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Granular materials such as sand are discrete in nature and their micro characteristics are discontinues. The
global behavior of a granular system is influenced by the individual behavior of each particle at the micro level.
The understanding of these micro characteristics is of interest to the researchers for years. Unfortunately, the micro
characteristics of granular materials can not be explored using the conventional experimental facilities and hence, the
micro responses still remain illusive. The numerical approach such as the discrete element method (DEM) is a good

alternative to explore the micro responses and simulate the macro behavior as well.

The major objective of the present study is to depict the capability of DEM to simulate the macro mechanical
behavior of granular materials and investigate the micro mechanical characteristics comprehensively to explore the
micro features and enhance the understanding of the complex behavior of granular materials. In addition, the study
aims at establishing a macro-micro relationship regardless of the conditions applied. To fulfill the objectives, the
computer program OVAL is modified. Several factors such as the interparticle friction, inherent anisotropy, b value

and void ratio are considered while the simulations are conducted under the monotonic and cyclic loading conditions.

Simulations of drained monotonic and cyclic behavior are first performed under different interparticle friction
angles. The simulated results are validated by the qualitative comparison of the numerical macro results with the
experimental results. It is noted that the formation of the shape of cyclic loops is influenced by the variations of
interparticle friction angles. The micro characteristics are explored as well and a unique macro-micro relationship is

established considering only the strong contacts regardless of interparticle friction angles under biaxial cyclic loading.

A new sample preparation method is proposed for creating the inherent anisotropic samples numerically and it has

been shown that the proposed method is capable of producing the inherent anisotropic samples. Simulations of drained



monotonic and cyclic responses are performed under different inherent anisotropic conditions of the samples and it has
been shown that the inherent anisotropy of the sample significantly influences the macro-micro responses of granular
materials. It is noted that the width of the stress-strain cyclic loops increases as the preferred bedding direction of
particles changes from horizontal to vertical. The evolution of the contact fabric is explored as well for all, strong and

weak contacts.

Stress path dependent macro-micro characteristics are also investigated in details by varying the parameter b, which
represents the relative magnitude of the intermediate principal stress with respect to the major and minor principal
stresses. The simulation of the stress controlled and the strain controlled constant mean stress b-test has been made
available by modifying the computer program OVAL. It has been shown that the DEM based model can simulate
qualitatively the macro behavior of granular materials including the principal deviatoric strain, stress and strain
increment vectors, their behavior on the normalized & - plane etc. even with a very simple shape of particles such as
sphere. The micro responses are explored and a unique macro-micro relationship is established regardless of sample

density and b value considering only the strong contacts.

The undrained macro-micro responses and their inter-relationship are presented as well using DEM. The undrained
behavior is simulated using the constant volume method. The conformity between drained and undrained macro-
micro responses is examined and it is noted that the micro responses are not in conformity with each other. The
liquefaction phenomenon is addressed and explained using the micro variables. The micro characteristics are explored

and the macro-micro relationship is established.
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