Appearance (aesthetic quality);
= Using personal control. .
Technological characteristics = Mobile screens to control
solar radiation;
= Automation system for
managing layouts and
building envelope elements.
Type of materials . Aluminum - Stainless steel.
Model of shading devices = Blinds with slat angle
control.
Trigger type (Input) . Optical. (Light level)
Actuator type (Output) = Mechanics.
Type of control * Extrinsic. (Requires external
monitoring)
System reaction time . Per second.
Degree of system adaptability = Gradual.
Degree of spatial adaptation . Per centimeter.
Visibility level m Visible change in surface.
System maintenance frequency = Annual.

C. KOLDING Campus Building

The KOLDING campus is a training center, which hosts communication, design, culture and language
courses

L

0
#row Al uuvn',‘."‘l"‘"

Figure 36: The kinetic system of the KOLDING Campus Building facade. (Source:
https://www.sdu.dk/en/om_sdu/byerne/kolding/Studieliv.)

The building facade consists of 1600 perforated steel solar panels controlled by self-adjusting sensors
that monitor light and heat levels around the building, enabling them to open and close automatically.
This system optimizes user comfort by regulating lighting and heating conditions, as described by
Rosa Romano et (al. 2018).*’

47 Boukrouma Rayen 2020 Kinetic facades as alternatives to improve thermal performance in office buildings
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Figure 37: Conceptual detail of the kinetic component of the facade. (Source:

http://arcdog.com/portfolio/)

Table 05: details of the kinetic facade of KOLDING Campus Building:
(Source: RosaRomano.,2018)

Descriptive details of the facade:

Type of facade system:

= Reactive/Interactive kinetic facade.

Functions/Objectives

=Thermal comfort;
= \/isual and acoustic comfort;

= Appearance (aesthetic quality);

=Personal control.

Technological characteristics

= Mobile screens to control

solar radiation;
Automation system for
managing layouts and

building envelope elements.

Type of materials

Perforated steel - Aluminum.

Model of shading devices

Two-axis rotation

Trigger type (Input)

Electromagnetic.

Actuator type (Output):

= Mechanics.

Type of control :

® |ntrinsic (Self-reactive);

= Extrinsic.

System reaction time

Second / minute / hour.

Degree of system adaptability

Gradual.

Degree of spatial adaptation

= Per centimeter.

Visibility level

Visible change of dynamic

elements.

System maintenance frequency

Annual.

IV. Exploring Bio-mimicry

V.1 Origins of Biomimicry:
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The concept of biomimicry has deep historical roots, , the term itself gained prominence in the 1980s
through the work of Janine Benyus. It's fascinating how the influence of nature on design has spanned
centuries. Ancient Greek philosophers, like Aristotle, revered natural forms for their inherent wisdom,
harmony, and balance—an ideal that resonated through classical aesthetics. By the nineteenth century,
architects and designers began delving deeper into biology, moving beyond mere imitation of forms to
explore the fundamental processes of growth and evolution. Visionaries like Le Corbusier and Frank
Lloyd Wright integrated biological principles into their designs, with Le Corbusier heralding biology
as pivotal in architecture and planning*®

Early biological analogies in architecture indeed often remained superficial, focusing more on artistic
representation than on a deep comprehension of biological principles. The 1920s and 1930s marked a
period known as "biotechnique™ or "biotechnics,” where some concepts akin to biomimicry were
explored, though without the rigorous engineering analysis seen today.

In recent years, biomimetics has gained significant momentum and depth. It involves a rigorous study
of organisms and their behaviors to apply their principles in design and engineering. This
contemporary approach builds upon earlier biological analogies in architecture, bringing scientific
rigor and deeper insights into the theory and practice of design..*

I1V.2 Definition of biomimicry:

Biomimicry is a multidisciplinary approach which consists of studying models of nature and
reproducing the essential properties (shapes, materials or processes) of biological systems with a view
to solving technological problems. But there is a fundamental difference between doing biomimicry
and copying nature °

Biomimicry is a scientific approach which consists of imitating the most beautiful inventions of
nature: the energy efficiency of photosynthesis, the solidity of coral, the resistance of spider silk
threads, the adhesive properties of mussel filaments to adapt them to the service of man

Researchers, architects, philosophers, designers and artists define what biomimicry is today. It seeks
to draw inspiration from nature to invent ecological solutions to problems that arise in various fields
and to develop new interactions between man and his environment

1.3 Design Approaches

In 2007, M. Pedersen Zari conducted a comparative literature review and analysis of existing
biomimetic technologies at Victoria University in New Zealand. The study revealed distinct
approaches to biomimetic design, each carrying its own set of advantages and disadvantages. These
varied approaches can lead to significantly different sustainability outcomes. While some designers
and scientists use biomimicry specifically to enhance sustainability in their creations, others employ it
primarily for innovative novelty (Baumeister, 2007b). However, as Reap et al. (2005) demonstrate,
adopting a biomimetic design approach does not guarantee that the resulting product or material will
be more sustainable than its conventional counterparts when evaluated from a life cycle perspective.
Generally, biomimetic design processes fall into two main categories: Problem-Based Approach and
Solution-Based Approach.

48 Salma Ashraf Saad El Ahmar 2011 BIOMIMICRY AS A TOOL FOR SUSTAINABLE ARCHITECTURAL DESIGN

49 Salma Ashraf Saad El Ahmar 2011 BIOMIMICRY AS A TOOL FOR SUSTAINABLE ARCHITECTURAL DESIGN

50 Définition du biomimétisme/http://tpe-biomimetisme-chimie.e-monsite.com/pages/le-biomimetisme-c-estquoi/definition-
du-biomimetisme.html (consulté le 12/01/2020).
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1VV.3.1 The principles

The principle of biomimicry is to start from where you can, and go deeper and deeper until you can
make things the way nature itself does. Biomimicry works in conjunction with chemists, designers,
and Ecologists have discovered commonalities in all the ecosystems studied. From their notes we can
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ABSTRACT
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Figure 38: Design Spiral by the Biomimicry Institute
Source : LE BIOMIMETISME OU LART DE S'INSPIRE DU VIVANT)

1V.3.2 Problem-Based Approach :

In the literature review, various terms have been used to describe a similar approach, such as "Design
looking to biology" (Pedersen Zari, M. 2007), "Top-down Approach™ (Jean Knippers, 2009), and
"Problem-Driven Biologically Inspired Design” (Michael Helms, Swaroop S. Vattam, and Ashok K.

Goel, 2009), all conveying the same concept.

5151 Salma Ashraf Saad El Ahmar 2011 BIOMIMICRY AS A TOOL FOR SUSTAINABLE ARCHITECTURAL DESIGN
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In this approach, designers seek solutions from the natural world by first identifying problems, which
biologists then match to organisms that have successfully addressed similar challenges. This process
is driven by designers setting initial goals and design parameters.

The methodology of problem-driven biologically inspired design follows a series of steps that are
non-linear and dynamic in practice. Outputs from later stages often influence earlier stages, creating
iterative feedback loops for continuous refinement (Michael Helms, Swaroop S. Vattam, and AshoK.
Goel, 2009).

Top Down

1 design problem

2 search for biological
analogies

3 identification of ap-
propriate principles

4 abstraction, detachment
from biological model

S testing, analysis and
feedback

6 design solution

Figure 39: Top-Down Design Approach
Source :Salma Ashraf Saad EI Ahmar 2011 BIOMIMICRY AS A TOOL FOR SUSTAINABLE The
architectural design approach, as discussed by the Biomimicry Institute and elucidated in the
Challenge to Biology Design Spiral Research at Georgia Institute of Technology by Michael Helms,
Swaroop S. Vattam, and Ashok K. Goel in 2006, follows a structured process similar to that outlined
by the Biomimicry Institute. This approach involves six distinct steps:

1. Problem definition

2. Reframing the problem

3. Searching for biological solutions

4. Defining the selected biological solution

5. Extracting principles from the biological solution
6. Applying these principles in design

These steps provide a systematic framework for integrating biological insights into architectural
innovation (Michael Helms, Swaroop S. Vattam, and Ashok K. Goel, 2009).

1V.2.3 Example of Problem-Based Approach :

An illustrative example of this approach is seen in DaimlerChrysler's prototype, the Bionic Car (see
Figure 4). To achieve a large volume with a small wheelbase, the car's design drew inspiration from
the boxfish (ostracion meleagris), which despite its box-like shape, exhibits surprisingly efficient
aerodynamics. Furthermore, the chassis and structure of the car were developed using a biomimetic
computer modeling technique inspired by how trees grow to minimize stress concentrations. This
approach resulted in a skeletal appearance where materials are strategically allocated to areas where
they are most essential..>?

52 Salma Ashraf Saad EI Ahmar 2011 BIOMIMICRY AS A TOOL FOR SUSTAINABLE ARCHITECTURAL DESIGN
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Figure 40: DaimlerChrysler bionic car inspired by the box fish and tree growth patterns. (Source:
Pedersen Zari, M. 2007).

With ongoing technological advancements, modern buildings now incorporate systems for
natural lighting, ventilation, water supply, and power, among others. These developments
have facilitated the integration of nature-inspired features into sustainable solutions for
buildings. Table 6 presents examples of biomimicry-inspired kinetic architecture and their

sustainability impacts.

Table 6: Biomimicry — Kinetic Architecture — Sustainability Matrix Source: Hasan Gokberk
Bayhan and Ece Karaca, 2019, "SWOT Analysis of Biomimicry for Sustainable Buildings —
A Literature Review of the Importance of Kinetic Architecture Applications in Sustainable

Construction Projects"
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IV.4 Levels of Biomimicry :%
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According to the Biomimicry Guild (2007), biomimicry can be categorized into three levels—form,
process, and ecosystem—each offering different aspects of organisms or ecosystems that can be
emulated.

To enhance understanding and application in design, a framework has been proposed that refines these
levels and clarifies biomimicry's potential to enhance the regenerative capacity of built environments.
By categorizing evolved forms of biomimicry, this framework aids designers aiming to use
biomimicry to advance sustainability in identifying effective approaches. It applies universally to both
approaches: design inspired by biology and biology influencing design. The initial phase of this
framework identifies the specific aspect of biology being mimicked, termed here as a "level"
(Pedersen Zari, M. 2007).
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Figure 41: levels of biomimicry
Source :Salma Ashraf Saad El Ahmar 2011 BIOMIMICRY AS A TOOL FOR SUSTAINABLE
ARCHITECTURAL DESIGN
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Table 07: A Framework for the Application of Biomimicry (adapted from Pedersen Zari M., 2007).

Levels of
Biomimicry

Organism level
{(Mimicry of a
specific
organismy}

Behaviour level

(Mimicry of
how an
organism
behaves or
relates to its
larger
context)

Ecosystem level
{Mimicry of an
ecosystem)

Form

Material

Construction

Process

Function

Form

Material

Construction

Process

Funection

Form

Material

Construction

Process

Example : Building that mimics termites

The building looks like a termite.

The building is made from the same material as a termite; a
material that mimics termite exoskeleton / skin for example.
The building is made in the same way as a termite; it goes
through various growth cycles for example.

The building works in the same way as an individual termite;
it produces hydrogen efficiently through meta-genomics for
example.

The building functions like a termite in a larger context; it
recycles cellulose waste and creates soil for example.

The building looks like it was made by a termite; a replica of
a termite mound for example.

The building is made from the same materials that a termite
builds with; using digested fine soil as the primary material
for example.

The building is made in the same way that a termite would
build in; piling earth in certain places at certain times for
example.

