Policy-based exploration of equilibrium representations (PEER): A topology
grammar for generative conceptual structural design

The current workshop focuses on a grammar for structural design, which has been developed during the
doctoral studies of the first author. As an outcome of his work, a computational framework that integrates
the developed theory into a fully functioning Grasshopper plug-in has been implemented. The tool allows
the incremental generation of numerous diverse reticulated conceptual structures in a semi-automated way
within predefined design domains and for predefined loads without any knowledge of structural mechanics.
In particular, it provides an easy and intuitive workflow for structural design, beneficial to understand how
the flow of forces affects the design of structures. The integration of static equilibrium conditions ensures
designers that the generated design candidates are always in static equilibrium and no further post-
processing to impose equilibrium is required.

This design workflow aims at provoking creativity. Additionally, it deals with structural design and
structural performance, which can optionally be optimized if the designer/user wishes so. Overall, it is a
generative, algorithmic & evolutionary design approach that integrates interactive genetic algorithms and
aims to unveil unprecedented structural forms. Multiple simAUD themes tackle with creativity, structural
design and generative/evolutionary design and therefore we are convinced that the simAUD community
perfectly matches the target group of the developed plug-in. In particular, the workshop targets architects
with interest in conceptual structural design. During the workshop the theory of the generative grammars
that support the workflow will be provided. After, the participants will be guided for the generation of 2D
and 3D structurally valid design candidates.

So far, the tool has been tested within Master courses and students from architecture and civil engineering.
The plug-in has not been released publicly (i.e. at the food4rhino platform), but it will be in the next couple
of months.

KEYWORDS: generative design; structural design; grammar rules; conceptual design

WORKSHOP DURATION: Full day (7-8 hours / online)

SOFTWARE: Rhino, Grasshopper (the participants are expected to have basic knowledge of Grasshopper)

WORKSHOP AUTHORS & BIOS:
e loannis Mirtsopoulos, Ecole polytechnique fédérale de Lausanne, ioannis.mirtsopoulos@epfl.ch,
johnmirts@hotmail.com Please keep both addresses as the EPFL affiliation will soon change
e Jonas Warmuth, Ecole polytechnique fédérale de Lausanne, jonas.warmuth@epfl.ch

Ioannis Mirtsopoulos is a researcher with multidisciplinary background. He holds a PhD in Civil
Engineering from EPFL, Switzerland. He also holds a MAS in Digital Fabrication from ETH, Switzerland,
a MSc in Building Technology from TUDelft, the Netherlands, and a Diploma in Architectural
Engineering from AUTh, Greece. Prior to his doctoral studies, loannis worked as research assistant at Block
Research Group in ETH.

During his PhD he developed a grammar tailored to the design space exploration of conceptual structural
design. He has taught mathematics (geometry, calculus, linear algebra, differential equations) and
conceptual design courses to bachelor and master students.

Jonas Warmuth holds a master degree in Civil Engineering from TU Munich since 2020. In his studies, he
mainly focused on computational mechanics and structural design. Besides that, he worked in various
engineering offices as well as at the chair of structural analysis led by Prof. Bletzinger.

He is currently a PhD researcher at the Structural Xploration Lab at EPFL in Switzerland. His research
interests are in the fields of form-finding and optimization techniques of complex structures. Specifically,
he concentrates his research on the potential of computational methods for upcycling structures.
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