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Summary:

The world has witnessed a noticeable increase in awareness of environmental challenges,
among which those related to the construction sector stand out, such as excessive energy
consumption and increased environmental pollution. Buildings are recognized as major
energy consumers, underscoring the urgent need for adopting sustainable solutions to

mitigate negative environmental impacts.

This work aims to explore thermal comfort in buildings, encompassing their various
characteristics, and highlight the importance of the architectural envelope in enhancing
energy efficiency. It focuses on hot and dry climates, such as the climate of M’sila province,
which shows a growing demand for cooling. Specifically, the thesis concentrates on
improving energy efficiency through adaptive architectural envelopes and the use of
evaporative cooling technology in business centers. This is achieved through a series of
theoretical research including definitions and analyses of numerous studies, references, and

scientific articles on the subject.

Ultimately, the overarching goal is to develop a comprehensive understanding for creating
comfortable and sustainable environments in hot and dry climates, offering valuable insights

for future architectural projects.

Keywords: thermal comfort, architectural envelope, evaporative cooling, business
center,M’sila.
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— Introductory Chapter —



General introduction:

many researches specified that 40% of world energy are being consumed by buildings.
The massive magnitude of energy consumption in buildings for cooling and heating by
heaters and air-conditioner systems portrays a huge problem to the system. Available
Statistics states that the Heat, Ventilation and Air Conditioning (HVAC) systems in standard
buildings accounts for more than 50% of annual energy consumption globally. This, coupled
with the threat of increasing global temperature and energy cost, induce the need to regulate
the temperatures in these buildings!.

According to these challenges, attempts are done in different scales to reduce cooling and
heating load in whole of the world.in this study we focus in the importance of the
architectural envelope lies in improving the thermal comfort, and enhancing the aesthetic
aspect. The specialized study focuses on hot and arid regions, exemplified by the city of
Msila. This region is characterized by a hot and dry continental climate in the summer and

cold winters.
Problem Statement:

In contemporary architectural design, addressing the challenge of enhancing thermal comfort
within built environments remains a critical concern. The architectural envelope, while being
a fundamental aspect of building design, poses a multifaceted problem: the need to optimize
its features to effectively contribute to improved thermal comfort. This challenge is
particularly pertinent in regions with extreme climatic conditions, such as hot and arid areas

like Msila, characterized by scorching summers and chilly winters.

The problem at hand involves a gap in understanding how specific architectural envelope
configurations can effectively mitigate the harsh impacts of external temperature fluctuations,
thereby ensuring optimal thermal comfort indoors.

Therefore, the central question is: How can architectural envelopes be designed to

consistently achieve thermal comfort?

1Advances in the research of building energy saving- 1 January 2022.




Hypothesis:

e Adaptive architectural envelope to protect the facades of buildings, as it works in a

sustainable way and is adapted to the hot and dry climate.

Study Objectives:

1. Presenting the characteristics and design requirements of the architectural envelope

and its relationship to thermal comfort.

2. Highlighting the role of evaporative cooling technology in enhancing user comfort

and achieving sustainability.

3. Accessing smart techniques and materials to ensure effective solar protection for

buildings.

4. ldentifying adaptive architectural envelopes as an element for solar protection and

their role in achieving energy efficiency and sustainability.

5. Presenting the principles and design standards specific to business centers.

Study Methodology:

To achieve the specified objectives, the descriptive-analytical approach is employed as

follows:

1. Descriptive Method (Theoretical): Relies on gathering information and data from
various sources such as books, documents, scientific articles, and official websites.
This method aims to understand the concepts of the architectural envelope and

business centers and their role in enhancing comfort and sustainability.

2. Analytical Method: Focuses on analyzing real-life examples of local and global
business centers, in addition to studying some actual models of adaptive envelopes.
Through this method, the efficiency and effectiveness of these examples in achieving

the study's specified objectives are explored.




The structure of the thesis:

General Introduction: The general introduction encompasses a broad overview of the research,
including the introduction, the problem statement, hypotheses, objectives, research methodology,

and the structure of the thesis.

Chapter One: Theoretical Study

I. Thermal Understanding the Concept of Thermal Comfort and Its Characteristics,
Comfort as well as the Factors Influencing It.
Il. The Understanding the Concept of Architectural Envelope, Its Types, with a
Architectural Focus on Adaptive Envelope and Its Role as a Solar Protection Element
Envelope and Achieving Thermal Comfort

IV. Business
Centre

Understanding Business Centers: Their Concept, Evolution,
Classifications, along with Exploring the Standards and Design
Considerations for These Business Centers

Chapter Two: Analytical Study

resenting an Analysis of Examples Related to Business Center Projects, Along with
Analyzing the Project Site and Identifying the Proposed Program.

Chapter Three: Practical Application

This chapter presents the introduction of the project's elements, along with the design
concept, followed by the graphical presentation of the project including plans, elevations,
and all related aspects of the project design.

General Conclusion: This includes a general summary of the research topic.

Fig: Thesis Structure Diagram
Source: author (2024)




CHAPTER I

THEORETICAL STUDY CONCEPTS AND DEFINITION




Introduction

The theme of our study is entitled the architectural envelope between aesthetics and thermal
comfort and our project a business center. This chapter presents the concepts of the theme, it
is divided into three main headings: thermal comfort; the architectural envelope and the
business center. This chapter explains the notions of thermal comfort, their parameters, heat
exchanges between the human body and the environmental atmosphere. In the second main
title we presented the architectural envelope, its types and their functions and performances.
In the third major title we presented the business center their definitions and the spaces it

contains.

I. Thermal comfort

I. 1. Definition of 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?. Let us quote: thermal comfort is Satisfaction with the thermal environment
expressed by the state of mind, which is evaluated subjectively®. - 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). -for Claude Alin Roulet: Thermal comfort is a state of stability and general
well-being. In addition, there is numerous research work that concerns thermal comfort not
only in buildings, but also in workplaces or means of transport. The factors that influence
people’'s perception of thermal comfort vary between psychological, physiological and
environmental factors. As well as the habituation, behaviors and expectations of people in
their living environments. So, the human body is not only a passive receiver of external

stimuli.
1.2. The parameters of thermal comfort

To determine a thermal balance, we have the most important criteria in participating in
thermal comfort are parameters linked either to the individual or to the thermal environment.

the metabolic activity and the resistance of clothing are parameters linked to the individual.

2Moudjalled, B. 2007
3SANSI/ASHRAE Standard, 2017 cited by: BESBAS, y.2017
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Although the air temperature, the average radiant temperature, its relative speed, and the

hygrometric degree of the air are parameters linked to the thermal environment*,
I. 2.1. Parameters linked to the individual:

l.2.1.1. Metabolism:

That is to say the quantity of heat produced by the human body. (Mazari,M 2012) These are
all the chemical reactions that occur in the body, and produce heat to keep it at around
36.7°C. When a person is moving, a working metabolism corresponding to their particular
activity is added to the basic metabolism of the body at rest. The commonly used unit is the
MET (Metabolic Equivalent of Task) which corresponds to the average energy expended by a

person during physical activity.
l. 2.1.2. Clothing:

Clothing provides thermal resistance to heat exchanges between the surface of the skin and
the environment which “constitute a barrier to convective and radiative heat exchanges
between the body and its environment, they reduce also the sensitivity of the body to
variations in temperature and air speed” (Givoni, 1978) Each type of clothing is measured by

a relative value expressed in Clo.

0 01 0.3 0,5 0.7 10 15 3 Clo ]

Figure 01: values expressed in Clo of clothing
Source:Mazari, M 2012

I. 2.2. Parameters linked to its environment

I. 2.2.1. Air temperature (Ta)

This parameter is measured by a thermometer in a room (Liebard and Herbe, 2005) at a
height of approximately 1.50 meters from the floor. The most influential factor on human

comfort according to “architectural recommendation” (1993) is the temperature of the area.

“Liébard, A. and De Herde, A. 2005, cited by: FERRADIJI, K.2017




The air temperature is acceptable when it varies from 22°C to 27°C. The temperature of air
directly adjusts the exchanges by convection which is one of the main terms of the heat
balance®.

l. 2.2.2. Relative air speed

If the air speed is less than 0.2 m/s. HAS; it is ignored and if it is greater than this value the
user of the space begins to feel the movement of the air, because this factor is very important
due to its effect on the exchange of heat by convection and the Increased evaporation on the

skin surface.
I. 2.2.3. The mean radiant temperature (mrt):

The mean radiant temperature (MRT) is defined as the uniform temperature of an imaginary
enclosure (or environment) in which radiant heat transfer from the human body is equal to the

radiant heat transfer in the actual non-uniform enclosure (or environment)®.
l. 2.2.4. Relative air humidity

Relative humidity is a ratio of the maximum amount of water vapor air can contain at current
temperatures and the actual amount of water in the air. When relative humidity falls between

40-70%, thermal comfort isn’t significantly affected. However, when HVAC units aren’t

operating optimally, humidity levels can rise to uncomfortable levels. Temperature and
humidity are invariably linked, as higher relative humidity levels make temperatures seem

warmer while lower levels of humidity make them seem cooler’

Optimum
Zone

Bacteria

Viruses

FungiMold

Dust Mites

Respiratory
Infections

Allergic Rhinitis
& Asthma

Ozone
Production

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
RELATIVE HUMIDITY

Fig 02: The hygienically optimal ambient humidity range

Source: https://www.energyvanguard.com

SBellara, S. 2005
SUniversity of California, Davis , (2012),Evaluation of Cool Pavement Strategies for Heat Island Mitigation.
"https://www.buildingsiot.com/blog/thermal-comfort-temperature-and-humidity-control-in-buildings-bd.
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1.3. Heat exchanges between the human body and the environmental atmosphere

