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We simulate a sandbox experiment with realistic particle sizes by parallel implementation of the Discrete Element
Method (DEM) for alarge parallel computer system. This numerical sandbox experimentisusedtoinvestigatethestress
stateintheaccretionaryprisms.Despitethenearly 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.
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1. Introduction

The Discrete Element Method (DEM) has been widely
accepted as an effective numerical approach for granular
problems associated with fields, including engineering,
geophysics and non-linear physics. For example, our targeted
DEM problem is a sandbox experiment that is a scaled analog
model of thrust formations in accretionary prisms. For such a
problem, it is essential to have many particles for a qualitative
and quantitative understanding of granular dynamics.
However, the efficient parallel implementation of DEM is still
a challenge. Thus, we developed new DEM codes designed
for HPC systems to overcome the degradation of parallel
performance due to the load imbalance and communication
costs by utilizing an iterative dynamic load balancer [1]. we
performed the real-scale numerical simulations of sandbox
experiments using the Discrete Element Method (DEM) in
which each grain of sand is represented by a discrete particle
(Fig. 1). Stress chain analysis suggests that although the initial
thickness of the sand layer varies by less than one grain
diameter (i.e., micro-scale perturbation), the formation of
stress arches leads to the development of macro-scale lateral
undulations of faults [2].

2. Numerical sandbox experiment.

We developed new DEM code which shows good strong,
and weak parallel scalabilities up to 2.4 billion particles on the
Earth Simulator and the K computer [2]. The code
development enable us to perform the numerical sandbox
experiments with a real-sale sand size which involve the
horizontal shortening of a layer of sand as shown in Fig. 1.

The sandbox experiments is known as a scaled physical
analog model to understand the formation of accretionary
prisms. When pushed against the backstop, the sand layer

Figure 1: Snapshot of numerical sandbox experiment

deforms into pop-up structures with new frontal thrusts
forming sequentially, a behavior of typical taper wedges
formed in the sandbox experiments. We observed that the
frontal thrust of the first pop-up undulates although initial
condition is nearly uniform.

3. Stress chain analysis

To understand the manner in which the initial micro-scale
perturbations of granular layer produce macro-scale scale
structures, we performed a stress chain analysis. We
performed a stress chain analysis of the first thrust event as
shown in Fig. 2. In the figure, the most compressive principal
stress directions for particles belonging to the stress chain
within the thin layer are represented at before the thrusting (a)
and during the thrusting (b) as colored lines for the angle in
the horizontal plane.

The stress chain structure in the rearrangement of particle
contact with thrusting has the shape of an arch in Fig. 2(b). At
the same timing, the horizontal undulations emerge. The
undulation of the frontal thrust is consistent with the shape of
the arch.
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Figure 2: Map view of stress chain at the first

thrust event

We found macro-scale arcuate faults emerge from
micro-scale perturbations owning to the formation of the
stress arch without the initial macro-scale perturbations.

4. Conclusions
Direct numerical simulations of the sandbox experiment
suggest that the macro-scale lateral stress structures, such as

arcuate structural patterns are due to micro-scale perturbations.

Stress chain analysis reveals that the particles collectively
form such structures owning to the discontinuous changes in
the stress chains at the beginning of the fault motion. Our
findings lead to a new feasible mechanism for generating
arcuate geological-scale (km-scale or higher) structures from
micro-scale  perturbations ~ without  geological  scale
perturbations, such as topography, layer property, and erosion
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