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Abstract: Changing paradigm of nature-architecture relationship has being
directly affected from developing science and technologies as well as from the
impact of biomimetic inventions in various man made designs. Our perception of
forms and structures are also shifting through use of computational techniques.
From this aspect, mathematical models can be considered as the first step to
analyze the complex forms and structures in nature. In this paper it is aimed to
initiate a platform in architecture which will serve for discussions to explore
the potentials of these interactions under the impact of computational and
information technologies, not only in terms of formal/visual way, but also
extending to learn more about the formation process in nature.
Keywords: Shells; learning from nature; seashells; mathematical modeling.
Changing paradigm of nature
architecture relationship
In today’s world, and probably in future, the nature
will always be a stimulant for the researchers form
architecture to engineering, from economics to
medicine, as in the past, and all the actors in these
fields seek for “new potential solutions for their
problematic”. In these queries different methodologies have been proposed and implemented in different disciplines such as robotics, bionics, biomaterial
engineering etc. So many progressive research and
then achievements have been practiced in those
disciplines. Artificial neural networks and genetic
algorithms in engineering; robot prosthesis and artificial organs in medicine; complex systems, chaos,
fractals, and Hopfield networks in applied sciences;
and many other examples across a wide spectrum of
disciplines, have increased interdisciplinary interaction and have played a key role in facilitating new

integrated researches, such as in nanotechnologies.
In architecture, the process of imitating nature
and learning from her - the concept of biomimesis
- is generally used for form finding to design next
generation buildings and challenging tree-like, weblike, skeleton-like, pneumatic and shell-like structures (Arslan and Sorguç, 2004 ), (Figure 1). It can
be argued that natural inspiration in architecture is
a kind of visual expression – except from Frei Otto’s
and Buckminster Fuller’s designs (Otto, 1995) – and
many of them were constructed by and over design
just to set an analogy between natural forms and architectural forms. Just the same these buildings are
mentioned as the masterpieces and pioneering examples of their periods in the history of architecture.
From this respect it is important/unavoidable
to discuss the subject of “what/how architects can
learn from the optimized futures and efficiencies in
the formation of processes in nature?” with the help
of the rapidly developing digital and information
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Figure 1
Examples from the architectural structures inspired by
nature (Arslan Selçuk, 2009)

technologies, beyond formal and visual inspiration.
Yet, all inspiring living - and even nonliving - forms
and structures in nature are very complex and difficult to understand as a whole when considering
biological, generic and genetic rules/characteristics,
material properties and their ability to respond environmental impacts. Hence, it can be claimed that for
the answers of these questions a new way of “thinking model” in architecture need to be introduced.
Below, we describe and discuss a simplified computation cycle for learning from nature to analyze and
understand inspiring complex forms and structures
in nature.

A new way of thinking: computation cycle for
learning from nature
All complex “real problems” are mostly ill defined for
the researchers due to such huge numbers of parameters and variables. Modeling at that point one
of the most important, may be the only tool to analyze and understand a natural object or phenomena
which is called as “real problem” from now on. From
the dictionary meaning, a model is a representation
of something; a pattern of something to be made; an
example for imitation or emulation; a description or
analogy used to help visualize something; a system of
postulates, data and inferences presented as a mathematical description of an entity or state of affairs
(Encyclo, 2009). According to Dym (2004), modeling
is a cognitive activity in which researchers think about
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and make models to describe how devices or objects of
interest behave. There are several ways to describe
things/objects, circumstances and behaviors so
called real world and this description can be named
as “conceptual world”. On that sense, conceptual
world i.e. modeling activity can be done in several
ways; words, symbols, drawings, sketches, physical
models, mathematical formulas and at the end computer simulations can be languages of it. As a meta
language in science, mathematics is generally preferred among researchers while creating their models. Again from its dictionary meaning, mathematical
model is either a physical representation of mathematical concepts or a mathematical representation of reality (Britannica, 2009).
When viewed from this aspect, while learning
from nature, the approach can be first, observation
of the real model then, simplification of it, preparation of a working model and deciding on variables
and parameters to make correct assumptions. Second step is creating a mathematical model as an
abstracted/simplified version of the problem which
results in the computational model soon. Below we
propose a “thinking cycle” in Figure 2 and discuss
the potentials of way of thinking on a case in the following chapter. It is important highlight that mathematical modeling has some principles and methods
behind it and they are basically intentions and purposes of such conceptual world. We also prepared
a visual representation of the basic philosophical
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Figure 2
Simplified computation cycle
for learning from nature
(Arslan Selçuk, 2009)