Modes of heat exchange are: convection, conduction, radiation, respiration and evaporation.
Heat moving from the warmer body to the cooler body until the temperatures of two bodies

become balanced?.
1.3.1. Heat transfer by conduction

This occurs by direct contact and heat flows naturally from the warmer place to the colder
place. The thermal conductivity and the thickness of the material crossed is inversely

proportional8.
1.3.2. Heat transfer by convection

This is the exchange of heat between the body and the ambient air. This heat exchange
depends on the difference between the temperature of the body and the temperature of the air,

of the skin or clothing and the movement of air around the body.
1.3.3. Heat transfer by radiation

Is the mode of heat exchange at a distance between two bodies by electromagnetic waves.
There are two categories depending on the emission band: short wavelength exchanges (solar
radiation) not taken into account in buildings, and long wavelength exchanges (infrared
radiation) with the walls surrounding the subject. If the radiation received by the body is

lower than its own emission, the body cools down, and heats up in the opposite case.
1.3.4. Heat exchange by evaporation

Heat exchange due to the change in state of water and an important means of evacuating heat

in hot environments by evaporation sweat on the skin surface.
1.3.4. Heat exchange by respiration

The respiration process is accompanied by a transfer of mass and heat. These exchanges
depend on the differences in humidity and temperature between the ambient air and the

exhaled air, and the fan flow rate.

8ASHRAE, 1997 cited by: Moudjalled, B. 2007
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Figure 03: The thermal interaction between the human body and its environment

Source: https://www.researchgate.net

Il. The evaporation cooling system:

I1. 1. Definition of evaporation cooling system:

Evaporative coolers, often called "swamp coolers"”, are cooling systems that use only water
and a blower to circulate air. When warm, dry (unsaturated) air is pulled through a water-
soaked pad, water is evaporated and is absorbed as water vapor into the air. The air is cooled
in the process and the humidity is increased. The evaporator cooling technology is an energy-
efficient alternative to compressor-based cooling. In dry and arid regions, evaporative cooling
can meet most or all building cooling loads using one-fourth the energy of conventional
equipment. It can also be applied cost-effectively when integrated with conventional chiller
systems, which can greatly improve a facility's load profile. Unfortunately, evaporative
cooling requires an abundant water source and is only effective when the relative humidity is

low, restricting its efficient use to dry climates.®
I1. 2. History of evaporation cooling:

Since the early days of human civilization, evaporative cooling, or the evaporative
processes, has been used to cool down living environments. Egyptian murals have been
found, dating as far back as the year 2500 BC, that depict how porous clay vessels filled with
water were placed beneath an air inlet to provide some cooling when the air passed through
them. They could not have made use of electric fans or other modern techniques, but
elements of evaporative cooling were implemented in the design and architecture of their

housing, to provide a form of climate control. Besides that, evaporative cooling using wet

® A. Bhatia, B.E.2020. Principles of Evaporative Cooling System
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rags in combination with a wind tower (wind catcher) is a traditional Iranian architectural

element to provide cooling in buildings.

hot air U Dj DU ‘/m inlet

|| porous clay vessel
filled with water

— nalural venlilation evaporative cooling

cold air o v

Fig 05: technique of air cooling captured from the condenser using water sprays.
Source: Haj.H.M 2009
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Fig 06: traditional house in Diyarbakir in turkey with a courtyard with water basin
for cooling by evaporation in summer.
Source: Maddhoui. M.2019

I1.3.Types of evaporative cooling systems:

Two principal methods of evaporative cooling are 1) Direct cooling: In direct cooling water

evaporates directly into the airstream, thus reducing the air’s dry-bulb temperature while
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humidifying the air. 2) Indirect cooling: In indirect cooling, one stream of air called primary
air is cooled sensibly (without addition of moisture) with a heat exchanger, while the
secondary air carries away the heat energy from the primary air. Direct and indirect processes
can also be combined (indirect/direct). The effectiveness of either of these methods is directly

dependent on the low wet bulb temperature in the supply airstream?°.
11.3.1. Direct Evaporative Cooling (open circuit):

Direct evaporative cooling introduces water directly into the supply airstream (usually with a
spray or some sort of wetted media). As the water absorbs heat from the air, it evaporates and
cools the air. In direct evaporative cooling the dry bulb temperature is lowered but the wet
bulb temperature remains unchanged. The efficiency of direct cooling depends on the pad
media. A good quality rigid cellulose pad can provide up to 90% efficiency while the loose

aspen wood fiber pad shall result in 50 to 60% contact efficiencies.

Wetted pad or other direct evaporative media
A\'a o
vy
‘ Conditioned air 7/
g)itruduo: ‘ ". /44/
|r &) ]\ W, i ACOO i
\ ‘arm air - bi=e]
I'\ = . ?
o~ | ™Supply fan /
JIEA=.
hY
A Pump
Reservoir (to keep pad wet)

Fig 07: Direct Evaporative Cooling.
Source: A. Bhatia, B.E.2020. Principles of Evaporative Cooling System

11.3.2. Indirect Evaporative Cooling (closed circuit):

Indirect evaporative cooling lowers the temperature of air via some type of heat exchanger
arrangement, in which a secondary airstream is cooled by water and which in turn cools the
primary airstream. The cooled air never comes in direct contact with water or environment. In

indirect evaporative cooling system both the dry bulb and wet bulb temperatures are reduced.

10 A, Bhatia, B.E.2020. Principles of Evaporative Cooling System
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Fig 08: Indirect Evaporative Cooling.
Source: A. Bhatia, B.E.2020. Principles of Evaporative Cooling System

I1.4. Advantages of evaporative cooling:

The benefits of evaporative cooling are many. The two-stage evaporative technology,
especially, provides the most sustainable and environmentally friendly cooling and

ventilation available to production facilities, distribution centers, and office buildings.*

Optimal indoor air quality.
Optimal air humidity.
Energy-efficient climate control.

A comfortable work environment.

o~ w0 e

Environmentally friendly.
11.5. Evaporative cooling and air conditioning:

Evaporative cooling provides a highly effective and environmentally responsible indoor
climate solution for the industry. Yet many people are still suspicious of its cooling efficiency
and instead stick to what they know: conventional air conditioning. This is unfortunate, as
conventional air conditioning leaves a massive carbon footprint - especially in comparison

with two-stage evaporative cooling.

11.6. Water as a sustainable solution:

Evaporative cooling uses nature’s most potent refrigerant as its cooling agent - water! With an
exceptionally high latent heat of vaporization (2501 kJ/kg at 0 °C), evaporating 1 m3/h water

generates as much as 695 kW of cooling power. The evaporated water will finally end up in the air

11 https://www.0xy-com.com/advantages-evaporative-cooling
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and at a later stage come down as rain. Traditional air conditioning technology would demand at least

250 kW to deliver the same cooling power.
10 000

8 000
6 000
4 000

2000
0 833 + 118

Two-stage evaporative cooling Conventional air conditioner

Operating costs [EUR/year]

B Electricity costs Water costs

Fig 09: Electricity cost between evaporative cooling and air conditioner.
Source: https://www.oxy-com.com/advantages-evaporative-cooling

I11. The Architectural Envelope:
Introduction:

Recently, in the light of climatic changes all over the world and technical developments, the
building envelope, which is part of a physical system that includes internal and external
environments and serves as a physical barrier between them, has become one of the most
important studies of building science. These studies have led it to a change in building
techniques, materials, designs and concepts of some building envelopes that have emerged all
over the world. The building envelope materials are no longer just a cladding that have a
secondary role in influencing the cultural appearance and character of the building, but turned
into one of the important tools in functionality. This change has reflected in the evolution of
the envelope capability to transform its main role from just a barrier to providing a
comfortable indoor environment for occupants of the building.

I11.1. Definition of the Architectural Envelope:

* To cover completely with paper, fabric, or any material... (Larousse, 1989)

* The envelope of a building plays a role as an interface with the exterior. It is a transitional
space between different environments, a connecting zone, but above all, it is a protection, a
"material” that allows for protection. If we adhere to this definition, the building envelope can

be considered from various perspectives:
For the architect: it is a contact surface between the building and the city.

For the engineer: it is the point of connection between passive components and active

systems.
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For the thermal engineer: it is a transition zone between an interior atmosphere and an

external environment.

For the project manager: it is the object on which he will coordinate the interventions of

various trades, from the designer to the workers.

For the legislator: it is one of the characteristic elements of the building for which he will
seek to align the available performing technologies as closely as possible with generalizable

regulatory requirements.

For the occupant, finally: the walls that surround him are elements of thermal and visual

comfort and constitute a factor of aesthetics for his building*.

Overall, the building envelope is thus a junction between multiple factors, involving
numerous stakeholders in the construction process. Their common goal is to optimize all the

functions it has to perform?3,

-l O ,,
+.><'I+\|\|Ef+°= y

Fig 09: Simple Building Envelope.
Source: https://www.iko.com

I11.2. Types of Architectural Envelope:

According to CERTU (Centre for the Study of Networks, Transportation, Urban Planning,
and Public Construction), two types of architectural envelopes are distinguished based on

their role and materiality:

111.2.1. L oad-Bearing Envelope

It is considered a load-bearing envelope when it supports the floor and the framework,

primarily made of reinforced concrete with significant thickness.

