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Abstract

Traditional Iranian architecture has an inseparable connection with
geometry. Whether in details and decorations or in the overall scheme and
structure of an architectural element, the trace of this geometry is evident.
The revitalization and reapplication of these geometric principles can hold
a special position in reviving the Iranian identity in architecture. Karbandi
is a type of vaulting in Iranian architecture which, due to its geometric
structure, provided traditional architects with various characteristics.
Reviving this geometry and expanding it to create more varied geometries
can offer architects diverse design options. The research question of the
present study is: Is it possible to redefine the geometry of Karbandi using
algorithmic design tools? For this purpose, tools provided by
computational design can be used. This approach not only creates an
automated process for modeling this geometry but also, by exploring
design responses, can lead to new geometries based on Karbandi
geometry. The outcome of this process is achieving an algorithmic model
of a Karbandi, whose creation process is integrally programmed. The
result of developing these algorithms is the ability to draw a Karbandi with
any number of subdivisions, to fit various curves as the arch template, and
ultimately, to apply this geometry to free-form surfaces.
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Introduction

The emergence of computational design
has revolutionized architectural tools and
methodologies.  This evolution has
progressed from two-dimensional
drawings to three-dimensional modeling,
and more recently to advanced simulation
and optimization tools. Within this domain,
parametric and algorithmic design play
pivotal roles. While parametric design
establishes relationships dependent on
variable inputs, algorithmic design focuses
on the underlying logic and process of form
generation, where modifying the logic can
lead to entirely novel outcomes.

Parallel to this technological progression,
Iranian architecture boasts a rich repository
of geometric elements, with "Karbandi"
being one of the most significant. Karbandi
iIs a three-dimensional vaulted structure
composed of intersecting arches, governed
by a strict and rule-based geometry. This
inherent geometric logic makes Karbandi
an ideal candidate for reinterpretation and
expansion through computational design
tools. Traditional methods for drawing
Karbandi, such as Pirnia's chord method
and Sharbaf's point-tracking method, both
follow consistent geometric rules that can
be translated into algorithmic language.
The primary research questions are: How
can Karbandi geometry be algorithmically
redefined? Can altering input parameters
within the algorithm generate new and
diverse geometries? This research aims to
explore the potential of reinterpreting
Iranian  architectural  patterns  using
computational design. By focusing on
Karbandi types with modular divisions of
four (4, 8, 12, 16, etc.) based on Sharbaf's
method, the study seeks to develop a
unified, algorithmic method for its drawing
and modeling, ultimately extending its
application into non-Euclidean geometric
spaces.

Materials and Methods

This research employs a mixed-method
approach tailored to its different phases.
Initially, a comprehensive literature review
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was conducted using documentary and
library resources to understand the
classification of Karbandi types and their
specific drawing methods, particularly
Sharbaf's method for single-base and
double-base Karbandi with modular-four
divisions. Subsequently, a computational
modeling method was adopted. The
extracted geometric logic was translated
into a visual algorithm using Grasshopper
(@ plug-in for Rhinoceros 3D) and Python
programming. The output of this phase is a
set of visual algorithms that automate and
parameterize the design process.

Findings and Discussion
The primary finding is the development of
a unified, algorithmic drawing method for
modular-four Karbandi.
Development of a Unified Drawing
Logic: For single-base Karbandi, a logic
was defined where a network of concentric
semicircles and radial lines creates
intersection points. These points are
numbered, and a rule-based connection
pattern is established: starting from a
specific point on the first semicircle, it
connects to two points (index+1 and index-
1) on the next semicircle. This cascading
process continues through all semicircles,
with final adjustments (removing extra
lines) to form the planar Karbandi network.
This logic was similarly redefined for
double-base Karbandi, with modifications
to the starting points and connection rules.
Algorithmic Modeling: These geometric
rules were successfully translated into a
visual algorithm in Grasshopper, resulting
in a reusable component. The component's
input parameters are: the span (side of the
square), the number of divisions, the radius
of the inner "Shamseh" (central star), and
the profile arch type. The output is a
complete 3D model of the Karbandi, which
updates instantly and automatically with
any parameter change. This yields several
key advantages:
1. Automation and Precision:
Eliminates the slow, manual drawing
process and increases accuracy.
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2. Expanded Design Scope: Enables the
generation of Karbandi with any
desired number of divisions (e.g., 36,
72) without traditional limitations.

3. Sectional Versatility: Allows the
substitution of traditional arches (like
the Panj-o-Haft arch) with any custom
or free-form curve as the sectional
profile, leading to the creation of
innovative spatial geometries.

Case Study: The algorithm was validated
by modeling the Karbandi in the side Ivan
of the Khajeh Rabi Mausoleum in
Mashhad. By setting the input parameters
(20 divisions, Panj-o-Haft arch, double-
base mode) and then selectively removing
specific parts of the generated star-shaped
network (as per the actual monument), the
3D model was accurately reproduced. This
demonstrates the algorithm's efficacy in
digitally reconstructing historical examples
and adapting to specific architectural
contexts.

Extension to Free-Form Surfaces:
Finally, the research extended the
application of the Karbandi logic to a free-
form surface. The concentric semicircles
were replaced by curves on the 3D surface,
and corresponding points on these curves
were connected using the same core
connection logic derived from the
Karbandi algorithm. The result is a novel,
complex space frame structure rooted in
authentic Iranian geometry but manifested
in a contemporary, non-Euclidean spatial
configuration.

Conclusions
This research successfully demonstrates
that the complex geometric logic of
Karbandi can be translated into an
algorithmic language. This translation not
only automates and enhances the precision
of the modeling process but also opens new
horizons for architectural design. The key
achievements include:
o Creating a customized digital tool for
generating modular-four Karbandi with
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any desired span and number of
divisions.

o Enabling the use of any sectional
profile (traditional or free-form) to
create innovative 3D geometries based
on Karbandi logic.

o Demonstrating the feasibility of
applying the Karbandi network logic to
free-form surfaces, resulting in novel
spatial structures.

This approach offers significant potential

not only for contemporary architectural

design but also for the documentation and
restoration of  historical  buildings.

Precisely modeling an existing Karbandi

can aid in  understanding and

reconstructing damaged parts.

Furthermore, the algorithm provides a

platform for future research, such as

structural ~ performance analysis  of

Karbandi by varying parameters like the

Shamseh radius or the arch profile.
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