The building works in the same way as a termite mound
would: by careful orientation, shape, materials selection and
natural ventilation for example, or the building mimics how
termites work together.

The building functions in the same way that it would if made
by termites; internal conditions are regulated to be optimal
and thermally stable for example(fig.12). It may also function
in the same way that a termite mound does in a larger context.
The building looks like an ecosystem (a termite would live
in).

The building is made from the same kind of materials that (a
termite) ecosystem is made of: it uses naturally occurring
common compounds, and water as the primary chemical
medium for example.

The building is assembled in the same way as a (termite)
ecosystem: principles of succession and increasing
complexity over time are used for example.

The building works in the same way as a (termite) ecosystem;
it captures and converts energy from the sun, and stores water
for example.

The building is able to function in the same way that a
(termite) ecosystem would and forms part of a complex
system by utilizing the relationships between processes; it is
able to participate in the hydrological, carbon, nitrogen cycles
etc in a similar way to an ecosystem for example.
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Within each of the biomimicry levels—form, material, construction, process, and function—there
exist five dimensions through which mimicry can manifest. For instance, a design may emulate the
appearance (form), composition (material), assembly (construction), operation (process), or
capabilities (function) found in nature. These distinctions are outlined in Table 1, using examples from
various aspects of a termite or its ecosystem to illustrate how different forms of biomimicry can be
applied (Pedersen Zari, M. 2007).

It's important to note that there may be overlap between different types of biomimicry, and each type
is not mutually exclusive. For example, a set of systems that interact like an ecosystem would embody
biomimicry at the ecosystem level. While these systems may mimic individual organisms or
behaviors, they collectively resemble the complex relationships found within biological ecosystems,
where numerous organisms contribute to the overall functionality (Pedersen Zari, M. 2007).>*

IV.5 Mimosa pudica

Plants are generally static creatures. However, some species can react in response to environmental
changes. This is the case of the Mimosa pudica plant,lt is a sensitive plant whose leaves bend and emit
steam when exposed to external stimuli such as touch, temperature, vibration, and sunlight.

The magic of Mismosa Pudica's movement lies in how quickly the structure of the plant reacts,
without muscles. This part will organize an understanding of the behavior of Mimosa and the
properties of its biological system that can be applied to the material system.

IV.5.1 Definition of mimosa pudica

*Mimosa pudica* is a sensitive plant native to Central and South America, also found in parts of Asia.
When exposed to stimuli such as touch, sunlight, temperature changes, or vibration, this plant reacts
by rapidly folding its leaves. Depending on the intensity of the stimulus, it may also release steam.
These responses occur swiftly, showcasing the plant's unique ability for rapid movement in response
to external triggers.*®

Figure 42: the Mimosa pudica plant

source : Biomimicry : Mimosa Pudica | runda (runda-aduldejcharas.com)
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Touch

With little contact, sequence
movement can be seen.

Sunlight

The plant open at sunrise and
fold up at sunset, known as
“Nyctinastic movement."

Temperature

The plant opens af optimum
temperature (21 C°-24 C°),
high temperature will trigger the
leaves to close.

@ ®©

Vibration

The plant is also very sensitive (((.))
when it is shaken. '

Figure 43 : Factors affecting Mimosa's reaction: touch, sunlight, temperature and vibration
source : Biomimicry : Mimosa Pudica | runda (runda-aduldejcharas.com)
IV.5.2 Motivation and hierarchy

The magic of Mimosa Pudica's movement lies in how quickly the structure of the plant reacts, without
muscles. The reaction is explained by the structure and mechanics of mimosa nastic without muscles.
In other words, the system is driven by the differentiation of intracellular pressure, which is called
turgor pressure. This mechanism can change the stiffness of leaves and petioles and thus trigger the
folding reaction. The system is activated by an external stimulus and the hierarchy of movements is
one of the goals we are trying to achieve in our biomimetic project. The catalyst is transmitted cell
after cell, activating the process of osmosis and exchanging calcium between their membranes. It is
clearly a hierarchical process that begins on the leaves and then on the petioles. Polvini and Polvinus
respectively.>®

PULVINULE
(INTERSECTION)

PINNULE CLEAF)

- SECONDARY
; PULVINUS
(INTERSECTION)

PETIOLE
(BRANCH)

Figure 44: composition of mimosa

Sensitive Mimosa Pudica Electrophysiology (backyardbrains.com)

56 Biomimicry: Mimosa Pudica | runda (runda-aduldejcharas.com) 2015-2016
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Morphology of Bolvinus and Bolvinus Diagram (A) represents the shape of Bolvinus and how the
process of osmosis works to change the stiffness of the plant and cause its bending.

The blue gradient symbolizes the volume of cells before and after stimulation. Dark blue color
indicates larger cells and maximum swelling pressure in the system. Before stimulation, they are
concentrated in the middle of the vulva and after osmosis they are concentrated in the upper part
(diameter B). The reaction is very fast, but the recovery process is slow. The polvini morphology
presents the same pressure regime and can be seen in diagram C.%

before stimulus A after stimulus
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w52
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Figure 45 : pulvinus morphology
Source Biomimicry: Mimosa Pudica | runda (runda-aduldejcharas.com) 2015-2016

before stimulus after stimulus

low pressure high pressure N\ f/

high pressure low pressure N Z

Figure 46 :pulvinus before and after stimulation
Source Biomimicry : Mimosa Pudica | runda (runda-aduldejcharas.com)
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1V.5.2.1 Temperature

Temperature is one of the main factors for leaves opening or closing. So, we experimented with a real
plant to see how quickly a plant could react to heating. When they lose too much water, they begin to
wilt and die.*®

15Ce

DIE

~—
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Figure 47: mimosa pudica response to temperature
Source Biomimicry : Mimosa Pudica | runda (runda-aduldejcharas.com)
1V.5.2.2 Sun light

Mimosa leaves begin to open at 9.00 in the morning and close at 18.00 in the morning. Single factor
light for open or closed leaves.>®

58 Biomimicry: Mimosa Pudica | runda (runda-aduldejcharas.com) 2015-2016
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Figure 48: mimosa pudica response to sunlight
Source Biomimicry : Mimosa Pudica | runda (runda-aduldejcharas.com)

V. Study about the project :
V.1 Tower (tall building):

V.1.1 Definition of tall building :
Tall buildings are typically characterized as structures whose height exceeds the width of the adjacent
street right-of-way or the wider of two streets at an intersection. In Toronto, where street right-of-way
widths vary from 20 to 36 meters on average, this definition underscores the significance of site-
specific context in determining whether a building qualifies as tall and when the corresponding
guidelines are applicable..®®
1-3-The evolution of tall building throughout history:

Man did not wait for the modern era to challenge heights. The idea of towers is so old that one
might believe it to be unique to human nature. It was first a myth, that of the Old Testament where,
after the flood, the survivors declared: “Come on! Let us build ourselves a city and a tower whose top
penetrates the heavens! Let us make a name for ourselves and not be scattered throughout the earth. »
So much for the Tower of Babel and its no less legendary failure. But in Mesopotamia there were
indeed high ziggurats some two thousand years before our era. These colossal buildings are similar to
tall three-story towers measuring several tens of meters, some even reaching 80 meters. That of
Babylon, a model of the biblical tower, had eight floors. Not so different from ziggurats, the first
pyramids in Egypt are called “step pyramids”. The first of these was the pyramid of Djoser, built in
2630 BC. On the same ground but much later, the lighthouse of Alexandria rose, three centuries BC,
to protect sailors but also to extol the greatness of the Ptolemies. In 39 or 40 AP. BC, it is to Caligula
that the lighthouse of Boulogne is due, born from the landing project in Brittany. With twelve
octagonal floors, it stood more than 40 meters high, perhaps 65. The centuries pass but not the
momentum towards the sky. The minarets of Islam will soon renew the genre. The oldest is perhaps
that of Alwalid, raised in 705 within the walls of the great mosque of Damascus.®

60 Book Tall Building Design Guidelines - Adopted by Toronto City Council May 2013
&2 Roger Cadiergues MémoCad mA18.a LES IMMEUBLES DE GRANDE HAUTEUR (IGH)
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HISTORICAL JOURNEY OF
'THE TALLEST BUILDING IN THE WORLD'

A é{lj m‘}l m

Figure 49: history of the tallest building in the world
Source: Historical Journey Of 'The Tallest Building In The World' — Information is Beautiful
Awards 2024

V.1.2 Structure:
V.1.2.1 infrastructure:

e types of foundation:

Resist the wind and natural risks such as earthquakes...etc. Also the nature of the terrain
plays an essential role, the building must have a solid anchor point. Depending on the nature
of the terrain, it may be necessary to look deep into solid layers capable of supporting the
building; the depth of the foundations can reach up to 100 m. So the foundations are the most
important part in the construction because they play the main role in stability and they are a
connection between the construction and the ground. There are three criteria to determine the
size of the foundations:

* The climate provides information on the harshness of winter to then know the penetration of
frost into the ground. It provides information on rains, and therefore waterlogging of land.

* The nature of the land determines at what depth you will need to look for soil capable of
supporting the high-rise building

 The type of construction depends on the technical constraints to be applied to the ground,
essentially the weight, the authorized differential settlement and the cohesion.

The width of the foundations depends mainly on the weight of the building. The weight is
not necessarily distributed evenly on the foundations. There are three types of foundations.
We note “E” for the installation height and “L” for the width.

* Surface foundations E < 1.5.L
 Semi-deep foundations 1.5.L <E<5.L
* Deep foundations E > 5.L
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Figure 50: The relationship between the installation height (E) and the width (L)
(source: Scientific progress and technical achievement: buildings, Lycée Lafayette, Champagne sur
Seine)

e Choice type of foundation:
For the choice of foundation type we have:

» If the ground is sufficiently load-bearing: superficial foundations will often be used, which are often
more economical.

» If the soil is bad: we will rely on the better and deeper layers with deep foundations.
* In very flood-prone terrain: it may be advantageous to build a general foundation
V.1.2.2 Superstructure:

e Central core:

The “central core” structure can be designed as an optimization of the inner single tube; a central
tubular core (concrete or steel, significant in view of the twists due to the "stabilizers", which can go
up to walls one meter thick) from which start rigid structural levels composed of lattice beams which
are then connected at their periphery by uprights capable of taking up compression (leeward facade)
and traction (windward facade), either a series of tight posts, or “mega-columns”.