2These master ,(2020), I’enveloppe architecturale entre 1’esthétique et le confort thermique .
BSTEPHANIE, G. et al. (2010).
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Fig 10: house in Akitsu.
Source: https://blog.allplan.com/fr

111.2.2. Non-Load-Bearing Envelope

By definition, it is the opposite of the load-bearing envelope because it does not contribute to
the stability of the building.

There are several types of non-load-bearing architectural envelopes:
111.2.2.1. Lightweight Envelope

Constructed on the framework of a building with lightweight materials such as metal sheets,

glass, wood or Fiber panels, etc.
111.2.2.2. Double Skin

Double-skin facades (DSF) can be considered an evolution of the fenestration for highly
glazed high-rise tertiary buildings. In DSF the facade is separated in two glazed layers (the
'skins'), enclosing an air cavity, generally used for hosting and protecting the shading system

and for airflow control.

Fig 11: Different type of double-skin facade according to the type of airflow.
Source: Effect of Double-Skin Facade on Thermal Energy Losses in Buildings

111.2.3. Green Envelope

Rouhollah N, Rogaye M. (2018).Effect of Double-Skin Facade on Thermal Energy Losses in Buildings.
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Green facades, although often used for aesthetic and architectural purposes, also contribute to
improving the energy performance of buildings and mitigating the urban microclimate. Green
roofs and facades provide the building envelope with the thermal and radiative properties of
natural vegetated surfaces. In summary, green envelope can be defined operationally as
building skin that responds to the surrounding context with minimal impact whilst keeping

the occupants in satisfactory human comfort at a cost of efficient energy consumption®®.

ol I

Fig 12: green facade system.
Source: https://www.areenkeeper.eu

111.2.4. Origami

Origami, the traditional Japanese art of folding paper into shapes without stretching, sticking,
or cutting, continues to shape our world in increasingly diverse fields'®. Architecture is an
area where its applications are expanding more and more. One important aspect is, obviously,

the visual appeal of origami folding models.
111.2.5. Perforated Envelope

Perforated building envelope presents a global contemporary architectural trend which is
connected — in some circumstances — to the traditional perforated models, such as
‘Mashrabiyya’, ‘Takhtabush’, ‘Qmariyyah’, etc!’. Perforated walls have used panels and
screens for centuries as a means to control the level of light inside a building or to ensure the

privacy of its occupants:

Azlan A, Sabarinah S,and Mohd A.(2019). Green envelope as an architectural strategy for energy efficiency in
a library building.

18] arousse en ligne.

Maria L, Bader A, Rabee M. (2015)Advanced Building Skins.
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Fig 13: Kinetic facade. Fig 14: Perforated facade.
Source: arch2o.com Source: archidayli.com

111.3. The Functions and Performance of the Envelope:
The building envelope's various functions may be divided into three categories:
111.3.1. Support: structural and dynamic stresses to resist and transmit

111.3.2. Seize control: the control function is at the heart of good performance, and it

concentrates on rain control, air control, heat control, and vapor control, in that order

111.3.2.1 Water and water vapor control: Rain control is critical, and there are a variety of
ways for doing so, including ideal barriers, drained screens, and mass / storage systems.

111.3.2.2 Air control: Controlling air flow is crucial for maintaining interior air quality,
reducing energy consumption, preventing condensation (and so extending the life of the
building), and providing comfort. The passage of air through the enclosure (the assemblage
of materials that performs this function is referred to as the air barrier system) or through
components of the building envelope (interstitial) itself, as well as into and out of the interior
area, is controlled (which can affect building insulation performance greatly). As a result, air
management encompasses the prevention of wind washing (cold air flowing through
insulation) and convective loops, which are air movements within a wall or ceiling that can

account for 10% to 20% of total heat loss.

111.3.2.3 thermal envelope: The thermal envelope, also known as the heat flow control layer,
is a component of the building envelope that may be located elsewhere, such as in the ceiling.
An insulated attic floor is the major thermal control layer between the inside of the home and
the outside, although the entire roof is part of the building envelope (from the surface of the
roofing material to the interior paint finish on the ceiling)*®.

18Bin,L.(2021). Building Envelope Design and its Functions.
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111.3.2.3Aesthetic: The design of the building facade goes beyond its functionality. It
encompasses the aesthetic considerations that contribute to the overall architectural
expression that plays a significant role in defining the character and identity of the building®®.

IV. Adaptive facades

IV.1. Definitions of adaptive facades

Adaptive facades, in particular, consist of multifunctional, highly adaptive systems, in which
the physical separator between the interior and exterior space is able to change its functions,
features, or behavior over time in response to transient performance requirements and
boundary conditions, with the aim of improving the overall building performances (Loonen et
al. 2015). Furthermore, these types of facades allow energy to be saved by adapting to
prevailing weather conditions, and support comfort levels by immediately responding to
occupants’ needs and preferences (Loonen, Tréka, Costola, & Hensen, 2013). Consequently,
adaptability can be understood as the ability of a system to deliver intended functionality,
considering multiple criteria under variable conditions, through the design variables changing

their physical values over time (Ferguson et al., 2007).%°

IV.2. Types of adaptive facades:
IV.2.1. ACTIVE FACADES

Active facades (Figs. 1a), b) and c)) can be definite technological systems which have
integrated elements through which envelopes self-adjust to changes initiated by the internal
or external building environments, achieving comfort conditions while minimising energy
consumptions. These active features should be both automatic and manual and should not need to

include sophisticated electronics (Ochoa &Capeluto, 2008).

1Cristiano,F.(2023).Building Facade: Aesthetics and Functions.

20 Rosa Romanol*, Laura Aelenei2*, Daniel Aelenei3*, Enrico Sergio Mazzucchelli4 .2018. What is an
Adaptive Fagade? Analysis of Recent Terms and Definitions from an International Perspective
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a)
Fig 15: Some pictures of active facades: a) ARTICULATED CLOUD, Pittsburgh (USA),
2004; b) Nordic Embassies in Berlin, Berlin (DE), 1999; c) MEDIA-TIC, Barcelona (SP), 2007

IV.2.2. ADVANCED FACADES

An advanced facade is the outer, weather-protecting layer of a building that can contribute
to heating, cooling, ventilation, and lighting requirements and can promote interior comfort
through efficient, energy saving measures. The main difference between advanced envelope
concepts and other energy efficient envelope concepts is the application of responsive
building elements and their integration with building services systems and energy systems in

combination with advanced control (Ad et al., 2011).
1V.2.3. BIOMIMETIC OR BIO-INSPIRED FACADES

The skins of plants and humans tend to be seen as the most straightforward emulation
model and inspiration source for multifunctional and truly sustainable enclosure systems.
Functional bioinspiration can either be direct or indirect. The first approach directly copies
the observed functional principle into a building envelope technology that performs the same
role. This is an example of phototropism (i.e. changing in response to light) and heliotropism
(i.e. changing in response to the sun), applied, for example, in the climate adaptive building

shells concepts that enable the active collection or rejection of solar energy (Vermillion, 2002)

a)
Fig. 16: Some pictures of bio-inspired facades: a) Hygroscope, Centre Pompidou, Paris (FR),
2012; b) BIPV Adaptive Flakes, Milan (IT), 2017; c) BIQ — The Algaehouse — The Clever
Treefrog, Hamburg (DE), 2013

Source: journal of facade design & engineering
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IV.2.4KINETIC FACADES

In 1970, Zuk and Clark defined kinetic architecture as an architectural form that can be inherently
displaceable, deformable, expandable, or capable of movement (De Marco Werner, 2013). To
elaborate, a kinetic facade is a technological system in which there is a certain kind of motion
(Loonen, 2010) and that is able to guarantee variable locations or mobility and/or variable geometry
to all or one of its parts. (Fox & Yeh, 1999). The term ‘kinetic’ also indicates an organism’s response
to a particular kind of stimulus in biology (Wang et al., 2012) and an ability to modulate energy in its
primary forms: visible light and heat. A kinetic fagade (Figs. 3a), b) and c)) can respond to the flow
energy, both natural and man-made, that primarily affects building performance and the comfort of
the people in them (Fortmeyer & Linn, 2014). These types of envelope, in general, need to be
efficiently tuned to boundary conditions such as climatic conditions, different locations, varying
functional requirements, or emergency situations. In order to guarantee the kinematic, an actuation

force is needed that generates the movement.

a) b) c)

Fig. 17: Some pictures of kinetic facades: a) Campus Kolding, Kolding (Denmark), 2014; b)
Kiefer Technic Showroom, Bad Gleichen Berg (A), 2007; c¢) ThyssenKrupp Quarter, Essen
(DE), 2010

Source: journal of facade design & engineering

IV.25. INTELLIGENT FACADES

Intelligent buildings are those which combine both active and passive intelligence - active
features and passive design strategies - to provide maximum occupant comfort using
minimum energy (Kroner, 1997). In this context, the definition of ‘intelligent’ facade
introduces the idea of dynamic movement and the ‘component’ facade in which all building
services components are integrated (Knaack & Klein, 2008). Furthermore, the term

‘intelligent’, when applied to a facade, must indicate the responsive ability of the facade to
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change according to environmental conditions (Compagno, 2002). The intelligent skin is
therefore a composition of elements, which acts as a barrier to the outside environment, yet
can respond to climatic changes through the automatic reconfiguration of its systems (Masri,
2015) to produce a pleasant indoor environment (ClementsCroome, 2004). The primary
functions that must be performed by intelligent systems were considered: perception,
reasoning, and action. This corresponds in robotics to sensors, control processors, and
actuators (Hayes-Roth, 1995). For these reasons, an intelligent facade should be able to
change itself through ‘instinctive autonomic adjustment’ (Wigginton & Harris, 2002),
optimizing the building’s systems relative to climate, energy balance, and human comfort,
typically based on predictive models. This is often accomplished through building automation
and physically adaptive elements such as louvres, sunshades, operable vents, or smart
material assemblies (Velikov&Thun, 2013).

