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ABSTRACT 

The granular structure of a soil plays a dominant role in the mechanical and thermal response of 

the soil mass to external loadings. Concepts such as nonlinearity, inelasticity, stress memory, and 

anisotropy at the laboratory and field scales can be traced directly to material response at the 

microscale. By developing a better appreciation for the micromechanical processes that govern 

soil response, it is possible to gain new and robust insight into why soil behaves as it does at the 

design scale. At some level, all soils are mixtures: agglomerations of particles with varying size, 

stiffness, shape, and thermal properties. In the current work, the mechanical and thermal 

behavior of synthetic granular mixtures is studied numerically using the discrete element method 

(DEM). Through studying the response of these synthetic mixtures, we hope to gain insight into 

the behavior of real and engineered soils. Three specific cases will be considered: (1) varying 

grain size distributions; (2) varying mechanical properties; and (3) varying thermal properties. 

Material response to external stimuli is simulated and mixture microstructures are investigated to 

infer the grain-scale mechanisms underlying engineering-scale behavior. 
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