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Introduction 
Rockfall simulations are generally used, for example, as input 

data to generate rockfall susceptibility map, to evaluate the 
reach probability of an infrastructure or to define input 
parameter values for mitigation designs. During the simulations, 
the lateral and vertical deviations of the particle and the change 
of velocity happening during the impacts have to be evaluated. 
Numerous factors control rockfall paths and velocities, like the 
particle’s and terrain’s shapes and compositions. Some models, 
especially the ones using discrete element methods, can 
consider a lot of physical factors. However, a compromise often 
has to be done between the time needed to produce a 
sufficient amount of 2D or 3D rockfall trajectories and the level 
of complexity of the model. In this poster, the current version of 
our rockfall model in development is detailed.

Impact model 
Wyllie (2014a, b) analyzed rockfall data coming from sites of 

different morphologies and geologies and suggested that the 
normal restitution coefficient (RN) varies hyperbolically with the 
incident angle of the particles with the ground surface at impact 
(θi). He developed impact equations which account for this. We 
adapted them for use in our simulation model with point cloud 
topography.

Impact detection algorithm 
1. The particle is positioned to its initial location near the 
terrain surface; 
2. The particle is free falling for a distance slightly less than 
its diameter; 
3. An impact is detected if ground or infrastructure’s points 
are inside the particle; 
4. to 6.  We go back in time until the particle is tangent to 
the surface and changes in velocities due to the impact are 
evaluated; 
7. The new velocities and position of the particle are saved; 
8. If stopping thresholds are not met, the process starts 
back at step 2. Particle’s size and shape 

For now, the particle’s shape is simplified to a sphere 
which can vary in size and a cubical shape is used to 
compute the 3D rotational inertia. This has the avantage of 
speeding up the calculation so a high number of rockfalls 
can be obtained for probabilistic risk analysis. Also, because 
the size of the particle is considered and a very detailed 
terrain can be used with point cloud, effect of walls, ditch or 
natural topographic depressions can be simulated.

Conclusion 
Some main advantages of the proposed 3D rockfall 

simulation model using point clouds are: 1) overhanging slopes 
are represented and can be identified as sources; 2) Bias liked 
with gridded/rasterized elevation data are eliminated; 3) The 
reach probability, energy and incident angle of impacts against 
protective measures or infrastructures can be identified. 
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