IV.2.6. INTERACTIVE FACADES

The term ‘interactive’ is used less frequently with regard to building envelopes than in
reference to computer-enabled artworks, installations, and other such environments that
encourage active public participation. However, an interactive facade (Figs. 4a), b) and c))
requires human input to initiate a response, and it may also be equipped with sensors and an
automated building management system

and programmed to optimise energy conservation while simultaneously ensuring the comfort
of its inhabitants (Velikov& Thin, 2013).

a) b) c)
Fig18: Some pictures of interactive facades: a) GreenPix — Zero Energy Media Wall,
Beijing (cn), 2018; b) SolPix, New York (US), 2010; c¢) Cyclebowl, Hannover Expo
(DE), 2000

Source: journal of facade design & engineering
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IV.2.7MOVABLE FACADES

Movable facades can be defined as technological systems that are able to rapidly adapt to
the environmental conditions and location, as well as being defined by the opening elements
themselves. Furthermore, where individual parts of flexible enclosures are equipped with
photovoltaic elements that track and follow the position of the sun, these type of envelope
systems can produce renewable energy, thereby reducing the energy consumption of new or
existing buildings (Schumacher, Schaeffer, & Voght, 2010).

IV.2.8RESPONSIVE FACADES

Functional responsiveness in contemporary architecture can be defined as a system’s ability
to adapt itself to deliver intended functionality under varying conditions through the design
variables that change their physical values (Ferguson et al., 2007). A responsive facade takes
an active role, initiating changes, to a greater or lesser degree, as a result and function of
complex or simple computations (Negroponte, 1975). Meagher (2015) defines responsive
components as all those elements of the building that adapt to the needs of people as well as
to changes in the environment. These components may be high tech systems that employ
sensor networks and actuators to monitor the environment and automate control of operable
building elements. He also uses this term to refer to the moveable, operable, often manually
controlled elements of buildings which allow the adjustment of the building envelope and
interior in order to adapt the building’s performance to meet everyday needs. Furthermore,
these technological systems can be actively used for transfer and storage of heat, light, water,
and air. They assist in maintaining an appropriate balance between optimum interior
conditions and energy performance by reacting in a controlled and holistic manner to outdoor
and indoor environment changes and to occupants’ requirements. Responsive building
elements can be essential technologies for the exploitation of environmental and renewable
energy resources, and in the development of integrated building concepts (Heiselberg et al.,
2012).
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a) b) c)
Fig 19: Some pictures of responsive fagades: a) Arab World Institute, Paris (FR), 1987; b) Yale
Sculpture Building, New Haven Connecticut (USA), 2007; c) Al Bahar Towers, Abu Dhabi
(AE), 2012

Source: journal of facade design & engineering

IV.3. CHARACTERISATION PARAMETERS OF ADAPTIVE FACADES (AFS)

As is demonstrated in the previous definitions, adaptive fagcade systems are notable for the
presence of one or more of the following technological features: — High-performance
innovative materials and systems for absorbing and storing solar energy (e.g. smart,
biomimetic, or bio-inspired facades, etc.); — Devices for managing natural ventilation in
combination with mechanical ventilation systems (e.g. adaptable, advanced, responsive
facades, etc.); — Mobile screens for controlling solar radiation (e.g., smart, adaptable,
responsive, and switchable fagades, etc.); — Technological solutions designed to increase
and/or control comfort inside the building (e.g. adaptable, active, kinetic, intelligent,
interactive, and switchable facades, etc.); — Building automation systems for the management

of plants and elements of the building skin (e.g. intelligent, responsive facades, etc.).
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V. Business Centre:
V.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.)?.

Fig 20: business center
source: https://wfmmedia.com

V.2. Target population:

The business Centre targets a specific clientele:

Small businesses and startups that do not consider a long-term commitment.
Companies in need of an office for a short stay.

Intermittent users - when their premises are not yet available.

A w0 o

Many personnel forced to relocate due to a lack of space in their current office.

2IMGS BUSINESS.com
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5. Users working on a specific project (survey, film production, etc.)??

V.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.?®
V .4. The Evolution of Office Design:

Over the last century, the evolution of office design has been driven and progressed by the
dramatic transformations in the way we work and what we expect from our office
environment. The introduction of new tech and tools, changing staff needs and work models,
and the shift from an industrial to a knowledge-based economy have altered the paradigm of

how and where we work.
1. Office Design in the 1800s

From the Romans to the East India Trading Company, offices were used long before the
1800s for administrative tasks, but the 19th Century saw them popularized as a place for
conducting business. This was mainly due to the comprehensive roll-out of the railway across
the UK, which brought an array of freight, logistics, importing and exporting tasks and

required much larger workforces to support it.

In this century, workplaces were shaped like their businesses — branching hierarchies with
merchants and clerks housed on the building’s lower floors, while the owners often lived

above the office.

22 wwww.arenas-partners.fr/fr/guide/qu-est-ce-qu-un-centre-d-affaires
2 Master thésis. (2021) L’AMELIORATION DE LA QUALITE DE L’AIR DANS LES ESPACES DE
TRAVAIL.
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Fig 21: office
source: https://www.oktra.co.uk

Early 1900s Office Design

In the early 20th Century, technology revolutionized the form and function of the workplace.
The invention of electric lighting opened up spaces — providing an entire floor plate where
staff could work without gas lights (read more on the importance of office lighting here).
Masonry-bearing walls often constrained building heights and new materials and techniques
had to be developed before multistory buildings could be safely built. The typewriter,
telegraph and telephone accelerated communication and allowed organizations to manage

their company offices from afar.

American engineer FREDERICK TAYLOR is recognized as one of the first people to
design an “office space”. He was one of the leaders of the ‘Efficiency Movement’ that was
highly influential in developing the mass production processes we know today. These spaces
were similar to factories. Linear rows of desks were set for typists and admin personnel —

resembling paperwork assembly lines with managers with separate rooms.

Fig 22: office

source: https://www.oktra.co.uk
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2. 1950s Office Space
After the war, business theorists began to steer away from the Taylorism concept of
“employees as units” and look towards flatter hierarchical structures that encouraged
communication and interaction. This was popularized in Germany by the ‘Burolandschaft’
(or “office landscape”) movement, which produced the first of what we now commonly call
open-plan offices.

These workplace designers used organic geometries and fluid circulation plans to facilitate
movement throughout the office. Informal spaces such as break rooms and lounges were first
introduced to provide employees with an “escape” from the desk. Designers used cabinets and curved
partitions to counter the noise and distractions of loud typewriters and telephone conversations. This
decade also saw a great improvement to indoor air quality with innovative air conditioning systems
and gas-firedboilers replacing coal. This encouraged the development of increased floor sizes and
lower ceilings, but spaces tended to still be designed at lower occupancies — due in no small part to

noise issues?,

Fig 23: Burolandschaft office
source: https://k2space.co.uk

3. The 1960s workplace

The late 50s saw the dawn of a humanized modernism with a blending of modern
architectural principles with warm colors and soft textures. In this search, the cubicle was
invented, the “Action Office” by George Nelson and Robert Propst. The ‘cube’ system was a
three-sided moveable partition developed to allow personal privacy, convenience and less
distraction, which was thought to be lost in many of the larger open-plan office environments.

The take up of this new system was slow due to its expense, but this all changed with

Action Office Il in 1968. The office industry particularly loved this template for the cubicle

Z4https://k2space.co.uk.(2022)2
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system, which was cheaper and easier to install. So, people began to replicate it, and other
companies devised with their own action offices.

4. Offices in the 1970s
Cubicle offices continued to be the dominant layout during this period, but the decade also saw the
rise of the individual and a new focus on wellbeing and ergonomics. This shift led to office spaces
designed to give individual workers the freedom to be creative, collaborate, and work autonomously.
In addition, computers started to enter offices. These vast, noisy machines filled entire rooms and

were mainly used for data storage and complex calculations.

g

1| I

Fig 24: Cubicle office
source: https://www.oktra.co.uk
5. 1980s office design

The 1980s saw substantial technological developments take hold with new communication
and information processing devices requiring space in the office — namely, the personal
computer. At the same time, with business-orientated political policies taking hold across the
globe, this decade represented a time when the corporation was king. Accordingly,
commercial office design took on a futuristic aesthetic, dominated by clean lines and
materials that emphasized a hard-edged, industrial look, such as metal and glass. During this
time, London’s skyscrapers boom began, most noticeable with the CANARY WHARF
development.
6. 1990s offices

At its outset, 90s offices looked and felt quite similar to those from the previous decade.
Private, enclosed workstations were still standard, and personal computers were bulky with
heavy-duty power and data cabling. However, as laptops began to become more affordable,
open office plans and hot-desking became an increasingly popular design plan as companies
sought to promote flexibility and collaboration in the flourishing Information Age and

knowledge-based economy.
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Fig 25: 1990s office
source: https://www.oktra.co.uk

7. Office design from the 2000s
The rise of dot-coms and start-ups from young, entrepreneurial minds reformed many of the
practices and behavioral notions of the workplace. Work-life balances started to blend with
the designs of the workplace, with more “playful” aspects entering the office. With the boom,
the “office as playground” became a familiar concept, characterized by innovative systems,
an open plan office and a university campus or neighborhood “spirit.” The rapid growth of
mobile tech also enabled employees to work away from the desk and popularized coworking
spaces. The first such center in the UK, “Impact Hub”, opened at London’s Angel Station in

2005.

