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Scaling principles of debris flow modeling using geotechnical centrifuge

SONG Dong-ri"**, ZHOU Gong-dan"? CHOI Clarence Edward’, BAI Yi-tong" %, HU Hong-sen"

(1. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. Geotechnical Centrifuge Facility, Hong Kong University of Science and Technology,

Hong Kong 999077, China)

Abstract: The scale effect of debris flow hinders the in-depth understanding of debris flow dynamics. The geotechnical

centrifuge can replicate the appropriate stress states of the prototype through an equivalent elevated centrifugal acceleration

field. The geotechnical centrifuge provides a cost-effective solution for the scale effect of physical modelling of debris flows.

Based on the existing dimensionless group of two-phase flows, a hierarchical scaling solution is proposed for the design of

debris flow experiments in the centrifuge. It ensures that both the absolute values (i.e., absolute stresses) and the relative values

(characterized by the dimensionless group) in the model match those in the prototype, so that the fundamental physical

processes in debris flows can be captured. Furthermore, the technical issues, the Coriolis effect and the influence of the real 1g

gravitational acceleration, are quantitatively evaluated. To minimize these effects, a larger effective centrifuge radius and a

lower angular velocity are recommended in the design of debris flow experiment using centrifuge. This study provides a

significant theoretical and technical reference to the small-scale and large-scale physical modelling, and centrifuge modelling of

debris flow problems.

Key words: debris flow; debris avalanche; scaling principle; geotechnical centrifuge; dimensionless number; solid-fluid

coupling
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Fig. 1 Fundamental physical processes in two-phase flows
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Fig. 4 Centrifugal and Coriolis accelerations in centrifuge
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Table 2 Flow regimes of modelled debris flows and real debris flows
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Fig. 8 Relationship between solid fraction and Friction number
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