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Fig. 1  Physical model experimental setup of the research
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Fig.2 Rock and ice particles used in model experiments
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Fig.4  Adjustment of friction coefficients in numerical simulations
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Tab. 1  Calibration parameters of the rock and ice particles in numerical simulations
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Fig.5 Comparison of the impact morphology of the ice and rock particles between numerical simulations and model experiments
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Fig.6  Comparison of flow morphology of the ice and rock particles between numerical simulations and model experiments
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Fig.8 Particle segregation indicators for various numerical simulation conditions
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Grain Density and Gradation Jointly Regulate
the Grain Segregation Patterns and Impact Force
Effects in Rock-Ice Debris Flow

YANG Junkai' ,JIANG Yuanjun® ,ABI Erdi' ,ZHU Yuanjia®,LIU Yutong'

(1. a. National Engineering Research Center for Inland Waterway Regulayion; b. Key Laboratory of Geological Disaster Reduction
Sfor Highway and Waterway Transportation in Mountainous Areas, Chongqing Municipal Education Commission, Chongqing Jiaotong
University, Chongqing 400074, China; 2. Key Laboratory of Mountain Hazards and Engineering Resilience, Institute of
Mountain Hazards and Environment, Chinese Academy of Sciences & Ministry of Water Resources, Chengdu 610213, China)

Abstract ; In the movement of an ice-rock debris flow, it occurs a natural phenomenon of sorting rock particles from
ice particles possibly because of sharp distinction in density between ice-grain and rock-grain, which affects its flow
behavior and impact effect, and finally alters the catastrophic consequence of an ice-rock debris flow. Most of
previous studies took an approach of indoor experiments to examine the effect of single particle properties on particle
sorting, but did not consider the combined action of differences in both particle size and density on grain sorting in
moving ice-rock debris flows.

In this paper, it used indoor physical modeling experiments and numerical simulations to investigate the motion
process of ice-rock debris flow under the density difference between rock and ice particles. Due to the complexity of
the material composition of an ice-rock debris flow, this study assumed that both rock and ice were of a single,
homogeneous particle size, and considered only the particle size ratio between rock and ice included in the
simplified gradation model, and then analyzed the influence law of rock-ice particle size ratio on particle sorting

mode and impact force.
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(1) The difference in particle size between rock and ice significantly changed particle sorting pattern,
resulting in two distinct sorting modes for a ice-rock debris flow body. One mode was of large particle ice in the
upper layer with small rock particle in the lower layer in the ice-rock flow body (upper ice-lower rock model) , or
ice in the front with rock in the rear along an ice-rock flowing body ( front ice-rear rock model) , whereras another
mode was small particle ice in the lower layer with large rock particle in the upper layer ( upper rock-lower ice
model) , or rock in the front with ice in the rear(front rock -rear ice model).

(2) There was a significant positive correlation between the difference in particle size and the degree of sorting
of particles, i.e., the larger the difference in particle size, the higher the degree of sorting.

(3) Particle sorting patterns significantly affected the impact force of ice-rock debris flows. Specifically, the
upper ice-lower rock model had less impact on a designed retaining wall than the upper rock-lower ice model, and
the upper ice-lower rock model and front ice-back rock model acquired greater energy dissipation.

This study provides a theoretical basis for understanding particle sorting mechanism in moving ice-rock debris

flow and for the prevention and mitigation efforts.

Key words: rock-ice debris flow; particle sorting; particle size difference; density difference; impact force
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