Fig 26: relaxing space
source: https://www.oktra.co.uk

8. Office space in the 2010s
The 2010s workplace combined a mix of influences from the latter half of the 20th century —

2

taking aspects from many different work styles to create “agile work” environments that
make people, how they work, and the outcomes they produce the prominent focus, rather than
the work itself. One of these concepts, ‘Activity Based Working’, became a prominent

workstyle to address this new methodology and remains popular today. Furthermore,
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biophilia and the introduction of nature into the corporate space became increasingly popular,

as did an objective examination into wellbeing.

Fig 27: Variety of workspace environments
source: https://www.oktra.co.uk
9. Current office design in the 2020s:
Our post-COVID world has accelerated changes that were already happening within the
office landscape, remote working, virtual collaboration and self-organizing team structures
being three major examples. Where to next? A 2021 study by GARTNER suggests that by
2023, less than one-third of digital workers will select the corporate office as their preferred
place to work. And by 2030, 48% of employees will work remotely (compared to 30% before
the COVID-19 pandemic). Furthermore, Cone Communications’ Millennial Employee
Study found that 64% of Millennials won’t take a job if their employee doesn’t have a robust
corporate social responsibility policy, and 83% would be more loyal to a company that
contributes to social and environmental issues. As a result, we see companies incorporating
sustainable design into their offices — from furniture procurement to subscribing to BREEAM

and SKA based ecological, social, and economic assessments.?°

Fig 28: Highly adaptable and mdular spaces
source: https://www.oktra.co.uk

https://www.oktra.co.uk.(2022)
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V 5. the spatial requirements of a business center offices

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.
V.5.1bTypes of Spaces:

a. 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 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).

b. 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).

c. Collective Offices: The experience gained from very large office spaces has led to the
design of collective offices with around4 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. c).
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Fig 29: types of spaces of office

source: Nefeurt. (2010)
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d. 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.

e. Entrance Hall:

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.

. W - ~ —
Accés aux
Poste de e
sbcuritd y _btire_aix- Sanitaires
. Controle :
Cafétéria d'accés Conférences
Cantine ||  Portier 1 )| Salle d'attente Formation
Restaurant Exposition
- Hall d'entrée I
L JL_
[ Auvent |
A

Fig 30: Spatial Layout of the Entrance and Access Control to Common Areas
source: Nefeurt. (2010)

f. 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.

i TEEEE ]
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|

Fig 31: Space Required in Conference and Training Rooms
source: Nefeurt. (2010)
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J. 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.

Objective: Clear organization and classification of documents requiring minimal movement
and ensuring efficient use of space. Archives congestion (fig. 1). The passage widens as the

depth of the filing cabinets increases.
L x W (filing cabinets) = filing area + 1/2 L x W + 0.5 = passage area

Total congestion = filing area + passage area.

Fig 32: File cabinet system
source: Nefeurt. (2010)

h. 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.
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i . 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.
g. 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.
k. 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

center.28
VI. Conclusion:

In this chapter, we have covered various concepts related to thermal comfort, its
characteristics, and the conditions for achieving it. We also explored evaporative cooling
technology, considering our hot and dry climate, and identified the architectural envelope as
an adaptive and sustainable element for solar protection. Additionally, we discussed some
other protection techniques and materials. Furthermore, we delved into the principles and
design standards for business centers, understanding their types, historical evolution, etc.
Ultimately, we concluded that applying thermal protection with minimal energy consumption
has become a necessity we cannot overlook, especially given the high energy consumption of
these large facilities, which negatively impacts the environment. Therefore, implementing
adaptive envelope technology in the best possible way represents the optimal solution to

these problems.

ZNefeurt. (2010)
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— CHAPTER 02: —

ANALYTICAL CHAPTER




Introduction:

This chapter delves into the analytical part of the study, where it presents an analysis of
examples of selected business centers based on a well-organized and studied functional
arrangement for their spaces. The aim is to understand the nature of each project and identify
the positive aspects of each example to utilize them in the design process while avoiding any
negative points. Additionally, the chapter includes an analysis of the project site to determine
its characteristics, strengths, and weaknesses, and how to address them in the design phase.
Ultimately, the chapter concludes by presenting the proposed program for the project.

The Existing examples:

Springboard Business Centre

UFO business centre

Swiss Re building

International Centre / KPF

Example from architectural review:

NUMIDIA “ANNABA” business center.
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The Project

Technical information

location

d Busi

Type: business centre.
Execution date: on11 April 1985
Architects: McDowell Benedetti

located in an industrial
park

in Stokesley,North
Yorkshire

PROJECT MANAGER:
Raiffeisen Immobilien
PROJECT MANAGEMENT:
Design and construction: Axel
Schoenert architects
SURFACE: 8000 m?2
CERTIFICATIONS:

HQE excellent, BBC, BREEAM
excellent, WELL Gold, Wired
Score Platinum

Located in 22-24 rue
des Jeuneurs, 75002
Paris.

Architects: Foster +Partners

client: Swiss Re
Area; 64,469 m?
Height: 180 m | 590 ft

Project Year: 1997 — 2004

Location: St. Mary
Axe, Bury Street, Bury
Court and Browns
Buildings, London,

International Commerce Centre /
KPF

Kind:business centre

Date of completion: 2002-2010

Architect: KPF (Kohn Pedersen
Fox) Associates

HONG KONG,
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https://archeyes.com/tag/Foster-Partners/
https://www.swissre.com/
https://archeyes.com/tag/2000s-architecture

The
Project

Springboard
Business Centre

UFO business
Centre

The project is located in the midst of
the industrialpark and has a good
positioning on the site

The project located in a compact site
and well-integrated into the
environment

Swiss Re building

. located in the business
district of the City of London in
England.

. The building look like as if
it is planted on the Street .

International Centre
| KPF

Breakwater
PR

in West Kowloon, Hong Kong. It is
a part of the Union Square project
on top of Kowloon Station. It was
the 4th tallest building in the world
(third in Asia) when its construction
was completed in 2010.
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The
projec
t

The project in its immediate environment

The project parcel

Springboard Business Centre

The project .

Stokesley business

park .

Terry Dicken
business park .

The building is surrounded by industrial
equipment

@ The built part € the unbuilt part
The project occupies 40% of site and the
rest for the route and green space

buildings.

w

-

b

=

)

o

wn

Wl

]

=

‘B

=

=

g .

= @ The built part The unbuilt part
The project occupies 30% of site and the
rest for patio.

=N *Lloyd's Building

£ *St'Helen's

E *Tower 42 *Bevis

= Marks Synagogue

< *Bishopsgate o

) .

=4 *Mitre Square

7]

=

CE The building is surrounded by administrative

O The built part The unbuilt
The project occupies 37% of site and the

International Centre / KPF

O

liiicu wwiun win i coorve wiiay ur vy ouraper S

along its shores. The latest supertall addition by
architects KPF reaches an altitude of 484 meters
above the Victoria Harbor in Kowloon.

rest public space.

The boundaries of the site and the tower
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The

projec

t

Project integration

Accessibility

Springboard Business Centre

The architect took into consideration the North
South axis to maximize daylight through a
central atrium

=

m Pedestrian access
=) Mechanical access
The project is well served by mechanical

and pedestrian access

land Allows you to clear all the remaining space
is arranged to create a public square which will
be landscaped

W

&

=

@

o

@

5]

=

@

=

= o, :

g g ‘%.L P 2 . » -N

= | The project is integrated into its environment. It m) Pedestrian access
represented the architectural style of the city as m) Mechanical access
well as the architectural envelope that reflects The project
the nature of the city and the dominant colors, The project has high accessibility as it is
while respecting the height of the urban fabric. located between three main mechanical

axes

=1}

£

=

5

=

D

[

wn - . N

= itscigar | mp Pedestrian access

CE shape responds especially to the small plot of m) Mechanical access

The building has high accessibility
pedestrian but have No provision for
private car parking.
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International Centre / KPF

A fluid and continuous relationship between the
interior of the building and the environmental

place

The
project

Volumetry

The composition

Springboard Business Centre

The project consists of an oval shape at the
base and a floating roof at the top in order

to give natural lighting and locate the

center

£loating roof/landmark

The architect relied on arranging the spaces
around a central corridor bordered by a strict
layout of two rows of offices on two floors.

UFO business Centre

The genérél shape of the prdj
sculpted parallelepiped

ec

"

tisa

The volumes are grouped and rationalized
around a central patio, which provides natural
light to the office floors, all of which benefit
from dual exposure
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ing

Re build

wiss

S

Y .
PN a2
s M ts
aerodynamic shape makes it possible to
reduce the effect of wind around the

building and to use it in the building's
ventilation system.

L A

Basement: bicycle parking only.

