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Pipeodesic derives its name from a blend of two terms: “Pipe,” referencing the use of PVC
tubes as the structure’s vertical elements, and “Ceodesic,” pointing to the conceptual
foundation of the dome typology that inspired the initial design. The workshop began
with the infention to construct a geodesic dome; however, throughout the design
process, aesthetic considerations and an interest in formal experimentation led to a
significant transformation. While the triangular structural logic remained intact, the

hemispherical geometry evolved intfo a new, reconfigured form.
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INTRODUCTION

- b

The event took place on April 22, 2025, at the Baagh-e-Melli campus of the
University of Art, Tehran, in conjunction with Iran’'s National Architecture Day.
Over the course of a single intensive day—from 8:00 AM to | 1:00 PM—22
architecture students and two instructors engaged in a hands-on exploration
of digital fabrication. Rather than focusing on soffware instruction, the
workshop  emphasized real-world  construction  challenges  under  time
constraints. Most participants had previously been introduced to parametric
design through Grasshopper in their coursework, and the workshop pushed
them to adapt digital thinking to material constraints, structural logic, and the
assembly process at full scale. Pipeodesic offered a setting for collaborative

learing, rapid decision-making, and the practical testing of ideas.

It was ultimately an exercise in bridging the gap between digital design and

architectural embodiment.
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The design of this structure was conceived not merely as a reproduction of a
classical form, but as an opportunity to engage creatively with notions of structure,
geometry, and fabrication.Faced with constraints in time, tools, and materials, the
design team sought a contemporary approach to the geodesic dome by drawing
on purposeful references, redefining form, and leveraging digital design toolsWhat
follows is an overview of the three key stages of this journey: the origin of the

concept, the geometric reconfiguration process, and the challenges of construction.
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» Discovering the Hurt Family

As previously mentioned, the workshop began with the idea of building a geodesic
dome using affordable materials that could be assembled within a single day and
with minimal reliance on specialized tools. During the early research phase, the team
came across a family-run business in the United States that specializes in the design
and construction of geodesic domes made from PVC pipes and zip ties. The Hurt
family, operating under the brand name Ziptiedome (ziptiedome.com), offers a
modular system centered around a custom-designed joint. This joint allows for the
rapid assembly of structural members using zip ties alone. Their kits typically include
pre-cut pipes, perforated connectors, and detailed assembly diagrams. Over the
years, customers have adapted their systems for various uses—from greenhouses and
animal shelters to temporary festival pavilions and exhibition structures. The brand
offers a range of geodesic domes in frequencies from V2 to V6, and clients can
specify both the dome type and the desired radius. Ziptiedome provides two

standard package options:

O1. A complete kit with cut pipes, drilled connectors, and printed assembly drawings

02. A documentation-only package, including cut lists, joint specifications, and
structural layout plans

To better understand the system's potential, the team analyzed photographs and

case studies of previously built domes using this method. This review became a key

|

reference point in the design development of the Pipeodesic project
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SICGN PROCESS
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Step O1 :

Unpack the dome materials and place
them in a convenient spot outside. The
area  where the dome wil be
constructed.  Use  wire  cutters  or
manually unwind the wire for releasing
the struts from the restraining wires.

Step 02 :

Select 10 Blue Struts, 10 Blue Hubs, 10
Center Rings, and 10 Zip Ties. Put the
end of the Blue Strut into the opening
on the Blue Hub.. Insert a Zip Tie into the
end of the Blue Strut. Place a Center
Ring on the end of the Blue Strut. Loop
the Zip Tie through the Center Ring.
Tighten the Zip Tie to Secure the Center
Ring to the Strut. Repeat to attach all
10 Blue Hubs to 10 Blue Struts, and lay
the Struts in a stack.

Step 03 :

Assemble the Foundation Ring.

Lay the 10 Blue Struts with Blue Hubs in
a circle, with one Hub between every
two Struts.

Step 04 :

Assemble the First Tier Supports.

Select 10 Red Struts and 10 Blue Struts.
Lay alternate pairs of Red and Blue
Struts on top of the Foundation Ring.

Step 05 :

Spread each of the two struts to make
a triangle.

Attach the Struts to the Foundation.
Hubs with Zip Ties to make alternating
Red and Blue triangles.

