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Fragmentation of Brittle Material2
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Bonded Discrete Element Model (DEM)3

• Many varieties of DEMs for different applications, 
currently implementing in LAMMPS

• Typical DEMs represent  coarse-grained granular systems, 
each simulated particle represents one grain

• In bonded DEM, solid components are represented by 
collection of bonded particles – network of springs 
represents elasticity

• Solids can fracture by breaking bonds in network

• Can adjust bond parametrization to calibrate material 
properties (elastic moduli, fracture toughness)
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Utility of approach4

Advantages of particle-based methods:
• Fragmentation is highly discontinuous process  

          (contacts & cracks) 
• Particles naturally treat discontinuities (meshfree)
• Full representation of stress field
• Crack growth set by physics/stress concentrations

Advantages of DEM:

• Minimally produces emergent fragmentation

• Efficient, can simulate large systems/resolutions

Ideal for studying trends and testing models

Uniaxially compressed solid w/ defects
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Application 1: Solid Fragmentation

Jim Talbot – Western Washington University

Grain 
Fracture

Simulation

Rock Exposure
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(Clemmer, Robbins 2021)
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Granular Medium after 150% Strain

Increasing strain rate

Rate introduces characteristic length scale that decreases with increasing rate 

(Clemmer, Robbins 2021)
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Rate dependent maximum grain size

ᵰ� ᵄ�ᵄ� = 1.67

Increasing strain rate

(Clemmer, Robbins 2021)
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Application 2: Powder Compaction

Uniaxial compression of microcrystalline cellulose
M. Cooper et al. SEM - Experimental and Applied Mechanics (2020)

Increasing pressure densifies system, 
different mechanisms:

• Rearrangement 
• Deformation
• Fracture 

Fragmentation relatively poorly understood:
• How does fracture depend on macroscopic stress?
• How does packing fraction evolve at high P?
• What’s the effect of defects/porosity?

Use bonded DEM to begin answering these questions
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Simulations of compaction10

Simulate compaction of 100 spherical 
grains each consisting of 45k particles

Use microCT images of powder 
feedstock to apply realistic defect 
geometries

Can identify:
Rearrangement
Deformation
Failure of grains - fracture
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Failure as a function of shear and pressure11

Failure

Elastic, jammed

Shear flow
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12

Bulk yield is set by weakest grain

Strength of a grain depends on both:
1) Internal porosity and orientation
2) Local environment 

     (loading geometry)

Probe variation by isolate single grain 
failure: preventing bond breakage in 
surrounding grains
=> Measure strength of every particle 
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13 Strength distribution of grains
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Summary14

Sandia National Laboratories is a multimission laboratory managed and operated 
by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned 
subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s 
National Nuclear Security Administration under contract DE-NA0003525.

Particle-based methods are shown to be an 
effective solution for the many challenges in 
modeling fragmentation in brittle materials

Bonded discrete element models (soon to be 
released in LAMMPS) can be applied to probe 
fundamental mechanics of comminution and 
granular fracture 
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