The central core is the element ensuring the rigidity of the building, it runs throughout the building
over its entire height and generally contains the elevators as well as the stairwells. The forces exerted
by the wind are transmitted to the core via horizontal elements positioned on the different floors.
Skyscrapers made up of a central core can easily reach a height equivalent to around fifty floors while
reducing the footprint. The doubling, sometimes even tripling, of the central structure then made it pos
sible to reach heights of around 70 floors.

poutres prificipales

- -

poutre de jonction

Figures 51: Diagram of the central core Figure 52: Diagram of the central core
source : www.helmo.be 0 25/12/2023)

48



THEORETICAL CHAPTER

e External cores:

This structural concept consists of placing the tubular cores at the periphery, then connecting them
by horizontal structures together constituting a “megastructure”.
The assembly behaves in a way like a “rigid mega-tube”. This strategy makes it possible to free the
center of the building from structures, but, depending on the typology, reveals vertical circulation on
the facade, the most popular place in terms of brightness. This typological reversal with respect to the
centered core carries a strong architectural potential, the platforms being free of large immobile
elements, the plan is completely free between the cores, allowing the levels to be arranged according
to the spatial wishes of the project as well as to create atriums and other sectional variations. 2

Figure 53: Three-core diagram and  Figure 54: Four-core diagram and connecting tubes
Source : www.helmo.be 0 25/12/2023)
e Tall building structural systems :

Rigid frame system Core system Shear wall system
(Composed of beams and columns) (Composed of a core, running (Composed of perforated
continuously throughout the or solid shear walls)
height of the building as a main
vertical structural el )
SN L
S
Do \\,/<
NG P
>3 ~ <
e - // ~
S y <
N S
NS
Shear-frame system Mega core system Mega column system
(Composed of shear wall/truss (Composed of a mega core with | (Composed of mega columns
and frame) with the subgroups much larger cross-sections than | and/or shear walls with much
‘shear trussed frame’ and ‘shear usual, running continuously larger cross-sections than usual,
walled frame® throughout the height of the running continuously throughout
building as a main vertical the height of the building as main
structural element) vertical structural elements)
8 “
I
=g
X

Figure 55 : Tall building structural systems
Source : Article Analysis of the Main Architectural and Structural Design Considerations in Tall
Timber Buildings.

52 YAHIA BELHADJ AMINE DERRADIJI, Master Académique, Architecture, les techniques du construction et
Mesures de Sécurité dans la Conception des IGH en Algérie
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V.1.3 Composition of high-rise buildings:
V.1.3.1 Top tower :

The upper portions of tall buildings, encompassing upper floors, rooftop mechanical or
telecommunications equipment, signage, and amenity spaces, should be designed with careful
attention to tower massing and articulation. Additionally, the choice of materials should complement
these design elements to achieve a cohesive and fitting culmination of the tall building form. This
integrated approach ensures that the building's uppermost features contribute harmoniously to its
overall aesthetic and functional integrity.

V.1.3.2 Middle of Tower :

The placement and design of a tall building's middle section (tower) significantly influence various
environmental and social factors such as sky views, privacy, wind patterns, sunlight exposure, and
shadow impacts on the public realm and neighboring properties. It is crucial that these aspects are
carefully considered and resolved through thoughtful design practices. This ensures that tall buildings
minimize their impact on surrounding streets, parks, public and private open spaces, as well as
existing or future buildings on adjacent sites.

V.1.3.3 Base of Building:

The lower stories of a tall building, known as the base building, play a crucial role in urban design.
Their primary functions include framing the public realm, emphasizing entrances, and contributing to
a vibrant and inviting pedestrian experience. It is essential that the base building defines and enhances
adjacent streets, parks, and open spaces at a suitable scale. Integration with neighboring streetwall
buildings is important, as is facilitating a smooth transition to lower-scale structures. Additionally, the
base building should minimize the impact of parking and servicing facilities on the public realm,
ensuring that the overall urban environment remains safe, engaging, and comfortable for
pedestrians.®®

Figure 56: Composition of high-rise buildings
source: Book Tall Building Design Guidelines - Adopted by Toronto City Council May 2013

63 Book Tall Building Design Guidelines - Adopted by Toronto City Council May 2013 p 8
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V.2 Shopping center
V.2.1 Definition of shopping center

In general a collection of retail stores and service businesses gathered in the same location, often with
a parking lot available to visiting consumers. It is generally designed and managed as a single
company in the form of an EIG (economic interest group). Given the diversity of businesses present
as well as the significant useful commercial surface area (SCU/GLA) it has, it in principle benefits
from a relatively large catchment area. The name of shopping center will be retained from a surface
area of 5,000 m2 with around twenty stores. We will speak of a large shopping center when the
number of stores exceeds 40 units and the SCU is greater than 20,000 m2. Beyond that, the name of
regional shopping center will concern establishments covering more than 40,000 m2 and comprising
at least 80 distinct points of sale. With almost 500,000 m2.

B-Definition according to QUEBEC: Set of retail stores, which may include one or more large-area
stores, and various services, such as a post office, a bank or a restaurant, occupying one or more
buildings overlooking a park of parking in or near an urban area.

C-Definition according to the law governing commerce and crafts of December 27, 1973: Group of
several retail stores located in the same place and constituting an economic unit with regard to their
general design or due to the common conditions of exploitation.%

V.2.2 Classification of shopping centers According to CNCC

The CNCC (National Council of Shopping Centers) has classified shopping centers according to their
GLA surface area and the number of stores into five types:

Table 08: typology of shopping centers source: author 2023 taken from CNCC

Their GLA surface area is greater than 80,000 m? and/or they
have at least 150 stores and services. (see fig: 02)

Super Regional
Shopping Centers

Regional Shopping
Centers

Their GLA surface area is greater than 40,000 m? and/or they
have at least 80 stores and services. (see fig: 03)

Large Shopping
Centers

Their GLA surface area is greater than 20,000 m? and/or they
have at least 40 stores and services. (see fig: 04)

Small Shopping

Centers

Their GLA surface area is greater than 5,000 m? and/or they
have at least 20 stores and services. (see fig: 05)

Theme centers

These are specialized shopping centers, for example
in home furnishings or manufacturers' boutiques. (see
fig: 06)

Discount store

300 to 500 m2 of sales area they are located at central
points of residential areas.

Supermarkets

400 to 500 m2 of sales area.

V.2.3 Spaces in a shopping center

e Department store:
All regulations in force concerning construction, profession, commerce, fire prevention and labor
inspection directives must be respected.
Basic dimensions:
- Height of sales premises and warehouses
- Up to 400 m2 of sales area of the premises H=3.00m

8 Chetti soundes : 1’enveloppe architecturale entre 1’esthétique et le confort thermique
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- Beyond 400 m? of sales area of the premises 3.30 m
- Beyond 1500 m2 of sales area H=3.50m
- ventilation ducts and constructions must not reduce the required headroom
Table 09: Programming a store. Source: MIHOUBI Mohammed 2010

- - -
Desjgn Mobilier Mobile Mobile Surface
of s paces Surface Surface Total
M2
= - - - - -
| magasin étager 15 3 45
computers 13 2 26
{ circulation | 120% 85,2
- - -
- Comfortable . 60% 42,2
ratio
total 198 4

Figure 57: Store layout model
Source: MIHOUBI Mohammed 2010

It consists of two parts, the service area and the consumption room.
- Service area: It includes a deposit, a laundry counter and a manager's area.
- Consumption room: It will be well decorated, well ventilated, have subdued lighting, a sanitary
area. Particular attention will be paid to tables and chairs (clear space)
Note: by analogy we can dimension the rest of the spaces.
e Hair salon
The modern hair salon is not only the place where you get your hair done but also a space to relax. It
must be suitably furnished, relaxation and waiting room, hairdressing room,
beauty operations. (see fig 38)
e Fabric store
Fabrics: Women, Men, Children. (see fig 39)
e Shoe store

The facade must in principle be very clear (bay window, total transparency) (see fig 40)

Reserve
Hairdressing Reserve

airdressing
area Hairdressing

Space for

beauty

operations

Waiting

Waiting |

figure 58: Organization chart representing the operation of a men’s and women'’s hair salon
Source: MIHOUBI Mohammed 2010

Fitting
*

Reception

- Coupe r Sale
Persona
locker roome —

Figure 59: Organization chart shown on Figure 60: Organization chart shown on
operation of a shoe store.

Source: MIHOUBI Mohammed 2010
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Table 09: represents spaces in a shopping center

Source: Chetti soundes : I’enveloppe architecturale entre 1’esthétique et le confort thermique 2020

e Clothing

stores

Arrange the items so that they fall under the eyes, use daylight,

the display surfaces must be smooth so that the products slide well
and are not scratched, limit the height of the shelves to 2.20m
(possibility of reaching), Provide presentation tables 85 to 95 cm

high for the standing customer and 55 to 70 m high for the seated
customer (Table width 70 to 85 cm), provide fitting
rooms from 1.10 to 1.15 m, avoid the formation of dust. ____

e other

Stores

-Children's games store: Adequate special layout, attractive, the
height of the object display shelves is standardized (possibility of
reaching).

-Camping equipment store, household

appliances store, glassware store, bookstore store,

musical instrument store.

e Furniture

stores

In this type of store, the surface area is important. It will therefore

be divided into several sub-spaces.

We will ensure that each item is displayed separately and in an attractive and
attractive way and the facade must in principle be very clear (bay window,
total transparency)

¢ Boutiques

-Record store: Activities + Exhibition + fitting + Sale.
-Flower shop, craft shop:
-Exhibition in special display cases.
-Artificial lighting falling from above on the exhibits.

o Self-service

EX: Bakery, Fruits and vegetables.

-Good ventilation.

-Adjustable temperature

e Butcher's shop

-Refrigerated display cases.
-Operations = delivery 'slaughter' placing in refrigerated display cases 'sale.

. Fish shop - Well ventilated store. - Delivery-maintenance-sales.

- milk and its derivatives being perishable in the short term, it is necessary

Creamery to provide additional rooms for washing cans and devices giving
directly on the sales floor.
. - Wall covered with tiles. -

- The restaurant is aimed much more at businessmen,

civil servants and students.

- The dining room must have fluid circulation thanks to an

_ adequate (standardized) layout.

. Restoration

- The layout of the tables changes according to the needs of the users and the
performance of the restaurant.

- The room must be in direct connection with the kitchen (preparation).

- The kitchen must be of satisfactory capacity, have access to

the service yard for the supply of consumer materials and for the
disposal of waste. The kitchen being an important space, it is necessary
to ensure its proper functioning, ensure sufficient ventilation,

indisputable cleanliness and flawless safety.

» Relaxation and

games

Electronic games rooms, ping-pong, American billiards and
Bouling must be phonetically isolated.
- Nightclub: loan and sale of cassettes; listening is done

individually and in groups, a phonetically isolated space.

- Video library: loan and sale of cassettes and screening of films in a
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projection room for 20 people on average

e Deposit Users: personnel specialized in delivery and distribution.
e Additional Premises removed from the background put in easy contact with all sectors of
premises the equipment.

When designing a car park layout, it's essential to prioritize user-friendly features like clear signage
and safe traffic flow. Compliance with local planning guidelines ensures the car park fits well with its
surroundings in terms of appearance and scale. Effective design also considers the size of the car park,
circulation efficiency, and geometric requirements to minimize congestion and enhance usability.
These principles collectively ensure the car park meets functional needs while integrating seamlessly
into its urban environment. %

* £OOd tUrnover capacity
= Rapid entrylexit

» Low turnover capacity
but full searcn path « Good turnover

* High degree of canflicts « Poor search pattern

Figure 61:multi-storey and underground car parks
Source : Design recommendations for multi-storey and underground car parks THIRD EDITION June
2002

Figure 62: ramp section
Source : parking structure design 2016

V.2.4 Factors Affecting Shopping Center Selection

55 Design recommendations for multi-storey and underground car parks THIRD EDITION June 2002
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In order to increase the attractiveness of shopping centers for customers, it is first necessary to
identify the factors that attract them. The factors are:

- The site of the shopping center and Accessibility (road networks) easy passage.

- relaxation and leisure.

- Provide a wide variety of products and stores.

- Sufficient number of qualified employees.

- good design and availability of adequate spaces.

- Create a suitable environment (lighting, ventilation, air conditioning, security).

