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Figure 1 (Color online) Schematic diagram of particles arragement
and interaction.
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Figure 2 (Color online) Comparison of flow image at 0.27, 0.42,
0.61, and 0.70 s. (a) Monaghan’s experiments, left pictures use small
reflecting particles, right ones use dye; (b) simulated results.
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Figure 3 (Color online) Quantitative comparison of simulated and
experitmental box movement processes. D: water depth; V: box
velocity; Y: gap size between box and wave tank bottom.
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Figure 4 (Color online) Images of Huangtian landslide before and
after the event (from Google Earth). (a) 2009/3/20; (b) 2012/6/7.
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Table 3 Parameters involved in calculating landslide’s velocity
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Figure 5 (Color online) Evolution of water elevation: from up left to down right corner. (a) 0 s; (b) 6.7 s; (c) 7.8 s; (d) 14 s; (e) 19.5 s; (f) 40 s.
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Figure 6 (Color online) Velocity field evolution of the water surface. (a) 6.7 s; (b) 19.5 s; (c) 40 s.
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Figure 7 (Color online) Velocity magnitude on typical cross section.
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Figure 8 (Color online) Distribution of monitoring points around
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A SPH based numerical method of landslide induced impulse
wave and its application on Huangtian landslide event

SHI ChuanQi', AN Yi'" & YANG JiaXiu?

' Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China;
% Guiyang Engineering Corporation, Power Construction Corporation of China, Guiyang 550081, China

Landslide induced impulse wave, which is the result of high speed impact of sliding mass into water, is a serious
subsequent geological hazards. Its key features are the coupling effects between water and landslide mass during the
impact process and the subsequent nonlinear wave evolution in complex boundaries. Classical numerical models, e.g.
shallow water equation based models, would encounter many difficulties when dealing with these features. This paper
employed the Smoothed Particle Hydrodynamics method to simulate the initial stage of the landslide induced wave
by solving the Navier-Stokes equation, which avoids the most of those difficulties. The slide mass is considered as
rigid body while the interaction between it and the water is calculated directly. Monaghan’s experimental data are
used to validate this model and a good agreement is observed. Then the model is used to study the initial wave and
evolution in Huangtian landslide event. The complete three-dimensional evolution of the wave initial stage is
obtained and the simulated initial wave height is close to the observed record. Analysis of detailed near field wave
characteristics shows that: the generalized near field zone could be divided into three subzones: the impact zone, the
evolution zone and the propagating zone; the formation and magnitude of the initial wave are strongly constrained by
topography in the deep V channel of mountain reservoirs. The namely initial wave will propagate along the impact
direction and consume its energy on the opposite shore, while the energy of the waves which propagate along the
river is much smaller. Thus, the amplitude of the near field waves which propagate along the river should be used to
estimate the far field wave height instead of the namely initial wave. The commonly used classical two-dimensional
or infinite half-space model, which use namely initial wave height as the key factor, could result notable
overestimation of the wave amplitude.

landslide induced impulse wave, smoothed particle hydrodynamics, fluid-solid coupling, nonlinear wave,
Huangtian landslide

PACS: 47.11.4j, 47.35.+1, 47.60.+i, 47.85.Dh
doi: 10.1360/SSPMA2015-00280
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