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Stressful situations: modeling granular fragmentation at high pressures

Many practical applications of granular materials are far from 
the zero-pressure limit of jamming including industrial 
processes such as grinding and die filling as well as geologic 
phenomena such as earthquakes, asteroid impacts, and ice 
floe collisions. In these systems, fracture creates an evolving 
population of grains that play an important role in the 
macroscopic response. To explore this high-stress regime, we 
use a bonded particle model to capture fracture and 
represent a wide range of material properties. We focus on 
two problems: the fragmentation of sheared solids and high-
pressure granular compaction to explore both macroscopic 
responses and the microscopic statistics of individual grains.

Bonded Particle Models

Generating Grains from Fragmentation Loading of Granular Systems

Consider sets of grains with different types of 
defects: no defects (solid), homogenous inclusions 
(hollow), and heterogeneous voids from micro CT
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Represent solids or grains as a collection of point particles 
connected by a network of pairwise, breakable springs to 
capture elastic deformation and fracture

Spring properties set material behavior:
• Dashpots can introduce viscoelasticity
• Add history-dependence for plasticity
• Breakage criteria affect fracture 

profile
E.g. brittle cone/wing/Kalthoff cracks

Forces are still pairwise, central-body, and equal-and-opposite
BPM package available open-sourced in LAMMPS

Introduction

ᵱ� ≈ ᵱ� jam

Also exploring loading of granular composites to 
identify how damage accumulation and failure 
depend on the mode of deformation as well as 
plastic/viscoelastic properties of the binder – 
early results suggest the shape of the yield surface 
depends on material properties of the binder
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For granular systems to compact to fully 
dense states, grains deform and fracture
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[Turcotte, J. Geophys. Res. 91, 1921 (1986)]

Measure strength of each grain by isolating it 
and preventing surrounding grains from 
breaking
Find distributions of failure pressures are 
reasonably fit by Weibull curves with equivalent 
exponents but different characteristic pressures 
Strength of a grain can depend on type of defect 
and local geometry (force chains/contacts) 
Similarities between distributions suggests these 
factors may contribute in a statistically related 
manner and simply shift characteristic pressures
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