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Abstract

The interphase is a localized region adjacent to a manufactured inclusion that is
surrounded by granular soil. These regions are ubiquitous in civil infrastructure and often are
components of large-scale composite systems. The interphase region influences load-
deformation behavior of the entire composite system. However, mechanisms that control the
mechanical behavior of the interphase region and, in turn, control the composite structure
behavior, are not clearly understood. Few relationships exist for predicting interphase behavior
from properties of granular materials and the inclusion surface that can be measured in the
laboratory.

A two dimensional discrete element model of a general interphase system was developed
and validated against laboratory data. Numerical experiments are conducted with varying soil to
inclusion relative geometry. A new micromechanics-based approach, which utilizes microscopic
quantities to explain the mechanics of granular media from a continuum point view, is adopted to
investigate the mechanisms that underlie the interphase behavior.

It is shown that the grain to inclusion surface relative geometry controls the degree of
granular media strength mobilization by controlling development of fabric and contact force
anisotropy inside the interphase region. A unique bilinear relationship exists between the
mobilized granular media strength and the principal direction of average contact force anisotropy
at the interface between the particles touching the surface and the inclusion. These findings
suggest the problem is one of contact and can not be solved using purely geometric correlations,
as past research presumed. A fundamental mechanism of behavior, long sought in geomechanics
problems, is presented. Publications resulting from this research are significant and original

contributions to the geoengineering, material science, geophysics and granular physics literature.
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Figure 4.12. Shear band formation inside the medium dense sample: (a) Experiment J, at peak
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Experiment K, at peak (2 mm displacement); (d) Experiment K, post peak (5 mm
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Figure 4.13. Peak and steady state data from numerical simulations and laboratory tests
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Figure 5.2. Sketches for regular and irregular triangular surface asperities: (a) For a regular
triangular asperity, the geometry is determined by three parameters, R;, S,, and S,; (b)
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Figure 5.4. Polar distributions of anisotropy and principal directions for the first row of particles

Figure

Figure

Figure

touching the surface with tang, = 0.05. Top — contact normal, middle — contact normal

force, bottom — contact resultant force. Roman numerals identify quadrants. Shaded
areas are the density distributions and the unshaded areas are the Fourier series
approximations to the density distributions. Arrows indicate principal directions. (a)
regular triangular asperities with 45-degree slope and asperity height to median particle

diameter ratio of 10, (b) Randomly generated SUITACE ++verererrreneieiiiiiiiinrenneeeeaes 143
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5.7. Relationships between of principal directions 6, and 6, under different ¢, values:

(a) tang, =0.05; (b) tang, =0.2; (c) tang, =0.5. Principal directions deviate from one
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Figure 6.1. Surface geometry used in numerical experiments: (a) Groups 1, 2 and 3; (b) Group 4,

Figure

Note extreme roughness of surface; (c) Example profile of concrete surface used in
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6.2. Contact force network inside the simulated interface shear device: (a) 45-degree
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Figure 6.3. Relationship between the peak stress ratio measured at the surface and principal
directions of average contact normal force (&,) and resultant force anisotropy (6, ) along
the surface (a) and (b). Same relationships for average stress ratio measured in the
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Figure 6.4. Physical meaning of 6, at the surface and in the granular assemblage: (a) 6, measured
at the surface is the resultant angle from the sum of the normal and shear forces acting on
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Figure 6.10. (a) Failure criterion in terms of efficiency and based on ,; (b) Laboratory data
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