











Numerous methods of tessalation were tested to
determine their effect upon suspension in a network
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Tessellating tiles of certain shapes can fill planes with The mathematical logic of certain Islamic patterns enables a
identical pieces giving a homogeneous aesthetic readable design despite high complexity
Zemet Centre (2009) by 3LHD architects Facade in Fez, Morocco



TESSELLATING patterns of the MOSAIC

TESSELLATING A SURFACE

Tessellation refers to the filling of an infinite plane with geo-
metrical shapes, this is also how architectural precedents
usually use tessellating patterns, an infinitely stacking pattern
that is cut when needed.

In difference to that approach the world of animals as well
as this thesis aims to tessellate a closed area of a certain shape,
a goal that changes the possibilities of patterns

FOLDS IN A MESH
When designing a curve-able mesh the setup of mesh edges
becomes crucial to the design. Many tessellating patterns such
as the one on the Zemet Centre do not have continuous edges
through the surface, this severely limits the flexibility of that
surface to the point of some being completely rigid.

Straight folds through the whole mesh add no resistance
to bending and gradually as folds curve or kink they become
stiffer. This behavior can be theorized on a principle level, many
continuous folds with low spacing in high curvature areas and
kinks in the folds in areas that benefit from planarity. In practice
however the actual behavior of a certain mesh needs to be
simulated.



The voronoi pattern is among the most common in nature, it forms the In nature flexible skins of hard scales are achieved not in one
structure of an insect wing as well as color pattern on some mammal skins flat layer but with overlaps
Giraffe skin pattern Bush viper snake

TESSELLATING patterns of the MOSAIC



QUADS AND TRIANGLES

The main axes previously discussed are represented in the
mesh with quadrilateral faces of varying sizes. They limit the
bending of the fabric to single curvature in their axis and form
the structural core of the mesh. Around them, in the areas of
double curvature the mesh requires triangular faces. Since a
triangular grid has folds in more directions they also promote
curvature to a greater extent.

Inspired by the animal skin patterns in nature the border
around the axes is dissolved and the face types of the mesh are
allowed to intrude onto their respective zones.

HOMOGENEOUS AND DYNAMIC
A crucial feature of the funicular plate networks is the variation
in plate sizes, small pieces allow for much bending and large
ones the opposite. This aspect of the mesh however isin conflict
with the beauty and simplicity of a homogeneous pattern.
The final mesh setups therefore strive to find a balance
between the dynamic of the pattern and a uniform whole.



Kangaroo driving goals
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SUPPORTS
The points that hold up the mesh

are locked from translation i the
directions of all of the axes.
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GRAVITY
In all of the free nodes a vertical
force is added in order to simulate
the effects of mass
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EDGE LENGTHS
All of the mesh edges are turned into
stiff spring bars to maintain their
starting length

PLANARITY
Since quadrilateral mesh cells can
contain curvature all of them are
held planar by force



virtual SIMULATION of forces

PREPARATION
The mesh to be evaluated is imported into Rhinoc-
eros and Grasshopper. The parametric script for the
analysis is prepared using the Kangaroo physics
engine and some of its driving goals, mentioned
above. The points for the supports are marked out
as a final preparation for the analysis.

ACTIVATION
As the physics engine is activated the mesh begins
to deform at a set time step, eventually the first
stable position is found. At this point the mesh can
be checked to make sure all the faces connect and
that the applied forces and stiffnesses are appro-
priate.

MODIFICATION
With the engine running the supports of the mesh
can be live translated to their target position. This
has to be done in gradual steps for the engine to
handle the calculations but eventually the final
shape is given and can be inspected for sitting
section, unwanted folds etc.
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CNC milling the DETAILS

TURNING CHARACTERISTICS INTO QUALITY
The choice of plywood upon deciding on the plate network
meant the addition of the characteristic glue pattern of the
board material, in order to have a motivated argument for
keeping this material this feature required a prominent spot in
the design.

By chamfering down the sides of the plywood the glue
pattern becomes not just a side attraction, in both senses, but
also a main feature visible from all directions.

In addition to its aesthetic qualities this feature also tells
the narrative of the construction process, instead of molded
units of the right shape the plates become the end products of
a delicate milling process.

ZOOMING IN EVEN FURTHER
The process of designing at a more and more detailed scale
finishes with the grains of the wood, as a final characteristic the
wood fiber angles of the units are alternated in the network
creating a very subtle complexity that in certain lights give the
furniture pieces an extra level of deliberate character.



Gradual evolution of the plate units Output from the CNC mill showing the top side of the units



Cutting sequence for the CNC

CIRCUMFERENCE
The outline of the units are milled out down
4.5 mm to the centre of the plywood

TOP CHAMFER
The first chamfer level is milled along an offset of the top
creating a 1.75 mm deep cut

CORNER FLATS
The corners are milled down flat 1.75 mm to align with
the base of the top chamfer

LOWER CHAMFER
The second chamfers are milled out 1.75 mm deep
around the circumference and planned holes

HOLES
The openings are drilled through 9 mm to the other side
finishing the CNC milling of the top side




a FRAME supporting the network

DISCRETE YET CHARACTERISTIC
To avoid an attention conflict between the funicular network
and its supporting structure the concept of the frame is simple,
black round steel bars joined into closed loops.

In the interest of bringing more character to the set this
concept is then used to create prominent spines in the back
of the supports. Marking out key locations in the individuals
the frame is also wrapped in colored string aiming to further
enhance the goal of a homogeneous yet dynamic set.



LINKING the units together

JOINT SECTION 2:1

INFINITY KNOTS

The list of features that the joints in the plate network need to
hold is long, simplicity for the manufacturability and aesthet-
ics, rigidity to allow for efficient transfer of forces, controlled
spacing for the appearance and to avoid pinching... And so on.

A solution that fulfills all these demands is the chosen
nylon loop above. Being a melt able material the nylon allows
for the creation of a closed loop, when done in the shape of an
infinity sign this joint also works as a spacer between units and
creates a moment free joint even when tightened, since the
string does not bend but rather roll over to the other unit.



GECKO

the Bar Stool
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KNOT PATTERN



SEAT SECTION 1:10



FRAME CONNECTIVITY



AXONOMETRICVIEW









KOMODO

the Table
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SEAT SECTION 1:10
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FRAME CONNECTIVITY



AXONOMETRICVIEW









CAIMAN

the Lounge Chair
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SEAT SECTION 1:10
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CONSTRUCTING 1:1




CONSTRUCTING 1:1



CONSTRUCTING 1:1
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