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Abstract

The current study addresses the issue of flexibility in architecture, which presents
difficulties with all adjustments and ongoing needs by relying on cutting-edge construction
techniques in the direction of a more flexible future architecture. Clarifying the part flexibility
plays in ensuring a brighter future for the existing architecture is the research challenge at hand.
In order to attain the optimal state for the architecture of the future, flexibility has to be used
as a fundamental criterion in the research. In order to improve architecture in the future, the
research postulates that flexibility should be built on a mathematical method. The study's main
hypothesis is that flexibility based on a mathematical approach will improve the future of
architecture.

The study defines flexibility as the ease with which something can be changed to satisfy
a range of requirements. The research produced a theoretical framework for flexibility, its sorts
and principles, the value of incorporating it into architecture, and the methods for doing so.
Several architects, including Mies van der Rohe, Robert Venturi, Kenzo Tang, and Le
Corbusier, whose domino structural system was employed in the field of concrete to achieve
the flexibility of internal spaces, included these ideas in their plans.

One of the most significant findings drawn from the research is that recommending a
more flexible future architecture than the one we now have leads to a brighter future for
architecture. The flexibility makes the product of the architecture capable of adapting to any
changes or new requirements of the user.

This is accomplished by prolonging the life of the default production and adopting a
more adaptable structural system in response to the construction of the internal space and its
alterations in accordance with the need. By fulfilling his future needs without altering the
structure, this would benefit the user financially. The study thus highlighted the significance of
establishing a link between growing flexibility and the ideal setting for future architecture.

Keywords: Flexibility, Expansion, Adaptation, Switching, Transformation, Future
Architecture.

Introduction

Users are forced to take ill-considered and haphazard measures to switch or modify the
building in order to meet their constantly changing requirements, which is a difficulty that has
catastrophic ramifications in the future. As a result, the designer must research the user's basic
needs in the future and take them into account in order to give the user the option of making
alterations to the building that are appropriate for their needs without resorting to changing. If
this adjustment is made in a way that obstructs the view or violates building codes, it will
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exhaust the user physically and socially. The importance of flexibility in architecture seems to
be the most practical and cost-effective way to solve this issue.

The Concept of Flexibility:
Linguistically, flexibility is the ease of changing things to adapt new circumstances
(Oxford English Dictionary Online, 2011).

Some viewpoints:

- Kim considered that flexibility is “the ability to achieve a change in circumstances
without changing the system”. It meant responding to various circumstances.

- Groak, on the other hand, expressed flexibility by being able to make various physical
arrangements. (Kim, 2008, p. 3).

This concept encompasses the design, implementation, construction, and ongoing
process throughout the life of the structures because it offers the chance for modification with
a change in the design process and performance assessment after the usage of the building by
the user. This requires providing a new dynamic for the building to appear balanced and
integrated in all its stages before or after the change (Khuzam, 2009, p. 307).

This is accomplished by modeling what occurs in nature and in harmony with its
components, such as air, water, and the sun, in order to take use of them by creating
architectural products based on them. According to the research, in order for the future
architecture to be more adaptive and flexible in comparison to the existing architecture, it
should integrate production with its surrounding environment. Looking at the adaptation of
living organisms with their surrounding environment, it provides a benefit for architects by
converting the architectural product into a semi-living organism that adapts to weather
conditions and interacts with the environment and the surroundings, studying how to convert
these elements into strength elements in the architectural product to resist conditions and
weather factors. As a result, the architecture's products become more flexible towards future
architecture. (Al-Mahdi, 2015, p. 3).

In light of the surrounding environmental, economic, and societal challenges,
developments in the field of materials development and construction technology are
accelerating, as several changes have occurred in construction, assembly and design methods
to achieve the user’s increasing requirements. It was necessary to move toward more adaptable
architecture applications to meet the demands of a dynamic society by offering creative design
visions that are shaped in accordance with the circumstances with the goal of fusing the present
needs with the anticipated potential changes in the future to make them more flexible and
adaptable. It is necessary to employ the principles of flexibility in architecture to make it more
flexible and adaptable to any future changes in the functional or potential environmental level
through the use of advanced construction systems, provided that necessary modifications are
allowed in the future in accordance with the user’s requirements and desires. The research
suggests moving towards flexibility, studying its principles and analyzing its applications to
enhance the use of modern construction techniques for future architecture, in order to achieve
greater flexibility.

