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We develop the large-scale particle simulation code DEPTH (DEM based Parallel mulTi pHysics simulator) to
tackle the various problems of the solid earth sciences with the Earth Simulator. The bonding force model and the
three-dimensional dynamic domain decomposition algorithm are newly implemented to perform the simulation of
the triaxial test of the rocks of accretionary prism formation and land-slide simulation. In addition, underwater

mixing of geotechnical media is investigated for the improvement of geotechnical mixing tools.

Keywords : DEM, Accretionary prism, triaxial experiment, land slide, mixing granular material

1. Introduction

In this project, we are developing numerical tools of large-
scale solid earth simulations. Especially we have been
developing of the DEPTH (DEM based Parallel mulTi pHysics
simulator) based on the Discrete Element Method (DEM).
Recently, we developed an iterative load balancer to change the
MPI domains to optimize the workload and performed a
numerical sandbox experiment using 2.4 billion particles that
was the world record in the number of DEM particles [1, 2]. The
sandbox experiment is known as a scaled analog model of an
accretionary prism formation. However, one of the limitations
was the difference of the rheology between the sand and rock. To
overcome this difficulty, we improve the DEM model to
reproduce the failure behavior of the rock. We also performed the
landslide simulation for disaster prevention. To deal with the
large change of the particle distribution in 3D, we implement the
3D domain decomposition of the MPI domains for the dynamic
load balancing. In addition, we also investigate an underwater
mixing process as a novel application for offshore mining of the
geotechnical engineering.

2. A DEM model of triaxial compression test of fault
and host rocks

The mechanism of the soft sediments that are subducted with
the plate during accretion to generate large earthquakes is not
well known but is an important geological problem. We have
been addressing this problem through large-scale numerical
simulations of granular media. However, to clarify the role of the
shear strength associated with fault movement, the particle
interaction model that adequately reproduces the macroscopic

fault shear strength is need. Therefore, we have developed a rock
interaction model that adds bonding force to the conventional
contact friction DEM model.

Compression

Figurel:
DEPTH

Visualization of numerical triaxial test using

The numerical triaxial compression experiments are
performed to calibrate the rock behaviors: the macroscopic shear
strength through micro particle interaction model (Fig. 1). The
experimental data was obtained using host rock and fault rock
sampled from the Boso Peninsula. With the calibrated parameters,
the failure envelops are obtained as shown in Fig. 2. The DEM
model reproduces the increase of shear strength at different
pressures on the almost straight lines. The numerically obtained
(c, ¢) as a macroscopic property are consistent with the
experiment values as is shown in Table 1.

These model developments enable us to conduct accretionary
complex formation experiments with realistic rock parameters in
the next FY.
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Figure 2: Simulated failure envelopes
Tablel
Slope of envelope: ¢ | Cohesion:c [MPa]
[Deg]
Host Fault rock Host | Fault rock
rock rock
DEM 6.26 14.93 3.50 6.12
Exp 6.24 15.20 372 | 5.10

3. Land slide simulation

The simulation of landslide event occurred in the Aso Ohashi
area in 2016 was performed by using the DEPTH. Since the
particle distribution varies largely in 3D, we improve the
dynamic load balancer of DEPTH with 3D domain
decomposition as shown in Fig 3.

N < h

Figure 3: 3D MPI domain decomposition

In addition, since the landslide problem involves more than
one billion particles, it is necessary to perform the initial domain
partitioning and particle placement as a preprocessing calculation.
In this FY, we performed a pre-processing calculation for
optimized the initial partitioning of the particle population based
on the elevation data of the Aso Ohashi area.

The primitive result shown by Fig.4, successfully reproduces
the characteristic features of the observed elevation map data
after the landslide event.

Figure 4: Land slide simulation

4. DEM study of an underwater mixing process

Mixing granular materials underwater plays versatile roles
especially for the offshore mining [3]. We apply the discrete
element method (DEM), which was augmented by a lubrication
model, to evaluate the mechanical responses of the mixing
process under water [4].

DEM Simulation
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Figure 5: Comparison between the experiment and
simulation with DEPTH

4.revolutions

An augmented DEM simulation was successfully calibrated for
a laboratory experiment on the mixing of colored sand under
water (Fig. 5). Among the potential control factors of the mixing
system, the blade angle is found to significantly affects the torque
nonlinearly. The resistance shows a minimum within 35°~45°,
which corresponds to an optimal range for the blade angles. Our
parametric studies based on realistic DEM simulations
contributes to facilitate the designs of the mixing systems for
offshore mining.
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