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How to model ballast/geogrid interaction? By using a realistic Discrete Element Method (DEM)!

Modelling ballast/geogrid interlocking
Dr. Jean-Francois FERELLEC, Prof. Glenn MCDOWELL

Nottingham Centre for Geomechanics, The University of Nottingham, UK
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Deformable geogrid
(~17000 bonded spheres)

~600 particles
~50 spheres/particle

DEM?
Granular material = Interacting discrete objects
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Objects shape: sphere?
Makes calculation easy

actual model

How to model realistic angular particles with DEM?

No proper ballast/geogrid 
interlocking

● Fill the volume of the real particle
with overlapping spheres optimally

● Correct the inertia alteration due
to overlapping spheres

Keeps the advantage of simple calculation of spheres

Method

● Get a 3D mesh of the real
particle (from a scan using
photogrammetry)

● From random nodes grow
spheres normally inside the
volume

● Stop to create spheres
when the desired resolution of
particle is reached (depends
on application)

How to fill optimally the volume with spheres?

Number of spheres

Resolution

5500 800 400 100scan

Choose adequate differential
densities for the spheres to correct
the density gradient of the particle
(assumed uniform) Non-corrected

Case
All spheres 

have the same 
density

Corrected
Case

The spheres 
have differential 

densities

Density inside particle

Large reduction of error on moments of inertia

VALIDATION: A HEAP

APPLICATION: PULL-OUT TEST

What if corrected?

DYNAMICS IMPROVED

What if non-corrected?

WRONG DYNAMICS

side sidetop top

Not deformable geogrid
(walls)

or

REALISTIC PARTICLES DEM MADE OF OVERLAPPING
SPHERES WITH ADEQUATE DENSITIES CAN REPRODUCE
VERY PRECISELY THE BALLAST / GEOGRID INTERLOCKING

How to simulate a pull-out test? Results

How to choose the density of the spheres?


