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1 Introduction
Strain softening material behaviour results in local
ill-posedness of the initial-boundary value problem.
The usage of regularisation models therefore is es-
sential to preserve well-posedness, rendering dis-
persive wave propagation in dynamics and mesh-
independent results in finite element simulations. It
appears that viscoplastic material models are appli-
cable within this context [1].

2 Viscoplastic model
Mechanical analogon [2]:
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E : Young’s modulus (elasticity)
η : viscosity (time-dependency)
σ̄ : yield function (plasticity)

Constitutive equation:

ε̇ = σ̇

E
+ σ− σ̄

η

3 Wave propagation
Combining the equation of motion and the constitutive
equation yields the wave equation, which illustrates
the regularising effect of the viscoplastic model:
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with ce=
√

E/ρ the elastic wave speed, v the velocity
and h the softening modulus.

The dispersive character of the model can be visu-
alised by plotting the real part of the wave number,
kr, since ∂2kr/∂ω

2 6= 0, which is in contrast to the rate-
independent, non-dispersive case.
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`
(from [4])

The introduction of a characteristic length scale ` can
be illustrated by plotting the imaginary part of the
wave number, ki , of which the limiting value sets this
length scale.

When adopting the generalised eigenvalue analysis
from [3], it can be shown that the initial-boundary
value problem remains well-posed, even during the
strain softening regime (h< 0).

4 Quasi-static finite element results
Tensile test on viscoplastic continuum with geometric
imperfection to trigger localisation:
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Localisation zone (ε̇vp 6= 0) gradually evolves
during loading (ε̇vp: viscoplastic strainrate)

5 Conclusions
I The dispersive character and the presence of an

internal length scale is shown, which supports the
regularising effect of the model.

I Viscoplasticity can be used as a regularisation
method in order to preserve the well-posedness of
the initial-boundary value problem.

6 Future work
I Expansion to two dimensions, while incorporating

a so-called modified Gurson yield function.
I Homogenisation of the two-dimensional viscoplas-

tic Gurson model by a suitable definition of a rep-
resentative volume element at the microlevel.
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