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Fracture and Failure is Prevalent in Materials Science 
and Across the Engineering Disciplines
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The overarching theme of my research is to develop computational tools and techniques to 
investigate problems in the fields of materials science and computational fracture mechanics.
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Presentation Structure

4. REGULARIZINGPERVASIVEFRACTUREANDFRAGMENTATION

BEHAVIORIN THREE-DIMENSIONS

3. REDUCINGMESHBIASIN DYNAMICFRACTURESIMULATIONS

THROUGHADAPTIVEOPERATORS

1. PERFECTLYBONDEDINTERPHASESIN PARTICLEREINFORCED

ELASTOMERS

Ç GoudarziT, Spring DW, PaulinoGH, Lopez-PamiesO, Filled elastomers: A theory 
of filler reinforcement based on hydrodynamic and interphasialeffects. Journal 
of the Mechanics and Physics of Solids, Vol. 80, pp. 37-67, 2015.

Ç Leon SE, Spring DW, PaulinoGH, Reduction in meshbias for dynamic fracture 
using adaptive splitting of polygonal finite elements. International Journal for 
Numerical Methods in Engineering, Vol. 100, pp. 555-576, 2014.

Ç Spring DW, Leon SE, PaulinoGH, Unstructured polygonal meshes with adaptive 
refinement for the numerical simulation of dynamic cohesive fracture. 
International Journal of Fracture, Vol. 189, pp. 33-57, 2014.

Ç Spring DW, PaulinoGH, Numerical unstructuringas a means for achieving 
pervasive fracture and fragmentation in three-dimensions. In Preparation.

2. INTERFACIALDEBONDINGIN PARTICLEREINFORCEDELASTOMERS

Ç Spring DW, PaulinoGH, A growing library of three-dimensional cohesive elements 
for use in ABAQUS. Engineering Fracture Mechanics, Vol. 126, pp. 190-216, 2014. 

Ç Spring DW, PaulinoGH, Computational homogenization of the debonding of 
particle reinforced elastomers: The role of interphases in interfaces. Under Review.
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4Seemingly Similar Composites Can Display Remarkably 
Different Behavior

BergströmJS, Boyce MC, Mechanical behavior of particle filled elastomers, Rubber Chemistry and Technology, vol. 72, pp. 633-656, 1998.

RamierJ, ChazeauL, Gauthier C, Influence of silica and its different surface treatments on the vulcanization process of silica filled SBR, Rubber Chemistry and
Technology, vol. 80, pp. 183-193, 2007.

RamierJ, ComportementmécaniqueŘΩŞƭŀǎǘƻƳŝǊŜǎchargés, influence de ƭΩŀŘƘŞǎƛƻƴcharge ςpolymère, influence de la morphologie.  PhD Dissertation, [ΩLƴǎǘƛǘǳǘ
National des Sciences Appliquéesde Lyon, 2004. 
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Inclusion

Matrix

Polymer chain mobility

Qu M, Deng F, KalkhoranSM, GouldstoneA, RobissonA, Van Vliet KJ, 2011. Nanoscale visualization and multiscale mechanical implications of bound rubber 
interphases in rubber-carbon black nanocomposites. Soft Matter. Vol. 7, pp. 1066-1077.

When a particle is embedded in an 
elastomer, the polymer chains in the 
elastomer tend to anchor onto the 
surface of the particle.

5Inclusions Tend to Restrict Polymer Chain Mobility
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The effective modulus of the elastomer in the vicinity of the particles can be on the order 
of ten times greater than that in the bulk of the elastomer. 



6A Computational Framework Using RUCs

Ç Particlesand their associatedinterphasesare placedwithin the microstructure
in a random,periodicmanner,usingrandomsequentialadsorption.

Ç The particles are placed in such a manner that the microstructure is periodic.

Ç We consider both monodisperseand polydispersedistributions of particles.

ψπpolydisperse
particles

σπmonodisperse 
particles

GoudarziT, Spring DW, PaulinoGH, Lopez-PamiesO, Filled elastomers: A theory of filler reinforcement based on hydrodynamic and interphasialeffects. Journal of 
the Mechanics and Physics of Solids, Vol. 80, pp. 37-67, 2015
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Particle radii

Interphase Thickness

Center-to-center distance
between particles

Distance between particle 
and boundary

7Algorithm for Constrained Random Particle Placement 

Ç Particlesizesareprescribedandtheir locationsareselectedin a randombut
constrainedmanner.

FederJ, 1980. Random sequential adsorption. Journal of Theoretical Biology, Vol. 87, pp. 237ς254. 

GoudarziT, Spring DW, PaulinoGH, Lopez-PamiesO, Filled elastomers: A theory of filler reinforcement based on hydrodynamic and interphasialeffects. Journal of 
the Mechanics and Physics of Solids, Vol. 80, pp. 37-67, 2015
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8Discretization and Isotropy Assessment

Ç A meshcontainingapproximatelyςππȟπππbulkelementsisusedto discretizethe domain.

x

y

z

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

Ç We usea sufficientconstitutiveapproachto assessthe isotropyof the microstructures.
In an isotropic material, the averageCauchystresstensor, ἡἐ and averageleft
Green-CauchystraintensorἌ ἐἐ arecoaxial,where:

ἐ
ὠ

ὠ
ἐ ἡ

ὠ

ὠ
ἡ

Theanglebetweenthe principalaxesof the stressand strain measuresare zerofor a
purelyisotropicmaterial,andshouldbe closeto zerofor the RUCswe consider.

Schr berl J, 1997. NETGEN - an advancing front 2D/3D-mesh generator based on abstract rules. Computing and Visualization in Science, Vol. 1, pp. 41ς52.

GoudarziT, Spring DW, PaulinoGH, Lopez-PamiesO, Filled elastomers: A theory of filler reinforcement based on hydrodynamic and interphasialeffects. Journal of 
the Mechanics and Physics of Solids, Vol. 80, pp. 37-67, 2015



9Representative PolydisperseMicrostructures

5ŀƴƛŜƭ ²Φ {ǇǊƛƴƎΦ άCŀƛƭǳǊŜ tǊƻŎŜǎǎŜǎ ƛƴ {ƻŦǘ ŀƴŘ vǳŀǎƛ-.ǊƛǘǘƭŜ aŀǘŜǊƛŀƭǎ ǿƛǘƘ bƻƴƘƻƳƻƎŜƴŜƻǳǎ aƛŎǊƻǎǘǊǳŎǘǳǊŜǎΦέ tƘ5 Dissertation, Department of Civil and 
Environmental Engineering, UIUC, 2015.
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