-promotions and prices. (2009 ¢, )

V.2.5 Customer tours in shopping centers

The study of circulation in the shopping center has a big role in maintaining the stability of
commercial activity inside and the separation between the circulation of customers and goods. We
distinguish two types of circulation:
V.2.5.1 Horizontal and peripheral circulation:
It is provided by the large halls, patios, atrium, shopping streets and exhibition galleries. Circulation
varies according to the plan of the shopping center and depending on the shape and distribution of the
stores:%6
V.2.5.2 Vertical circulations
We distinguish: movement of goods by freight elevators and movement of people by stairs,
escalators and elevators. In the case of multi-level shopping centers, vertical transport is decisive for
good integration of the levels and good irrigation of customer flows. Elevators are necessary, but
dissuasive if they are not designed to make them attractive (panoramic elevators); also, escalators and
treadmills are the most used.
Good location in a strategic space, such as a square, with visual communication between levels is
recommended. (Mohamed, M 2010)
» The number of freight elevators and stairs is proportional to the possible number of
visitors to the center.

8 Ali Haider 2000
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Table 10: Type of horizontal and peripheral circulation, Source: Ali Haider 2000

Type 1: In this type the shopping center

resembles a straight line where the - ]

movement of customers is from the front P

and that of supplies is from behind. Behind i______ +—{  Infront
. Linear form

Type 2: In this type the shopping centerhas___| .
letter (L) the circulation of customers

is done inside and that of supplies.is done from.._. Outside - Interior
the outside. .

-_ -Type 3:The shopping center looks like —
two parallel lines, the circulationof customers | " T L O 3
takes place inside betweenthemand . . __ . _. e |
that of supply takes place from the outside on e
two sides. _Ouisce - Outside -

Shape of 02 parallel lines. .

Type 4: The shopping center is like a set.

- QOutside - - g --—--------.
of shops grouped around a courtyard. where s o — i
the circulation of cuslcmers lakes place } j_l: E.ﬂn-‘“‘ i
inside and that of supplies takes place from I— EI:’: 1
the outside” .~ - [—— :

Grouped around a central hall.

Type 5: The same as type 4. exceptthat. = . .
customer circulation takes place around the - Oulside -

exterior._ _ perimeter - and supply
circulation takes place from the inside. __.-

Type 6: The rectilinear shopping center and

the magazines are aligned inside the covered Outsice
linear center so the circulation of customers__

takes place.inside and that of supplies lakes place....
from the outside .

= *
L] *
cdeccccbandes

£l

Type 7: the center of the courtyard is _
occupied by a set of shops which are open , : -—-

towards the interior and the magazines are [ 1 -D-
scattered without order inside the

I

shopping center, the circulation of customers : l, ::I:D:Z ]
F )
i

and supplies intersects with that of the side
stores circulation is normal, supply is from
outside and customerisinside. -~~~ -
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V.2.6 The routes and its role in the shopping center

In a shopping center the route is the path that the customer follows to visit the stores and boutiques.

It modulates the space and creates intimacy between commercial spaces and those who are customers;
it must be identifiable by the visitor. Suitable for collections, it obeys related rules:

Circulation, layout, lighting and floor coverings.

So it determines the visitor’s traffic plan.

V.2.6.1 Linear
In this type of journey, the goods and goods are displayed either according to a clear principle of
movement; either the exhibition is organized in boutiques and stores by
showcases.

V.2.6.2 Ribbon type

In the ribbon-type route, the direction of the visitor is ensured through an imposed circuit without

serving any sub-space.

V.2.6.3Circular
In this type of route, boutiques and magazines come together in the same central space.
Its particularity is the superposition of the starting point with the arrival point, this type of route is
integral

V.2.6.4 Labyrinthine route
In this type of route, the shopping center is made up of a large number of stores.
It’s a partial route because you have the choice to take the path you want. This type of route has a
disadvantage, it is a complicated route, the visitor risks passing through the same space several times
or even missing a few.

From our study we come to the conclusion that the route is a very important element in the shopping
center and in the design because it not only supports the visitors but it also highlights the goods and
the different spaces of the shopping center , it therefore governs certain constraints to be respected. So
the route allows the public an easy and pleasant visit while remaining educational. (Mohamed, M
2010)

V.2.7 For commercial activity to be satisfactory, it must meet the following goals

» Animation:
It is reinforced by large free areas cleared for circulation and spaces offered for the public
(Commerce, Exhibitions, relaxation). Adequate arrangements and an aesthetic reinforcement of the
interior space.

» Distribution:
We will give each activity the necessary space, and we will respect the technical requirements
required by these sub-spaces: Good lighting (daylight and artificial light), ventilation, structure.

» Aesthetics:
Facing: you have to look for a very aesthetic, attractive facing and of a very high standard to appeal to
a wide audience, for example: granite, marble, stone, vibrant natural colors; we choose noble and
durable materials.
Floors: mosaic reflecting a good view inside, carpets for luxury retail spaces.

» Showcases:
Glass; material that expressed transparency and exposure. They must be surrounded by large frames.
It is necessary to provide special equipment for maintaining window displays from the outside.

» Exterior lighting:
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To guarantee constant and feverish activity immediately outside the
center, dense lighting should be installed to help invite the public to
visit the center. (Mohamed, M 2010)%’

V.2.8 Method of supply (delivery) :8

Type 1: The warehouse consists of two levels:

- Below: the main warehouse.

- Above: The garage that serves as a transitional space.

Type: 2 The warehouse consists of three levels:

- In the center, the main storeroom plays the role of a transitional
space.

- Two more for storage.

Type:3

The supply is made directly from the store to the back store. It
created a barrier between the movement of customers (customers)
and goods.

Type:4

The supply is done directly in the warehouse at the back.

Type:5

The supply road is located at a lower level than the built level in
order to facilitate the process of transporting goods.

Type:6

The supply is made directly from the warehouse located in the
basement of the store, which in turn has two entrances

Typed

Tipe

Tape

Type D

TipeF

azm

-

Figure 63 : Catering methods in commercial centers

Source: Ali Haider

V.3 Offices :
V.3.1 Definition:

We can define a business centre as a place composed of spaces of small, medium, or large sizes, fully
equipped. These spaces are intended to accommodate businesses, entrepreneurs, and other types of

users for a specified duration, whether short or long term.

From individual or shared offices to meeting or conference rooms, the various areas of a business
centre are typically located in a building reserved for this purpose or spread across one or several
floors of a building dedicated to tertiary activities. They have the advantage of being fully equipped,
whether in terms of real estate (offices, chairs, sofas, lamps, etc.) or the technical facilities necessary
for the daily operations of a business (internet connection, telephony, printers, etc.)®.

87 Chetti soundes : I’enveloppe architecturale entre I’esthétique et le confort thermique

68 Bin Al-Zawi Sameh Khadjia 2023 The smart building: towards developing sustainable solar protection

69 MGS BUSINESS.com
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Finge 64 : Altrade Business Centre in Gurgaon
source: https://www.altradebusinesscentre.com/
V.3.2 Target population:

The business centre targets a specific clientele:
1. Small businesses and startups that do not consider a long-term commitment.
2. Companies in need of an office for a short stay.

Intermittent users - when their premises are not yet available.

3
4. Many personnel forced to relocate due to a lack of space in their current office.
5. Users working on a specific project (survey, film production, etc.)™

3

V.3.3 The role of business centers:

« provide an environment that is particularly conducive to economic activity, enabling
companies to achieve their objectives.

«»+ They offer companies, on demand and immediately, fully equipped and furnished offices for

rent at the start of an activity, thus minimizing the cost of investment in real estate and

furniture.

A place for exchange, communication, and camaraderie.

The variety of services in place to ensure the comfort and security of businesses and their

clients provides them with the opportunity to conduct business on-site, thereby minimizing

potential travel.

A prestigious and enhancing image for the client.

» Creates a focal point of attraction for work.™

X3

S

X3

S

X3

A

DS

V.3.4 The Evolution of Office Design:

Over the past century, office design has undergone significant evolution, spurred by profound changes
in work practices, technological advancements, and shifting expectations for the workplace
environment. The integration of new technologies and tools, evolving employee needs and work
styles, and the transition from an industrial to a knowledge-based economy have all reshaped how and
where work is conducted.

e Office Design in the 1800s

Historically, offices have served administrative roles since ancient times, but their evolution into
business centers gained prominence in the 19th century, driven by the expansive railway network in

0 www.arenas-partners.fr/fr/guide/qu-est-ce-qu-un-centre-d-affaires
"1 Master thésis. (2021) L’ AMELIORATION DE LA QUALITE DE L’AIR DANS LES ESPACES DE
TRAVAIL.
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the UK. This period saw offices structured to reflect hierarchical business models, with merchants and
clerks on lower floors and owners often residing above. These designs mirrored the organizational and
social dynamics of businesses during that era.

Figure 65: office
source: https://www.oktra.co.uk
e 1900s Office Design

In the early 20th century, technology sparked a revolution in workplace design and functionality.
Electric lighting, replacing gas lamps, expanded usable floor space. Innovations in construction
materials and techniques were crucial for constructing safe multistory buildings, overcoming earlier
limitations of masonry-bearing walls. The advent of the typewriter, telegraph, and telephone
accelerated communication, enabling organizations to manage offices remotely.

Frederick Taylor, an American engineer and pioneer of the Efficiency Movement, is credited with
designing one of the first modern office spaces. His approach, akin to factory layouts, featured linear
rows of desks for typists and administrative staff, resembling assembly lines for paperwork. Managers
typically occupied separate rooms, reflecting hierarchical organizational structures.

Figure 66: office
source: https://www.oktra.co.uk

e Office from the 2000s

The emergence of dot-coms and startups led by young, entrepreneurial minds brought significant
reforms to workplace practices and cultural norms. Concepts of work-life balance began to integrate
into office design, introducing more playful elements. The idea of the "office as playground™ became
prevalent, featuring innovative systems, open-plan layouts, and a collaborative atmosphere
reminiscent of university campuses or neighborhoods. The rapid adoption of mobile technology
further facilitated remote work capabilities, popularizing coworking spaces where employees could
work flexibly away from traditional desks
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Figure 67: relaxing space
source: https://www.oktra.co.uk
e office in the 2020s

The post-COVID world has accelerated ongoing transformations in the office landscape, notably in
remote working, virtual collaboration, and decentralized team structures. Looking ahead, a 2021 study
by Gartner predicts that by 2023, fewer than one-third of digital workers will prefer the traditional
corporate office environment. By 2030, it is projected that 48% of employees will work remotely,
marking a significant increase from pre-pandemic levels of 30%.

Additionally, insights from Cone Communications' Millennial Employee Study highlight shifting
expectations among younger generations. Sixty-four percent of Millennials prioritize robust corporate
social responsibility policies when considering job opportunities, and 83% express greater loyalty to
companies actively contributing to social and environmental causes. Consequently, businesses are
increasingly integrating sustainable design practices into their offices, from sustainable furniture
procurement to adherence to environmental assessment standards such as BREEAM and SKA, which
evaluate ecological, social, and economic impacts.

Figure 68: Highly adaptable and modular spaces
source: https://www.oktra.co.uk

V.3.5 The spaces:

offices

o Typology: Two types of offices are distinguished based on their dimensions and layout:
individual offices and open-plan offices. All other types are variations and present a different
organization compared to these two.

o Types of Spaces

Individual Offices: Single and double offices are arranged on either side of a corridor, often
benefiting from artificial lighting. Shared equipment occupies a valuable space in the rooms in front
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of the windows because the clearance paths do not allow for furniture. Economic occupancy by two or
more people can hinder concentration. Occupancy by a single person limits internal communication
(Fig. 1 a).

