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Abstract

Hydroelectric dams are susceptible to Alkali-Silica Reaction (ASR), a concrete degrada-
tion mechanism that leads to structural expansion and cracking. ASR spans multiple length
and time scales, from chemical reactions at the atomic level to the deterioration of struc-
tures over 200 meters tall. The Swiss Committee on Dams (1) emphasizes the critical need
for representative numerical models to understand and predict dam deterioration. Current
multiscale numerical models of dams under ASR are limited to 2D due to the computational
cost of conventional methods such as Finite Elements (FE) (2, 3). However, 3D modeling
is crucial, since dams are almost systematically composed of 3D features such as arches and
corners.

This study proposes a 3D multiscale approach that integrates Fast Fourier Transform (FFT)-
based solvers at the mesoscopic scale with FE method at the dam scale. The mesostructure
of concrete is represented by three phases including aggregates, cement paste, and expand-
ing ASR gel pockets. A non-local damage model is employed to simulate crack initiation
and propagation within periodic Representative Volume Elements (RVEs). These RVEs are
loaded with macroscopic strains derived from dam-scale loading conditions, such as structural
weight and hydraulic pressures. This 3D FE-FFT approach allows to derive key structural
parameters, including homogenized stiffness and displacements at the dam crest. These out-
puts are compared with those from the existing 2D FE? model (3) and validated against
field data from the Illsee dam in Switzerland.
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