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"Crushed gravel sand mixture" and "Coral gravel sand mixture" are coarse-grained soils in which|
the grain sizes of the gravel fraction and sand fraction differ from each other. The overall properties
of such soils vary greatly depending on the gravel fraction content.

In this study, a binary granular mixture consisting of large particles and small particles was used
to clearly capture the effect of gravel fraction content. The binary granular mixture has "large
particle content in which the influence of small particles dominates and the influence of large
particles is absent" and "large particle content in which the influence of large particles dominates
and the influence of small particles is absent". The former is called "limit large particle content of]
small particle skeleton structure" and the latter is called "limit large particle content of large
particle skeleton structure". In the intermediate skeleton structure between the limit large particle
contents, the degree of influence of large particles changes according to the large particle content.
Therefore, it is very important to evaluate the limit large particle contents and intermediate
skeleton structure. However, their evaluation is not easy due to the difficulty of performing triaxial
compression tests and obtaining undisturbed samples because of the large particle size. As a
solution to this problem, an attempt has been made to evaluate the intermediate skeleton structure
using microscopic models of binary granular mixtures and disturbed samples. However, the)
microscopic model does not take into account the anisotropy of large particle arrangement and large
particle shape.

The objective of this study is to evaluate the intermediate skeleton structure of binary granular
mixtures using a microscopic model that takes into account the anisotropy of large particle
arrangement and the large particle shape. The following theoretical, experimental and analytical

investigations were carried out.

Chapter One : Introduction

The characteristics and problems of coarse-grained soils, binary granular mixture that can capture
the characteristics remarkably, and the intermediate skeleton structure and Limit large particle
contents, which are the subjects of the study, were outlined. Previous studies of binary granular
mixture and microscopic model were presented. Finally, the purpose of this study and the structure

of the chapters were presented.

Chapter Two : Microscopic model considering anisotropy of large particle arrangement and particle
shape
Parameters d and d’ were introduced into the skeleton structure model and the spherical large
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particle type theoretical equation to account for the anisotropy of large particle arrangement. d i

the limit large particle distance in the direction of maximum principal stress and d’ is the limit
large particle distance in the direction of minimum principal stress. Here, d and d' are assumed|
to be d < d'. Cylinder large particle type and oblate ellipsoid type theoretical equations were
proposed by introducing a large particle shape parameter into the spherical large particle type

theoretical equation. Finally, checklists for experiments and analysis were explained.

Chapter Three : Effect of particle properties on intermediate skeleton structure in binary granular
mixture based on angle of reposed experiment

Angle of reposed experiment was conducted on binary granular mixtures of large and small
particles with various particle properties. Based on the experimental results, the relationship
between the intermediate skeleton structure and particle properties was discussed, an equation for|
estimating d’ was proposed, and its applicability to the results angle of reposed experiment was

evaluated.

Chapter Four : Validity of skeleton structure model in microscopic model of binary granular
mixture based on DEM analysis

A reproduction analysis of the angle of reposed experiment targeted in Chapter 3 was performed
using DEM. The purpose of this analysis is twofold: first, to clarify the validity of the skeleton
structure model proposed in Chapter 2 that takes into account the anisotropy of large particle
arrangement, and second, to understand the state of contact forces inside the binary granular
mixture. The anisotropy of large particle arrangement was confirmed by examining the coordinate
data of large particles. This shows the validity of the skeleton structure model. From the
consideration of contact forces and contact vectors, strong contact forces are generated on small
particles, which are not generated on small particles alone. It was found that the strong contact]
forces are coupled in the direction of the maximum principal stress (vertical), and that the space of

weak contact forces is extended in the direction of the minimum principal stress (horizontal).

Chapter Five : Evaluation of intermediate skeleton structure under confining pressure based on|
microscopic model

The intermediate skeleton structure under confining pressure was determined based on the peak|
principal stress difference obtained from plane strain shear test and the loading stress obtained,|
from centrifuge bearing capacity model test. These intermediate skeleton structures were compared|
with the results of the microscopic model calculations and discussed. From the discussion, it is
shown that the limit large particle distance, a parameter of the microscopic model, is an important|

parameter that should be taken into account for the effect of the confining pressure.

Chapter six : Conclusion

The findings in each chapter were summarized.
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