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We simulate a sandbox experiment with realistic particle sizes by parallel implementation of the Discrete Element Method
(DEM) for a large parallel computer system. We investigated the stress state with a seamount (indenter) entering the
accretionary prisms. The role of indenter was significant as a frictional heterogeneity to control the tomography (taper angle),
material transport and stress chain distribution. We also developed the digital twin of mixing process of granular material for

geotechnical engineering purpose.

Keywords : DEM, accretionary prism, parallel computing, digital twin, mixing granular system

1.Introduction

In this project, we are developing numerical tools of large-scale
solid earth simulations. Recently, in addition to the conventional
Eulerian method, we have been working on the large-scale
particle method, especially Discrete Element Method (DEM)
that deals with powder behavior. We developed an iterative load
balancer to change the MPI domains to optimize the workload of
each subdomain as a nonlinear problem [1]. We succeeded to
implement this technique to our DEM code and performed a
numerical sandbox experiment using 2.4 billion particles that
was the world record in the number of DEM particles. In that
simulation study, despite the nearly uniform initial conditions,
macro-scale undulations of faults, which are similar to those
observed in the trenches of an accretionary prism, appear. We
reveal that these undulations are caused by the formation of stress
arches [2]. In this fiscal year, we performed new experiment with
indenter to investigate the accretionary prism formation with
seamount. In addition, to utilize our technologies in the
geotechnical engineering, we developed the digital twin of

mixing granular system.

2. The real-scale numerical sandbox experiments to
investigate the accretionary prism formation with
seamount

The sandbox experiment is known as a scaled physical analog
model of accretionary prisms. Thus, understanding the processes
inside the sand layer is the interesting challenge of the geology.
However, measuring stress states in laboratory sandbox
experiments is still practically infeasible. Here we performed
real-scale numerical sandbox experiments using the Discrete
Element Method (DEM). We investigated the processes
associated with a seamount (indenter) entering the accretionary

prisms.

Numerical experiments of horizontal shortening of a layer with a
indenter were performed. Indenter was modeled by the particles
locked to move with bottom wall under the periodic side

boundary condition.

Figure 1: Result of numerical sandbox simulation with

indenter.

Fig.1 shows the result when the indenter touch to the backstop
wall. The surface convex appears at the place of indenter. This
structure is consistent with the earlier sandbox experiment and
nature observations. The more detail analysis showed that the
role of indenter was significant as a frictional heterogeneity to
control the tomography (taper angle), material transport. On the
other hand, the contribution from the height of indenter was not
significant. As subduction progresses, decollement is formed
from the front of indenter. Amount of sediment covering the
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indenter was transported inward without deformation. This
mechanism potentially constructs the thick low-velocity zone
into the plate boundary, the subduction channel.

3. Development of digital twin of mixing color sand
experiment

The mixing processes of granular materials have gained wide
interest among various fields of science and engineering. We
conducted digital twin of mixing granular system using the
discrete element method (DEM)
experimental works on mixing color sand. This technology

in comparison with

contributes to the understandings of invisible granular dynamics
in the experimental apparatus and facilitate the future designs and
optimization of similar mixing systems for example in

geotechnical engineering.

4 revolutions

0.5 mm

Figure 2: Comparison of surface mixing patterns after the

four revolutions of mixing blade (a) real experiment,
DEM simulations with (b) 73,4, = 1.0 mm and (c)

Tmax = 0.5 mm

To demonstrate the quality of digital twin, we carefully calibrate
initial packing densities and compare the surface mixing patterns.
The surface patterns from the simulation with different size of
particles were qualitatively consistent with the patterns observed
in the experiment as shown in Fig. 2. On the other hand, in
quantitative point of view, we also compare the steady-state
torques on the mixer head in Fig. 3. The effect of particle size on
the simulation results has been clarified. With the particle size
approaching the actual particle size, consistent torques and
mixing patterns indicate the capability of the DEM code for
studying the particular mixing process.
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Figure 3: Comparison of torques on the mixer head
measured during the DEM simulations with different
particle sizes. The state-state value in the experiments

represented by dashed lines.
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