Step 06 :

Select 5 Red Hubs, 5 Blue Hubs, and 10
Center Rings. Attach the 5 Red Hubs to
the Red Struts with Zip Ties to complete
the Red Triangles. Attach the 5 Blue
Hubs to the Blue Struts with Zip Ties to
complete the Blue Triangles

los |
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Step 07 :

Raise the First Tier. Select 10 Red Struts.
Raise the Triangles up from the ground
to insert the Red Struts between the
hubs.

Step 08 :

Assemble the Second Tier - Part 1.
Select 5 Blue Hubs, 5 Red Struts, and 5
Center Rings. Attach the 5 Blue Hubs to
the 5 Red Struts. Lay the Red Struts with
Blue Hubs in a stack. Next, attach the
other end of the 5 Red Struts into the 5
Red Hubs on the First Tier.

Step 09 :

Assemble the Second Tier - Part 2.
Select 10 Blue Struts. Attach the 10 Blue
Struts to the Hubs in the First Tier

Step 10:

Complete the Second Tier. Select 5 Blue
Struts. Using a stepladder for each hub,
secure the two Blue Struts from Step 9 to
the Blue 6-way hub at the top of the
Second Tier. Next, attach a Blue Strut to
the hub to connect the hubs together
at the top of the Second Tier.

Step 11:

Attach a Red Strut to the remaining Red
Hub. Insert the other end of the Red
Strut info @ hub on the Second Tier
Insert the other 4 Red Struts into the
hubs on the Second Tier.

Step 12

Using a stepladder, move the Top Red
Hub up and down to insert the Struts
into the Hub. This will be a tight fit as
the last pieces uwil lock the dome
together. You may have to stand near
the top of the ladder to apply force.
The Dome is Complete!
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Although the workshop initially set out to replicate a classic geodesic dome using the
ZipTieDome method, the design team soon chose to diverge from that conventional model.
Instead of reproducing a familiar typology, the team pursued a more experimental
approach—rethinking the form while retaining its core structural logic. This shift was driven by
an interest in exploring new spatial potentials without abandoning the geometric clarity of
the triangular framework.The revised design maintained the triangular network and basic
ZipTieDome technique, yet introduced purposeful changes in curvature, surface distribution,
and spatial orientation. The result was a departure from the perfect hemispherical symmetry
of fraditional domes: a new form emerged, marked by asymmetry, varied slopes, and a more
dynamic relationship  with the ground. [t offered a contemporary reinterpretation  of
geodesic logic through altered formal expression. The transformation was applied to a
segment equivalent to two-thirds of a full geodesic sphere, triangulated at frequency V2. In
other words, while the subdivision count and triangle layout remained consistent with a
standard V2 dome, the overall geometry was reshaped through deliberate modification. The
final form was selected after testing multiple digital iterations within Rhino and Crasshopper.
It achieved a balance between constructibility and expressive freedom—preserving the use
of accessible materials while offering a distinctive experience in lightweight, modular, and

flexible spatial construction
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Stage 2 : Reconfiguring the Geodesic Form
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S’rage 3 : Geometric Complexity and the Role of Digital Fabrication
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A standard V2 geodesic dome typically relies on just two types of joints—five-holed and six-holed—and

two lengths of struts. This repetition simplifies fabrication: once the components are calculated, identical

ts can be mass-produced, labeled, and assembled efficiently. During construction, color-coded . . .
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diagrams further streamline the process, enabling quick assembly with minimal room for error. . 3
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However, the reconfiguration of the form infroduced a complete departure from this logic.

In the revised geometry, no two components were identical—neither in shape, size, nor
connection angles. This transformation necessitated a shift from traditional prefabrication
methods to a more adaptive, data-driven process. Here, digital tools became essential.

To manage the increased complexity, a detailed BIM-like model was developed in
Crasshopper. A custom script was written to map the standardized joint detail onfo the
new geometry, calculate exact connection points, and extract individualized data for
cach structural member. In addition to generating a cut list, this process also supported

material takeoffs and cost estimation.
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Step 1: Step 3:

Manual Drilling of Labeling Each

Joint Holes Using Pipe Element

Hole Saws with Its Unique
Code

Step O:

Step 2: Step 4:
Printing and Cutting of PVC Drilling Lateral
Cutting of Paper Tubes Based Holes on Both
Templates on Extracted Ends of Each

