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abstract

We simulate the generation of a landslide-induced impulse wave with a newly-developed
soil—water coupling model in the smoothed particle hydrodynamics (SPH) framework. The
model includes an elasto— plastic constitutive model for soil, a Navier—Stokes equation
based model for water, and a bilateral coupling model at the interface. The model is tested
with simulated waves induced by a slow and a fast landslide. Good agreement is obtained
between simulation results and experimental data. The generated wave and the deformation
of the landslide body can both be resolved satisfactorily. All parameters in our model have
their physical meaning in soil mechanics and can be obtained from conventional soil
mechanics experiments directly. The influence of the dilatancy angle of soil shows that the
non-associated flow rule must be selected, and the value of the dilatancy angle should not be
chosen arbitrarily, if it is not determined with relative experiments



1. Introduction

* Experimental setup

Viroulet et al (2014)

* Test Cases:

Casel1:D=15mm,H=148cm,L = 11cm
Case2:D=10mm,H=15cm, L = 13.5cm



2. Numerical Model

* Model for Water
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2. Numerical Model

* Model for Soil: elasto-plastic model by Bui et al (2008)

Total strain rate tensor

Elastic strain rate tensor

Generalized Hooke’s law

Plastic strain rate tensor

Plastic flow rule
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3. Test cases and results

* Numerical setup

» Two treatments for landslide density

p, =(1=-n)p, +np, =1900kg m™
P, :(l—n)pg =1500kg m™

» Values of Soil Parameters for Simulations » Particles’ amount for Simulations

e 2500 Casel 0.002 1600 42561 9706 53867

2500 40 0 20.1 0 20 0.3 0.002 2401 43089 9706 55196
2500 40 0 25.7 0 20 0.3 0.002 2695 40227 9690 52612




3. Test cases and results

e Case3

> Left:
snapshots of the experiment with m; =3kg,

reprinted from Viroulet et al (2013) F=023
=0.23s

» Right: simulation results,
It should be noticed that the figures at right
side have larger zone than the left ones.

» Comparison

flow field t=041s
soil configuration

t=0.52s



3. Test cases and results
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3. Test cases and results
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4. Discussion

* Convergence tests

» Numbers of Particles used for simulations

0.0015 2809 75578 13062 91449 2.0773
0.002 1600 42561 9706 53867 1.9850
0.003 729 18935 6488 26152 1.7142
0.004 417 10724 4922 16063 1.5100
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4. Discussion

Schematic diagram of fjord-like channel and the deformable
landslide
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Water surface displacement at different points along the Wave generation process: (a) t=4s (b) t=8s (c) t=12s (d) t=16s

channel (e) t=20s (f) t=24s (g) t=28s (h) t=32s.
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4. Discussion

* DEM method
»Case 2

DEM-SPH model by Canelas et al (2016)
Case 2:
D=1cm

L=13.5cm
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