International Centre / KPF

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

Zona 5
(10 office s(oreys)‘J Hotel apartement
-

Zona 4

(14 office storeys) Office floor

- Mechanical floor

Observation deck

Zone 3
(16 office storeys)

Zone 2 Skylobby
(14 office storeys)

Zone 1
(11 office storeys
+ 2 storeys
trading floor)

The
project

The project in its immediate environment

Springboard Business Centre

g o

™ nechanical
access

™ bedestrian
access

The project has only two entrances,
and this is proportional to the small
size of the project

UFO business Centre

w)  Pedestrian access (principal)
Pedestrian access (secondary)
m) bicycle access
The architect decided to distribute
the entrances according to use

42




Swiss Re building

o« XA Pedestrian access (principal)
Qg ¥ add Pedestrian access (secondary)
m) Dbicycle access
The building has entrances for
pedestrians only in order to provide
space for movement

International Centre / KPF

Pedestrian access (principal)
Pedestrian access (secondary)

| 1 HOTELLOBBY
| 2 OFFICELOBBY

5 GUEST ROOMS

SITE PLAN AT UPPER LOBBY

) v 7R\ eian

The
project

circulation

Springboard Business Centre

curved circulation

B Linear circulation

mm Elevator

The architect use both of curved and linear circulation because the form of the central
atrium
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Swiss Re building

LEGEND
)
b Open space
: H ta ul
()
o Vertical circulations I
7]
% Meeting spaces JOTO0
= Common arcas
[72]
= Pom LSy EELLL fe o | s §
= Repro
g Technical local
D - -
We notice the movement within the movement within
the space is unrestricted, with the space is linear, with
vertical circulation via stairs. the presence of vertical
/

[ ] offices

B vertical circulation

[ lifts

- horizontal circulation

The circulation is horizontal around the
core area at the center and its vertical
inside the core area (stairs, lifts)

International Centre / KPF

Utilizes a system of cascading
escalators to divide office
population between local and
shuttle elevators.

Linear circulation

Elevator
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The Spatial and functional organization
project

Workspace

sanitaire

; atrium —
Workspace réception eI ilves

& envance
b reception

© offices

d etiumbase
o plant
1 workspaces

g garden

Springboard Business Centre

The DRC divides the sectors according to their functions

— - | 1SAS principal

2 ‘ ‘ 2 Reception hall bl . v\:q_rk . A
o 7 g 9 . H 3 Workspace te:o:,:a continues te:‘):r:a
£ - s - 4 Work continues
S 5 Technical room
@) 6 ESC/ASC stage Work Work
% 7 Bike room continues IS
g 8 patio 1
o 9 patio 2
w )
=
3 Workspace .
= Reception
=] hall

[ commerce [ offices [l patio

=Y}
=
® i
=
—
- -
=
=
W
=4

wiss

S

reception
and
commerce

Central
core

atrium

International Centre / KPF

<
SITE PLAN AT UPPER LOBBY

7 9 30T
J Su
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The Spatial and functional organization
project
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NUMIDIA “ANNABA” business center

This project is a proposal made by the (B.E.W.A) on behalf of the EPLF, to give a new
dynamic to the city center.

Location:

« The project is located southwest of the city centre at a distance of 200 m.
«+ Served by the highway which connects SafSaf to the city centre, this gives great importance
to the project.

Situation in relation to the immediate environment:

-Itis located in an area surrounded all around by mechanical roads and limited by industrial housing
of R+2.

-Itis close to two (02) business centers which are CAM and ENAB.

Habitat

CAM

Habitat NUMIDIA
50 m

Habitat \
200 m ENAB
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The project parcel:

- Buildings

Parking

- Business
- Hosting

Accessibility:
PLAN DE MASSTE
» Pedestrian access ‘
3 r‘ ™

» Mechanical access | = e T
» Personal access ] —

o ] 1:;

The project is well served by mechanical I\J/ b 52_6 -

and pedestrian access | B ' e

Volumetry:
The project is a compact and monolithic volume, consisting of 03 components:

Volume 01: For this volume, we observe the combination of various geometric shapes following a
repeated rhythm (curves), hollowed at the center to make the patio, providing both lighting and
ventilation."
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Volume 02: The architect followed the curved rhythm associated with setbacks.

Volume 03: The intersection of two rectangles and a circle, it houses liberal professions and
accommodation.

The project components
can be read through the
external appearance

Facade:

The significance of the facade is linked to the urban context of the city, expressing contemporary
architecture while incorporating architectural elements correlated with the old town and colonial

fabric.
e The use of arches.

e The concept of void and solid expressed in alternation, with dominance in favor of the void to
allow natural lighting.
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e Play of volume.

e The use of volumes to emphasize the main entrance.

;
jnjal

Circulation:

PLAN DU RDC

the movement within the space is linear, with the presence of vertical circulation

50
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Spatial and functional organization:

Functional Organization 'level 0+level 01'

relaxation relaxation 2y N e o b MR

PLAN DU RDC
Entrance
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Functional Organization 'level06+level 07+level 08

" '] L3 " F ol . "
i ! ;
TR ATION INT
[ ] " - ] L L - = El u »
it
- s % 3 ) - B S
N A . »o R B P
+ 7 L4 78 -
KR 128 0 + *
X 37 4 PLAN DU 6éme ETAGE
. oK, DA
“ e PLAN DU 7éme ETAGE . e
+ b 4
£l *
£ Ve
Housing Housin

This Levels for
housings

Housing Housing

conclusion:

+«+ The arrangement of spaces follows a hierarchy, ranging from the loudest to the quietest and
from the largest to the smallest.

«» the coexistence of offices and housing may pose a disadvantage to individuals' privacy.

« Distribution of entrances according to the type of space use.
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I1. Analyze examples about adaptive envelope
I1.1 Institute of the Arab World
Basic Information:

e Client: Foundation of the Institute of the Arab World

e Program: Cultural Center

e Location: Paris, France

e Completion Date: 1987

e Area: 26,900 m2

e Site Area: 7,250 m?

e Architect: Jean Nouvel, Architecture-Studio, Gilbert Lezenes, Pierre Soria

e Contractors: Nord France (General Contractor), Baudin Chateauneuf (Construction
Manager)

e Structural Engineering: SETEC Batiment

e Adaptive Envelope Area: 2,000 m?

e Coordinates: 48°50' N, 2°21' E

e Average Temperature: Max June 26°C, Min January 8°C

e Climate: Oceanic

Fig 33: Institute of the Arab World
Source: quechuytrinh. (2020). master theses lonvlope adaptative

Energy Performance

The Arab World Institute is one of the earliest examples of adopting adaptive architecture in
the world. In the 1990s, when information technology and materials technology were not
sufficiently developed, only mechanical technology played a significant role in realizing this
ambitious project. A south facade of 2000m2 consists of 240 moucharabiehs corresponding to
thousands of pieces made of aircraft-grade aluminum alloy, steel, and bronze. However,

highly mechanical solutions tend to break easily, and the different parts are not easy to
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replace when this happens. This is why the openings required more maintenance than the
Arab World Institute was able to provide, and within a few years, the system had stopped
working. In other words, the design of the articulated transmission has so many details that it
leads to a lot of energy consumed due to friction. So, the amount of energy needed to operate
the system is significant. From an energy perspective, Jean Nouvel's adaptive envelope
design for the Arab World Institute did not achieve any savings, but it historically acts as a
proud pioneer that understood the potential of an adaptive envelope to contribute to a

building's performance

The entire envelope has 240 moucharabieh panels. "Each square panel measuring 198
centimeters on each side consists of thousands of pieces made of duralumin (an alloy used in
aircraft construction), steel, and bronze. These pieces slide relative to each other and form, in
the center, a large moucharabieh, forty small ones surrounding it, sixteen medium ones on the
periphery, and sixteen others completing the composition - totaling seventy-three movable

devices like camera lenses

.............

.....

Fig 34: moucharabieh
Source: quechuytrinh. (2020). master theses lonvlope adaptative

Function

The southern facade has a total of 240 moucharabieh panels comprised of numerous metal
diaphragms in various sizes. These diaphragms are controlled by electronically operated
servo motors that respond to changes in sunlight intensity. They function similarly to a
camera shutter, opening and closing to regulate the amount of light entering the interior. A
central computer receives data on solar intensity and outside temperature from an external

sensor located on the roof. Users can predefine a setpoint for temperature and solar intensity;
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all servo motors are then controlled by the central computer to open or close the diaphragms

accordingly.

Solar intensity serves as the primary condition for controlling the diaphragms. If sunlight
levels exceed the predefined setpoint (for example, on a very sunny summer day), the central
computer commands the diaphragms to close to regulate the interior light intensity and
minimize solar heat gain. However, when the outside temperature falls below 5°C, the
computer disregards solar intensity and commands all diaphragms to open to maximize solar
heat gain. The servo motors operate based on digital signals from the computer, meaning the
diaphragms can only be fully open or fully closed. The mechanism is timed to perform a

maximum of 18 movements per day.

Source: quechuytrinh. (2020). master theses lonvlope adaptative

Conclusion

Although the adaptive envelope of the southern facade of the Arab World Institute did not
effectively function from an energy perspective, what | consider the legacy of this project is
that it was one of the first to understand the potential of an adaptive envelope to contribute to
a building's performance. Furthermore, it not only made it a matter of performance but also
turned it into a more poetic component of architecture. If Jean Nouvel were to design the

Arab World Institute today, it would be a very different building. It might not seem different,
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but it would be vastly different from a technological standpoint. It would function well and be

easier to maintain.

I1.2.Media-TIC / Enric Ruiz Geli
OFFICE BUILDINGS
BARCELONA, SPAIN

Architects: Enric Ruiz Geli

e
Fig 36: Media-TIC building
Source: archidayli.com

The Medio-TIC Office Building uses distributed sensors to control solar shading through the
ETFE (ethylene tetrafluoroethylene) cladding. The ETFE cladding surface has two different
configurations to match the building's orientation to the sun. The southwest facade filters
solar radiation through a screen of vertical padded panels filled with nitrogen, resembling a
cloud-like sunshade and the southeast facade consists of a shading system made of a polymer
ETFE cladding with coated thin slats, whose pneumatic mechanisms are automatically

triggered by light sensors when exposed to sunlight.

