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1. Introduction

The development of microstructural damage in engi-
neering materials can be effectively modelled using
Continuum Damage Mechanics (CDM) [1]. CDM in-
troduces a field variable to represent the damage in
a continuum sense. This concept has been used to
model the initiation and growth of cracks.
Objective. The present study is aimed at developing
a mathematically consistent and experimentally vali-
dated CDM model for fatigue failure.

2. Numerical modelling

A fatigue damage model has been formulated in
which the damage variable, D, degrades the elastic
stiffness of the material [2]. The damage variable can
grow from D = 0 (representing the undamaged state)
to D = 1 (complete loss of integrity). The growth of
damage is governed by the local deformation.
Implementation. The Finite Element Method is
used to numerically solve the equilibrium equations.
Example. A flat, weakly notched sample is sub-
jected to a cyclic load. The computed damage dis-
tribution after 14 529, 31 097 and 31 224 cycles is
shown in Figure 1. After 31 224 cycles a crack has
been initiated (D = 1) at the root of the notch.
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Figure 1: Numerical example

3. Experimental validation

Electronic Speckle Pattern Interferometry [3] is used
to measure displacement fields in the specimen at
certain stages during the fatigue process and thus to
monitor the development of damage. The deforma-
tion fields which can be computed from these dis-
placement measurements (Figure 2) are compared
with those resulting from the finite element analysis.

 x

 y

0
5

10

0
5

10
15
−5

0

5

10

x 10
−4

 x

 crack

 y

ε yy

Figure 2: Strain measurement

4. Conclusion

A strong localisation of deformation and damage
growth is observed in the numerical analysis. This
localisation may lead to mesh dependence, i.e., the
growth of damage is sensitive to the fineness and ori-
entation of the finite element discretisation.
Future work. Mesh dependence and the underlying
mathematical difficulties will be studied further. A so-
lution may be provided by in the introduction of spatial
interaction terms in the constitutive model [4].
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