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 Landslides, debris flows and avalanches sculpt the surface morphology of the Earth as well as on other planets. The collapse of a granular 
column is of great interest for a number of geological purposes, including landslide development and debris flows. Understanding these processes 
is made difficult by the suddenness of emplacement as well as the poor knowledge of pre-collapse parameters related to topography, initial rock 
mass and water conditions. Studies on the behavior of granular matter, performed in controlled environments, could contribute to a better 
understanding of these complex geophysical events. In this work, we present computational studies of the planar and axi-symmetric collapse of 
granular columns using the three-dimensional Discrete Element Method. We investigate both the effects of the initial geometry and the effects of 
the details of the interactions (inter-particle and rolling friction) between the grains on the final deposit shape and internal dynamic of the flow . 
Also, we propose a scaling law for the runout distance.

• The normal component of the force is expressed by:

                 Fn = kδ +γ dδ/dt  (spring and dashpot) where k and γ

                 are stiffness and damping coefficients

• The tangential component of the dissipative force is defined as follows:

•                  Ft = -min(kut,μ|Fn|),

•  where μ is the inter-particle Coulomb friction coefficient expressed as a 
function of the internal friction angle Both forces are used for integrating 
the Newton’s equation of motions

• Numerical integration is performed using Velocity-Verlet algorithm

 Landslide morphologies have been identified 
on Mars [Lucchitta, JGR, 1979; McEwen, 
Geology, 1989].

Some similarities between experiments on 
dry granular spreading and Large Martian 
Landslides (LML) convey to conclude on dry 
conditions [Lajeunesse et al., GRL, 2006].

 Left: Kolka-Karmadon landslide, Caucasus. 
The maximum width of the debris aprons is 
800 m. The elevation difference between the 
crest line above the landslide scar and the 
valley floor is 3200 m.
   Right: Landslide in Candor Chasma, Mars. 
The maximum width of the debris aprons is 
5500 m, and the   elevation difference 
between the plateau above the landslide scar 
and the Chasma floor is 4500 m.
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The most important factors that can influence the granular flows 
properties:

- particle-wall and inter-particle Coulomb friction (μw & μ)

- number of particles                             - size of grains

- coefficient of restitution                       -  aspect ratio

- inclination angle                                  - rolling friction

The interaction forces between grains are calculated using the soft-
sphere  approach. The contact forces are modeled for both the normal 
and tangential directions

Based on simple estimates for the internal angle of friction we set the 
inter-particle coefficient of friction to 0.40, and wall-particle coefficient to 
0.5, the coefficient of restitution was chosen as 0,87

DE simulations show that the velocity profiles change 
during the flow but in the same time, we can see that our 
tests do not show significant changes in the velocity 
profiles when the number of grains increase

Average grain height as a function of time profiles (sidewalls 
case) for various values of inter-particle friction. The 
collapse dynamics is shown here to be independent on the 
inter-particle friction except in cases where the inter-particle 
coefficient of friction < 0.35

Influence of Aspect Ratio on 
the Final Deposit Shape

a) Our simulations b) experimental results [Lube et al. 2004]
     We observed three different cases based on aspect ratio of granular 

cylinder. So we can see that the final deposit depends on the initial 
aspect ratio of the column. The numerical results qualitatively 
reproduce the behavior observed in experiments

The problem of granular collapse was experimentally first considered by 
Lube et al. (2004) and Lajeunesse et al. (2004) who independently 
considered the case of a monodisperse column. Both works found that 
the key variable was the aspect ratio a

Horizontal velocity profiles in the sidewalls case of granular columns.
For large values of rolling friction > 0.133, we observe a "saturation", and 
the velocity seems no longer to depend on the details of the rolling 
friction

Influence of Aspect Ratio on 
the Collapse Dynamics  

Influence of Friction on the 
Collapse Dynamics

Average grain height in the sidewalls case of granular columns as a 
function of time profiles (sidewalls case) for various values of aspect 
ratio. We can see here that the final average heights have almost the 
same values in the final (deposit) stage of propagation i.e. are quite 
indepemdent of aspect ratios

 Vertical velocity profiles in the sidewalls case of granular 
columns.  The simulations do not show significant changes in 
the velocity profiles when the inter-particle coefficient of friction 
increases.

Scaling Laws

Final normalized run-out distance (R∞−R0)/R0 as a function of the 
initial aspect ratio a.

The scaling for the run-out distance showed both a linear and a 
power-law dependence on the aspect ratio of the initial column, in 
agreement with the previous numerical studies [2, 4]. The scaling for 
the run-out distance showed both a linear and a power-law
dependence on the aspect ratio of the initial column, in agreement 
with the previous numerical studies [2, 4].
As observed in laboratory experiments, the runout distance has two 
different behaviours depending on the value of a. For small values of 
a, a linear dependence is observed, while for larger a, the 
dependence is a power law. The scalings which are obtained here 
are in good agreement with the scalings observed from quasi-2 and 
3-dimensional laboratory experiments, for which the exponent 
observed for sufficiently large a is 2/3 (Lube et al. 2005; Balmforth & 
Kerswell 2005)

The column is characterized by 
its initial radius Ri and it initial 
height Hi (left). After the collapse, 
the final deposit is characterized 
by the runout distance R∞ and 
the height H∞.

We reconfirm the dependence of final deposit shape on the colunm's initial aspect ratio, and that inter-particle and rolling frictional effects 
some role in the dynamics of spreading. Several different patterns were observed, dependent on the initial aspect ratio, inter-particle and 
rolling friction. While the inter-particle friction μ does not affect the early vertical dynamics, nor the power-law dependence, it controls the 
effective frictional properties of the flow, and its internal structure.
Scaling laws for the run-out and final deposit height as a function of the initial aspect ratio have been found. 
Many impact crater rims on Mars display evidence of recent gravitational movements, in which some flow modes identified in this work can 
be identified in different proportions. This work will help understanding the propagation of these movements and the physical properties of the 
involved rock debris
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