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Abstract: Swelling clays are found all over the world and cause enormous
damage to the infrastructure and light structures due to their swelling and
shrinkage behavior. Swelling properties of these clays play an important role in
the use of these clays for barrier applications, as drilling mud in petroleum
exploration, as nanoparticles in nanocomposites etc. The accurate prediction of
clay response and ability to control the behavior of these clays would allow for
safe and economical construction in expansive soil areas and for the effective
use of these clays for other applications. The focus of our research group is to
bridge molecular scale interactions to macroscale properties of swelling clays.
The research involves a close synergy between modeling and experiments to
expound the key mechanisms that influence the macroscale properties. We have
used molecular dynamics, and steered molecular dynamics simulations to
evaluate molecular scale response of clays with fluids, and developed innovative
discrete element modeling and simulation framework to relate molecular scale
response to particulate scale. Concurrently, we have conducted macroscale
experiments using specially designed and fabricated apparatus. Together, this
fundamental work provides an unprecedented insight into the mechanisms of
swelling and the role of molecular interactions on the engineering properties of
these clays.
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