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Fig. 1 Diagram of the experimental device;

(a) sketches of the experimental flume;(b) experimental materials; (c¢) physical diagram of the experimental flume
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Experimental Study on Mobility of Rock-Ice
Avalanches by Flume Test Using PIV Technology

QIN Yao, YANG Qingging”, LUO Xin, TONG Luye, YU Chen

( Faculty of Geosciences and Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract; As a unique multiphase compoiste geo-hazard in alpine-cold areas, a typical gralular flow, rock-ice
avalanches bear complex fluid-solid coupling effects during movements. There were quite unknow about rock-ice
avalanches regarding its solid-liquid coupling mechanism mediated by trace phase change water and the
consequence to the shear behavior and accumulation morphology.

In this study, flume experiments combined with Particle image velocimetry ( PIV) were used to quantitatively
analyze the dynamic response laws and deposition characteristics of gravel-ice mixtures under different ice content
conditions (0% , 20% , 40% and 60% ).

(1) The increase in ice content in rock-ice avalanches significantly enhanced the material transport ability by
reducing inter-particle friction coefficient.

(2) The interaction between the lubrication effect of thin-layer water film and capillary adsorption resistance
dominated the movement state of rock-ice avalanches. As meltwater amount grew, water film on particle surfaces
thickened, which initially decreased friction and thus enhanced the mobility and lateral spreading of the
accumulation, but with further water increased, capillary adsorption effects arose, leading to increased friction that
restricted both mobility and lateral spreading.

(3) In the shear deformation field, it exhibited significant layered differentiation characteristics. Ice particles
had a smaller roughness and were mostly concentrated in the upper layer of rock-ice avalanches, experiencing less
influence from external forces and maintaining interlayer stability and velocity consistency. The shear rate in the
bottom debris shear layer significantly exceeded that of the surface shear layer, with shear rate progressively
reducing as ice content increased within the stratified structure.

(4) It found by inertial number analysis that the inertial numbers of 20% and 40% ice-content graluar flows

were less than 0.5, both of which showed dense flow characteristics, with even lower inertial number for the flow of
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40% ice-content. The ice-phase component significantly enhanced the intensive state of flow by inhibiting particle
collisions.

This study contributes to deepening the understanding of the motion mechanisms and flow characteristics of
rock-ice avalanches, providing a scientific basis for disaster prevention and mitigation efforts related to rock-ice

avalanches in alpine-cold mountainous regions.

Key words: rock-ice avalanches; flume test; ice content; water content; shear rate; flow regime
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