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Abstract –Façade of the buildings are always important

1.2 Kinetic and Static planar surface

as the emphasize the identity of the building as well as
somewhere, personality of an Architect. Due to changes
emerging in this society need for adaptation of modern
techniques have emerged, which is the reason for the
involvement of kinetic in Architecture. Kinetic Architecture
basically is combination of architecture and mechanism
science. From ancient times static surface has been used
but as time is changing kinetic surface is also used. To
design these surfaces a technique can be used which is
known as ‘Tessellation Technique’. Tessellation is a
technique which is used to cover any planar surface
without leaving overlaps or gaps in between. So, the main
purpose of this study is to get to know how different static
and kinetic surface are in terms of their design using
tessellation technique, materials and workability.

Static planar surface is a surface which is stable and
have no relation with kinetics. Kinetic planar surface
deals with a new concept of form with the kinetics parts
that are capable of being transformable, foldable and
uses mechanical components that helps to keep surface
in motion.

Fig-2 Static planar surface
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1.INTRODUCTION
Mathematical and geometrical knowledge such as golden
ratio, fractal geometry and tessellation have benefited
architecture in one or another way. Liapi (2001) claims
that complex and sophisticated knowledge and use of
geometry, underlines the conception, design and
construction of the most significant achievements in the
history of buildings. In the ancient periods,
proportioning systems were the most essential elements
of visual order and aesthetics, thus architects and artists
benefited from the golden ratio in their works. Moreover,
in the 20th century, many architects such as Renzo Piona
and Santiago Calatrava have used relationship between
geometry and structure in their designs.

Fig-3 Kinetic planar surface
2. TESSELLATION ON PLANAR SURFACE IN
ARCHITECTURE
The art of tessellation has originated early in the history
of civilization. People when started building houses they
tried to fill spaces or planes. Architecture has used the
tessellation as a technique on planar surfaces. Carlini and
Conversana are one of the researchers who deal with
planar tessellation from the ancient period. In their study,
they reconstruct the original aspect of the floors of the
tabernae in hemicycle of the Trajan Markets in Rome,
Italy.

1.1 Definition of the study
Tessellation is a common mathematical technique that is
used to cover a plane without any gaps or overlaps. Due
to this property of the technique, it has been used on the
planar surface such as facades, wall, ceiling, and floor. In
everyday life tessellation can be seen in its simplest
forms.

Fig-4 Floor of the tabernae

Fig-1 Blocks, honey comb, concrete blocks
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Tessellation has been used since ancient times be it
Egyptians, Islamic, or Renaissance period.

Fig-5 Egyptian tessellation

Fig-7 Planar isometries

20th

In
century also tessellation is being used by
architects and urban planners while designing buildings
even in cities.

Kinsey and Moore (2002) emphasized that, all wallpaper
patterns are created by the translation of main unit
which may or may not have the symmetry of its own by
rotation, reflection or glide reflection, moreover they
note that, it does not important where the translation
starts, only its direction and distance is important.

3. MATHEMATICS BEHIND TESSELLATION
Regular polygons are the simplest type of tessellation.
Regular tessellation is tessellation that ae made up of
similar kind of regular polygon. The shapes which can
easily tessellate are triangle, square and regular
hexagon.
Simply the shapes with sum of internal angles 360
degree are the shapes which can tessellate easily. The
formula to work out the interior angle of a regular
polygon is:
a = 180-360/n, where a is the
interior angle of the polygon and n is the number of sides
of the polygon.
Triangle – The three exterior angles must add to make
360°. Therefore, each one must be (360/3) 120°. The
interior angles are (180-120) 60°. 60 is a factor of 360
and so the equilateral triangle will tessellate.
Square – The four exterior angles must add to make
360°. Therefore, each one must be (360/4) 90°. The
interior angles are (180-90) 90°. 90 is a factor of 360 and
so a square will tessellate.
Pentagon – The five exterior angles must add to make
360°. Therefore, each one must be (360/5) 72°. The
interior angles are (180-72) 108°. 108 is not a factor of
360 and so a pentagon will not tessellate.
Hexagon – The six exterior angles must add to make
360°. Therefore, each one must be (360/6) 60°. The
interior angles are (180-60) 120°.
120 is a factor of 360 and so a hexagon will tessellate and
so on.

