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From Micro to Macro: Exploring the Mechanics of
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Abstract: Granular materials, such as sand, salt, and glacial till, are pervasive in nature and
play crucial roles in a wide range of industrial applications, including geophysics, civil
engineering, mining technology, and the energy sector. A key challenge in studying particulate
materials is understanding how the size and shape of brittle particles evolve under high
pressures, a phenomenon referred to as breakage. This talk presents recent advancements in
the study of brittle granular materials at multiple scales, utilizing cutting-edge methods that
combine high- fidelity computational modeling (digital twins, hydrocode) with image-based
experimental data to simultaneously analyze microscale properties and macroscale responses,
a framework referred to here as digital granular mechanics. Key findings include insights into
how the evolution of particle morphologies under continuous breakage, along with particle
arrangements, influences macroscopic stress-strain responses during quasi-static loading and
wave propagation under shock compaction.
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