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Abstract:

Freeform Space Structure Workshops are held for the purpose of research
and practice the two areas of free form structures and computer integrat-
ed construction and design methods. Each of these training programs deals
with a specific way of constructing free form structures. This workshop tried
to design and construct two different structures by examining surface active
and bending active structures. At first, students have created ways to de-
velop the form by studying the materials and understanding their behavior.
Then, they have developed their designs using digital fabrication tools and
produced them on a real scale. All parts of these two structures are made of
Plywood with thicknesses of 3 and 6 mm and cut using digital fabric cutting
machines. Then, by applying force and using the elastic properties of the
materials, they are bent to their final shapes.
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Introduction:

The workshop was organized in collaboration with University of Art and Uni-
versity of Tehran, by Digital craft house at University of Art, Centre of Excel-
lence in Architectural Technology and association of architectural technolo-
gy at university of Tehran in September 2019. The purpose of this workshop
was to provide students with an integrated digital design experience and fa-
miliarity with digital fabrication tools and facilities. Our ultimate goals were
to produce two pavilion at two universities. Both pavilions were constructed
with plywood sheets and using a technique of surface active structures. Fi-
nal tests and manufacturing of all parts of these two pavilions were all digi-
tally produced. This workshop was attended by 14 students and 9 teachers.
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Process:

In the zero phase of the workshop, different methods of fabrication of these
types of structures and different types of materials were tested for their
elastic deformation and ability of cutting with digital fabric cutting ma-
chines. As a result of this process, “cardboard and high Impact polystyrene”
was selected as the desired prototyping material and plywood with differ-
ent thicknesses for use in the final work.

The first phase of the workshop consisted of two parts: training and experi-
ence. In the training section, students were introduced to the Grasshopper
software as a digital design tool and digital fabrication tools to realize their
potential in design. Students were then asked in the experience section to
try to bend a sheet to form a module or part of an active bend structure. In
this section, the students succeeded in designing seven different prototype.
In the next step, three different systems were selected as the main options
and students studied and developed them in three groups.

The output of this part was prototypes of a fifth of the hole or part of the
final work. This is to ensure that each group experiences the process of pro-
ducing a prototype of pavilion using digital design tools and in the same
detail as the final work.

In the last step, two works were selected by students’ vote and were made
on a real scale. The production of the construction drawings was made en-
tirely by code in the Grasshopper software and all parts were produced by
CNC milling and laser cutting.
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Final product:

The first product of this workshop is the pavilion that placed in the court-
yard of Bagh-Melli campus. This pavilion is made of U shaped pieces that
are connected back to back and provided a three dimensional bent in space
and stabilized in the same way. Final shape is result of putting these pieces
together.

Initially this form was digitally modeled on Grasshopper software and then
The unroll of each piece was plotted. Due to the five-meter length of the
pieces, each piece was split into smaller pieces so that they could be cut
from standard plywood sheets 122 x 244 cm. Also some members were
produced as a stitching plate for these smaller parts to produce a U shaped
form and to bind the U-shapes together.
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UNROLL

NEST ON SURFACE
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The final shape was obtained
by bending and sewing the
pieces together. Due to the
elastic nature of the bend-
ing materials and the similar
shape of the folded sheet
structures, they are much
more durable than normal.
Therefore, only 6mm thick
boards were used to build
this pavilion with an area of
15 square meters.
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The second product of this workshop is a pendant structure installed in the
Exhibition Hall of the Faculty of Fine Arts of the University of Tehran. The
structure is made up of a triangular module that forms a flat U with two 90
° angles. By bending the two ends of the U, it bends the members to form
a bended triangle. The flat structure is made of these triangles. Next, by
enlarging some triangles, the students attempted to create a three-dimen-
sional form. After understanding this structure’s behavior, we tried to create
an algorithm in Grasshopper to simulate the final form in digital space and
determine the dimensions of each fragment to reach the final form.

After preparing the digital file of fabrication and texture, parts were cut
from 3mm plywood to be ready for installation. At this step, all the pieces
were cut perpendicular to the timber to bend more easily.




Expansion of modules
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Two screws were used to
connect these parts to each
other so that the connec-
tions were fixed and the
members did not rotate. The
entire structure is mounted
on six strings of cable that
hang it.
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Basic Geometry
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Geometry Forming Process
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Introducing the Organizers:

The workshop was organized by Digital craft house at University of Art and
Centre of Excellence in Architectural Technology and association of architec-
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eIl L Labratory Managejr: Dr. A. Mostagh-ni
" Workshop supervisor: Dr. M. Matini
o e Students:
bl Lople Mahsa Ebrahimi Dastgerdi
«x3 e, Parisa Babolhavaeji
S slbls «l5,6 Moein Maleki
oS M Alireza Nazarnia
il L Rahyar Ghambari
s s Farzaneh Soltani Ghalati
ORI Leila Tashakori
Sl 5% e Hosna Bahonar
Elbo,d o3 45l Samin Farajian
w bl Ly Maryam Faramarz Qaramaleki
kol dese Hanieh Sotudeh Gharebaagh
K Dorsa Sadat Seyedi
Lol
u) )Ji Mohammad Shahnazari
- e Kosar Azadian
e oy Teachers:
g3l dedws  Ramtin Haghnazar
920 e Seyed Ali Derazgisoo
Sl sl Mehran Masoudi
Bl L ke Jayad Allahgholi -
o - Alireza Mohammadi Baghbanan
° )U"" i o )A Marjan Hoseynzade
He s shadi Khaleghi
LSy swel 4eblé  Fatemeh amini yekta

Hanieh Omid