Fig 37: Media-TIC building
Source: quechuytrinh. (2020). master theses lonvlope adaptative

56
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https://www.archdaily.com/search/projects/country/spain
https://www.archdaily.com/office/enric-ruiz-geli?ad_name=project-specs&ad_medium=single

The cladding consists of three layers of material on the facade exposed to significant sunlight.
These layers are automatically inflated using sensors to create two empty chambers. The first
layer of ETFE is transparent, while the second and third layers have an inverse pattern design
that, when inflated or deflated, makes the facade either transparent or opaque. This prevents
the entry of light and heat during maximum sunlight. This is known as the "ETFE
Diaphragm™ configuration. The system can adjust the airflow through the facade, with

appropriate objectives in terms of energy efficiency.

¥ . ¢
Fig 38: Media-TIC envelope
Source: quechuytrinh. (2020). master theses lonvlope adaptative

Overall, the Media-TIC Office Building achieves 20% energy savings by using 2500m? of ETFE
cladding.
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III.Analytical synthesis of examples:

Synthesis

Situation

The projects are mainly located in the heart of cities, in the compact urban site

The project in
its distant
environment

The projects located in a compact’s sites and well-integrated into the environment

The project in
its immediate
environment

Most of project are located in compact site or in business district, surrounding by
commercial facilities

The project

Most projects utilize 50 to 70 percent of the parcel

parcel
Project Taking into account the north-south axis in order to increase natural lighting as
integration | well as control solar rays.
Accessibility | The projects are well equipped with access
Volumetry | All of projects are monobloc, With differences in shape depending on conception
The Most projects have architectural forms with space central (atrium) for lighting and
composition | natural ventilation

La circulation

Diversity of paths: free, circular, curved, and linear type to connect project
spaces.

The entrees

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

Spatial and
functional

organization

The main component spaces of business centers are: offices, conference, meeting
room and exhibition.

IV.Proposed program:

Section Spaces the number Thearea | The total area
reception Reception area 01 16 16
Waiting area 01 140 140
Administration and services 04 16 64
Total=220
Business Partitioned offices 140 posts 1p 5m 700
Co working 300 per 1p 4m 1200
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Semi-open offices 300 per 1p 5m 1500
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 01 120 120
communication agency 01 120 120
tourist and travel agency 01 120 120
Total=360
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 01 300 300
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
Technical area 01 20 20
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toilets 40 2.25 90
Security room 05 16 80
Total=240
Parking = 70 Cars
Total 6113
Circulation 20%T: 1223

total built-up area

7.336

V. Contextual Study and Site Analysis:

V.1.1. Context Analysis

V.1.2.Geographic Location:

M'sila is located in the central part of Algeria, 250 km from the capital, Algiers. It is part of the

Central High Plateaus region and covers an area of 18,175 kmz2.

Geographic Boundaries:

The province of M'sila is bordered by:

» To the northeast, by the provinces of Bordj Bou-Arreridj and Sétif;

* To the northwest, by the provinces of Médéa and Bouira;

* To the east, by the province of Batna;

» To the west, by the province of Djelfa;

* To the southeast, by the province of Biskra.

7
'3
4

Z B .

== Bouira

7 Médéa Bordj Bou Arréridj
le

5

M'Sila

Location map of the province of M'sila and the boundaries
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V.1.3.Climate of msila :

M'sila has a temperate Mediterranean climate with hot and dry summer (Csa) according to the
Koppen-Geiger classification. Over the year, the average temperature in M’sila is 20.5°C and

precipitation is on average 148.1mm.

39°C39 3238

Feb ve Apr May  jun It Aug sep oa Nov Dec

Precipitation
— Daily Average Minimum

— Dally Average Maximum
Cold Nights

Hot days

Fig 39: climate of msila
Source: meteoblue.com (2023)
» The temperature varies throughout the year. It increases in summer and decreases in winter. It

is noted that in the month of December it reaches the lowest. It has a level in winter, but

outside the season it reaches a higher level in Jul.
* msila receives very reduced amounts of precipitation

Cloudy skies, sunshine and rainy days:

30 days
25 days
20 days
15 days
10 days

5 days

0 days

Jan Feb Tue

Apr

May

Jun

Jul

Sun

Partly cloudy

@ Cloudy

Aug Sep Oct Nov Dec

Precipitation days

Fig 40: Cloudy skies, sunshine and rainy days
Source: meteoblue.com (2023)

M'sila is characterized by sunny weather for most months of the year, which explains the low rainfall.
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The Wind :

30 days )
=
100
25 days
—
20 days '
15 days I'
v
10 days D vV
wow sy =g
o -_ -. - - . . - - -
0 days | — E— ! ! — & ——8& .| I
Jan Feb Tue Apr May Jun Jul Aug Sep Oct Nowv Dec ~
0 >1 >5 >12 @ >19 @ >28 @ >38 >50 >61 km/h —
meteoblue = 0 ] 12 @319 @>28 @538 >50 @ >61 km/h

Fig 41: wind speed

Source: meteoblue.com (2023)

According to climate data, the prevailing wind comes from the north in the winter and from the south
in the summer, with an average speed of 12 km/h.

V.1.4.Bioclimatic analysis of the city of M'sila:

The bioclimatic analysis and reading of the city of M'sila are primarily based on the analysis of

climatic data using Mahoney tables and Givoni diagram.
This enables us to derive recommendations that assist us in the design process:

e Site layout: Compact plans with interior courtyards
e Spacing between buildings: Compact layout

e Air circulation: Unrestricted air circulation

o Openings: Moderate, 25 to 40% of the wall

o surface Placement of openings: Openings in the North and South walls, including openings in
interior walls

e Protection of openings: Shielding from direct sunlight
V.1.5. Synthesis of recommendations:

The climate of the M'sila wilaya experiences very hot and dry summers. Therefore, during the

summer period (from May to September), M'sila climate requires:

¢ Nighttime ventilation for buildings, which should be compact to reduce sun exposure.

o Utilization of insulation and vegetation as shading and cooling tools.
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V.1.6 Location of the site in the city

Fig.42 : site location
Source : Plan directeurd'aménagement et d'urbanisme PDAU, 2010 treated by the author

Fig 43: view of the terrain
Source: author
The site is located in the city of M'sila, City 270, with an area of 5000m?2.

V.1.7 Immediate environment

individual housing hotel

Jindividual
housing

Café + Insurance Agency

Fig.44: site location
Source : google earth treated by the author
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There is diversity in the environment surrounding the site

V.1.8. Accessibility

The site is located near the three mechanical routes, the main route (700), which facilitates

accessibility to the project

L

[
| T

Fig.45: Accessibility
Source: author
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V.2. Parcel study
V.2.1 Morphology:

The shape of the site: a regular geometric shape, almost rectangular.

Fig 46: Morphology of the site
Source: google erth treated by author

V.2. 2. Sunlight exposure

X @ P
{GAUCHE

Fig 47: Sun path
Source: author

7

=i, ‘
Fig 48: Sun path
Source: author
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The site is naturally lit, and well exposed to sunlight, allowing good use of natural lighting of

spaces according to needs and must be protecter from direct.
V.3. Synthesis:
The location is strategic, as it is located on the city's axis, which gives the project a landmark

The land is accessible from two directions, the main axis of accessibility gives importance to
the land,

Terrain morphology: Soil has a flat morphology without any constraints

The site is naturally lit, and well exposed to sunlight, allowing good use of natural lighting of

spaces according to needs.

The land is exposed to hot (S) and cold (N) winds, we can improve the quality of outdoor

spaces and reduce exposure to winds.

Conclusion:

In this chapter, we analyzed examples related to the business center project, including written
examples and real-life cases. Through this analysis, we reached conclusions regarding the key
characteristics that distinguish business centers, both on an urban level in terms of general
location, connectivity, flow, etc., and in terms of functional distribution of spaces, movement,
facade design, etc. Additionally, we conducted an analysis of the project site, identifying its
strengths and weaknesses. Ultimately, we developed a proposed program that responds to the
functional requirements of the project as a business center and serves the urban area in which

it is located.
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— CHAPTER I11: —

CONCEPTUAL STUDY




Introduction:

This chapter is based on information obtained by studying various concepts, including
thermal comfort, architectural envelope, as well as the principles and design standards
specific to business centers. It also incorporates conclusions drawn from the analysis of
architectural studies of examples and site analysis of the project. Where we will clarify the
basic ideas that play a pivotal role in forming the creative and intellectual basis for the design

project.

Finally, we will present the different design stages, the application of simulation, the results
obtained, and the conclusions considered in the design and graphic documentation of the
project.

1. CONCEPTUAL PATH:

1.1 Passage elements:

Goals intentions

Goals and intentions for theme

Implementation of design | - Smart systems appropriate to the project function.
requirements for adaptive

envelope -adaptive envelope Depending on the active system

Applying the characteristics of -Through the building's response to the external environment.

adaptive envelope in the project . .
- Achieving the lowest energy consumption.

Show and highlight the local - use of traditional local elements
identity in the project

Goals and intentions for project

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

- rich volumetry

optimal project orientation -North / South.
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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 Use distribution and assembly spaces.
continuity

1.2 The idea:

The design concept of the project revolves around blending local traditions with modern
innovation in architectural design, drawing inspiration from M'Sila city. One of its notable
landmarks is the Bani Hammad Citadel, situated in the village of Maadid. The goal is to

reflect the region’s history and identity in a contemporary and innovative style.