Types of flexibility:
Internal flexibility: It is the possibility of changing the shape or function of spaces.
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External flexibility is when a building is expanded by adding an entire block with the
intention of adding a new function or expanding it to meet those needs. It also refers to when
exterior changes are made without affecting the interior for reasons related to the development
of the building in accordance with new functional, social, and aesthetic requirements (Al-
Bajari, 2008, p. 126).

Flexibility in architectural production allows modifications and changes to be made
without harming the construction of the building. This is evidence of understanding the
important role of these modifications in planning the architectural output for users. (Tanous
2013), (Estaji, 2017).

Neglecting the requirements and needs of users when designing a dwelling leads to
random modifications by the user in response to his requirements, such as breaking down a
wall for the purpose of opening up space. This flexibility is unhindered in terms of the physical
accessibility of the structure. (Tanous 2013).

3- Flexibility in architecture:

In the context of merging the term flexibility with architecture, Anas stressed that the
advanced construction techniques adopted in the design of buildings give an opportunity for
the elements of the interior space not to be rigid to allow for more flexibility and beauty in the
space. He added that these flexible buildings are a new type of architecture that embraces
challenges and changes through the deep employment of new technologies, which increases
the susceptibility of architecture and its ability to face challenges such as population density or
catastrophic events without losing sight of aesthetic considerations. Therefore, flexible
architecture is defined as ‘“architecture that believes in responding to change rather than
remaining idle” (Anas, 2017, p.510).

The norms of architecture and society that evolved to meet the needs are differentiated
by flexible buildings as well. Anas underlined that flexible architecture contains a design
approach to support one's imagination and notion about future development in response to a
set of uses. (Anas, 2017, p. 211).

Flexible is "the building ability to adapt to specific events and actions through
functional, spatial, or physical modifications,” according to Michael Prins. Keep in mind that
although these occurrences are anticipated, the exact timing is unknown. (Prins, 1992).

This opinion is contrary to the opinion of Hertzberger, who considered flexibility
solutions as an open ended solution and that flexible designs do not give one solution that is
better than the rest of the other solutions. Flexibility is a term with multiple meanings and its
content lies in transformation and adaptation, the ability to modify, respond and adapt, and the
ability to deal with expected changes in a specific place and time and under insightful readings
of environmental technological functional considerations (Kim, 2008, p.3&4).

Acharya emphasized that flexibility in architecture is devoid of limits, as it corresponds
to changes in space and time, purpose, size, or shape. Acharya expressed flexibility by saying
“that flexible architecture is one that constantly reflects the way we realize the possibilities and
rules of life and restructures them in order to meet the needs of the current era and that it pushes
the transformation of architecture into a more efficient and sustainable cultural product for a
dynamic society”. Flexible architecture, in its view, reflects the way in which we realize the
possibilities of life to meet the needs of the current era, while trying to push architecture to
form a highly qualified cultural product for a dynamic society. Kronenburg puts forward his
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opinion on a more flexible future architecture. He says it is “a flexible structure that is complete
once people inhabit and use it, and that it aims to embrace the changes and challenges of a
dynamic world. It requires situational design to integrate the demands of the present with
potential changes in the future” (Acharya, 2013, p. 23-24-80).

According to Metwally, flexibility with regard to metal construction and furnishing
products and systems means the ability to adapt with changes in the environment and the
requirements of users of these products. It is one of the general goals on which how long these
products depends last and continue (Morsi, p. 47).

Gierbienis also emphasized the term flexibility “the ability of architecture to adapt to
human needs. (Marcin, 2019, p.8).

As for Till and Schneider, in their view, flexibility is the process of accommodating
change in housing while addressing the needs of users, whether current or future, such as
providing diversity for the design of units such as adjusting the unit and adapting it with time
while allowing facilities to absorb the new function (Kim, 2008, p.10&15).