approach, inspired by Carson and Cobelli (2001) (Figure 3), showing vital questions about the intention
and purpose of mathematical modeling.
Since, in architecture, our perception of nature
has been changing through the impact of the developing computational technologies and tools, it can
be claimed that, abstraction/simplification of natural
complex forms/structures by mathematical models
would be a starting point to explore inspiring forms
and/or structures. This thinking cycle shows an elementary depiction of the scientific method that
shows how our conceptual models of the world are
related to observations made within that real world.
It is possible to argue that, not only reconstruction of form and structure of a natural object but
also learning from the abstraction i.e. modeling of

generation process would be a “learning environment” for architects. In this context, we choose a
natural form: a sea shell to inquire the abstraction
process and mathematical modeling of it. As it is
well known, shells both in natural world and in man
made structures, are very common due to their high
structural performance and sheltering potentials
(Cook, 1979; Melaragno, 1991). Furthermore, shells
in architecture, constructed from different materials, are naturally strong structures which are capable of spanning large distances and covering wide
areas without the use of internal supports, yielding
an open and unobstructed interior. Although shells
show relatively complex mathematical relations and
structural behaviors compared with other structural
elements, they are also one of the most effective

Figure 3
Principles of mathematical
modeling

Session 19: New Design Concepts and Strategies 3 - eCAADe 27

667

ones. Therefore man made shells deserves to be (re)
discovered within the light of biomimetic way of
thinking. For this reason we decided to study on a
natural shell- a seashell namely Turritella Terebra- to
develop the mathematical model of it and to exemplify the thinking cycle proposed above. Focusing on
its form function and structural behavior together
with would be the first step for seeking answers to
the question of “how a shell form in nature may be
examined/analyzed through a mathematical model
and then can be abstracted to explore for the formation and the final configuration of the shells in
nature.

Mathematical modeling of seashell
geometry: A case of Turritella Terebra
There are several studies have been carried out in a
number of scientific disciplines, such as mathematics, biology, paleontology and computer engineering to understand and decipher the relations of the
seashells complex forms. Starting with Descartes,
Figure 4 shows a time line in which many investigators having focused on the curves of these shells and

their mathematical properties. They all outlined a
number of mathematical relations that control the
overall geometry of seashells.
After examining the existing seashell models
in literature it is seen that they all followed Raup’s
model which roughly abstracts the seashell form
using three parameters; whorl (rate of expansion
of the generating curve), distance (relative distance
between the generating curve and axis of coiling),
and translation (the change of the cone’s movement along an axis with respect to the whorl), an ellipse as the whorl cross-section as well. However, it is
clear from the observations of actual shells (Figure 5)
that the cross-section is more complex than the input that the three parameters allow. In the pursuit of
realistic visualizations, Kawaguchi enhanced the appearance of shell models using filled polygons which
represented the surface of shells more convincingly
than line drawings. Similar techniques were used
subsequently by Oppenheimer (1986). A different
approach was adopted by Pickover (1989) who approximated shell surfaces by using interpenetrating spheres. Illert (1989) introduced Frenet Frames
(Bronsvoort, 1985) to precisely orient the opening
Figure 4
Timeline representing the
history of seashell modeling
approaches
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Figure 5
Cut cross-sections of a selection of seashells found
in nature (was being cut in
the Ceramic Laboratory of
Department of Metallurgical
and Materials Engineering,
Middle East Technical
University)

Figure 6
Proposed seashell parameters

of a shell. His model also captured a form of surface
sculpture. Cortie (1989) studied the pattern forms on
the surface of the shell model (Meinhardt, 2003). Finally, the model of seashell geometry by Fowler et al.
(2003) was similar to that introduced by Raup, and
was the first to implement free-form cross sections
using a Bézier curve (Farin, 2002 Rogers, 2001) as
the input. It can be claimed that, studies above all
focused on modeling the appearance of the shell
surface.
All these approaches can be considered as a
milestone for their era, as each model reflects the observation and tools of measurement, modeling and
technologies of their time. In all these approaches
seashells were modeled as a single surface, as a twodimensional object, and embedded in three-dimensional space. Today, such modeling research should
be carried out employing observation tools, knowledge, information, and computational technologies
to the maximum extent. For this reason, we developed a mathematical model that can be transformed
into a computational model for further studies (such
as overall behavior of shells, form-structure relations,
form finding explorations etc.) to explore potentials
of such optimized forms.
As it is mentioned, available seashell models
were constructed according to some abstractions
and assumptions with in the range of information
researchers have. Since the precision issue of abstractions “to what degree” is discussed in terms of