Open-plan Offices: A form of office developed in the 1960s and 1970s. Artificial lighting and air
conditioning installations have allowed for very large office spaces, symbols of communication and
openness, accommodating a hundred or more people. However, the economic volumetrics of the
building require significant technical distribution equipment. This form of office is not well-liked by
users (Fig. b).

Collective Offices: The experience gained from very large office spaces has led to the design of
collective offices with around 4 to 15 workstations, always used by the same employees or
departments. This form of office is preferred, especially for creative, formatting, coordination, and

development activities (Fig. ).
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Figure 69: types of spaces of office
source: Nefeurt. (2010)

0 U0

l [-]

=

' R oS ER 3

Ancillary Spaces

Ancillary and additional spaces Depending on the organizational structure and representation needs,
the demand for workspace varies between 23 and 45 square meters per workstation. The 2.6 square
meters of underground parking space not included in the gross area are taken into account here (O.
Gottschalk, 1994). This trend has been on the rise since the 1970s.

Entrance Hall
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Linking the public area to workstations. Essential functions include protection against wind, access
control, information, visitor registration, and waiting space. Essential for the company's image
(corporate identity). The first impression is crucial.
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Cafétéria d'accés Conférences
Cantine ||  Portier 1 )| Salle d'attente Formation
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Figure 70: Spatial Layout of the Entrance and Access Control to Common Areas
source: Nefeurt. (2010)
Conferences, Training

Conference areas should be directly connected to the entrance space. Storage rooms are planned to
store movable partitions used to divide large halls, tables, seats, and audiovisual equipment, as well as
an office for receptions (these annex spaces occupy about a third of the conference room area).
Acoustic insulation must be ensured. Approximately 2.5 square meters per seat in the conference
space (excluding annex spaces). Required space: 0.3-1.0 square meters per workstation.
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Figure 71 : Space Required in Conference and Training Rooms
source: Nefeurt. (2010)

Archives

Despite the use of new office techniques, paper consumption as the primary medium for
information storage has increased. Until 1980, paper consumption doubled every four years.
Computer-assisted information storage as an information medium can be more widely used within
office communication systems. Non-coded information (letters, texts, magazines) will always have its
place in the form of paper volumes.

L x W (filing cabinets) = filing area + 1/2 L x W + 0.5 = passage area

Total congestion = filing area + passage area.
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Figure 72: File cabinet system
source: Nefeurt. (2010)

Digital Data Processing

It is crucial to plan the network design in advance. This helps determine whether computer rooms
require permanent workstations and whether they should be centralized or decentralized in the
building. Due to their high technical level, these rooms must have a technical floor of 70 cm and be
air-conditioned. Access must be particularly controlled. Backup systems should ideally be installed in
fire-protected areas separated from the computer room.

Recreation Spaces

The company restaurant or cafeteria often functions as independent units. Their proximity to the
reception, upstream of visitor control, allows them to be used by visitors.

Tea kitchens should be located in direct proximity to workstations, connected to communication areas.
A large kitchenette of about 10 square meters is considered for 50 to 100 people.

Restrooms

Restrooms should be sized according to workplace regulations (see p. 317); spatial separation should
be provided between the sink area and the restrooms themselves. A restroom group for approximately
50 to 80 people is always satisfactory. Required space: 0.6-0.8 square meters per workstation.
Maintenance Rooms

for building maintenance should be provided on each floor, as well as a room for cleaning products,
ideally with a water point and a drain. Central garbage room, possibly a garbage collection room per
floor with separate garbage collection container and document shredder. Also, provide a relaxation
room, storage space, and a workshop for the caretaker in the centre.’

Conclusion :

In conclusion, this study integrates fundamental architectural concepts such as sustainable
development, energy efficiency, thermal comfort, bioclimatic architecture, kinetic architecture, and
biomimetic design. By defining and exploring these principles, the study provides a comprehensive
understanding of how to design buildings that not only meet current needs but also ensure the well-
being of future generations. The application of these concepts in real-world projects, particularly
shopping centers and office towers, demonstrates the potential to significantly enhance energy
performance and thermal comfort. This holistic approach to architectural design underscores the
importance of innovation and sustainability in creating efficient, comfortable, and environmentally
friendly buildings.

2 Nefeurt. (2010)
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Introduction:

Commercial center and office projects are considered the latest developments in the world of
architecture, as they are planned to meet the needs of diverse and evolving communities. The modern
era is witnessing a remarkable expansion in the use of building towers as one of the most prominent
architectural options, especially when incorporating the concept of mixing commercial and hotel
purposes in dual structures.

As for modern architecture projects that rely on kinetic and biomechanical concepts, they represent a
qualitative leap in utilizing technology and understanding nature to enhance the design and
performance of buildings. Kinetic architecture seeks to achieve a dynamic interaction between the
building and the surrounding environment, while biomimicry design takes inspiration from the
processes and systems of nature to create efficient and cost-effective solutions. In this context, in this
chapter we will analyze specific examples of commercial center and hotel projects, some of which
rely on multi-functional towers, we will also explore some innovative projects that combine the
principles of kinetic and biomechanical architecture, with the aim of understanding the nature of the
project and identifying the positive points of each example in order to exploit them in the design and
avoid the negative points in it. In the end, we presented the proposed program for the commercial
center, hotel, and services. And a comprehensive summary of it.

I. Existing and real projects analysis:
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The project

Technical sheet

Situation

1.1.1 Multi-Functional Tower

Shanghai West Bund Al Tower &
Plaza

Kind: Multi-Functional Tower
Date of completion: 2021
Surface: 510000 m2

Architect: Nikken Sekkei

Xuhui District . China

Kind: Multi-Functional Tower
Date of completion: 2014
Surface:39400m?

Architect: Foster + Partners

Abu Dhabi, United Arab
Emirates

The Shard / Renzo Piano Building
Workshop

Kind: Multi-Functional Tower

Date of completion: 2012

Architect: Renzo Piano
Building Workshop

London, United Kingdom

International Commerce Centre /
KPF

Kind: Multi-Functional Tower

Date of completion: 2002-2010

Architect: KPF (Kohn Pedersen
Fox) Associates

HONG KONG,
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Vivo tower

Kind: the new Vivo
headquarters

Date of completion: 2022-2025
Shenzhen’s Bao’an

Architect: NBBJ

1.1.2 Kinetic architecture projects

The Shed, a Center for the Arts
Kind: EXHIBITION CENTER

Date of completion: 2019
Surface:18500m? New York, United States

Architect: Diller Scofidio +
Renfro, Rockwell Group

1.2 Real projects

Park Mall Setif:

Kind: shopping centre Marriott
Hotel; administrative offices
and meeting room

Date of completion: 2016 Setif Algeria
Surface:140000m?

Kind: shopping centre

Date of completion: 2006

Surface: 22036.16 m? Biskra Algeria

Architect: khatab abd allah
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The The project in its distant environment
project
Located on the west bank of the Huangpu
River (West Bund) in Shanghai, this project
Shanghai consists of four buildings, among them two
West Bund skyscrapers..
Al Tower & The project located in a compact site and well
Plaza itegrated into the environment
located in the heart of Abu Dhabi on
Sheikh Rashid Bin Saeed Road. It is part
Abu § of the larger World Trade Center project,
Dhabi 1 featuring a well-planned mall, a modern
Central market, offices, ano_l residential _
apartments. Accessible from two main
market e
Located adjacent to London Bridge Station on the
The Shard / south bank of the River Thames, this project was
Renzo conceived in alignment with London Mayor Ken
Piano Livingstone's urban vision. It reflects his policy of
Building promoting high-density development at strategic
Workshop transport hubs in London. Such sustainable urban

extensions capitalize on proximity to public
transportation, aiming to reduce car dependency

and alleviate traffic congestion within the city.

International
Commerce
Centre

The 118-storey, 484-meter (1,588 feet) commercial
skyscraper completed in 2010 in West Kowloon, Hong
Kong, is part of the Union Square project situated atop
Kowloon Station. At the time of its completion, it
ranked as the world's 4th tallest building and the third
N tallest in Asia.

Vivo
tower

Kinetic architecture projects
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Located at the intersection of the High Line
and the new Hudson Yards district on city-
owned land, The Shed features a unique
The Shed. a design. It includes a fixed structure with
Center f(;r column-free galleries nested within a
the Art telescoping outer shell. This outer shell can
EArts slide onto an adjacent plaza, effectively
doubling the building's footprint as needed.
Inspired by industrial-scale gantry crane
technology, the steel and ETFE shell can
deploy within five minutes, powered by the
equivalent of a single automobile's
Real projects
It is located in the center of the city of Setif, facing the
Park Mall governorate. It is also located near May 8, 1945 Street, which
Setif: is considered one of the most important axes of the city.
This mall is located on Saouli Brothers Road, Biskra, within
g an urban location.
Al Khair %
shopping
Centre
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The The project in its immediate The project plot
project envi ronment
Shanghai
West Bund
Al Tower & N s
Plaza The project is surrounded by cultural and
commercial facilities and residents
Abu Dhabi
Central
market
The project is located in  historical location, | Site
as it reinvents the archaeological market, | built
giving the city a new heart, and the project | unbuilt
becomes well integrated into its location.
The Shard /
Renzo Piano &
Building
Workshop

T\
4_4-\1 l‘;

O cm=
"‘v‘

c n o c
W o
S .1 ?_-";nﬁfma‘h' \ﬁ;
The building is situated adjacent to London
Bridge station on the south bank of the River
Thames. This combined train, bus, and
underground station is one of the busiest
transportation hubs in London.

The boundaries of the site and the

tower

International The skyline The
Commerce Q along its shores boundaries of
Centre Is adorned with the site and
an impressive
array of the tower
skyscrapers, e —
including the
latest supertall addition by architects KPF,
soaring to a height of 484 meters above Victoria
Harbor in Kowloon.
Vivo / /
tower

Kinetic architecture projects
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The Shed, | The project plot for The Shed, as part of
being part of | the Hudson Yards development, involves
the  Hudson | creating a dynamic and versatile cultural
The Shed, a Yards institution that serves as a center for the
Center for development arts.
the Arts on the  west
side of
Manhattan, is
situated in a vibrant and rapidly transforming
neighborhood. The immediate environment of
The Shed is characterized by a mix of
commercial, residential, and cultural spaces.
Real projects
Park Mall The project enjoys
Setif: ' good connectivity, as built
it is located opposite Absence of green
4 two important road fields and water
,-‘ networks, each of bodies.
& which has a large flow In addition to the
- 3 3¢ (Road 08 November, absence of outdoor rest
o VL gl Road (ALN)), in and entertainment
—— " addition to its | spaces.
proximity to Road 08 May 1945 (the most
important axes of the city of Setif) is a
monument in relation to the neighborhood
and the city.
A complete
Al Khair - = absence of green
shopping Daia e | spaces and outdoor
Centre areas, as:

Djbelle

el-delaa

The el-kheir shopping cente iS a monument
in relation to the neighborhood and the city.