The role of flexibility in architectural designs:

The ability to modify and change the functional and spatial systems of a structure is a
sign of flexibility in architectural production. Over the physical life of the building, this system
adjusts to the spatial and temporal changes consistent with many functional requirements of
the structure, guaranteeing that the building continues to be used for the longest time possible
and with the highest level of quality. This feature that allows these modifications to be made is
called design flexibility. The physical components that make up spatial systems are stable and
permanent, but human and functional needs are always changing as a result of spatial and
temporal circumstances, which is in contradiction with the physical parts capacity to remain
constant and stable. This contradiction justifies the role and importance of design flexibility as
an urgent option in order to be in line with the economic feasibility of the building and with
the recommendations of sustainable development regarding the functional ability to live and to
respond to any change in the longest possible period of time. This design flexibility relates to
the behavioral, social, economic and cultural aspects of the user's desires and needs with his
future developments while preserving the user's socio-economic stability. The lack of design
flexibility in any building in a way that does not respond to the new requirements of users will
negatively affect the material economic aspects or the bad social aspects in terms of connection
to this place. (Al-Bajari, 2008).

Designers must pay attention to the principles of flexible architecture while benefiting
from its principles that make it meet the requirements of society and guarantee it an important
role in future architecture. These principles are:

Flexibility principles:

How can this term of flexibility contribute to developing a new style of structural
systems for a better and more flexible future architecture? It does so through applications with
interactive construction, foldable and prefabricated, mobile and transformable, and other
directions that represent the content of flexible architecture.

According to Kronenburg, the principles of flexible architecture are:

- Adaptability (structural flexibility, possibility of modification)
- Interactivity (reuse, prefabrication)
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- Mobility (can be assembled and dismantled, multi-use, structural strength with light
weight)

- Transformation and folding (simple and self-construction, special design, ability to
grow with expansion).

Adaptability: is the ability to change according to circumstances, which is the best that
can be learned from nature. This adaptation is trying to go towards it and use it in architecture
to increase its flexibility in the future. The term adaptability illustrates the need to recognize
that the future is unlimited and change is inevitable and the framework is an important element
to allow such change to occur. Adaptability is one of the basic features that must be available
in flexible architecture, with the possibility of using the open building strategy in adaptable and
flexible architecture that achieves continuity in the process of change in line with future needs.
Image (1). (Acharya, 2013, p. 25).

Image (1) Structural images of facilities showing theability to adapt (internet web)

Interaction is the architecture in which the interaction between the user, the building
and the devices takes place. Interactive design relies on the technological systems that are used
to create interactive buildings. Intelligent building systems are used in order to create an
interactive structure that responds intuitively to the requirements of users. Image (2).

-

Image (2): The Olympic bath in China, a flexible hut with an interactive interface (internet
web)

Mobility: Codrescu defined mobility as the mobile architecture, which is “a structure
that represents physical movement and architecture that changes places in a limited time scale”.
The term mobility means that which can be physically folded and moved from place to place,
given that non-movable things restrict the freedom of the individual. The clearest example of
mobile architecture are projects that are implemented in times of emergency or when needed,
such as mobile caravans and Bedouin tents. Today, it produces many prefabricated, multi-use
metal facilities that are useful for business, education, industry, housing, and health care, and
are highly flexible with the possibility of reuse in keeping with changes according to needs.
Image (3). (ibid)
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Another example of flexible architecture that can be moved is the football Stadium 974
in Qatar, which has a capacity of 40,000 spectators and has a low cost. It is the stadium where
the 2022 World Cup final matches were hosted. It is named by this name because it is composed
of 974 dismantle containers. It is the international telephone code for a cat country, where this
stadium can be completely dismantled and used elsewhere for another project or donated to
poor and less developed countries in the world. It is the first temporary place in the history of
the World Cup (Wikipedia / Link 7). Image (4).

