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Disaster Chain Simulation and Cascading Effect Analysis of
Debris-flow under Complex Terrain
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Abstract : To investigate the influence of terrain factors on debris flow movement and to elucidate the formation process
and cascade effects of disaster chains in complex terrain, this work employed a coupled Smooth Particle Hydrodynamics
and Finite Element Method (SPH-FEM). Simulations were conducted for debris flow movement under four terrain con-
ditions ; flat ground, convex terrain, concave terrain, and stepped terrain. The results reveal the impact of these four
terrain types on debris flow velocity. Furthermore, by considering the breaching process of barriers, the post-failure
debris flow dynamics and cascading amplification effects are investigated. Finally, combining the actual engineering
case of Shenshui Gully, the flow velocity and impact force on structures during the disaster chain are evaluated, further
highlighting the key controlling role of real terrain on disaster chain formation and cascading effects. The results indi-
cate that topographic conditions significantly affect the dynamic behavior of debris flows. Compared with flat terrain,
convex topography increases flow velocity, concave topography accelerates debris flow initiation, and stepped terrain

promotes energy dissipation through repeated plunging-buffering processes, delaying peak velocity. Under real topo-
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graphic conditions, the breaching of a barrier in the Shenshui Gully case triggered a debris flow disaster chain, resul-

ting in a 40% increase in flow velocity and generating secondary impacts from barrier fragments, with impact forces up

to 3.7 times that of the slurry. Compared with the no-barrier scenario, the impact force in the dam-breach case was re-

duced by 18% , while an intact barrier could reduce flow velocity by 30% and impact force by 20% . These findings

not only deepen the understanding of debris flow dynamics and topographic effects, but also provide a theoretical refer-

ence for accurately predicting the influence range of debris flow disasters and constructing a multi-level prevention engi-

neering system.

Keywords: debris flow; disaster chain; SPH-FEM coupling method; topographic effect; debris flow barrier
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