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Granular geo-materials show various mechanical behavior under loading. However, the theoretical
foundations of porous elastoplastic media have not established for the soil mechanics, geotechnology,
civil engineering, seismology, mineralogy, geomorphology and geology.

The present thesis has been applied to the formulation of constitutive relations in elastoplastic
mechanics, thermodynamics, and electromagnetics and been confirmed through these discussions
directly or indirectly. From the results, the conclusions in the present thesis are written below.

In chapter 2, we showed that plasticity index theoretically determines deformation patterns of soils
by Cam-clay model, and we prove that the index closely affects the bifurcation formulas and mention
that plasticity index can reflect a mechanical bifurcation of variety of folds.

In chapter 3, we mentioned that the earthquake precursor time based on the Terzaghi’s
consolidation equation which is equivalent to diffusion-like equation on precursory phenomena for
earthquakes. This precursor time could be reflected the crustal movement, electric resistivity, radon
emission, and seismic velocity that we discussed another each chapter.

In chapter 4, we revealed volcanoes could be classified as a typical form by some unified parameters
with respect to length and angle regarded as an aggregation of granular bodies for the landform.
Moreover, we concluded that the longitudinal profile of volcanoes can be explained by the Rowe’s
equation derived from the variation inequality in non-equilibrium thermodynamics and principle of
maximum entropy.

In chapter 5, focused on the difference of permeability from the point of view of porous medium, we
proposed the torsionic tubular flow model considering the change in radon concentration. The upward
migration path of fluid including radon depends on not only crack width but also porosity and void ratio.
Based on Kozeny-Carman equation, the model of variation of radon concentration in groundwater with
earthquakes can be explained by the relationship between specific surface area and pressure.

In chapter 6, we showed that geological evidences for the change in ground potential associated with
fluid movement by earthquakes. Also, the relationship between acceleration and shear stress could
directly affect the mechanical behavior of porous media such as landslides caused by change in water
head.

In chapter 7, we elucidated that the current-voltage characteristics of semiconductor minerals can
be changed by the variation of the capacitance and the parallel resistance of the equivalent circuit of
semiconductor minerals associated with contact pressure changes. With respect to the dielectric
characteristics of ore deposits, the resistivity presents the diameter of circular arc on the complex-plane
impedance diagram. Therefore, the continuous monitoring of complex resistivity, such as
induced-polarization (IP) method, would detect electromagnetic phenomena associated with earthquakes
in dry ore deposits.

In summary, we stress the importance of close attention to the contact deformation and induced
ground potential of granular geo-materials as porous elastoplastic media. Granular geo-material is a
continuum of discontinuous particles. This system has complex characteristics such as pores, fluids (.e.,
water and gases), and porous elastoplastic media. Based on this point of view, it seems likely that it is
important to consider the thermodynamic and statistical discussions as an aggregation rather than as
individual particles. The characteristics of system were be proposed to explain by its internal mechanism
and could affect the seismogenic processes. Since the process is related to the (precursory)
deformation/fracture and electromagnetic phenomena, the modeling of granular geo-material should be

recognized as a fundamental task for the geophysical characterisation.
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