Image (4). Stadium 974. Source: Wikipedia

As for transformation, it means buildings capable of transformation, which Jantzen
described as being able to change their area and appearance through the physical change of
their structural components or their external and internal surfaces, as in Figure (4) and (5).
Here, it is necessary to allow for a change in the nature of the architectural environment, as the
fixed structure, when the characteristics of transformation enter into it, adds a touch to this
performance. The building becomes movable at the push of a button through a simple or
complex process where the shape of the building changes and looks as if it was alive. The
transformable structure has the ability to interact with external conditions and respond to them
by opening windows, roofs, or parts of the facade. This type of control removes the barrier
between the inside and outside (Acharya, 2013, p.p. 26-30).

The best example is the mobile house in Iran, which was designed by an Iranian
engineer in Tehran, where the size of the house can be changed with the change of its fagcade
to control the entry of solar radiation. Thus, the temperature of the house changes (link 3).
Image (5).
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mae (5) Themobile home in Tehran.

It must be noted that flexibility cannot be limited to the four previous principles, but
prefabrication can be added. Prefabrication means “manufacturing parts in the factory so that
the building consists mainly of assembling and merging standard parts”. (Inani, 2012, XI). This
principle is another form of flexibility in facilities, which is useful for getting a better idea of
intelligent analysis systems to discover the future need because of its characteristics and its
ability to change and flexibility such as the ability to modify, disassemble and expand with
addition, extension, deletion, growth and transition. Image (6 & 7).

Image (7) A polyhedral dome with trlangular units formed by several images (internet web)

Al-Araji states that the designer’s main concern is flexibility to achieve adaptability
with the possibility of modification to deal with user’s future requirements. This is
implemented according to the expectations of the designer or the investor clients about these
future requirements (Alaraji, 2012, p.2). Metwally believes that there are five elements that
achieve flexibility in system design, namely:

- Flexibility of connecting elements

- Flexibility of standardization

- Flexibility of replacement and substitution

- Dismantling flexibility and re-installation

- Flexibility of addition and deletion. (Morsi, p. 51)
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Methods of achieving flexibility in designs:
These methods appeared within the proposals of architects interested in achieving them
in their designs. Among these methods are:

First: the open space of Mies Van Der Ruhe:

It depends on the flexibility of the internal space, as it presented a new vision in the box
building and called it universal space. It is a space suitable for all activities to take place inside,
and it can be divided with high flexibility and great freedom according to the needs through
the use of light partitions that are not restricted in its distribution by the fulcrum. Mies says
“that the purposes that buildings perform change, and we cannot bear the expense of
demolishing these buildings, so we put Sullivan's saying (form follows function) aside and
build a practical and economic space in which we can put the function. It is the structural
construction in the projections that helped the designer to achieve this, with a focus on the
fluidity of the spaces from the sides, which achieved transparency in the box. The glass facades
prevailed in works based on the thought of the international style, considering that the internal
space is the basis of the building. Image (8). (Hassan, 2001, p. 350)

The aforementioned indicates that there is a contradiction between the principle of
flexibility and the principle of form following function.
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Image (8) Plan and facade of the Lake Shore Drive Apartments building in Chicago.
(Hassan 2001 & link 5)
Second: the space with multiple functions by Robert Venture:

The volumetric formation of the building is the fixed part, while the function is the
constantly changing part. This is what Venturi referred to when analyzing the inner space. The
goal of the interior treatment of any building is by surrounding the interior space instead of
directing it functionally by creating a pure multi-functional space so that the room is designed
to be a general function and not a specific one. This is in the case of fixed space formation.
Multifunctionality in the room is the best solution for flexibility with the help of multiple
elements such as movable furniture instead of a movable partition, while enhancing sensory
flexibility rather than physical, provided that the requirements of permanence and durability
required in construction are maintained.

Third: Structural flexibility according to Kenzo Tang:

Being flexible is one of the key characteristics of living things, and as architecture
resembles a living thing more than anything else, it must also possess this quality. In order for
it to expand and flourish with the potential of replacing its worn-out pieces, Tang emphasized
the importance of its presence in the architectural production. He made a distinction between
architectural spaces based on the user's shifting demands and the time period in which they are
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appropriate. He considered the service and construction elements as fixed elements, with a
structural service role, with a spacious and flexible space that could be divided with high
flexibility through the variable elements (Hassan, 2001).

