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ABSTRACT

The shear behavior of soil-structure interfaces plays a crucial role in estimating
the bearing capacity of geotechnical structures such as retaining walls, anchors,
piles, and reinforced soil systems. One key factor influencing the shear behavior
of the soil-structure interface is the relative roughness of the structure’s surface
in contact with the adjacent soil body. In the present study, the effect of relative
roughness on the shear behavior of the soil-structure interface is investigated.
For this purpose, a three-dimensional (3D) interface shear box test is simulated
under monotonic loading, with varying surface roughness (Rn =0, 0.5, 0.75, 1, 2)
of the bottom bounding structure. Numerical analyses are conducted using the
discrete element method (DEM). In this approach, spherical particles are used to
simulate soil grains, a linear contact model is applied to represent the interaction
between them, and rotational resistance is considered to virtually account for the
effect of particle shape. A standard sawtooth pattern is employed to represent the
rough surface geometry of the bounding structure in contact with the granular
soil. To calculate the thickness of the shear zone, the average particle
displacement and porosity distribution are used. DEM results show when the
relative roughness is zero and the structure's surface is completely smooth, the
sample exhibits a perfectly elastic-plastic behavior, and no shear zomne forms
along the interface. As the relative roughness increases, the shear stress and peak
friction angle at the interface rise sharply until reaching a critical surface
roughness value, beyond which changes are minimal. With an increase in relative
roughness from 0.5 to 2, the peak shear resistance increases by 50 kPa, and the
volumetric strain increases by 295%. The shear zone thickness also increases
from 2.1D50 to 4.53D50 (4.1 mm), as relative roughness rises from 0.5 to 2.
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