Lengths Tube

Step 5:
Completion of All
Elements: Pipes
and Joints Ready

Step 6:
Forming the
Bottom Ring

Step 7:
Cradual Vertical
Assembly Guided
by the BIM
Model

Step 8:
Connecting All
Elements to
each other
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Day of Falbrication
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The final construction phase took place at the metal workshop of
the University of Art's Baagh-e-Melli campus. Tools available on
site included hand drills, hole sows, hacksaws, and other basic
equipment necessary for manual fabrication. The process began
with printing the unrolled joint templates onto A3 sheets, which
were then carefully cut and adhered to the cylindrical surfaces of
the push-fit connectors. These templates indicated both the

drilling positions and corresponding part numbers.
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01. Printing and 02. Manual Drilling 03. Labeling Each 04. Drilling Lateral
Cutting of Paper of Joint Holes Using Pipe Element with Its Holes on Both Ends
Templates Hole Saws Unique Code of Each Tube
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® | ®
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=0 GEN 1[I
05 Driling Lateral 06. Pre-Assembly 07. Assembling the
Holes on Both Ends Completion: Pipes Bottom Ring
of Each Tube and Joints Ready

08. Completing the

BIM-Cuided
Assembly Process
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09. Connecting All

Elements to each
other
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Geodesic Dome
Assembly

Vertical Members
Layout & Numbering

Connection Data &
Numbering Matrix

) ( ',\ J Joints have been
= @ el % = ot unrolled and
-, - S aligned for printing
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Each vertical pipe was numbered and laid out on the ground
following fabrication to confim lengths and ensure accurate
fracking. The real challenge, however, lay in the joints. As cylindrical
elements, their drilling locations varied significantly across the
structure due to the changed form. Without access to a 4-axis
CNC machine to precisely drill at compound angles, an alternative
approach had to be devised.

The solution made use of OpenNest, a Crasshopper plugin
previously utilized for nesting vertical elements. Each hole on a joint
was assigned a unique identifier, and the cylindrical components
were unrolled in the digital model to generate flattened 2D drilling
guides. These guides were printed on A3 sheets and carefully
applied to the surface of each joint during assembly, allowing for

accurate manual drilling based on the unrolled layout.
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While one group of students began drilling the joints using the hole sows, a second
team referred to the digital model to begin cutting the vertical pipe members.
Each member's exact length was extracted from the design file, and two-person
teams measured and cut them from 6-meter PVC electrical conduits. The parts were
then individually labeled with their assigned numbers. A third group was responsible

for driling additional holes at both ends of the pipes to allow for the zip-tie

connections.

S 5o .58 LETl) Juolan )52 g wldac oS s dio jloolaiul b ybgzidils jl uog)S wlejpm
8wl S sugsa | ojlu Gogas polic Uiy w8 (olib U 4 dazlie L 6500 pu weled
85 90 Uagaa «ubizo gl Juld jl e lue @ gibe ym G180 Jgb il &5 wibpo pleil sldigSa
» debd jm Lolaibl soylad wiled jo g 1ioSe PVC §p sdgl shie ¥ sladsli iy 4 pludl
GuiopeS Ca jgue g > o alg) som 9940 Zhigu oloul cudgie jui g 09)S . diie diiigi T g)

Al odgepl)

|




PIPEODESIC| Digital FABRICATION Workshop

-

By the end of this phase, a total of 92 vertical members and 32 drilled joints
had been prepared, marking the transition to the assembly phase.
To streamline part identification during construction, the pipes were sorted by
the tens digit of their ID numbers. Assembly began with the formation of the
base ring, followed by a sequential upward build. At each step, one student
would reference the BIM file and call out the specific connection: for example,
“Pipe number 32, from hole 3 on joint 30 to hole | on joint 19
Other students would locate the corresponding components, position them
accurately, and secure them using zip ties.
The entire process was carefully documented and coordinated to serve as a
reference for future fabrication efforts and to support the reproducibility of
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We would like to express our sincere gratitude to Dr. Mohammad Reza Matini, the esteemed Director of the Research and
Technology Center at the University of Art, Iran, for his scientific guidance and valuable leadership in the development and
execution of this workshop.

We also extend our heartfelt thanks to Mr. Ehsan Bagheri, respected university lecturer, whose continuous support and active
presence accompanied us throughout the entire workshop.

Our sincere appreciation goes to the University Security Department for their cooperation, which allowed the workshop activities
to continue until the late hours.
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