The aforementioned indicates that the flexibility according to Tanim is associated with
the phenomenon of succession, that is, when a nail is removed and a new one comes in its
place. Flexibility is one of the important qualities of a living organism. Thus, In light of the
fact that architecture is increasingly like to a living body, he underlined the importance of its
presence in the architectural process. Despite Tang's argument for an analogy, the analogy does
not imply the necessity of a perfect fit with the architectural examples. This idea of Tang is his
own and it is not necessary to generalize it.

Fourth: Metabolism movement:

Metabolism is the crucial procedure in charge of ensuring the survival of the organism.
As architecture can be considered more like a living organism, as we mentioned, it must have
structural vitality (multiple floors). Its products should be characterized by the possibility of
growth in accordance with the continuous and changing requirements, since the jobs and the
way they are used are changing from one generation to the next. The production must be carried
out in a way that allows functional dynamism in it, in a way that is compatible with the new
job. Here are certain types of spaces distinguished as follows:

- Unchangeable Spaces, such as movement and service elements, which are made of
materials with a long life span.

- Changeable Spaces in which human and functional needs change and are made of
materials with a short life span relative to the first.

This type is the one that has the characteristic of flexibility, so it must be subject to change.
After that, the concept of flexibility, the Metabolist Movement, was introduced based
on the following elements:

- Fixed elements, such as the internal cores of the building, in which all services are
gathered.

- The non-fixed elements in their location according to the requirements of the users and
the functional spaces of the building as in the form below.

The concrete capsule housing (Nakagin Tower) by the Japanese architect Kisho
Kurokawa in 1972 is a good example. It is the building that most expresses this movement
(Image 9), and it is a model that expresses flexibility. As it consists of 140 rotating capsules at
different angles and stacked at a height of 14 floors with pre-equipped and adapted to suit the
different functions of the dwelling such as kitchen, living, sleeping and reception, and it is fixed
on a core and matrix. The most important thing that distinguishes it is its flexibility in design
with the possibility of modification and expansion, and the possibility of switching to another
unit from the same building or a new one due to the technology developed by Kurokawa, which
made each capsule fixed by means of screws only in the solid axis, so it was interchangeable.
These prefabricated units are transported to the site by trucks. It is characterized by circular
windows with the integration of the bathroom and bedroom, where the capsule is lifted by
means of a crane and inserted into the shipping container, and then fixed to the pivot steel rod
by means of this crane (ibid.).

This tower was built for the purpose of housing travelers in Japan, which is a model
that represents flexibility in architecture through the possibility of replacing units when needed,
and connecting any unit with the central core and replacing it. Its dimensions were 4 by 2.5
meters, sufficient for housing one person, with the possibility of expansion by connecting the
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capsule to another capsule. This type of new technology, represented by capsule units, gave a
solution to architectural problems. This huge urban building was constructed consisting of a
strong, cohesive part such as the box structure and the spatial truss, and a group of prefabricated
box-shaped capsules as shown in Figure 10,11,12,13. The owners of this movement expect that
the future of architecture based on this idea (capable of extension) will be better. (link 1).
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Figure 9/ Fixed items A and Non-fixed B.("Link 1)

Image (11) Link 1. The capsule from inside and outside, which isImage (10). The facade
prefabricated and transported by trucks and lifted to be fixed on of the tower showing the
the steel axle. capsule units. /sourcel

™
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Image (13). The prefabricated capsule units inside and ~ Image (12). A vertical
out/ Source 1. section of the tower/
Source 1

This movement, which was established by a group of young Japanese engineers,
represented an advanced thought for future architecture with principles derived from the
biological functions of the organism and from the idea of metabolism in the body of the
organism. Scientifically, this term denotes the processes involved in building protoplasm with
its consumption in the body of the organism in relation to chemical changes in cells that provide
energy for vital activities to produce new cells that compensate for what is consumed. It is a
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basic process upon which life is based. This method was employed in both technology and
architecture, where designers utilized it as a foundation to build buildings with structural life
similar to the vitality in a live organ system. They view human society as a constantly evolving
process and deal with it as part of the continuity of natural existence in plants and animals,
while considering technology as a natural extension of humanity. It is contrary to the European
belief that the growth of cities is a result of the conflict between humanity and technology.

