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Stress state in accretionary prisms from the real-scale numerical sand-box
experiment
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In this study, large-scale DEM simulations were used to model the structural

evolution of the accretionary wedge and to investigate the role of granularity in tectonics. In
real-scale numerical sandbox experiments, we found that arcuate stress chains spontaneously formed
during faulting and undulation structures developed. This suggests that crustal deformation can
arise not only from geological-scale heterogeneities, but also from microscopic heterogeneities. In
addition, in numerical rock-box simulations with added cohesive forces, we successfully reproduced
the fault structures characteristic of an accretionary wedge and found that the healing of cohesive
forces significantly influences fault development. Furthermore, our simulation showed fast element
motions that generate elastic waves, and obtained results that showed reasonable behavior in terms
of wave propagation and fault rupture velocities of seismic event.

DEM SHmax



Mohr-Coulomb Dilation

48 oI FIEH N

HRE  Furuichi et.al. 2017

RIS RO

onqut P}

DEM

o LV
&F (Ihnixh D3RTISHi%
B L BEEICIR =y =
| JRNF R — VR
(= B 78
D AT — IV 103~ D B EERY

Pl Tl bt e
i

o —

DEM

0.2 mm (Im*1m*2cm
24 DEM
DEM DEM

[1]

[Furuichi et al. 2018] 2(a)

2 (b)



SHmax
SHmax

SHmax

[Furuichi et al. 2023]
3 ¢ 3@

[Chen et al. 2023]

3 (D), (c)

[Furuichi et al. 2024]




s
18 e
16 A p
AL
t] 2 ='f‘l:.-
pr H
12 / 3
10 /
i —max = 2 MM

s P ™ 20
—Tmax = 10m

ersees Timax ™ SO M

Deviatoric stress [MPa)

- Lab Exp

0 05 1 15 2 25
Axial strain (%]

10 km

ox =23%

(b) ©



12 12 0 11

Chen Jian Nishiura Daisuke Furuichi Mikito 392

DEM study of the influences of the geometric and operational factors on the mechanical 2021

responses of an underwater mixing process

Powder Technology 251 263
DOl

10.1016/j .powtec.2021.06.049

Chen Jian Kitamura Azusa Barbieri Ettore Nishiura Daisuke Furuichi Mikito 401

Analyzing effects of microscopic material parameters on macroscopic mechanical responses in 2022

underwater mixing using discrete element method

Powder Technology

117304 117304

DOl
10.1016/j .powtec.2022.117304

Nishiura Daisuke Furuichi Mikito Sakaguchi Hide 32

Real-scale DEM simulations on the fault evolution process observed in sandbox experiments 2021

Advanced Powder Technology 4432 4441
DOl

10.1016/j .apt.2021.09.007

Bauville Arthur Furuichi Mikito Gerbault Muriel 125

Control of Fault Weakening on the Structural Styles of Underthrusting- Dominated Non- Cohesive 2020

Accretionary Wedges

Journal of Geophysical Research: Solid Earth 125

DOl
10.1029/2019JB019220




Hosono Natsuki Furuichi Mikito

75

Implementation of SPH and DEM for a PEZY-SC Heterogeneous Many-Core System 2019
Mechanisms and Machine Science 709 715
DOl
10.1007/978-3-030-27053-7_60
Furuichi Mikito Nishiura Daisuke Kuwano Osamu Bauville Arthur Hori Takane Sakaguchi Hide 8
Arcuate stress state in accretionary prisms from real-scale numerical sandbox experiments 2018
Scientific Reports 8685
DOl
10.1038/s41598-018-26534-x
Furuichi Mikito Chen Jian Nishiura Daisuke Arai Ryuta Yamamoto Yuzuru lde Satoshi 874
Virtual earthquakes in a numerical granular rock box experiment 2024
Tectonophysics 230230
DOl
10.1016/j . tecto.2024.230230
Chen Jian Furuichi Mikito Nishiura Daisuke 165
Toward large-scale fine resolution DEM landslide simulations: periodic granular box for 2024
efficient modeling of excavatable slope
Computers and Geotechnics 105855 105855

DOl
10.1016/j -compgeo.2023.105855




Furuichi Mikito Chen Jian Nishiura Daisuke Arai Ryuta Yamamoto Yuzuru 862

Thrust formation using a numerical granular rock box experiment 2023
Tectonophysics 229963 229963
DOl

10.1016/j . tecto.2023.229963

19 5 9

Mikito Furuichi , Ryuta Arai , Yuzuru Yamamoto and Daisuke Nishiura

Numerical rock-box DEM simulation to investigate structure and stress state of accretionary prism formation

AGU Fall Meeting 2022

2022

Furuichi Mikito

Parallelization of DEPTH (DEM based Parallel mulTi pHysics simulator) for HPC

CCP-WSI Code Developers’ Workshop

2021

2022




M. Furuichi, D. Nishiura and Y. Yamamoto

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

2021

2021

Massively parallel granular simulation and stress chain characterization with over billion particles

2020

Jian Chen, Mikito Furuichi, Daisuke Nishiura and Azusa Kitamura

A parametric study of a soil mixing process under water based on discrete element simulations: geometric and operational
factors

The 11th International Conference on Computational Methods (1CCM2020)

2020

Arthur Bauville

2019




Mikito Furuichi; Jian Chen, Natsuki Hosono, Daisuke Nishiura

Massively Parallel DEM Simulation and Stress Chain Characterization with over Billion Particles

SIAM Conference on Parallel Processing for Scientific Computing (PP20)

2020

Arthur Bauville, Mikito Furuichi, Muriel Gerbault

The structural styles of underthrusting-dominated non-cohesive tectonic wedges

European Geosciences Union General Assembly 2019

2019

Arthur Bauville 1 1

The real-scale numerical sandbox experiments for understanding stress state in accretionary prisms

2019

2019

Mikito Furuichi, Daisuke Nishiura

2.4 billion particles DEM simulation of accretionary prism formation using an iterative dynamic load balancer.

8th International Conference on Discrete Element Methods

2019




Arthur Bauville and Mikito Furuichi

Development and propagation of a subduction plate interface: insight from hydro-thermo-mechanical models

EGU General Assembly 2018

2018

Arthur Bauville

2018

2018

High performance computing of particle simulation method and its application for geophysical problems

2018

N. Hosono and M. Furuichi

Implementation of SPH and DEM for the PEZY-SC computer

International Conference on Computational & Experimental Engineering and Sciences (ICCES 2019)

2019




Mikito Furuichi, Daisuke Nishiura, Arthur Bauville and Takane Hori

Seamount induced stress state in accretionary prism from real-scale numerical sandbox experiments

AGU fall Meeting 2018

2018

Mikito Furuichi, Daisuke Nishiura, Arthur Bauville, Osamu Kuwano, Takane Hori, Hide Sakaguchi

Orientation of the SHmax in accretionary prisms from real-scale numerical sandbox experiments

2018

2018

M. Furuichi, D. Nishiura, T. Hori

Massively parallel stress chain characterization for billion particle DEM simulation of accretionary prism formation

The International Conference for High Performance Computing, Networking, Storage, and Analysis (SC18)

2018

Mikito Furuichi, Daisuke Nishiura

2.4 billion particles DEM simulation of accretionary prism formation using an iterative dynamic load balancer

DEM8: 8th International Conference on Discrete Element Methods

2019







