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Ballasted tracks have been widely employed because of their flexibility from the point of view 
of construction and maintenance. The deterioration of the railway track under intense train 
traffics induces various irregularities in the track mainly due to differential settlement. In order 
to restore the initial geometry of the track, maintenance operation like the ballast tamping, 
track dynamic stabilization are currently employed. A better understanding of ballast 
behaviour needs to propose some investigations by numerical simulation: the discrete 
element methods with Non Smooth Contact Dynamics approach has been intensively use 
since several years. 
 
The railway ballast is a coarse granular matter employed in a confined thin granular layer. 
The non linearity in terms of geometry, contacts and friction has been take into account by 
using the Non Smooth Contact Dynamic approach and irregular polyhedral shape. The 
NSCD approach allows to have a simple geometric detection for polyhedral shape and large 
time step, which is crucial for big samples. Moreover the ballast behaviour like a structure 
which come from the Rigid Localised Path of force require a numerical approach able to 
handle a strong heterogeneous force network.   
 
The numerical investigation of a portion of railway track or ballast sample at the scale one is 
time consuming. The numerical computation of tamping operation for example needs to 
evaluate the dynamic behaviour of 20000 grains under a cycle of 3 seconds with high level of 
solicitations. The numerical optimization proposed is a coupling between Domain 
Decomposition approach and parallelization with OpenMP [1]: the grains partitioning 
approach allows to define contact list for each domain considered and a. The OpenMp 
implementation is simple to implement to decrease time computation.  
 
The main problem of railway track deterioration is the differential settlement. The variability of 
ballast properties, soils or the solicitation of trains is the main source of track defect 
apparition. The discrete element methods is a limit for Monte Carlo simulation, but some 
stochastic approach have been developed and seems to be an opportunities to take into 
account variability. The main idea is to characterize the uncertainties propagation throw a 
Non Smooth Contact problem. In this work the Collocation Methods [4] has been evaluated 
on a a thin granular layer of ballast submitted to a statistical vertical force : a comparison 
between Monte Carlo simulation and Collocation method shows that the variability of 
settlement or compaction level can be obtain with only 5 or 6 numerical simulations. 
 
The Non Smooth Contact Dynamic has been used for several numerical investigation with 
the main idea that numerical modelling help us to propose some orientations for industrial 
problem : 

- ballast flying phenomenon has been investigation by discrete element methods and 
we can proposed a relevant parameter to proposed a risk assessment method [3], 

- snow accretion on high speed trains has been recently identified as a main problem 
during winter : the DEM model has been proposed to evaluate the consequences of 
ice falling on a ballast bed, 

- optimization and understanding of ballast tamping operation [2]. 
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