The philosophy of this movement is based on the principle that everything changes in
life, such as a living organism, as well as architecture and its existing products to continue for
several years. However, with the succession of generations, the benefits differ within the
spaces, so the building is disproportionate to its age. Therefore, buildings must be made so that
they can be easily demolished and replaced with new ones commensurate with the new
benefits. Because of the changing aesthetic and utilitarian needs, the spaces are not built to live
for long centuries, as is the case in past ages, because the needs change through generations or
in one generation itself to suit the rapid development of technology that did not exist in the
past, such as now. (link 1).

It is concluded from the above that:

- The demolition process is the last stage that is relied upon in order to obtain an empty
or smaller place for a new building. Flexibility will not be for the building, but for the internal
spaces for reuse, which would lead to space flexibility (temporal flexibility).

- The metabolism, which depends on the use of matter to build cells, is regenerative. This
process was used in architecture, and the idea of the owners of this movement was to use
material to build cells.

Fifth: the Domino system (Le Corbusier):

This system is among the concepts developed for structural theories in the field of
reinforced concrete, which achieved both the concept of flexibility for the internal spatial
formation of the horizontal projections of buildings with free projection (Abdul-Gawad, 1977,
p. 53). Its discovery is due to the architect Le Corbusier, who built a concrete structure called
Domino consisting of six pillars or columns of concrete with three horizontal flat surfaces based
on these columns and linked by a free ladder (image 14). According to the type of relationship
specified by the designer, the nature of the shape of this system (team x) can be changed.
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Image (14) the ihd éanstructidnj's;/‘sféfrh/ link 2

The concrete structural system made it possible to dispense with the thick wall as well
as any supporting structural element in the building, while relying on the column as a structural
element. As a result, complete independence was provided for the internal partitions, with the
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freedom of the internal spatial distribution of this building. In this regard, Sigfrid Giedion stated
that Le Corbusier was able to employ the concrete structure in making an architectural
expression that helps in the design processes and explains the link between the user’s needs
and the concrete construction. He came up with an idea of unprecedented lightness to create a
dwelling in particular (Hassan, 2005, p. 8).

This system was used by the architect Le Corbusier to exclude interior partitions from
their structural concept. Nevertheless, the formation of these internal partitions did not deviate
from the traditional concept in the process of separation, kinetic communication, and the
containment of spaces within the system of cells connected to each other through doors and
corridors, as in the Savoy Villa.

The Villa Savoy in France to apply the concept of flexibility in housing:

Le Corbusier designed several residential villas between the 1920s and early 1930s.
The most important concern of its design was to test its new design principles (principles of
general modernity), which are:

- Raising the building off the ground through the use of pilots, allowing the extension of
the ground from under the building while benefiting from this space for various flexible
purposes.

- Free or Open Plan, that is, the possibility of placing walls in any place desired by the
designer without being linked to the structural system.

- Roof Garden.

- Free Facade.

- Long horizontal ribbon windows achieve communication among the interior and
exterior spaces.

These principles achieve artistic, social and economic benefits, which the designer
applied in several projects, including the Villa of Savoy in Poissy 1929-1931. (team Xx). After
implementing this project, it was announced that the technology of solar breakers, which was
proposed to address the problem of glass windows in hot weather, is among its principles.

The revolution in the world of building technology had a great impact on the creative
processes of architectural designs, which whereby the famous architect Le Corbusier benefited
from. He developed the so-called flexible domino system consisting of a structure with
columns with a small cross-section bearing floors and ceilings (horizontal slab) and linked to
the columns via a ladder, which is the only fixed element, that gives flexibility margin 1 in
each of:

o The free plan of the villa with a load-bearing structural construction system, with the
replacement of the load-bearing structural walls with design partitions distributed on
each floor according to the user’s desire. Figure 15.

o The free facade with continuous windows and the protrusion of the facade to enable
continuous opening in it, regardless of the internal distribution process in the spaces.
This achieves the flexibility of the interior space with the aesthetic of the facade that is
independent of the building plan and achieves the aesthetic of volumetric freedom.
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Image (15) the free plan of the villa. Link (6)

