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Fracture and Failure is Prevalent in Materials Science -
and Across the Engineering Disciplines

Materials (QuastBrittle) Biomechanical
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The overarching theme of my research is to develop computational tools and techniques
investigate problems in the fields of materials science and computational fracture meche
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Seemingly Similar Composites Can Display Remarkably
Different Behavior

Effective Modulus
(small deformations)

Constitutive Response
(large deformations)
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Inclusions Tend to Restrict Polymer Chain Mobility 5

When a particle is embedded in :; > j
elastomer, the polymer chains in th i
elastomer tend taanchoronto the Inclusio
surface of theparticle. =
Q \ =
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Polymer chain mobility

The effective modulus of the elastomer in the vicinity of the particles can be on the orde
of ten times greater than that in the bulk of the elastomer.
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A ComputationalFrameworkUsing RUCs 0

¢ Particlesand their associatednterphasesare placedwithin the microstructure
In arandom,periodicmanner,usingrandomsequentialadsorption

¢ We consider botlmonodisperseandpolydispersedistributions of particles.
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Goudarzil, Spring DWRaulinoGH, LopePamiesO, Filled elastomers: A theory of filler reinforcement based on hydrodynamimserghasialeffects.Journal of
the Mechanics and Physics of Sqhds. 80, pp. 367, 2015



Algorithm for Constrained Random Particle Placement-

¢ Particlesizesare prescribedandtheir locationsare selectedin a randombut

constrainedmanner
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Discretization and Isotropy Assessment 8

¢ Ameshcontainingapproximatelyc rodmt 1t bulk elementsis usedto discretizethe domain

100,000 elements 200,000 elements 300,000 elements

¢ We usea sufficientconstitutiveapproachto assesshe isotropyof the microstructures
In an isotropic material, the averageCauchystresstensot, ne and averageleft
GreenCauchystraintensor’A €€ arecoaxialwhere

€ d)—ﬁ n d)_n

Theanglebetweenthe principalaxesof the stressand strain measuresare zerofor a
purelyisotropicmaterial,and shouldbe closeto zerofor the RUCsve consider

Schr berl J, 1997. NETGEMN advancing front 2D/3Imesh generator based on abstract rul€mputing and Visualization in Sciengel. 1, pp. 4452.
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RepresentativePolydispersaVicrostructures 0
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