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The year of 1956 could be regarded as a significant demarcation point as far as the contemporary
history of Turkey’s higher education has been considered; Middle East Technical University
(METU) akin to those of prestigious examples that of the United States was introduced to Turkey’s
cultural landscape as part of the nation’s a-century-long-yearning for a full-fledge modernization.
Originally planned as a UN project, academically structured by the University of Pennsylvania
and carefully exercised by the Turkish government METU was in fact regarded as a new model in
higher education and became fully operational in the following years with an increasing attempt
to make it “a center of excellence” in higher education, research and societal endeavors. Since
then METU has already proven itself not solely as a leading institution in its region but also as a
globally recognized and internationally acclaimed academic environment - after 60 years of its
establishment METU can now be regarded as a success story as it has long been listed as one of
the top institutions in many of the ranking systems world-wide. In this short history of METU,
Department of Architecture as one of the founding departments of the original establishment
of the post-war years had a significant role in research and education as it radically changed the
nation’s course of architectural culture. Along with those of Francophone and Germanic school
systems all established in Istanbul were forced to challenge a new model that of truly American,
which had its unique curricula, pedagogy and an un-orthodox environment, all translated from the
Bauhaus model via the East Coast. As part of its new curricula the school’s philosophy was simple:
not completely fine arts or sole technical talent architecture is rather a multi-faceted discipline
that constantly requires analytical thinking, individual rationale, social responsibility and the
critical thought. Of the related fields and disciplines, mathematics was thought to be important
because it was believed that as the core science of all the pure logic of computation could pave
the way through which the said qualities would be achieved at all levels. It is no coincidence that
today METU Department of Architecture receives the top entries of all high school students who
take the central university exam annually: e.g. in 2013, of 1.8 million entries the department
accepted only 72 students ranked within top 8000 with the best mathematic scores. It is now a
nationally accepted fact that METU Department of Architecture enrolls the best students in each
year with superb competences in mathematics and the related basic sciences. We believe this is a
good indication that METU’s founding principles as well as the department’s prime philosophy
on analytical thinking, rationale, social research and the critical thought still remains, making a
strong tradition of its own. In this respect, [ believe that the upcoming conterence of NEXUS at
METU is not an utterly new enterprise but rather a remainder of the school’s long-lasting tradition
that fosters mathematics and architecture not separate domains but rather an interrelated sphere,
which constantly enhances a unique co-existence, exclusive in nature.







About Middle East Technical University

Established in 1956 Middle East Technical University (METU) is one of the most renowed
universities in Turkey. According to the recent rankings of the Times Higher Education, METU
is ranked in the top 100 universities by reputation in the world. In addition METU is the only
Turkish university which is included among the “Highest Group” in the international university
rankings by QS, Webometrics, HEEACT, URAP and Leiden. The campus of METU is located
about 5 km’s away from the Ankara city center along the Ankara-Eskisehir highway. METU
currently has about 26,500 students of which %30 are enrolled to graduate programs. METU hosts
over 1,700 international students from nearly 94 countries studying toward myriad of academic
degrees. The campus has dormitory capacity for approximately 6,000 students who benefit from
a shopping area, banks, post office, many restaurants and cafes and also a wide variety of sports
facilities. METU campus also hosts the biggest technology park (The METUTECH) in Turkey.
About 3,750 people most of who are R&D personnel are employed in about 250 firms that operate
at METUTECH.

web page: http://www.metu.edu.tr/

phone : +90 312 210 2000

image courtesy : ODTU Kurumsal [letigim Ofisi



Nexus 2014: Relationships Between Architecture and
Mathematics

9-12 June 2014

The 10th international, interdisciplinary Nexus conference for architecture and.mathematic? will
take place 9-12 June 2014 in Ankara, Turkey, hosted by the Department of Architecture of Middle
East Technical University.

This 1s the tenth conference in the Nexus series, following those in 1996 (Fucecchio, .Plorepce,
Italv). 1998 (Mantua, Italy), 2000 (Ferrara, Italy), 2002 (Obidos, Portugal), 2004 (Mexico City),
2006 (Genoa. Italy), 2008 (San Diego, USA), 2010 (Porto, Portugal) and 2012 (Milan, Italy). The
papers from the conference will be published in future issues of the Nexus Network Journal.