We note the designer's point of view about the classic box, which emphasizes the
preservation of the shape of this box, while making an empty space in it to allow the integration
of both internal and external spaces. This idea created a new look for the interior architectural
space. The designer confirmed that the outer space flows towards merging with the inner space
through the cavity of the box, with the ability to put the inner walls anywhere he likes,
regardless of the different floors of the building. He also used new techniques in construction
materials and methods, as he relied on reinforced concrete in the building in which the designer
excluded the interior partitions from the structural concept through his use of the domino
system in order to achieve flexibility (team Xx).

Robert Venturi discussed the so-called Flowing space, or the connection between the
interior spaces of the structure and the outside spaces of the surrounding environment, on page
172 of his 1987 book Complexity and Contradiction in Architecture. That is, the flowing space
that sought to achieve continuity between the two types of spaces, as it is known as “the space
connected to the outer space spatially in one unit. It is a space that does not contain any internal
obstacles, even if it does not open to an external space (Al-Akyabi, Hassan, 2002).

The spatial configuration of the building came within the so-called box building with
openings with limited spaces in which communication between the inside and the outside is
achieved (Mustafa, 1979, p. 127).

Because this communication is limited, some architects sought to demolish it within the
mechanism of achieving connection. After that, strategies for reformulating the notion of this
box structure appeared, such as Le Corbusier's Villa Savoy, where the designer communicated
his concepts via the cubic building's abstracted shape of the space with a variety of spaces
generated in a free manner. Figs. 18 and 19 show the emptiness beneath the structure raised on
columns, as well as the creation of a transparent interaction between each of the building's
interior areas and the surrounding exterior environment seen via the strip windows. As a result,
outside space began to enter the structure.
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Image (18). Le Corbusier's method of Image (19) illustrates the relationship
demolishing the box building by raising the between garden space and living /
building on pillars and using strip windows to prepared by the researcher
communicate between the inside and the outside
/ Wikipedia

The designer used the so-called fluid space in the formative treatment of the building,
where he placed within the spaces of the first floor the living room in order to communicate
with the space of the adjacent garden. This is in order to unify the space by means of the
extended striped glass facade to achieve kinetic and visual contact with the expression of
openness between the internal and external space surrounding the building within the
framework of its borders (Shirzad, 1999, p. 384).

Everything that has been examined in this research is geared toward a brighter future
for architecture, as the research offers a more flexible future architecture by using its principles
to create structural systems that are more able to adapt to potential future changes. Future
changes might potentially be made to be user-compatible.

There is a need here to know where the future of architecture is heading, as there is
flexibility from another point of view, since the principles of flexibility are multiple and the
mind has the ability to produce more of them. The issue is endless and the principle of
adaptation is very high, as the principles of flexibility were reviewed with examples. The
research suggests adding mathematical directions or applications in flexibility, provided that
they are directed to form a future image of architecture, as the research suggests relying on
applied mathematical intelligence in analyzes to understand the path of architecture, where it
is heading, with the aim of:

The relationship between (user’s need and structural systems) & (user’s need and space)

The first step towards flexibility or adaptation, which relies on prediction through
programmed mathematical techniques in the analytical process, is to understand the link
between (the user's need and structural systems) & (the user's need and space). Hence, the
demand for intelligent analytic systems to identify or better understand the future requirement
evolved. We require predictability since the study generates test or experimental research
criteria or terminology. The recommended criteria are as follows:

- Structural-systems relationship for one person.
- The relationship of space with the need of one person, including space, appropriate
heights, and appropriate sizes.

When determining the future need through mathematics in architecture, we will obtain
more predictive frameworks about the future by reviewing an illustrative example with the
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possibility of dealing with the future. This is what the research seeks, as in this research it was
clarified who considered that the future needs are specific. Another section considers it
indefinite, and the other considers it definite but not specified in time. All these cases talk about
future needs, so here these needs must be linked with the future. We need here any frameworks
for the future to know how to adapt to it through architecture and its more flexible output. If
this predictiveness, that we get through mathematical intelligence happens, we will know what
will happen. This is a point of view presented by this research by focusing on the role of
mathematics or smart mathematical programs to enhance the flexibility of architecture
production towards the future.