The percentage of
the  built  part
represents 100% of
the project site.
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The Project integration Accessibility
project
The site's
Shanghal "Wi.ndbreak"
West Bund design,  a
Al Tower & streamlined -' &t
Plaza design, | g
fﬁg pressﬁost The prpject _is dividgd into two
significant wind currents in low-elevation areas, and | Plocks, including a main mechanical
the architect took into account the main axis and | Street, and it is also surrounded by a
direction of the prevailing winds main street
A fluid and continuous | The project has high accessibility
Abu Dhabi relationship between — the | pecause it is between 3 main
Central interior of the building and | 1 achanical axes
the environmental place
market Continuing Abu Dhabi's
commitment  to green el
spaces, the site features
generous landscaping, with
the roofs of the podium
buildings  designed  as
terraced gardens. Above this
lush greenery rises a cluster
of tall buildings, creating a contrast with the dense,
interconnected landscape below.
A fluid and continuous
The Shard / relationship between the | §€
Renzo Piano interior of the building and |- =%
Building the environmental place
Workshop

International

A fluid and continuous relationship between the

Commerce | interior of the building and the environmental
Centre place
Vivo /
tower

Kinetic architecture projects
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The Shed, a
Center for
the Arts

- Ensure the
architectural
design of
The  Shed
seamlessly
integrates
with
.- overall
aesthetics and urban design of the Hudson Yards
development.

- Collaborate with architects and urban planners to
create a structure that complements nearby buildings
and public spaces.

the

- Develop and implement
innovative accessibility solutions for
urban roads to enhance mobility for
people with disabilities.

Real projects

Park Mall
Setif:

The project was distinguished by its difference

'd and
R

uniqueness from other buildings and projects in
the city through its facades, whether in terms of
sizes and lengths or in terms of building
materials, colors and decorative elements used
in it, which made it an urban landmark and a

The project has good connectivity, as
it is located opposite two important
road networks, both of which have a
large flow.

Al Khair
shopping
Centre

Thereis a
contrast between
the project and its

urban
environment.
-The facade
treatment is
different in the
urban environment.
- the height of the project is 6 floors.

Main Road (November 1 Street (1954))
Secondary road (Sawli Brothers Street)

b

Secondary road (Prince Abdul Qader Strget) we,
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The
project

Volumetry

Composition

Shanghai
West Bund
Al Tower &

Plaza

The project's

most
distinctive
feature is its
"wind design,"
evident in both
* : the overall
Iayout and the shapes of the buﬂdmg volumes.
The buildings' exteriors, public spaces within
the commercial zone, landscaping, and interior
designs all embody a streamlined aesthetic
inspired by wind dynamics. This concept
permeates the entirety of the project, enhancing
both its visual appeal and functional coherence.

The potential
of this
- magnificent
& site has been
% fully realized,
resulting in
: the creation of
a new publlc space that seamlessly
integrates landscape and architecture,
harmonizing the towers with the
surroundings. This unique design
approach is tailored specifically to this
location and could not have been
achieved through the redevelopment of
an existing urban area in the heart of the
city.

Abu
Dhabi
Central
market

Above the dense,
compact base, a
cluster of high-rise
« buildings emerges,
each varying in
height and mass
. i o based on its
‘ - function—whether
office spaces, apartments, or a blend of hotels
and serviced apartments. These buildings
present a cohesive appearance with smooth,
reflective facades designed to require minimal
maintenance in the dusty desert environment..

Office space
Residential space
market space
The souk

ﬁ?‘f“f%ﬁiﬁﬂﬁiﬂ

The Shard /
Renzo
Piano

Building

Workshop

The tower's design
, optimizes its functionality
3 with a mix of residential,
office, and retail spaces,
ensuring continuous
activity around the clock.
Its slender, pyramidal
shape was specifically
chosen for this mix: large
floor plates at the base for
offices, with restaurants, public spaces, and a
hotel in the middle, and private apartments at
the top. The uppermost floors feature a public
viewing gallery at 240 meters above street
level. This arrangement not only enhances
functionality but also allows the tower to
gracefully taper off into the sky, a crucial
consideration for Renzo Piano Building
Workshop given its prominent position in the
London skyline.

5?FW

e
‘::;‘;'ir :

]
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International
Commerce
Centre

-Analyzed wind
performance and
tenant preferences.
Circular floor
plate good for
wind, but not
preferred by

=48 financial tenants.
-Square floor plate preferred by tenants but
performs poorly in the wind.
-Chose a square floor plate with notched
corners for improved wind response.

Keterangan

Hotel apartement
Office floor
Mechanical floor
Observation deck

Skylobby

Vivo ,
tower l o fj’ =
3 b i
NBBJ's impressive 150-meter, 32-story
B T tower features a spiraling, multi-level
collection of terraces and gardens that
are seamlessly integrated. Beginning
with a welcoming public plaza, the
building descends from a sunken garden
to level five, housing the flagship Vivo
store, retail entrances, eateries,
conference levels, and an employee
cafeteria. Additionally, the penthouse
offers event spaces and conference
rooms, enhancing its functionality and
appeal.
Kinetic architecture projects
The shell, equipped with wheels
The Shed's | measuring six feet in diameter, takes
Ji:d design draws | nearly five minutes to transition from its
The Shed, a [ AlA inspiration nested position within the base building
Center for ' from its | to fully deployed over the plaza. During
the Arts intended this process, it covers a distance of
purpose as a flexible and adaptable cultural | approximately 115 feet..
. Space. The
movable outer
shell, which can
, 8% expand and ~
s 4 - retract, allows the \
ARCRITECTURE - &% building to
transform and

accommodate a variety of artistic events and
exhibitions.

Real projects
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Park Mall
Setif:

Al Khair
shopping
Centre

It consists of an interconnected group of simple
shapes and sizes

It is a compact volume
in the form of a
parallelogram

The architect chose a regular shape,
with transparent facade
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The Architectural envelope Access
pl’OjeCt
inspired by the | Several entrances to match the urban site,
‘ image of | preserved by pedestrian entrances through wide
phoenixes, ramps
Shanghai / ; gracefully
West Bund 4 i spread out at
A T lower levels,
Al Tower & / L= creating ample
Plaza — ground  space
for relaxation.
§ The design
draws inspiration from the site's aviation history
and prevailing winds. Early in the design
process, simulation technology was employed to
predict wind flows, optimizing the tower layout
for a people-friendly environment. . This wind-
driven design not only enhances the towers'
aesthetics but also shapes the airflow in the
surrounding area.
The architectural envelope of the project takes
the form of the traditional Islamic Mashrabiya, e sespoe e
in addition to preserving its characteristics, with PERCIEER | e R T
the aim of preserving the local Islamic identity
and highlighting it in it. -For the ceiling:
Relying on the removable roof, or what is
Abu known as the adaptive shading system, in some T mmmm:;
Dhabi parts of the building, especially in the central
Central courtyards, with the aim of controlling the Diversity and abundance of entrances in
keeping with the enormity of the project and
market giving it architectural value, as well as with the
aim of guiding visitors inside
internal environment of the project.
The tower
The Shard / features eight
Renzo sloping glass
Piano facades, known
BU”dmg as "shards,"
Workshop which define its

distinctive shape
and visual
character. These
shards fragment the scale of the building
and reflect light in unpredictable patterns.
Opening vents positioned in the gaps or
"fractures™ between the shards provide
natural ventilation to winter gardens. The
use of extra-white glass gives the Shard a
sense of lightness and makes it responsive
to the changing sky, resulting in the
tower's color and mood continuously
evolving throughout the day.
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International

Chiseled facades at the base give way to gently

Commerce | sloped curves.
Centre Curves create sheltering canopies for office and
hotel entrances overlooking the harbor.
Facade articulated as four planar elements rising
above the roof as glass sheets to form the tower
crown.
Vivo Reflectlng the dlverse native ecosystem of Shenzhen and the various
tower / biomes of Southern China, each
level of the high-rise incorporates
. | different types of trees and shrubs,
M e creating a transition from forest
i o floor to mountaintop environments.
Additionally, the building's
orientation is rotated to better
X ) engage with the cityscape,
enhancmg the pedestrlan experlence and integrating the structure
more harmoniously into its urban surroundings
Kinetic architecture projects
The Shed's 120-foot tall (37 m) movable shell A wide entrance, taking into account ease
features an exposed steel diagrid frame, covered | of movement for handicapped
with translucent cushions made from a durable ‘
and lightweight Teflon-based polymer called
Tgeenfsre %f ethyle%e tetrgfluoroethylene (ETIEIE_). This
the Arts rnaterle_ll offers thermal properties S|m|I§r to
insulating glass but at a much lower weight. The
ETFE panels used in The Shed are among the
largest ever produced, measuring nearly 70 feet
(21 m) in length in certain sections.
Real prOJects
Park Mall The mall's facades | We notice a
Setif are cha_racterizgd b_y ' separation
. modernity, which is between the

embodied through:
- The use of light
materials represented
by white and grey, in
addition to the use of |
red in order to create |
contrast and highlight
some elements in it.
- The use of modern

building materials
characterized by
lightness, namely:

: g 7 glass, aluminum, and
the use of a distinctive decorative element along the
facade of the mall, which is represented by a network
of slanting lines intertwined with each other.

—» Special entrance for trucks

entrances to
each part of the
project, which
ensures privacy
and
functionality by
regulating
mechanical
movement

within

the project

floor.
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Al Khair
shopping
Centre

The project has a single
m facade characterized by
L verticality.
3 - Using glass as an
o g T aesthetic element rather
than a guest, in order to
give the facade a modern
character
- A rather modern facade, which does not
express an identity in the city.

on the main entrance.

Separating the entrances
with the aim of organizing
movement and separating
the movement of goods
from the movement of
customers.

- Multiple entrances in
order to regulate movement and reduce pressure

The two main entrances to A

the project are the parking lot =)
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The circulation Structure
pl’OjeCt
isa building of steel and glass
The subway runs underground
parallel to Amphitheater Park,
with the two stations serving as
: hubs that connect
V?/E?tnlgﬂﬁld | transportgtion throughout thg
surrounding area. The planning
Al Tower & of the adjacent lands to the
Plaza north, south, east, and west is
based on this infrastructure
framework. This project, which
is located in the middle and both
sides of the Amphitheater Park,
connects the eastern and
western sites on both sides of
74 the green space through
4 underground passages, and is
/4 also connected to the
underground passage of the subway to create a
comfortable walking space for people.
The building incorporates concrete, steel,
linear and vertical circulation glass, and wood, particularly for its
meshrabiya
elements.
Abu
Dhabi
Central
market
The “fractures” between The  main  structural
the pieces of glass, open element of the building is
to the wind, allow natural the concrete core located at
ventilation of the winter its center. This  core
gardens. The floors are accommodates the main
covered with hydraulic elevator services, elevators,
and emergency staircases,
concrete slabs. and it supports all lateral
The Shard / loads. Additionally, this
Renzo concrete column houses the
Piano building's main systems,
Building including electrical cables, water pipes, and
Workshop maintenance equipment. The foundation of

THIRTY-NINTH FLOOR/HOTEL

% the building extends 50 meters into the

ground to ensure stability and support.
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International

Utilizes a system of

is a building of steel and glass

Commerce cascading escalators to
Centre divide office population
between local and shuttle
elevators.
Vivo |/ /
tower
Kinetic architecture projects
- Designing spacious lobbies or foyer areas | The most distinctive feature of The Shed is its
to accommodate large numbers of visitors | outer shell, which is designed to move along
during peak times. rails to expand and retract, transforming the
The Shed,a | - Providing clear pathways within these | Puilding's footprintThe structure of The Shed
Center for | areas to prevent congestion primarily consists of a steel frame, which
the Art : - " | provides essential support for the building. -
EAIS il Cladding materials, such as ethylene
tetrafluoroethylene (ETFE) panels, are used
to cover the steel frame. ETFE is a
lightweight and translucent material that
allows natural light to_enter the space.
), J‘/
v
Real projects
Park Mall | Linear movement within the corridors for all | The construction system used in the
Setif: floors. shopping center is reinforced concrete

post-beam and metal structure with glass
facade

Caspe tangihasinge

82




ANALYTICAL CHAPTER

Al Khair
shopping
Centre

There are two types of circulation

-Vertical circulation Elevators Stairs

-Horizontal circulation and in spaces

There is a traffic intersection between customers
and supply

The construction system used in the
shopping center is reinforced concrete
post-beam. With glass facade

|
4
|
|
|
|
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Shanghai
West Bund
Al Tower &
Plaza
diowernal W Tower 30F X Tower 30F
= _
Underground Commereial Arsa
[ office
] Hote!
O Extibiticn Area
[ Aviation Siation
[] Heospitality Faciliiiss
[ Mechonical / Sructural Area
1. Car parking
,, ‘ f’ 2. Retail space
3. Office building
Abu Dhabi 4.  Floors for wind load
Central
market
Retail space
The Shard /
Renzo Piano
Building
Workshop

THIRTY-NINTH FLOOR/HOTEL.