the possible outcomes accessible for different disciplines from modeling techniques to manufacturing, from structural studies to material issues as well
as architectural form finding process, during this
research much work has been done to accurately
model the cross-section of the shell.
A program was written in c++ inspired from the
Raup’s model (Raup, 1961) (Figure 4). The proposed
parameters of the program were (Figure 6):
• S: Section; Shape of the aperture or shape of the
shell’s tube cross section
• R: Horizontal Displacement; Horizontal departure from the coiling axis
• V: Vertical Displacement; Translation along the
vertical direction
• G: Growth: Aperture expansion or the rate of increase of section size
A set of seashell models were developed and
playing with the parameters, different shell models
obtained (Figure 7). This simple program was not sufficient to model the generating curve of the seashells
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Figure 7
Abstracted seashell models
developed by the authors

which has a more complex geometry than the circular abstractions. From these experiences and from
the knowledge of actual cross sections of cut shells
(Figure 5) authors decided to combine these two. For
this reason it became a requirement to write an algorithm to create a mathematical model that takes its
parameters from a real seashell. After this decision,
research was focused on a family of coiled seashells
called Turritella Terebra. The use of abstractions belong to this species was quite common in art and
architecture. A number of seashells were ordered

and then cut through vertical and horizontal axes
to understand the complexity of these creatures
via the parameters shown in Figure 8. Through the
mathematical analyses on a number of selected and
cut seashells to reveal their generation rules the self
similarity patterns and coefficients were recorded.
A parametric model of the shell was set up using
the cross section (actual generating curve) of a single
whorl as the input. In a similar approach to Fowler et
al, (Fowler, 1992) the shape of a single typical whorl
was defined as a B-spline, which can be used to
Figure 8
Geometrical analysis of the
vertical section of Turritella
Terebra
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Figure 9
The points controlling of generating curve from scanned
cut shell

to develop the program for Turitella Terebra with its
“thickness” of the shell wall and the complex solid
volumes that are formed down the internal spine.
Figure 10 and Figure 11 shows a well defined
correlation between the real natural seashell on the
left side and the computer generated model on the
right side. While designing the modeling process of
Turitella Terebra, it was important to answer three
questions: firstly, the question of “precision” of a
model was important while reconstructing a natural
object. It is believed that precision will affect the results when analyzing the structural behavior of the
selected natural structure. This problem is achieved
with the section formed by B-Splines. Secondly, computational cost is considered related to the precision
of the model. A moderate number of 3D surface elements are used for the mathematical model. Thirdly,
the compatibility of the model for finite element
analysis of that particular structure was important.
It is believed that all these concerns were satisfied
with this model. Finally it is important to highlight
that the generated algorithm above is flexible to explore different type of coiled shells by changing the
parameters shown in Figure 8.

Figure 10
Demonstration of the flexibility of the program to experience different coiled seashell
forms

Figure 11
Scan of the seashell found in
nature (left) computer generated shell model (right) by the
algorithm developed for this
research

Conclusions and future remarks

approximate a smooth curve from a small set of control points (Arslan Selçuk et al, 2005). Figure 9 shows
a B-spline of order eight, and its control polygon.
Then the program written in c++ was firstly adapted to generate a coiled shell having a semi-closed
loop drawn with a B-spline of order five (Figure 10).
After seeing the success of the result it is intended

The link between nature and architecture is usually built upon one of two major approaches. First,
the architectural form which is inspired by nature
through sketches of forms, abstraction of structures
or imitation of other properties like, colors, patterns,
textures etc. The other group can be considered as
the understanding of or learning from the natural
forms applied into an architectural form finding process by considering the “process” of nature and its
behavioral and generative properties. The majority
of architectural researchers and designers tend to
follow the first category, while this paper emphasizes
that development of mathematical model of natural
forms is essential to understand the logic behind
those forms and structures. While “learning” from nature, the tendency is first to create a mathematical
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model as an abstracted/simplified version of the
problem which results in the computational model
soon. Because, mathematics is a meta language to
investigate the relationships among rules of generation of form, function, structural behavior in natural
structures. For this reason the mathematical model
of a seashell called Turritella Terebra was chosen as a
case to exemplify the proposed learning process. It
is believed that, the potentials of architectural form
generation based on the abstracted seashell geometry and a possible structural system analysis of those
forms would open a platform for form finding and
structural finding processes in architecture. Furthermore, the intention of this research is to inspire more
interest in the analysis of natural forms through the
integration of architecture and technology into the
example of “seashells” and their “implementations
in architecture”. Similarly in architecture, our perception of nature has been changing through the
impact of the developing computational technologies and tools. Basically, abstraction/simplification of
natural complex forms/structures by mathematical
models would be a starting point to explore inspiring forms.
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