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2“broken cup” by Abd Basith is licensed under CC by 2.0

The saddest of granular matter

https://www.flickr.com/photos/imbasith/16400261161
https://creativecommons.org/licenses/by/2.0/
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It depends.

How much did you love this mug?
 

How many pieces are there?

Do you buy a new mug or fix it?
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Factors affecting the number of grains

1. The strength of the mug

2. The number of times you dropped it

3. The size of the mug

4. The impact velocity

How can we quantify each factor’s impact?



Simulating granular materials at high stresses



Compaction using traditional discrete element method



Compaction using bonded particle model



LAMMPS for granular modeling
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LAMMPS (https://www.lammps.org/) is a particle-based simulation 
code with lots of great DEM tools and now BPM as well

It’s a flexible research platform which is fast, parallel, and open-sourced

Available on the Android store (?)

New features include:

1) BPM package with spring-like bonds and beam-like bonds

2) Updated DEM models, rolling/sliding friction  (Santos 2020)

3) Options to create particles on surfaces using STL meshes

4) Computes for fabric tensor and tracking contact lifetime history

5) Efficient contact detection for polydisperse systems   (Stratford 2018, Monti in prep)

Lots of active development by contributors at Sandia & other institutions
   A. Kohlmeyer, S. Plimpton, D. Bolintineanu, I. Srivastava, K. Stratford, K. Hanley, T. Shire, S. Lamont, R. Berger, T. O’Connor, J. Coulibaly…

A. Kohlmeyer

https://www.lammps.org/


Simulations of fragmentation
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Consider a solid block undergoing shear: how does it break into grains?
Work started at JHU with Mark Robbins, now finishing at Sandia
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Grain size distribution in quasistatic limit
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Power laws in fragmentation
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Evolution with strain
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Evolution with strain
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Factors affecting the number of grains

1. The strength of the mug

2. The number of times you dropped it

3. The size of the mug

4. The impact velocity



Finite size effects
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(Note: focus on large-strain limit for remainder of talk)

Larger 
systems
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Finite size effects
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Finite size effects



Which of the three images is not like the others?
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Scale invariance – critical behavior?
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Factors affecting the number of grains

1. The strength of the mug

2. The number of times you dropped it

3. The size of the mug

4. The impact velocity



Finite strain rate effects
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As one would expect, increasing the strain rate leads to smaller fragments

Increasing strain rate by 3 orders of magnitude

(Grady 1985, Lankford 1996, Wittel 2008, Cereceda 2017)



Finite strain rate effects
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Factors affecting the number of grains

1. The strength of the mug

2. The number of times you dropped it

3. The size of the mug

4. The impact velocity



Extra mathematical details, transitioning to the quasistatic limit
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*Must be close enough to critical point, e.g. no change in power-law exponent or extra size effects



Why does this matter? Granular rheology
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vs



Why does this matter? Granular packing
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Summary
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Using bonded particle models, we can explore such complex 
granular problems that emerge at large stresses

There is a lot of rich behavior behind the production of granular 
matter during fragmentation, see evidence of critical behavior

Many more frontiers to explore:
• Material properties
• Loading geometry
• Three dimensions
• Other high-pressure granular systems



Strain dependence at high rates
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Kraynik-Reinelt boundary conditions
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(Kraynick, Reinelt 1992)


