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Figure 7. Simplified deep structure of interior space(top),example
for results of inner spaces with different amount of information (bottom).

By parametrising the interior of the Teknopark, we receive a maximum of
freedom of design when dealing with the outer skin, which has to be consid-
ered the cost-driver of the project and the building part with the most financial
headroom for optimisation. Therefore, the parametrically gained freedom of
design can be translated into tangible optimisations and reductions of costs.
Going back to the example of the Opus by Zaha Hadid, the parameterisation
and planarisation of the freeform surface enabled a cost saving of 25%, as
estimated by the contractor.

4.2. QUADRILATERAL MESHES

In order to create a strategy for quadrilateral meshing of the Duezce Tekn-
opark, it is important to carefully analyse the NURBS surface and its iso-
curves. We can formulate the initial requirements for a quadrilateral mesh as
the following: The primary support structure must not twist geometrically in
space, it should be distributed evenly along the building, leading to elements
of similar size, and it has to be aesthetically pleasing.

In contrast, the secondary structure can follow the isocurves of the toroidal
area to profit from the inherent planar segmentation of the geometric primitive.
To be able to distribute the quad panels more evenly, the parametric system
allows us to dynamically move away from the isocurves in the non-toroidal
areas of the loop (Figure 8, left and middle).

4.3. ANALYSIS

Due to the fact that the outer skin is the biggest cost driver of the project,
and that small changes to the geometry can have a drastic impact not only



462 S.BRELL-COKCAN, J. BRAUMANN, B. COKCAN AND M. KLEINDIENST

on finances, but also on building physics, structural integrity, and fabrica-
tion, various analysis tools are implemented in the parametric definition. The
analysis tool with the biggest impact on cost is the planarity visualisation.
In the discourse of planarity in architecture, it is important to consider that
mathematically absolute planarity with zero tolerance does not exist. All con-
struction elements depending on the material used have certain tolerances, as
well as not being mathematically planar in the first place. While allowing the
general optimisation of the planarity value, this analysis function also allows
us to assign quads to so-called “planarity-groups”, which all have a common
amount of planarity tolerances. We can therefore aim to e.g. place glass only
on panels with a unplanarity of less than 6 mm for glass panes >1.5 x 1.5 m,
while areas with higher unplanarity can be assigned with more flexible materi-
als (Figure 8, right).

Further analysis functions measure the uniformity of all panels and output
the result as a graph or calculate the angle between the panels’ normal vectors
and the vectors of sunlight, allowing an approximate estimation of the solar
gain on each panel. All these analysis functions can of course be superimposed,
so that e.g. only the solar gain of panels with high planarity is evaluated.

Figure 8. Optimisation and Analysis: Top view before (left) and after (middle) mesh optimisa-
tion, planarity analysis (right): blue is within required glass planarity tolerances.

4.4. MODULARITY, ADAPTABILITY AND OPTIMISATION

It is important to consider that the origin of the parametric definition is the
initial driving surface, as it was imported from the subdivision modeller.
Therefore, whenever the initial surface or design values are altered the defini-
tion stays valid as long as the general surface topology stays the same. This
allows a new freedom for designers, where all parts can be changed at any
time instead of having to lock important input geometries at a certain stage,
which can cause problems peaking in the onsite manual refitting of the outer
skin layer, seen in projects such as Kunsthaus Graz.
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Another relevant aspect is performance and modularity: Grasshopper itself
consists of components containing specified functions which are laid out as an
acyclic graph. Changes to that graph propagate upwards, meaning that only
components where the input data is modified get refreshed. If e.g. changes are
performed to the planarity analysis, the other analysis functions do not refresh.
In reverse, if the user adjusts the quadrilateral mesh, all analysis functions, the
interior, and the support structure have to be recalculated and updated. As this
process can take a few seconds, the immediate feedback is no longer given
and working with the definition becomes slow and cumbersome. However,
due to the modular nature of Grasshopper, it is possible to quickly discon-
nect ranges of components from the graph, so that only the currently relevant
components are calculated (Figure 9). As all relationships between the compo-
nents are clearly displayed by Grasshopper’s graph, the user can quickly judge
if disabling a group of components will affect a relevant function. Compared
to traditional scripting, Grasshopper’s modularity allows a much bigger flex-
ibility and more effective optimisation when working with large parametric
setups (Davis et al. 2011).
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Figure 9. Modular Grasshopper workflow: Plug and unplug components
for customised feedback and performance optimisation.

4.5. OUTPUT

This elaborate parametric model not only allows a fluent interaction with
the building, but also the automated extraction of e.g. panels and structural
members into individual files, and the generation of basic floor plans that
clearly show all structural elements and the space edges of the deep structure
of the building. Keeping the 3D-model as “slim” as possible is one of the
major challenges in a project of such a scale as Diizce Teknopark. Our various
“Intuitive” design approaches have shown that a slim parametric model
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reduces the risk of losing track of information and facilitates reusing existing
groups of components.

5. Conclusion and outlook

The flexibility of the digital tools presented in this paper is expected to enable
us to quickly implement constraints that we do not know at this stage of
design, e.g. the human scale onsite, where CAD illiterate workers have to
process complex data for mounting and assembling. From our experiences at
projects such as Kunsthaus Graz, BMW Munich or Martha Herford and our
own projects executed in non EU countries, overloaded construction plans are
obstructive onsite

Our tool will follow the question of how to filter the architect’s desire to
control all 3D data of all parties simultaneously on the one hand and how to
easily break down 3D data according to the needs of all involved parties and
the building site on the other hand. We refer to this software development
strategy as Just in Time Design, where parametric schemata are developed in
small portions “on the fly” and expanded, adapted, plugged and unplugged for
the following design phases.

Inhouse customised tools allow small architecture firms to convince clients
of their technological capabilities: Freeform architecture therefore does not
have to be the sole property of the big players anymore.
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