The Nexus conferences are dedicated to explorations of the relationships between architecture
and mathematics, through a broad panorama of topics. In the past, these topics have included:
svmmetry m architecture, projective and descriptive geometry, soap bubbles and minimum
surfaces, svstems of proportions, geometry and urban design, the development of structural
forms, the use of arithmetical, geometrical, and harmonic means, calculations of domes and
arches, hnear algebra and geometric forms, music theory and architecture, fractals in architecture,
eic. Presemations have also included discussions of the work of individual architects, such as
Alberty. Palladio, Frank Lloyd Wright; historical periods, such as Roman, Incan and Renaissance;
the application of particular branches of mathematics to architectural design, such as geometry,
topology and algebra

link - http.//nexus2014.0rg/
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The Order Complex:
Generating Triply Periodic
Minimal Surface Structures

Giorgio Buratti

e-mail: giorgio.buratti@polimi.it

PhD Candidate in Architecture at Politecnico di Milano, Italy
Keywords: Algorithms, Generative Software, Minimal Surfaces, Patterns

A minimal surface is a geometry concept which refers to a surface with zero mean curvature that
has the property of having the smallest area within a given boundary. Studies on minimal surfaces
was traced back 250 years ago (1744) with Euler as the forerunner, whose research focused on the
rotation surface with minimal area. Since then the research of minimal surfaces has been active
for several hundred years. In 1760, Lagrange derived the equation minimal surfaces satisfy. The
well-known Plateau (1855-90) problem is the existence problem of constructing a piece of surface
that interpolates the given boundary curve and has minimal area. This problem, though raised by
Lagrange in 1760, was named after Plateau, who created several special cases experimenting with
sozp films and wire frames. In 1856 Schwarz discovered and investigated the first triply periodic
minimal surfaces (TPMS), a new classes of surfaces, obtained by a series of rotational symmetries.
The next development in TPMS did not take place until the 1960s, when Schoen investigated for

NASA whether surfaces of this type might be of use as space structures, and found more than a
dozen new example.

TPMS have a large amount of different configurations, reaching very high levels of complexity by
forming infinite repetitive crystalline structures. Furthermore they divides space into two disjoint
but intertwining phases that are simultaneously continuous. This topological feature of bicontinuity
is rare in two dimensions and is therefore virtually unique to three dimensions (Torquato 2002).
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TPMS configurations have been found in many natural phenomena and offer a great attraction to
many disciplines. Reasons for the common interest lie in the deep problems which open up during
closer investigation of their properties, and others in the widespread applications in different areas
of scientific research. Some interesting features are:

- A natural geometric stiffness
- They enable the optimal use of materials
- They configure stable and resistant structures

- It has come to light that TPMS allow the optimization for simultaneous transport of heat and
electricity (Torquato et al . 2005, 2006)

In recent time, great progress was made by using new generative software that have enabled
researchers to enlarge the family of minimal surfaces as well as to confirm old ideas, to see complex
minimal surfaces, to alter them and to check their properties. Thanks to these tools have been
realized architecture inspired from minimal surfaces that embodied the unity of economy and
beauty. In art world we see plenty of sculpture works playing on minimal surfaces. Scientists and
engineers have anticipated the nanotechnology applications of minimal surfaces in the areas of
molecular engineering and materials science.

This paper is focused on both the form-finding and the fabrication related to the geometric
properties of TPMS. The aim is understand how the translation from the virtual three-dimensional
space to the built artifact could be embodied into a computational process which would also solve
the issues within the fabrication framework.

Generative software like Grasshopper is capable of simulating these geometries and controlling
their properties through the employment of algorithm. Usually this method has a dialogue with
a great number of data (elements) and operations run by the flow which connects the different
algorithms, where an algorithm is a process which allows to calculate a result from input data
through a logic and finite sequence of elementary instructions. The criterion followed by an
algorithm is linear: it concerns input data, the elaboration of them and an output result. It’s possible
to develop a deterministic and traceable processes that have the advantage of more control: as they
are highly determinable, their output is predictable and can therefore be easily refined through
subsequent adjustments. The knowledge of geometry plays a major role in application of this

'The Order Complex:Generating Triply Periodic Minimal Surface Structures | Giorgio Buratti | 51



process, a deep understanding of geometrical relationships is becoming the key for parametrical
optimization and associative modeling techniques.

From the point of view of the generative process, the study involves a form-finding strategy
considering the properties of infinitely periodic minimal surfaces.

The first step is to create a minimal surface module, within a basic kaleidoscopic cell (usually
a cube consisting of tetrahedra and prism) characteristic to the specific potential geometric
configuration, starting from implicit equation that describes it. Subsequently the surface could
be reflected and form the triply periodic minimal surface which will be adapted to the desired
morphology. The created digital model, which can reach a considerable level of complexity, could
be analyzed via computer simulations. First results, that will be further investigated in research’s
next stage, seem to show interesting requirements like artifacts that have novel mechanical, flow
properties, and low weight.

Up to now, these objects were extremely difficult to produce, but advances in tridimensional
printing techniques have significantly improved the control over the whole design of solid and
porous structures. The working principle of of these technologies is based on spatially controlled
solidification of a liquid photo-polymerisable resin. Using a computer-controlled laser beam or
digital light projection, and a computer-driven support platform, a 3d object can be constructed
in a layer-by-layer fashion. Structural parameters such as porosity and pore size, and even
gradients thereof, can be freely varied to obtain a new breed of products that possess innovative
multifunctional characteristics.
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