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Introduction
Damage in metals, in addition to its negative influence (as
the name indicates!), has also a positive side which should
be controlled. It has been observed that ductile damage and
fracture (crack initiation and propagation) are the result of
initiation, growth and coalescence of micro voids inside the
material.

Figure 1 Different aspects of damage.

Objective
The main goal of this project is to develop a fully three
dimensional computational predictive tool in order to ac-
count for relevant microscopic phenomena (studied in par-
allel projects) in an average way and in relation to macro-
scopic phenomena such as geometrical and physical soften-
ing of the material, crack initiation and propagation and fi-
nally complete fracture.

Method
Currently sophisticated algorithms are available to predict
crack initiation and propagation in two dimensions. How-
ever, these algorithms cannot readily be applied to three-
dimensional problems.The methodology followed in this
project is that damage (D) will determine the location where
a crack initiates and the direction in which it propagates [1].
The damage ismodeled by a nonlocal damagemodel coupled
to large-strain plasticity. The growth of damage is governed
by a kinematical non-local variable (z̄) which is obtained from
solving a non-local equation together with equilibrium in a
fully coupled way [2]:

z̄ − ℓ2∇2z̄ = z (1)

~∇.σ = ~0 (2)

In equation (1) l is a material dependent length parameter,
commonly denoted as internal or intrinsic length scale and
z is the local value of the damage driving variable which de-
pends on both plastic strain and stress triaxiality as follows:

ż = 〈1 + A
Th

Teq

〉εB
p ε̇p (3)

With A and B material constants and Th and Teq hydrostatic
and equivalent stress respectively. The yield surface of the
virginmaterial is degraded leading to themodified yield func-
tion of the type:

φ(τ , εp,D) = τeq − (1 − D)[τy(τy0, εp)] ≤ 0 (4)

Results
The model outlined above was implemented using three di-
mensional Hexagonal Brick elements. Hyperelasto-plastic
behavior is used for the undamaged material and the model
is tested using a tensile test. The force versus displacement
curve together with the final damage distribution in the sam-
ple is plotted in figure 2. The maximum damage values are at
the center of the cylindrical bar.

Figure 2 Softening in cylindrical bar; one eighth of the bar has been

modelled.

Future work
The next step in the project is implementing a solution for
the incompressibility problem which occurs in tetrahedral el-
ements. These elements will be used because remeshing
which is necessary for crack propagation can be done much
easier.
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