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Presentation Overview 

Å Introduction to  the Discrete Element Method (DEM) 

Å Use of DEM in Geomechanics 

Å Exploiting HPC 

Å Using the Critical State Line to assess quality of DEM simulation data 

Å Application: Studying soil response under a 3D stress state 

Å Application: Informing interpretation of laboratory test data 

Å Application: Internal erosion 

Å Application: Tunnelling-induced ground deformation 

 

 

 



Particulate DEM 

Model grains as 

geometrically ideal 

rigid bodies 



Particulate DEM 

Model grains as 

geometrically ideal 

rigid bodies 

Use orthogonal 

normal and 

tangential springs 

to determine 

contact forces 



Particulate DEM 

For each particle  
calculate resultant 

force and hence 
accelerations, 

velocities; then update 
position  

In Each Time Step:  For each particle 
identify contacting 

particles  

Determine contact 
forces at each 

contact and apply 
to particles  



Use of DEM ð All Scientific Disciplines 
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No. of Papers

Exponential Best Fit

Following approach of  
Zhu et al. (2007)  
 
Web of Science (April 2014)  
 
Keywords:  
 
ÅDiscrete element method/model  
ÅDistinct element method/model  
ÅDiscrete particle 
simulation/method/model  
ÅGranular dynamic simulation  



Use of DEM ð Geomechanics 
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Journals Considered:  
 
ÅCanadian Geotechnical Journal  
 

ÅComputers and Geotechnics  
 

ÅGeomechanics and Geoengineering  
 

ÅGéotechnique  
 

ÅInt. J. Num. and Analt. Methods in 
Geomechanics  
 

ÅInt. J. of Geomechanics (ASCE)  
 

ÅInt. J. of Rock Mechanics and 
Mining Sciences  
 

ÅJ.Geotech and Geoenvrn 
Engineering(ASCE)  
 

ÅSoils and Foundations  



Use of DEM ð Geomechanics 
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Approx. 60% element test 
simulations  
 
Approx. 20% code/algorithm 
development  
 
Approx. 20% field scale / 
boundary value problems  



Use of DEM ð Geomechanics 

DEM can capture  many mechanical response characteristics that are 
unique to granular materials  
 



DEM can capture stress-dependant/frictional strength 
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g=15.3%  
Direct shear test simulations 

Modified version of Trubal 

Dr. L. Cui (Cui and OôSullivan,2006)  



DEM can capture the non-linear nature of soil stiffness 
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Triaxial test simulations 

Simplified Hertz-Mindlin Contact Model 

Modified Trubal, periodic cell, spheres 

Dr. D. Barreto (Barreto and OôSullivan, 2012) 

Triaxial test simulation 

Parallel Bond Contact Model 

PFC 3D spheres 

Dr. G. Cheung (Cheung et al., 2013) 



DEM can capture hysteresis in cyclic loading 

Strain controlled triaxial tests 

Simplified Hertz-Mindlin Contact 

Model 

Modified Trubal, spheres 

Dr. L. Cui 

Cui et al. (2007) 



DEM can capture strain softening and localization 

Disk rotation (rad) 

 Axial strain=3.7% 

Biaxial compression - 12,512 disks  

PFC 2D: Flexible membrane boundary 

OôSullivan et al. (2003) 

 