Illustrative example:

A project with a known and limited capacity, let it be 2000 visitors. The number of
visitors cannot exceed 3,000, because at the end, the project is not of welfare because it is a
project with a specific capacity, a specific standard, and a specific area. Smart sports programs
are relied upon to know the space of every visitor. These programs calculate the structure and
space for each person, so the result is represented in several cases:

- If the standard is increasing, the research will suggest a trend towards increase.

- If the standard is decreasing, then the research will suggest a trend towards slimming.

- If the standard indicates the existence of a defect, the research will suggest a trend
towards developing appropriate solutions and treatments to obtain higher adaptation.

These applied mathematical smart programs are what the research seeks to rely on to
achieve flexibility for a better future for architecture.

Results

- Flexibility is a feature that enables us to make modifications in the spatial or functional
structural system of the origin or structural flexibility. The ability to make changes and
rebuild the system at all levels is made possible by this flexibility characteristic, which
also enables ongoing usage of the facility at a high level for the shortest amount of time.
This helps in achieving continuity and complete harmony with the changing structural
and environmental functional requirements, taking into account achieving flexibility
throughout the life of the building while providing the possibility of modification or
change in the design stages with performance evaluation of the construction process,
which can be obtained through applied mathematical intelligence. This evaluation also
requires a new dynamic for the structure to appear balanced and integrated in its various
stages, whether before or after the change.

- Flexibility requires designers with flexible thinking who are able to transform and
qualitatively move between situations while seeing problems from many angles and the
ability to find solutions adaptively, appropriately and efficiently.

- Architectural production acquires the characteristic of flexibility when adapted to
expected changes and meeting the largest amount of needs with the ability to respond
to the needs of the present and expected changes in the future through the optimal use
of new technologies and available materials. Therefore, solutions were available with
the ability to make modifications and additions.

- Creating a flexible, livable environment compatible with changes and shifts in needs
and changes in jobs. The designer is supposed to take advantage of the recent
developments of technology with an orientation to consolidate the principles of
flexibility for a better future for architecture. This provides frameworks to support new
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paths of creation, manufacturing, design, and the development of flexible applications
with features that make their development and design easier, faster, and more
appropriate for future developments while responding to the growing demands of a
dynamic society. It is necessary to move towards more flexibility for the architecture
of the future to meet the environmental, economic and societal challenges, in order to
achieve greater compatibility with possible future developments. That this flexibility
occupies a better position in future architecture perceptions. This led to the pursuit of
presenting descriptive analytical studies on the principles of flexibility in architecture
and its applications.

- Flexibility in architecture is of great importance, especially in housing, where its
importance emerges from an economic point of view for families with limited income,
because their needs are increasing, changing and continuous. Instead of exhausting
them financially by changing housing to another housing that meets their needs, we
make their housing highly flexible because it can be modified by extending its life span
while limiting waste in environmental data.

- To achieve flexibility in architecture, it must be studied in the design, implementation
and even in working phases. The role of the architect in achieving them is added to the
role of the user, as he is better acquainted with his changing needs.

- It is possible to make modifications for the building during the working stage by
choosing a flexible structural system (from a structural point of view) and relying on
an efficient method in forming architectural spaces with the possibility of modifying it
in a flexible way in the future (from a functional point of view).

Recommendations

- The research recommends using flexibility in mathematical analysis and artificial
intelligence to detect changes in mathematical relationships in order to predict or sense
the future urban situation and thus make the flexible design decision that will be
appropriate to that.

- Directing architectural studies towards predicting the type or nature of future functional
activities according to which the design is made. The study is directed by adopting the
principle of flexibility that benefits future architecture by introducing modern
mathematical trends that are more predictive of future functional needs. This is done
through digital programs that review the condition of multiple buildings, for example,
during several periods, in order to reach the need of each person according to the square
meters, according to which we reach the human need in its state of increase or decrease
towards luxury.
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