First: I linked two axes: the historical, which represents the history of
the city, and the second axis, which represents the direction of the
city’s modernexpansion.

1.3. Idea development:

EXPENSION OF THE,
CITY

The expansion of the
city is Northwest

_ The historical axe
from Beni Hammad
AN Castle

Fig 49: conceptual idea
Source: author
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Secondly: we already knew that the basic

7l
Thirdly: After that |

organize this function

using the golden spiral

N

o

functions of the project are:

business

’
Fourthly: Preserving

a visual escape for the
behind of the parcel

N
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2. Graphic documents:

site plan

GROUND FLODR
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5-6-7.story

10.story
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5. Digital Application:

A. Thermal Comfort margins of M’sila:

In this study, we relied on the thermal comfort limits of Algerian cities designated by the
Ministry and within which the winter and summer thermal comfort limits of the city of M'sila

are included in order to be taken as a reference for programming. (Fig ...... )

f NS _]E] Littoral
[ JE2 g™
EEERE 3 e
E3E4 s
E=ES5 vweoon

SEUIL:25°C

Summer climate zones in Algeria
Groupe BEIS

From the above, the thermal comfort zone of the city of M’sila were determined by the

Ministry of Housing according to the following table

ZONE CLIMATIQUE LIMITES DU CONFORT ZONE CLIMATIQUE
TEMPERATURE HUMIDITE
HIVER () RELATIVE (%) ETE
HI Hila 21-25 22-70 El
Hib 20-24 20-70
LITTORAL LITTORAL
H2 H2a 21-26 21-69 E2
HAUTS- HAUTS-PLATEAUX
pLATEAUX | HZP 20-25 23-75
H3a 22-27 19-65 E3
H3
H3b 23-27 19-60 E4
E5
SAHRA H3e 23-28 20-62
SAHRA

Summer climate zones in Algeria
Source: Groupe BEIS
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The city of M’sila is classified within the winter thermal zone H3a, and the summer thermal
zone E3, and we note that both regions are characterized by the same data of thermal comfort
limits, represented in temperature from 22 °C to 27 ° C and relative humidity from 19 to
65%.

5 Ao T
Degré hygrométrigque hum?gitegr(;&g)
a0 e / 25
70 '
Enthalpie 60 20
h (kJkg)
40 ' 15
30 |
20 10
10 ' !
v / " t . |
o e / | 5 [
/;:/‘/'
N "/F” ! A ! | . 0
15 10 -5 0 5 10 15 20 25 30 35 40
Température (°C)

The comfort temperature-humidity range.
Source: Dakhia. A 2022

According to this we see that the comfort zone is between 19 °C to 26 ° C and between 40%
and 70% of humidity.
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B. Algorithm of the System Sensor:

Variables:

Air_Temperature, Relative_Humidity - of type Integer;
Sensor_Button : of type character;

Adapted Envelope, Sensor : of type Boolean;

__ Start

Adapted Envelope <--- false;
___While (1) do Hinfinite loop
___if (Sensor_Button == "is pressed™) do
: Sensor <--—- true;
:_ else do

: Sensor <--—-- false;
:_ endif;

___if (Sensor == true) do

___if (Relative _Humidity<19 && Air_Temperature=27) do
: Adapted Envelope <-—-- true;
:_els& do

: Adapted Envelope <-—--- false;
|
|

endif;

___endif,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| |__ endwhile;
I

| end;
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! Radiation

Temperature [°C]

! Radiation

Temperature [°C]

C. Programming results:

1. Using the METEONORM program, | entered the climatic data for the state of M’sila , then
simulated a preliminary model using the TRNSY'S software.

| Temperature * precipitation & Sunshine duration

Daily global radiation { Daily temperature Data table

45
40
35
30
25

20

mww' Iy

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

w

= Daily temperatures max ["C] Daily temperatures min [*C]

Daily global radiation I Daily temperature Data table

I Temperature & Sunshine duration

* precipitation

45

Mar  Apr May Jun Jul

w

=1

w

=1

w

w

Aug Sep Oct Nov Dec

Daily global radiation I Daily temperature

! Radiation | Temperature * Precipitation
220

200 7

Data table
& Sunshine duration

[]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

@ Diffuse radiation [kWh/m?] () Global radiation [kWh/m?]

Daily global radiation 4 Daily temperature

! Radiation | Temperature * precipitation

Jan  Feb Mar Apr May Jun  Jul

@ sunshine duration [h] (] Astronomical sunshine duration [h]

@

Light Thaeshatss
o Lighne

-

Bualding

SnetmgLigh
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2. Afterwards, | added water properties and incorporated them into the external envelope of the
building.

8
Dl=Ql@] HRe| o SRlel ol LU TR AL
A e = I taver tope: WATER Bd |
=Y ) 8
x| e wAsSLY A ARRE G . - - -
i ‘ RRous & 31-_., wawdARE *Be @ Massive Layer " Massless Layer ¢ (
2 |
~:'\ Massive Layer
conductivity: [N 21818 kd / hm K
= capacity: 4182 k) / kg K
2 density: &7 ka/m"3
i
Ly

ﬁ wall ype OUTWALL ~

Layer

0

F.
&
HEL

total thickness: | m

u - value: 0330 W/m"2K
sotar Abssrptance of wal 0K | Comcel | Savetouserivay| IR/ N

front 0 -
back 03
Convective Heat Transfer Coeffident of Wall
Front Back
@ useidefined " intemnal caloulation @ useidelined " intemal caloulation
nm i Khm'2K n & K/hm*2K
oK Cancel Save 1o uset livary | R/ Dl el Nl

3. The results obtained after adding the water:

We notice that the temperature drops by 8 degrees.
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General Conclusion:

This research revolves around the concept of thermal comfort and the role of architectural
envelope in achieving environmental sustainability, specifically at the level of business
centers in hot and dry climates. The research consists of three chapters, where the theoretical
chapter addressed the concept of thermal comfort, its design requirements, and the role of
architectural envelope in achieving it, in addition to the foundations and design standards
specific to business centers. In the analytical chapter, examples related to business centers
and project groundwork were analyzed, and a proposed program was prepared. Finally, in the
applied chapter, the design of a business center with a smart and sustainable architectural

envelope was reached.

Through this study, a set of results and observations were obtained, where it was found that
one of the most important factors affecting thermal comfort is the building envelope, which
must respond to environmental conditions to provide a suitable environment. It was also
found that applying smart adaptive envelope technology to business centers in hot and dry
climates is the optimal solution to reduce the problem of excessive energy consumption
resulting from cooling, by providing an effective solar protection system. It was also shown
that evaporative cooling technology presents an opportunity to achieve thermal comfort
without the need for significant artificial cooling, and it has been proven effective through

simulation software (Trnsys16).

In conclusion, the idea of evaporative cooling through the architectural envelope is a
solution to two problems; it addresses both the heat and humidity issues together to create

better energy consumption while providing comfort for users.
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2 Radiation | 1 Temperature | ® precipitation | & Sunshine duration

o oA
==

Radiation [KWh/m?
[=]
(=]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

@ Diffuse radiation kwh/m?] () Global radiation [kWh/m?]

& Daily global radiation | | Dailytemperature | [ Datatable |

il

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2% Radiation |

| Temperature | .Precip\tation ‘ & Sunshine duration

Sunshine duration [h]

14

~

=}

@

o

&

ra

Jan  Feb Mar Apr May Jun  Jul

Aug Sep Oct Nov Dec

@ sunshine duration [h] (L) Astronomical sunshine duration [h]

Sl | M WL 5 Lple Jammil ) guslaal]




1 Building po—

i H ShadmgtLisht
=3 344

tdall 2y Ll AL Lty sl paslas A3Lal cuad U3 ay

£l

D<@l &(m|a] || SE/2 5 |2 s] [l | 3| M)z m |

5 = M taver e WATER ~|
Y a

9

x

© Massive Layer  MasslessLayer O ¢

AmdEl 96e

[ Massive Layer

conductivity: [FR2H816 k) /hmK
capacity: 4182 k) /kgk
density: 997 kg/m"3

f\i - OUTWALL B
Laye

o T
Wl 1 water 000 massive
Nl 2 e 02w maserve
0 3 msu a100 masive
Nl 4 Paster ams massive

ot thicknes: "

- vk Win'2K

Solar Absorptance of Wall
et ors
back (K]

Convective Heat Transfer Coefficient of Wall

».‘.N o !.h...,a,‘.gd s oK Cancel ‘Sa\delousevlibraw‘ @@@M

mf Kl w2 K B a2k

o Cancel | Save 1o user loxay R DiciN

(Sl Bl AL aay Ji3 Lole Jpazmil ) glaal]

Agte Dl 10 116 Al 8yl ol Ay (aidses e Jony Sl TN o) LasDls




L) AP ‘3 PS&LLI faUaa dzap ply .
Vanables:
Air_Temperature, Relative_Humidity : of type Integer;

Sensor_Button : of type character;
Adapted Envelope, Sensor : of type Boolean;

_ Start

Adapted Envelope <=--- false;

___While (1) do Hinfinite loop

if (Sensor_Button == "is pressed™) do

Sensor <-—- frue:

I

|

I

| else do
I

| Sensor <-—- false;
I

| endif;

___if (Sensor == true) do

___Iif (Relative_Humidity<19 && Air_Temperature=27) do
I

| Adapted Envelope <—-- true;
I

|__else do

I

| Adapted Envelope <-—--false;
I
_

I
I
I
I
I
I
I
I
I
| andif:
I

I

___endif;

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| | endwhile;
I

I

end:
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