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Introduction
Quantitative measurement of damage evolution,
i.e.microvoid formation, growth and coalasence, is very im-
portant for both verification and improvement of material
models and understanding of micromechanisms effective in
material failures. Many methods proposed in the literature
are costly and time-consuming and they require careful spec-
imen preparation (figure 1).

Figure 1 Visualization of damage via optical microscopy, SEM [1] and
x-ray tomography [2]; from left to right.

Objective and Theory
The goal of this work is to investigate the use of nanoindenta-
tion to quantify damage. It is experimentally and theorically
proved shown that hardness evolves linearly with flow stress.
Lemaitre showed that one can measure damage D, by carry-
ing out hardness tests on damaged material and comparing
the results H, hardness of the undamaged material H*[3]:

D = 1 − H/H∗

Methodology

Figure 1 Step 1-Tensile tests on IF steel with image correlation anal-
ysis.

Figure 2 Step 2-Specimen preparation, initial to final geometry

Figure 3 Step 3-Nanoindentation along the specimen

Results
Local ductile damage is obtained quantitatively by comparing
the hardness of the damagedmaterial, to the hardness of the
undamaged material, obtained by extrapolation.
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Figure 5 Hardness distribution on the specimen surface

Figure 6 Hardness vs Mises strain on left, Damage vs Mises strain
on right

Conclusions and Future Work
An experimental method to quantify local damage is eval-
uated. It is observed that nanoindentation is a promising
method in damage analysis.
Future work involves:

� Improvement of results via determining the effect of
specimen preparation on hardness measurements

� Obtaining the undamaged hardness curve from pure
bending tests

� Validation of results via othermethods; i.e.SEM,tomography
etc.
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