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Abstract:

With the continuous development of societies, the need for architecture to be
able to accommodate the change in functional requirements and possible future
developments has increased, to keep pace with tangible economic, cultural, technical
and demographic changes, with the aim of creating a balance in expansion
commensurate with those changes. This may require more flexible design spaces to
increase the building's ability to adapt and accommodate new requirements and
functions. In the context of this situation, attempts to adapt buildings were
accompanied by the expansion of many of them randomly within the boundaries of
the general site allocated to them or within the building itself, causing an imbalance
between the requirements for growth and the resources available to many of them, and
then causing a defect in their functional and aesthetic performance, which necessitates
reprogramming its use. Since biological systems are characterized by the ability to
develop and adapt to changing conditions as a strategy for survival, the importance of
research in linking fractal engineering tools as mechanisms to achieve adaptation has
emerged, considering that fractal geometry is the appropriate entry point to explore
how natural adaptive principles and characteristics can be understood and applied to
architecture, including its vocabulary, to determine the mechanisms that achieve
building adaptation by increasing its ability to change and grow. This development
and adaptation of architecture occurs according to its surrounding conditions and new
needs to improve its organization and functioning according to a gradual and
hierarchical organic growth, so that it achieves a kind of quality similar to what we
see in natural phenomena, and to create ideal relationships between people and their
place. Forms in nature are characterized by development and coordination within the
complexity of natural systems, and morphological differentiation depends on the
influence of surrounding forces, functional requirements, and according to
mechanisms used for natural selection. This requires a deep understanding of existing
natural systems, and immersion in the origins and liabilities of that environment. As
for the methods of achieving this in architecture, it is by imitating nature, which is
adaptive by nature. Here it can be said that the research is not concerned with
architectural design methods that directly or indirectly imitate nature, but rather
focuses on the principles that nature uses, such as biomimicry or simulation, as the
science of taking inspiration from nature, its models, systems, processes and elements,
to solve design problems. As a methodology for imitating nature, it is by considering
the biological system as a complex, self-organizing system, and by considering
architecture as a complex system that exhibits chaotic behavior in its sub-systems,
especially the emergent aspects or those described as organic change. Therefore, the
pattern or geometry that emerges from this behavior is fractal, not Euclidean.

When exploring the cognitive reality, the research problem emerged, which
centered on the lack of a cognitive perception about the ability of fractal mechanisms
to achieve adaptation in architectural products, this is what was included in the first
chapter, represented by studies related to fractal geometry as a method in architectural
design, as nature’s engineering, on the one hand. Studies related to adaptation as an



architectural requirement; In the context of nature-oriented designs, on the other hand.
As for the second chapter, its first part focuses on discussing the concepts of
adaptation in nature and architecture, and the requirements for achieving it by
defining the characteristics of nature, such as adaptation and complex organization,
and others. The second part discusses the methods of fractal geometry in architectural
design by clarifying the fractal mechanisms that lead to achieving adaptation, and
how this is reflected in architectural products within the level of linking architecture
with nature and its complex systems. The research aims to identify fractal
mechanisms within the context of architectural simulation of natural systems and their
characteristics, by defining a comprehensive framework for the nature of fractal
geometry, and defining the nature of fractal designs, in order to determine the
strategies that designers used in their fractal designs. Here, fractal geometry appears
as a contributing factor to achieving adaptation. Determine the research hypothesis,
which is that employing fractal geometry applications in architectural design varies in
achieving adaptation on both the formal and functional levels. Based on this basis, in
the third chapter, the mechanisms associated with fractal geometry were crystallized,
and its detailed variables were identified, as well as with regard to the characteristics
of adaptive architectural design. In the fourth chapter, the research methodology is
formulated, the scope of practical application is determined, and the results are
analyzed. Leading to the conclusions and recommendations included in Chapter Five.

The conclusions were consistent with the prevailing impression in some
proposals of the association of fractal geometry with adaptation. The research proved
its hypotheses by exploring the variation in achieving adaptive characteristics at both
the formal and functional levels in light of the use of fractal tools in architectural
design, and that this variation is influenced by the style of the architect himself and
the nature of the project as well, as well as exploring the variation in the nature of the
relationship between the detailed variables of the vocabulary. This came through the
analysis of a selected group of projects that were known for their use of fractal
geometry methods, and within different trends, all of which adopted the principles of
nonlinear architecture, which is based on systems of complexity. The extracted
measurement form, with its main vocabulary and detailed variables, was applied to
these projects, and within the era of digital architecture represented by our
contemporary time, because of its potential to demonstrate fractal techniques to their
fullest potential. The most prominent results of the research indicated the existence of
this harmonious relationship between the concepts of fractal geometry and the
mechanisms and vocabulary it contains, such as dynamic growth and repetition within
graduated scales, etc., and the concepts of nature with its characteristics adapted to
various changes over time. The most prominent research conclusions also
demonstrated the efficiency of fractal geometry tools in achieving adaptive properties
in architectural design and also demonstrated that these tools vary from one architect
to another according to his design style and the data and determinants he deals with,
such as functional variables, perimeter determinants, and others. Achieving a set of
these adaptive characteristics increases the performance and responsiveness of the
built environment to the variables of the building’s occupancy conditions, and it also
expresses a continuous process of growth, development, and creativity.
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