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In recent years, 3D printing and computational design have been increasingly applied in
the construction industry to lower its environmental impact and increase productivity.
Even though the resulting structures, which are often modular and assembled on-site, are
more efficiently fabricated, they usually require extensive scaffolding during the construc-
tion phase, with inherent material and energy waste. Therefore, proper computational
methods are required to generate discrete structural geometries that can be constructed
with the use of minimal or even without scaffolding.

In this paper, we propose a computational pipeline for the design and analysis of such
structures based on the combination of Coupled Rigid-Block Analysis (CRA) and non-
linear contact-based Finite Element Analysis (FEA) [1]. CRA, a stability-aware design
workflow for designing discrete-element assembly, is an extension of the Rigid-Block Equi-
librium (RBE) method [2], which assumes that all the elements of the assembly are in-
finitely rigid and in unilateral contact. Formulated as a nonlinear optimisation problem
to couple both equilibrium and kinematics, CRA’s penalty formulation is used to mea-
sure the structural infeasibility of assigned discretisation patterns and redirect the design
towards feasible stable solutions. Subsequently, the resulting structure is simulated in
Abaqus using a hard-contact interface with a classical isotropic Coulomb friction model,
thus allowing to include the blocks’ elastic behaviour and evaluate more precisely internal
stresses and deformations, while maintaining unaltered the structure’s discretisation. The
pipeline is then applied to a case study to validate the robustness of the method and to
benchmark its performance.
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