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Debris flow are hazardous natural events. The presence of large boulders, transported at high speed  

on relatively gentle slopes, induces a destructive impact on exposed elements.



Brienz (CH) 2005
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Structural countermeasures

Hübl J., Strauss A. Holub M. SudaJ. (2005). ẮStructural Mitigation Measuresắ. Proceedings of the 3rd Probabilistic Workshop: Technical 

Systems + Natural Hazards, 24.- 25. 2005, Vienna.in 
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Barriers are designed for multiple purposes. Filtering large grains, laminating the flow, stabilizing the bed. 

However, design is still mostly based on trial-and-error approaches



Can a numerical framework aid in 
designing better barriers?

- Filter: the barrier interacts 
differently with different phases 
of the flow

- Sediment trap: The flow 
composition is different before 
and after the barrier

- Forces: Composition of discrete 
impacts and flow-like behaviour

- Fluid -structure interaction: 
non-linear effects due to barrier 
deformability
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To do so, the framework should address these issues:
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Numerical framework

We propose a hybrid approach, where different parts of the fluid-

structure interaction problem are assigned to specific solvers:

Leonardi, A., Wittel, F. K., Mendoza, M., Vetter, R., & Herrmann, H. J. (2016). Particle-Fluid-Structure Interaction for Debris Flow Impact on 

Flexible Barriers. Computer-Aided Civil and Infrastructure Engineering, 31(5), 323ấ333.



Particles: Discrete Element Method

- Collisions / friction

- Captures segregation

Fluid: Lattice -Boltzmann Method

- Easy parallelization

- Can manage sophisticated 

boundary conditions 

7

Barrier: Finite Element Method

- Large displacements

- Impact force patterns



Presentation outline
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DEM
+ comparison with 

laboratory 
experiments 

Case (A)
the slit dam

DEM-FEM
+ comparison with 
site measurements

LBM-DEM-FEM

Case (B)
the rack dam

Case (C)
the flexible barrier

The numerical framework is used to study three common barrier types 



Case (A)
the slit dam
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Method: DEM
Validation on laboratory 

experiments 
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Experimental setup

Choi, C. E., Goodwin, G. R., Ng, C. W. W., Cheung, D. K. H., Kwan, J. S. H., & Pun, W. K. (2016). Coarse granular flow interaction with slit 

structures. Géotechnique Letters, 6(4), 267ấ274.

The study is based on the back-calculation of a series of small-scale flume experiments performed 

at the Hong Kong University of Science and Technology (HKUST) 
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