On the Mixed Virtual Element Method (VEM) for
Finite Deformations
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Finite deformation of a dielectric elastomer
(Kofod, Wirges, Paajanen Bauer, 2007)

Stretch of a hydrogel specimen
(Sun et. al., 2012)

Microstructure of a typical filled elastomer
(Ramier, 2004)

* Polygonal and polyhedral elements are advantageous to model soft materials.
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Flexible modeling of inclusion of arbitrary shape
(Chi, Talischi, Lopez-Pamies and Paulino, 2015)

Two VEM highlights:
* No shape functions
* No approximate numerical integration

Pressure

VEM for 3D linear elasticity using arbitrary polyhedrons
(Gain, Talischi and Paulino, 2014)

Better inf-sup stability performance
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Convergence of the displacement and pressure fields: convex and concave meshes
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Computable quantities:

1. IR Vv: projection of Vv onto its volume average: i
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2. T1v: projection of v onto linear functions: » = Zjn B;X5 and 3, B = 1

- . Undeformed configuration
V(Ifv) =19 (Vy) and @) (X) = ) v(Xy)
i=1

i=1

3. Change of element volume under any v:
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Deformed configuration

VEM Approximation

Find (u, ) such that
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 Use the consistency and stability terms to approximate the exact integral:
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 C(Closed-form expressions of the deformation-evolving stability parameter for isotropic solids:
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in 3D

e Examples of the mixed virtual elements (Pegasus credit: M. C. Escher)
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® Displacement DOFs

1 Pressure DOFs

Particle Reinforced Elastomers

rigid inclusions elastomeric matrix
 |ncompressible neo-Hookean matrix

( 5(F:F-3), ifdetF =1
W(F) =«

+00 otherwise
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359% of rigid circular reinforcement
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Cavitation Instability
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Circular disks with two and three defects Graded Voronoi mesh (scale bridging)
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Conclusions

 The first work in the literature to address finite deformation using the VEM (2D & 3D).

e VEM is able to address practical engineering problems involving finite deformations.

e The VEM approximation can handle 2D and 3D arbitrary (non-convex) element geometries.

e The deformation-evolving stability term is key to capture extremely large and
heterogeneous deformations.
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