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Motivation – Outline:

• Seismology

• Activation of Faults

• Fracture Mechanics

• Dielectricity combined with flexoelectricity

• Elimination of polarization

• Dynamic anti-plane problem

• Dispersion relation

• Theoretical  and FEM analysis

• Nonlinearities  and soliton waves

Illustration of induced polarization due 
to non-uniform bending deformation of a 
centro-symmetric (non-piezoelectric) 
material. Krichen and Sharma (2016) 
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Mach lines



Isotropic anti-plane dielectric flexoelectric: 0 =

0
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Dispersion relation:
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E. Farhi et al., Eur. Phys. J. B  (2000)

: Atomic dimension

: Wave number

: ionic/bond forces
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Typical material constants (Maraghandi et al., 2006):
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Isotropic anti-plane dielectric flexoelectric: 0 =
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Isotropic anti-plane dielectric flexoelectric: FEM model

• We model the anti-plane space as a 
thin plate which extends multiple 
times the characteristic lengths of 
the problem.

• The plate’s Poisson ratio is set to 
zero and orthotropic elasticity was 
tuned to capture the micro-inertia 
length.

• Pre-stretching was applied 
according to the crack velocity and 
the micro-structural length of the 
problem.

• Only half the space is discretized by 
100000 linear quadrilateral 
elements (S4R in ABAQUS 
notation) and 600 linear triangular 
elements (S3 in ABAQUS notation).



Contour fields of out of plane displacements: Influence of velocity
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Contour fields of rotations w,2: Influence of velocity
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Contour fields of rotations w,1 : Influence of velocity
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Conclusions: • Antiplane problems in flexoelectricity

• Couple stress (micro-structural length, micro-
inertia length)

• Prestressed plate analogue and FEM 
methodology

• Steady state results

• Dispersion analysis

• Facture faults 

• Anharmonic elasticity

• Viscosity

• Solitons


