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We developed a full two-dimensional Coulomb-viscoplastic model and applied it for inclined channel flows of
granular materials from initiation to their deposition. The model includes the basic features and observed phenom-
ena in dense granular flows like the exhibition of a yield strength and a non-zero slip velocity. A pressure-dependent
yield strength is proposed to account for the frictional nature of granular materials. The yield strength can be
related to the internal friction angle of the material and plays an important role, for example, in deposition pro-
cesses. The interaction of the flow with the solid boundary is modelled by a pressure and rate-dependent Coulomb-
viscoplastic sliding law. We developed an innovative multi-scale strategy to couple the full two-dimensional, non
depth-averaged model (N-DAM) with a one-dimensional, depth-averaged model (DAM). The coupled model re-
duces computational complexity dramatically by using DAM only in regions with smooth changes of flow vari-
ables. The numerics uses N-DAM in regions where depth-averaging becomes inaccurate, for instance, in the ini-
tiation and deposition regions, and (particularly) when the flow hits an obstacle or a defense structure. In these
regions, momentum transfer must be, and is, considered in all directions. We observe very high coupling perfor-
mance, and show that the numerical results deviate only slightly from results of the much more cumbersome full
two-dimensional model. This shows that the coupled model, which retains all the basic physics of the flow, is an
attractive alternative to an expensive, full two-dimensional simulations.

We compare simulation results with different experimental data for shock waves appearing in rapid granular flows
down inclined channels and impacting a wall. The model predicts the evolution of the strong shock wave and the
impact force on a rigid wall for different inclination angles and sliding surfaces. It is demonstrated that the internal
friction angle plays an important role in the deposition process, and show that classical depth-averaged models
cannot accurately describe the flow dynamics of material impinging on a rigid wall. Therefore, depth-averaged
models should not be used as stand-alone models, but can be used successfully as part of a multi-scale coupling
strategy. This novel and computationally economic strategy has great potentiality to be used in the large scale nat-
ural snow avalanches and debris flows.
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