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This research interested in mechanical behavior of granular materials under generalized stress system where the major,
intermediate and minor principal stresses o,, 0, and oy change continuously. The influence of intermediate stress ratio,
specified by the b value [= (0,-0;)/(0,-0;)] (Habib 1953), is a key parameter using in this research. The granular materials
under constant b value stress paths have been studied by several researches. This study considers the granular materials
under continuously varying b value stress paths. With this condition, the stress path can change the direction any place
on the -plane. The macro behaviors and micro data have been explored. Discrete Element Method (DEM), known
as a powerful method for studying granular materials, was used in this study. Based on the results presented in the
dissertation, the following conclusions could be drawn:

e The direction of stress increment vector 6,, and strain increment vector 6, as well as stress-

dilatancy results obtained from the DEM simulations qualitatively show good consistencies
with the experimental data found in the literature on true triaxial tests under generalized

stress conditions, defined by continuously varying b values. It was seen that modeling fea-

tures available in DEM simulations are quite powerful in capturing both micro and macro
behavior of granular materials.
e The DEM results showed that the shearing resistance angle ¢ is independent of the stress paths (i.e., not influ-

enced by b values).

e The DEM results showed that the direction of strain increment 6, is not only dependent on the direction of stress
increment 6, but also on the approximate failure surface.

e The direction of strain increment vector 6, is influenced by the intermediate stress ratio of b, under continuously
varying b test. The immediate change in the direction of strain increment vector occurs when the stress increment

changes direction.



e The sliding contact fraction changes rapidly when the direction of stress increment changes under continuously vary-
ing b tests, indicating that the direction of stress path influences the sliding contact fraction

e The relationships between macro (defined by stress ratio ¢/p) and micro (defined by deviatoric fabric tensor)
behavior were consistent for both constant b tests and continuously varying b tests. In both cases, consistent re-
lationship between macro and micro behaviors was found when considering only in the strong contacts (defined

by deviatoric strong fabric tensor).

Further study in this research was related to micro data, the mechanical behavior of granular materials was evaluated
under more generalized stress conditions with five constant and three continuously varying b values called five CbS and
three VbS. The assembly of sphere under 3-dimentional principal stresses (one vertical and two horizontal) of various
stress paths was conducted under the constant mean stress and the stress-controlled method. We described the macro
behaviors of granular materials using the stress-strain-dilation relationship. The micromechanical parameters consisted

of contact normals (fabric), normal contact forces, and tangential contact forces afj, a}’j and a, ; - They were evaluated.
We also described their significance to the macro behaviors regarding the varying » value. Important findings can be

summarized for an initial isotropic material using sphere particles as follows:

e At peak, both the distributions and the degree of anisotropy of contact normal (fabric), normal contact forces,
and tangential contact forces do not depend on the stress path.

e The increment vectors of contact normal (fabric), normal contact forces, and tangential contact forces depend on
the location of stress paths as well as the degree of changing directions of those stress paths under constant and
continuously varying b value stress paths.

e Changing the direction of stress paths causes not only changing the direction of maximum stress but also changing

the incremental vectors of contact normal (fabric), normal contact forces, and tangential contact forces.

This research further studied the behavior of granular materials under more generalized cyclic loading tests. The
more generalized cyclic stress condition in this study is identified as the unconventional cyclic loading with various
stress amplitudes in 3-dimentional directions of principal stresses Five different characteristics of cyclic shapes have
been conducted using 8,000 spheres (similar granular assembly from the previous study). Cyclic loading simulations
under constant mean stress and stress-controlled method were conducted. We described the macro behaviors of
granular materials using the stress-strain-dilation relationship and the directions of principal strain increment vectors.
The micromechanical response as well as the macro-micro relationship were explained. Important findings can be

summarized as follows:

e The direction of principal strain increment vectors from DEM results shows good consistency with the actual
behavior of sand under cyclic loading in more generalized stress condition.

e The direction of the principal strain increment vectors depends on not only the stress path, but also on the stress
amplitude and the degree of the distance of that stress path from the failure surface. However, it is not influenced
by the number of cycles.

e DEM result shows that the more unconventional cyclic stress path with a continuously high degree of stress am-
plitude is applied, the more effect of volumetric strain in the extension side and volume expansion.

e This unique macro-micro relationship does not depend on the more generalized cyclic stress paths, and on the

number of cycles.
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