" H M [y
™.
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International
Commerce
Centre

Vivo
tower
The Shed, a T
Center for .
the Arts : ;I::muc
4 GALLERY
5 MCCOURT PLAZA
6 STUDIO THEATER
7 GREEN ROOMS
8 EVENT SPACE
9 CATERING KITCHEN
10 TISCH ARTISTSLAB
1 OFFICES
LEVEL 0 (LOBBY) PLAN ®° ?::v
Park Mall
Setif: ENTERAINMENT AND 7 7
ARRUSEMENT "
TRADE AND SALE
CAR PARKING +HYPER
MARKET
Al Khair
shopping -
Centre
Strang direct relationship e
\Weak direct relationship —
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I1. Analytical Summary of Examples:

Situation

The projects are mainly located in the heart of cities, in the
compact urban site, as well as the other projects are well suited to the
natural Park. far away from cities

The project in
its distant
environment

The projects have a strong relationship with the elements of
the natural and distant urban environment.

The project in
its immediate
environment

The projects are well located in the urban environment, and surrounded
by cultural, commercial and residential facilities

The project
plot

Most projects are built on irregular plots,
50% for the project and the rest for the landscaped outdoor spaces
outside.

Project The integration project contains regular and irregular shapes and closed volumes to
integration arouse people's curiosity. The unbuilt part must represent 1/4 of the area of the
built part, and it must contain spaces
Green and water bodies.
Accessibility The projects are well equipped with access (stairs, ramps),
Route follows the shapes of the masses.
Volumetry
Composition Most projects have architectural forms with space

central (atrium, courtyard, forum) for an exhibition tour between
key project spaces.

Architectural
envelope

- interior spaces benefit from panoramic views.

Using transparency in the facades to introduce the center and attract customers’
attention to it.

- Using advertising boards on the facade of the building.

- Parameterizing and highlighting the entrance.

- Adaptation and suitability of facades to the environmental climatic characteristics
of the project area.

- The facades preserve the elements of the region’s distinctive architectural
identity.

Access

Diversity of entrances (main entrance, secondary entrances, entrance
mechanical and pedestrian)

circulation

Diversity of routes, a free, circular, curved route
and linear to connect project spaces.

Structure

the tower generally consists of a central core for the technical space and circulation
with a steel structure and glass facade

Spatial and
functional
organization

The main component spaces of cultural centers are:
Event spaces, exhibitions, library and cafeteria.
The main component spaces of hotels: lobby, bedrooms and relaxation areas

I11. Program analysis
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SHOPPING CENTER

Section The espace the number the area The total
area
Women's / men’s/children's 2 200 1200
clothing
Games for children 1 140 140
Women's / men's / children's shoes 2 100 200
Accessories and jewelry 2 40 80
Bags and hats 2 50 100
Watches and glasses 2 40 80
Book store 1 50 50
Women's hairdresser 1 70 70
Men's shaving....... 1 50 50
Commercial | gnorts clothing and equipment 1 80 80
sector
Bridal supplies 1 80 80
Traditional industry 2 40 80
Paintings 1 50 50
Fabrics 1 50 50
Sewing tools 1 50 50
Jewelry 2 40 80
Cosmetics 2 60 120
Gifts 1 40 40
Florist 1 50 50
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Commercial Perfumes 2 40 80
sector
Phones and accessories 1 70 70
Furniture and decoration 1 100 100
Home electricity 2 70 130
Furnishings 1 50 50
Supermarket 1 2000 2000
Craft shops 1 50 50
Tourist agency 1 60 60
Total=
Consomption Restaurants 2 200 400
sector
Cafes 2 100 200
Fast food 3 80 240
Sweets shop 2 50 100
Traditional sweets 1 50 50
Dates 2 50 100
Ice cream shop 1 50 50
Tea hall 1 200 200
Total=
Children’s entertainment 1 800 800
toys sector
Electronic games and billiards 1 450 450
Bowling alley 1 450 450
Total=
Services Pharmacy 2 50 100
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section Communications agency 1 50 50
section Special care for children 1 100 100
Services
Prayer (men/women) 2 60 120
Total=
section Director's office 1 30 30
Management
Secretariat 1 25 25
Meeting room 2 50 100
Accounting office 1 25 50
Registration Control Office 3 25 75
Total=
sector Store 3 100 300
Technical
Technical field 1 100 100
Bathrooms 160
Total=
Circulations area :
Office
Section Spaces the The area | The total
number area
reception Reception area 01 16 16
Waiting area 01 140 140
Administration and 04 16 64
services
Total=220
Business Partitioned offices 140 posts 1p 700
5m
Co working 300 per 1p 1200
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4m
Semi-open offices 300 per 1p 1500
sm

Meeting rooms 13 26 338

Conference room 01 200 200

Exhibition space 02 200 400

Room Visio-Conference 5 16 80

Creative rooms 6 16 96

Total=4255
services banking annex
communication agency
tourist and travel agency
Total=

commerce shops 12 20 240
Consumption Restaurant 01 100 100
Cafeteria 05 28 140

Total=480

Leisure and relaxation Prayer (men/women) 04 12 48

gym 02 300 300
Total=348

Management Director's office 01 60 60

Secretary’s Office 01 15 15

Meeting room 01 60 60

Accounting office 01 15 15

Reception office 01 15 15

Archives 01 15 15

Cloakrooms 01 15 15

Control points 01 15 15

Camera control spaces 01 15 15

Total=210
sector Technical Storage 04 50 50
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Technical area 01 20 20
toilets
Security room 05 16 80
Total=
Circulation
Conclusion :

Analysis of examples of multi-functional towers that combine a shopping center and offices reveals
several advantages. These projects are characterized by the integration of facilities that combine
culture and work in one place, which enhances cultural exchange and creativity between different
groups and communities.

We reached the conclusion of the most important characteristics that distinguish commercial centers
and offices, both at the urban level in terms of general location, connectivity, and flow. . ..etc., and in
terms of functional distribution of areas, movement and interface design,

In addition, the organization of the spheres plays a crucial role in the construction of these towers,
especially the organization of the central part. The organization of the areas helps achieve optimal use
of the spaces within the tower, ensuring an efficient and comfortable working environment for the
offices, and a diverse and exciting cultural environment for the cultural and entertainment facilities.
This central organization enhances the functional and cultural experience of users, making the tower
an attractive business and cultural center of the city.

By studying and analyzing examples of kinetic architecture, we will be able to develop innovative and
effective designs for kinetic elements that contribute to achieving your goal of displaying the building
in a unique and distinctive way in the architectural
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PRACTICAL CHAPTER

Introduction :

This chapter delves into the practical facets of the study, offering a thorough analysis and insightful
exploration of the project's various components. Initially, it presents a detailed site analysis, setting the
groundwork for understanding the contextual influences on the design. Following this, the chapter
elucidates the intersections between the project objectives, the developmental phases, and the
overarching theme of the study, seamlessly leading into an exposition of the design concept and its
progressive stages of evolution.

A significant portion of the chapter is dedicated to examining the structural intricacies involved in
constructing the tower, with a lemphasis on the dynamic element inspired by the mimosa plant. This
bio-inspired feature adds a unique, responsive characteristic to the design, enhancing its interaction
with the environment.

Furthermore, the chapter explores practical applications of the study’s theme within the project,
demonstrating how theoretical concepts are translated into tangible architectural solutions. The
chapter culminates in a comprehensive visual presentation of the project, encompassing detailed
plans, sections, elevations, and both internal and external perspectives.

|.Site analysis:

The site is located in Biskra is a commune in the northeast of the Algerian Sahara. The city of
Biskra is located between two very distinct zones. In the North the mountain range of the Saharan
Atlas which constitutes a natural limit between the north and the south. Geographic coordinates
Biskra -Algeria:

- Latitude: 34° 51' 1 N;

- Longitude: 5° 43' 40 E.

S (ad

—— \\\‘—4'{.‘- v ’:.:
(a) (b) (c)

Figure 73: (a) and (b), Geographical location of the city of Biskra; (¢) administrative division map,
wilaya of Biskra soure: Article Jan 2017Alkama Djamel
I.1. Geographical location:
The project is located in the city of Biskra, on the edge of the Sidi Zarzour Valley, opposite Bachir
Ben Nasser Park

Figure 74: The site and nearby surroundings
Source: (2023EARTH GOOGLE) Adapted

93



PRACTICAL CHAPTER

1.2. Accessibility and Transportation:

The site’s accessibility is a crucial factor in its development potential:

- Road Networks: Biskra is well-connected by a network of major roads that facilitate easy access to
and from the city. The proximity to a main road directly connects the project site to the rest of the city
- Public Transportation: The availability of public transportation options, including buses and
taxis,ensures convenient travel for residents and visitors.

- Pedestrian Access: The site is designed to be pedestrian-friendly, promoting walkability and ensuring
safety and comfort for foot traffic.

Main roads

an t.:.ll‘

1.3. Site Topography :
1.3.1. Sections on the site:

The site is irregular in shape and contains little terrain due to its location next to the valley

The shape of the site: has a slight slope Almost flat

Y Y
valley Terrain

Topographic section (GOOGLE EARTH.2024)

Garden

o

et

The site

o~

East—west section
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The site

Northeast section-
Southwest

1.4. Climate and Environmental Conditions :

Biskra's climate is characterized by its subtropical desert conditions, with key climatic indicators as

follows:

o Temperature: Summers are extremely hot, with average temperatures reaching 43.5°C, while
winters are relatively mild, with average minimum temperatures of 4°C.

e Humidity: Relative humidity levels vary seasonally, with low humidity during summer and
higher humidity in winter.

o Rainfall: Rainfall is scarce, with an average of 31 days of rainfall per year, contributing to the
arid nature of the region.

o Solar Radiation: Biskra receives intense solar radiation throughout the year, with peak
intensity during July, resulting in approximately 383 hours of sunshine per month.