Fig-8 Tessellation pattern
4. KINETIC SURFACE PLANAR DESIGN USING
TESSELLATION AND ITS MECHANISM
In 2-D spaces there are three types of motions: pure
rotation, pure translation and complex motion. In the
case of pure rotation, the body possesses one point
(center of rotation) that has no motion with respect to
the stationary frame of reference. In pure translation all
points on the body describe parallel (curvilinear or
rectilinear) paths. Finally, in complex motion there exists
a simultaneous combination of rotation and translation.
Members or link are the individual bodies that make up a
mechanism. The connection between two links is called a
joint or a kinetic pair. Types of joints for easy working of
kinetics surface are: Revolute joint, prismatic joint,
helical joint, cylindrical joint and spherical joint. These
joints can be used on the edges of patterns created for
façade. Mostly used shape for kinetic surface is hexagon.

Fig-9 Revolute joint, prismatic joint, helical joint
Fig-6 Pentagon, hexagon, heptagon
Symmetry, transformation, reflection and glide reflection
are four planar isometries used to form a pattern.

Fig-10 Cylindrical joint, spherical joint Square
tessellation is one of the regular tessellations.
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Fig-11 Square tessellation, dual of tessellation
The first step of the methodology is to find the form of
the first link by considering to regular square
tessellation. Black lines show the real part of the square
tessellation while the red lines show the dual of the
square tessellation. Those two tessellations give the
desired information of the form of the platform and the
link. Square tessellation determines the form of the link.
In this step, determination of the vertices of the
tessellation is an important point. The length of the links
will be determined by pointing one vertex to the others
around.

Fig-14 Kinetic square tessellation
Kinetic planar surface can be used in both interior and
exterior surface. If used on exterior surface, it allows the
light transmission, while protecting the surface from
overheating. The sensors help to control temperature,
light and humidity.

In the second step dual of the tessellation provides the
form of the platform of the mechanism. The dual of the
square tessellation is its own dual that is formed by
taking the center of each polygon as a vertex and joining
the centers of adjacent polygons. In this step, the line is
drawn successively by starting from the vertices point
until the same vertices point is being reached.

5. MATERIALS
Difference between the materials used by kinetic and
static surface is the former classified as homogeneous in
composition and the reaction with external influences.
However, the latter is responsive to external stimulus to
control temperature changes or solar radiation such as
electrochromic glass with glazing material in curtain
walls, window, shading devices and more application.
Static planar surface is usually made up of concrete,
ceramic tiles, wood, steel, aluminum and many more.
Whereas, kinetic surface used fiberglass mesh, aluminum
frames, steel frames, shape memory alloy (heat
responsive), shape memory polymer and may more.

6. CONCLUSIONS

Fig-12 Process of obtaining the form of the platform

Recent architecture trends lead to increasingly complex
geometries which entails a revolution in the conception
of building system hierarchy. Besides this, the
employment of adaptive façades, is in the case of big
building complexes, ends up in most of the cases with
one-of-a-kind systems. Another motivation can be
related to the fact that kinetic systems, in comparison to
static facades, are related to the climatic context in which
they are applied; a factor that greatly influence their
effectiveness.

The final step is to determine the placement of
combination of link and platform. To achieve this aim we
must look at the intersection of the square tessellation
and it’s dual. Firstly, platform of the mechanism will be
placed to the point where the square tessellation and its
dual intersect, and then the links of the mechanism will
be added to that platform.

Due to these facts the analysis of environmental
efficiency is complex. For static planar surface systems
used are taken in account without considering the multifunctional and dynamic features of adaptive component.
Last but not the least kinetic planar surface requires a
large amount of energy to activate sensors and actuators
which should ideally be lower than energy saving.

Fig-13 Placement of the kinetic square tessellation,
Open and closed forms of the kinetic regular tessellation
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