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Our Plan
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Grain Scale
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LS-DEM in Brief
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• Level set discrete element 
method (LS-DEM), a DEM 
variant

• Level set functions as 
geometric basis

• Arbitrary shape - in 
particular, those used in 
experiments

• Computationally inexpensive 
and parallel

• Able to simulate specimen of 
54,000 grains (pictured)
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LSDEM Results
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LS-DEM Results: Meso Shear Strains
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LS-DEM Results: Grain Rotations
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Cyclic Loading
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• Cycles of triaxial compression and extension
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Cyclic Loading
• Necking occurs at high amounts of extension, also seen experimentally

15% extension0% extension 7.5% extension
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• Necking occurs at high amounts of extension, also seen experimentally

15% extension0% extension 7.5% extension

Cyclic Loading
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Micro-inspired Constitutive Models
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Calvetti, Viggiani, Tamagnini 
2002
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Stress Probing Overview
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Program:
• Pluviation 
• Load to State A 
• Probing at State A 
• Load to State B  
• Probing at State B 
• Load to State C then back to B 
• Probing at State B once more

Details of specimens:

• Grains are hostun sand 
taken from XRCT 

• Each sphere has same 
volume as respective grain  

• Void ratio = 0.6 for both 
specimens 

• 18953 Grains 
• 16981 Spheres

Grains Spheres

A: σx = σy = σz = 100kPa 
B: σx = σy = 100kPa 

σz = 200 kPa 
C: σx = σy = 100kPa 

σz = 300 kPa
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Pluviation
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Virtual Pluviation Example:
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State B’:
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Future Work
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Thank You!
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