The role of joints in the structural optimization of grid shells
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Abstract

Grid shells are a structural typology successfully employed in several fascinating applications
of civil engineering thanks to their capacity to cover large spaces with free forms and light
solutions. The main peculiarity of grid shells is a mixing of shape and structure which
requires to consider together architectural and structural aspects within the design process.

In this context, structural optimization techniques have a key role in terms of efficient
supports for achieving enhanced grid shell solutions generally obtained by merging together
structural/architectural requirements and goals. The majority of studies available in the
current literature focus the attention on optimization approaches mainly based on the
structural weight of members, while it completely neglects the role of joints [1, 2].
Differently, only few studies emphasize the role of joints on the structural behaviour of grid
shells and, then, on the optimization process itself [3-5].

The paper here presented is a part of a research activity carried out by the authors and
concerning the structural optimization of grid shells throughout the combination of design
strategies and algorithms which combine design parameters, requirements and structural
response. In particular, the aim of the paper is to investigate the role of joints on the structural
optimization of grid shells. Then, considering case studies derived from the recent literature,
the authors analyse optimized solutions obtained by introducing different restraint conditions
at the end of the members composing the grid shell and simulating different possible joint
configurations. By using the commercial computer code grasshopper, genetic algorithms are
employed with fitness functions related to the global structural weight and, moreover, specific
constraint conditions related to both the local behaviour of members (stress level and local
buckling) and the global behaviour of the entire grid shell (displacements and global buckling
phenomenon). Comparing the different obtained solutions, it has been possible to carry out
important considerations on the role of joints and discuss the different proposed strategies.
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