40 | —_B4ag ;
Bi7 pam
- 36| ;
e 2? | 715 223
g (7.5 (16,2
é 20 T———T17T 124
[11,6]
'2 15 8 4
10 | |
5 - I I I |
1 L J
1 2 3 4 5 6 » 7 8 9 0 N 12
ois

Figure 75 : Average monthly temperature under shelter of the city of Biskra (Biskra Meteorological
Station, 2016)

Juwi ) 594y

Jan Fév Mar Aw Mai Jumn Jui Aol Sep Oa Nov Déc

Figure 76: average monthly precipitation diagramme
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per Month

ge daily sunhours

e

Figure 77: average daily sunhours per month

1.5. Insolation and wind:

The site is exposed almost all day to sunlight and we can see this in the pictures

sunrise midday At sunset

In the context of Biskra's climate, winds play an important role, especially given its location in the
Algerian Sahara. Here is some information about the wind in Biskra:
- Seasonal changes: Although Biskra is known for its hot and dry climate, the winds can provide some
relief, especially during the summer months. Wind may help moderate extreme temperatures by
providing ventilation and cooling, although it can also exacerbate heat-related discomfort.
- Wind effects: In architectural design, taking wind effects into account is crucial, especially for tall
structures such as towers. Wind load analysis and structural design procedures are essential to ensure
the safety and stability of buildings, especially in areas exposed to strong winds.
- Although wind can be beneficial for cooling purposes, it can also pose challenges, such as dust
storms or sandstorms that are common in desert environments. Urban planning and landscaping
strategies may include windbreaks or plants to mitigate the impact of strong winds on buildings and

outdoor spaces.
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wes)

Figure 78 : wind rose of Biskra with climat consltant

1.6. summary of the important elements of the site :

i N el s R

¥ Main mechanical road
E
H I

5PN

Green space

To cold winds
Hot wind

Sandy wind

1.7. Noise Sources and Levels :

The project is surrounded by a diverse array of noise sources coming from all directions, contributing
to a complex acoustic environment.

Major acoustic effect

© Middle acoustic effect

o

Small acoustic effect
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1.8. Views and Vistas :

The site

Public
gardent

Bashir Bin Nasser Hospital

the university

1.9 Summary of the site analysis :

strength point:

= Direct connection to the ground due to its proximity to a main road.

= The presence of several poles through which the project can be realized.

= The topography of the land is good and almost flat, which facilitates the project design process.
Weaknesses:

= The site is completely exposed to the sun (absence of urban or natural barriers).

= The site is exposed to the wind.

= The absence of green fields and the preparation of external fields for the study area.
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I1. Pre-design elements

1.1 Objectives and determinations

Goals

Intentions

Goals and intentions for theme

Implementation of design
requirements for smart envelope

- Smart systems appropriate to the project function.

-smart envelope Depending on the active system

Applying the characteristics of
smart envelope in the project

- Achieving the lowest energy consumption.

-Through the building's response to the external environment.

Show and highlight the local
identity in the project

- use of traditional local elements

Goals and intentions for project

Project Landmark

-The high of the Project (Tower)
-distinctive facades

- rich volumetry

optimal project orientation

-North / South.

flexibility of movement

-separation of the mechanical and pedestrian movement
-use movable partitions

-Clarity of movement elements!

Transparency

opening of the project to the outside

ensured spatio-functional
continuity

Use distribution and assembly spaces.
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I11. Conceptual approach :

111.1 Opportunities and Constraints :

Opportunities Constraints
Strategic Location: Solar Exposure:
Proximity to major roads, potential for visibility | High solar exposure throughout the day,
and landmark status. challenge in balancing natural daylighting with
solar heat gain management.
Urban Context: Wind Conditions:
Integration with surrounding urban fabric, Windy conditions in Sahara region, potential for
opportunity to enhance cityscape. dust storms.
Environmental Sustainability: Noise Pollution:
Abundant sunlight for solar energy harvesting, Surrounding noise sources, need for acoustic
green spaces, and sustainable technologies. solutions.
Community Engagement: Site Topography:
Creation of communal spaces, positive impact on | Irregular site shape, slight slope, site grading and
quality of life. leveling.
Economic Potential: Regulatory and Cultural Considerations:
Mixed-use development, attraction of businesses | Compliance with local building codes, respect for
and tenants seeking modern workspace solutions. | local cultural context.

111.2 Concept Development :

This conceptual design seamlessly blends elements of sustainability, aesthetics, and functionality. The
integration of gardens on different floors not only enhances the aesthetic appeal but also contributes to
the building's environmental sustainability by improving air quality and providing natural insulation.
The adoption of a circular form optimizes the use of space, allowing for more efficient circulation and
creating a sense of unity and flow within the structure.

Moreover, the incorporation of a central core serves as a multifunctional space that fosters
connectivity among occupants. This central hub can house communal areas, such as lounges or
meeting rooms, encouraging social interaction and collaboration. The overall design aims to create a
unique and harmonious environment that promotes well-being by providing access to nature and
ensuring a balanced, serene atmosphere. This holistic approach ensures that the building not only
meets practical needs but also enhances the quality of life for its users.

111.3 Inspiration and Vision:

The design is inspired by the mimosa plant's responsive movement to environmental stimuli, aiming
to create a dynamic and adaptable architectural form that harmonizes with Biskra's desert climate. The
vision is to integrate nature-inspired elements seamlessly into urban architecture, promoting
sustainability and enhancing user experience.

I11.4 Sustainable Strategies:

Self-Shading: Utilization of kinetic fagades that adjust to sunlight angles, minimizing solar heat gain.
Energy Efficiency: Integration of smart technologies and energy-efficient systems to reduce reliance
on mechanical cooling.

Natural Ventilation: Design features that maximize cross-ventilation and airflow to enhance indoor air
quality.

Innovative Features:

Kinetic Facade: Dynamic shading systems inspired by biomimetic principles, responding to sunlight
intensity and direction.
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Green Spaces: The incorporation of rooftop gardens and vertical green walls serves to improve
thermal insulation, mitigate the urban heat island effect, and enhance the aesthetic appeal of the
building or urban environment.

Smart Sensors: Deployment of light and temperature sensors to automate facade adjustments for
optimal energy use and occupant comfort.

111.5 Tall building structural systems

Core systems in reinforced concrete buildings typically involve a reinforced concrete core shear wall
that bears both vertical and lateral loads. Initially an open core, it can be adapted into a partially
closed core by integrating floor beams and/or slabs to bolster the building's lateral and torsional
stiffness.

While fully closed cores are optimal for resisting torsion from lateral loads, partially closed cores are
sometimes preferred for architectural reasons, approximating this behavior. This configuration is
achieved by supporting the open section of the core, typically suitable for buildings up to
approximately 35 stories tall.

Cantilever

Discontinuous
slab

penimeter column

Strengthened
cantilever
slab

(a) (b

rigid frame
systems. ' ga

systems < ’;;zm’"s"

outriggered
frame
systems1 Tall building structural
systems:

tube

mega core
systems

* mega

column

(mega frame,

space truss)
systems.

' shear wall
systems

shear-
frame
systems
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111.6 Concept design of the project :

Design the main vertical circulation core of the
tower, which includes elevators, staircases, ...

Extruding the masse of the tower

Divide the tower vertically into different zones or
functional areas, such as office spaces, retail areas, etc.

Shaping the tower +wind effect

incorporate green spaces throughout the tower. This
could include rooftop gardens,

In recent decades, green magazines and green ' i It
roofs have become an integral part of the —— I
architectural design of high-rise buildings. o n

These elements provide benefits. Here is a
review of some of the key benefits of using
green magazines and green roofs in high rises:
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111.7 Development of facade elements :
Source of inspiration :
inspiration from the Mimosa pudica movement for creating a self-shading element in a building

is a sensitive plant whose leaves bend and emit steam when exposed to external stimuli like

Figure 79: Sensitive Mimosa Pudica Electrophysiology

Source: https://aikyastore.life/index.php

Sensors :

Light sensing elements will be integrated to make it move dynamically and make the building
thermally comfortable and adaptable to its environment.

((te)))  Vibration

@ light

g Temperature

M Touch

111.8 Advantages of using light sensors to control sunshades:

Improve energy efficiency:

Reducing the use of air conditioning: By reducing the amount of sun entering the building, the need to
operate air conditioning systems is reduced, which reduces energy consumption.

Increase reliance on natural lighting: Sensors can control sunshades to allow natural light in when
needed, reducing the use of artificial lighting.

Improve thermal comfort:

Heat Control: Automatic control of the sun visors helps maintain a stable interior temperature,
increasing occupant comfort.

Reduce Glare: Automatic sun visors prevent direct sunlight from entering, reducing glare and
improving the working and living environment inside the build

103



PRACTICAL CHAPTER

V. Graphic presentation of the project -

Location plan :

ﬂ UE@%\N\\

0

BFUSH
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X X

\

scale 1/500

Masse plan :

v A

scale 1/200
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Ground floor
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Second floor

+10.00

Garden floor
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Typical floor
Third floor
+29.00 m

Sixth floor
+33.50 m
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Qd offices
)
5

Seventh floor
+38.00 m

Typical floor
Eighth floor
+42.00 m
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Typical floor
Twelfth floor
+46.00 m

Typical floor
Fourteenth floor
+50.00 m
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Typical floor
Nineteenth floor
+80.50 m

twenty-sixth floor
+127.00 m
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SECTION A-A: with system paths
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Elevator
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e DETAILKINETIC ELEMENT

Horizontal movement

Fixing detail u

GRC

Vertical movement __
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e DETAIL OF STRUCTURE
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Conclusion:

Based on the objectives and aspirations presented in this chapter, derived from the previous
theoretical and analytical study, in addition to the design philosophy grounded in the fundamental
concepts of this study, we ultimately arrived at designing a smart and sustainable mixed-use tower.
This was achieved through the application of a set of design requirements and smart technologies that
align with the hot and dry climate of Biskra city and respond to the functional nature of the project.
The aim of this design is to achieve residential comfort within the tower, whether in terms of thermal
or visual comfort, while effectively reducing energy consumption.
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General Conclusion:

Throughout this thesis, we have explored the integration of kinetic architectural strategies and
shading mechanisms to address the challenges of energy efficiency and user comfort in Biskra's arid
climate. Key findings highlight the potential of dynamic architectural solutions in enhancing thermal
performance and reducing energy consumption. The research underscores the importance of adaptive
building design in mitigating environmental impacts and improving urban sustainability.

This study contributes to the field of architecture by demonstrating innovative approaches to
sustainable building design in hot desert climates. By combining theoretical insights with practical
applications, we have showcased how Kinetic architecture and shading systems can effectively
optimize solar protection and enhance occupant comfort. This research advocates for the broader
adoption of dynamic architectural solutions to achieve resilient and environmentally responsive urban
environments.

Acknowledging the limitations, this thesis primarily focused on theoretical analysis and case studies.
Practical implementation and long-term performance evaluation of kinetic and shading systems
remain essential areas for future research. Furthermore, constraints in technological integration and
cost-effectiveness pose challenges that require ongoing exploration and innovation.

To advance research in this field, future studies should explore advanced materials and technologies
for dynamic building facades and shading devices. Additionally, interdisciplinary collaboration
between architects, engineers, and environmental scientists is crucial for developing integrated
solutions that meet both aesthetic and functional requirements. Moreover, conducting post-occupancy
evaluations and monitoring energy performance will provide valuable insights into the effectiveness
of implemented strategies.

This is a brief list of recommendations for the design of buildings, especially towers, in Biskra,
extracted after analysis:

- Integration of kinetic architectural elements.

- Optimal shading strategies.

- Use responsive materials.

- Passive cooling techniques.

- Biophilic design inspiration.

- Multidisciplinary collaboration.

- Education and awareness.

In conclusion, the journey through this thesis has underscored the transformative potential of

kinetic architecture and shading mechanisms in desert urbanism. By harnessing natural elements and
innovative technologies, we can create built environments that not only withstand climatic challenges

but also promote sustainability and enhance quality of life for inhabitants. Moving forward,

continuous innovation and strategic planning will be imperative to realize the vision of resilient and
adaptive cities in arid regions like Biskra.
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