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Abstract

This paper describes the design, fabrication and assembly of an 11x11 m gridshell built of plywood laths
during a two and a half day workshop in a new undergraduate course about parametric design and digital
fabrication. The question was how to use full-scale prototyping to summarize and integrate the learning
outcomes in this course. A challenge was how to execute all production during two consecutive days
utilizing all 35 students. Exploiting a geodesic grid design, that is curves whose curvature vector is
parallel with the surface normal, the gridshell was made of straight predrilled laths that were bent and
locked into shape using a sequential erection method. The design was incorporated in a full parametric
model including automated design checks and the generation of all necessary production drawings.The
workshop and the preparatory work described in this paper was a collaboration between Chalmers, BIG
Engineering, Buro Happold and Thornton Tomasetti’s CORE studio.
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1. Introduction

A new course named Digital tools -Parametric design (3 ECTS) was planned and performed in 2017 by
authors Adiels and Naslund for 35 undergraduates at the double degree program Architecture and
Engineering (MArch and MSc in Engineering) at Chalmers (Adiels, [1]). The main goal of the course
was to give the students tools and knowledge necessary to sufficiently implement parametric design and
digital fabrication techniques in their future projects, but also inspire them to practice their unique
competence from both architecture and engineering. As an ending segment, a workshop of two and a
half days was planned to showcase the full potential of parametric and geometric modelling in
production. The scope was to build an indoor pavilion of a scale in which a group of people could stand
and move freely. Equally important was to embrace architectural and engineering creativity using
mathematics as a tool for efficient fabrication strategies. Industry specialists in the field of parametric
design were invited to create a dialogue about present and future applications of digital tools in both
academia and practice. The design, planning and execution of the workshop was a result of these
conversations between Chalmers, BIG Engineering, Buro Happold Engineering and Thornton
Tomasetti’s CORE studio. The workshop started with half a day of explaining the theoretical
background, the design process, and the parametric implementation, followed by two days for
production and erection. Pictures from the finished project, a symmetric geodesic gridshell built from
straight laths of plywood, can be seen in Figure 1.
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Figure 1, the result of the workshop was a geodesic gridshell built from predrilled planar straight laths.

2. Background

The students had prior to this course been trained in both architectural, mathematical and engineering
theory and methods through courses, workshops and architectural projects. This course is meant to
integrate these tools in a digitally driven design process linked to digital fabrication techniques. The first
part of this course had therefore focused on lectures and tutorials in the basics of parametric design and
digital fabrication. These aspects were examined through assignments and smaller projects (Adiels, [1]).
Since the earlier work covered and examined all course requirements it was possible test if the learning
outcomes could be summarized through a full-scale production in a workshop format.

This workshop builds on a workshop culture at Chalmers where engineering and artistic experiments
are exhibited through digital tools and mathematical modelling. For example, Figure 2a shows a
workshop where a brick vault is built on a falsework of plastic tubes that were actively bent into shape
(Adiels, [2]).
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Figure 2, a) A vaulting workshop using falsework from straight plastic tubes(Adiels, [2]) , b) UWE Research
pavilion (Harding et al [9]) c¢) The geodesic dome by Buckminster fuller (Fuller, [3]).

Previous papers by authors have covered applications of geodesics in the design of textile (Williams [4])
and brick structures (Adiels et al [5]). Geodesics are curves on a surface that have zero geodesic
curvature. Since they follow the shortest path on the surface they become straight when unrolled onto a
plane (Struik [6]). Using the same notation as in Green and Zerna [7], a geodesic can be described as a
unit speed curve with parameter ¢, lying on the surface described by position vector r with surface
parameters 61,62 (u and v in Struik).
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The second derivative of r with respect to ¢, d—t:, is zero in the plane of the surface, giving the geodesic

equation for the curves':

! Equation 2 does not only describe the geodesics in Figure 1 but also the paths of planets moving in space time.






