AA - Application Areas | Abstract (and subsequent Paper)

OC - (27671) - MACHINE LEARNING-BASED STRUCTURAL RELIABILITY OF FREEFORM THIN
CONCRETE SHELLS

Gomes, Barbara (Portugal)'; Cavaco, Eduardo (Portugal)'; Vanzeller, Joana (Portugal)’

1 - NOVA School of Science and Technology

This study addresses the structural reliability of an unreinforced prefabricated funicular concrete shell designed to
predominantly exhibit membrane behavior under uniform loading, capitalizing on geometric form resistance. Under non-
uniform actions, such as wind and snow, bending moments develop and tensile stresses may lead to cracking. To simplify
construction and promote the renewed use of concrete shells, which have fallen into disuse due to construction expenses,
the proposed design avoids conventional steel reinforcement and relies on prefabrication techniques.

Due to the freeform geometry and the absence of steel reinforcement, conventional approaches to safety verification
based on partial safety factors become limited. To overcome these limitations, a machine learning framework was
implemented. A neural network model was developed in Python to probabilistically estimate failure in an unreinforced
triangular-based funicular concrete shell (25m span, 8 m height) subjected to varying wind velocities and directions, non-
uniform snow loads and self-weight. Failure was defined as the exceedance of the concrete’s tensile strength, with the
network trained to predict the maximum tensile stress resulting from different load combinations.

Results indicate that shell thicknesses above 200 mm provide adequate structural reliability, particularly under wind
actions on open facades. The findings support the structural feasibility of unreinforced prefabricated concrete shells,
highlighting the potential of machine learning as a tool for reliability assessment in complex structural forms.
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