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Background of the Study

qClassical epoxy MD models contain no defects

qOnly allow for elastic property prediction and no Fracture

qVery high mechanical property



Fracture Model Structures
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Computational Chemistry for Bond Breaking
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High accuracy computational chemistry simulation

Animation
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Comparison of Morse and GAFF Bond FF
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Hybrid Potential Functions with Bond Breaking
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q GAFF: a majority of interactions, Morse: breaking bonds of backbone

q Maintain computational efficiency – Minimal change of potential functions

q GAFF: 1 fs time step >> ReaxFF: 0.1 fs time step
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Tensile Simulations 
with Hybrid Potential

Verify correct elastic behavior with new potential function
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Stress-Strain Curves : Harmonic vs Morse

q Both potentials have similar elastic behavior 
q Morse potential describes material failure at higher strains
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Elastic and Inelastic Mechanical Properties



Crack Formation and Failure Mechanism
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Want to include these mechanism in simulations
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Tensile Direction

Failure Direction

Simulations Including Defects



Failure Mechanisms from Simulations
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Crack tip
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Brittle Epoxy Failure
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Microcracks Microcracks Microcracks

q Good elastic behavior
q Failure included

q Improved elastic prediction
q Improved failure prediction
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Conclusion

q Hybrid force field (GAFF + Morse) was developed to investigate elastic and
plastic behavior of an epoxy system using MD simulations

q Hybrid force field reproduced the elastic behavior from GAFF

q We captured bond breaking and failure behavior

q The existence of crack can determine the brittle behavior of epoxy system

q Development of an-harmonic angle and dihedral potentials would allow for 
predicting more accurate plastic behavior of the crosslinked epoxy
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