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Abstract: Flexible barriers are important barrier structures for preventing and controlling landslide de-
bris flows, but its permeability’s effect on the impact dynamics characteristics of debris flows has not
been sufficiently studied. Based on the discrete element method (DEM), impact tests of debris flows
on permeable annular flexible barriers were conducted under different inflow Froude numbers and
mesh sizes. A novel model for impact force estimation was then established. The results showed that:

(1) as the mesh size and Froude number in-creased, the probability of flow layer particles passing
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through the flexible barriers increased and the stability of the dead zone decreased, collectively enhanc-

ing the permeability of the flexible barriers. (2) When the inflow Froude number was less than 4, the

debris flow climbing height and impact force were not sensitive to the mesh size ratio. However, when

the Froude number exceeded 4, as the per-meability of the flexible barriers to the front-end debris flow

enhanced, the momentum directly transferred from the flow layer to the flexible barriers and the accu-

mulated mass in the dead zone at the peak impact moment decreased, thereby reducing the hydro-dy-

namic impact force of the flow layer and the hydro-static impact force of accumulation in the dead

zone. (3) The proposed analysis model could be used to analyze and estimate the peak impact force of

debris flows on permeable flexible barriers. The research findings provide theo-retical guidance for

mesh size optimization and structural design of the flexible barriers.

Keywords: landslide debris flow; flexible barrier; impact force; climbing height; discrete element
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Fig.1 Schematic diagram of impact force composition analy-

sis consid-ering the permeability of flexible barriers
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Fig.2 Annular flexible barriers with different mesh sizes
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Fig.3 Discrete element equivalent model of annular flexible barriers

(d) Fh-Fhdst

x1 MHRSH
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Table 2 Particle contact parameters
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Table 3 Bonding parameters of bonding contact pairs
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Fig.5 Accumulation result comparison of DEM numerical

simulation and model test
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Fig.7 Impact-climbing motion process of debris flows under

different mesh sizes
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