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Introduction
Traffic accidents in the European Union lead to 40 thousand
fatalities, and cause over 3.3 million injuries each year [1]. To
predict the mechanical response of the contents of the head
during impact finite element (FE) models are being developed
(see Figure 1). Although anatomically detailed, these mod-
els lack accurate descriptions of the mechanical behaviour of
brain tissue.

Figure 1: FE model of the head [2].

The purpose of this study is to determine the compressive
behaviour of brain tissue and to validate a constitutive model
previously developed based on shear experiments [3].

Methods
Two different compression protocols were used:
• without initial contact (protocol 1)
• with initial contact (protocol 2)

Figure 2: left: protocol 1, right: protocol 2.

The starting condition of the experiment was found to affect
the response obtained (see Figure 3).
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Figure 3: Measurement results for two protocols.

It was hypothesised that the difference is caused by the ini-
tial tensile loading in protocol 1 due to surface tension in the
fluid on the surface of the sample. This hypothesis was con-
firmed by simulations with the constitutive model of [3], see

figure 4. A non-equilibrated starting condition for the com-
pression test was found for protocol 1.
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Figure 4: Model prediction for two protocols.

Model validation
The compression protocol with initial contact is selected to
validate the constitutive model. For this purpose, shear and
compression experiments are performed for the same sam-
ples, see figure 5. The model predictions for these deforma-
tion modes are given as well.
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Figure 5: Measurement results and the model prediction left: shear
deformation (γ̇ = 1 s−1), right: compression deformation (λ̇ =

0.04 − 0.06 s−1).

Although a reasonable prediction of the shear response was
obtained, the mean of compression experiments were found
to be 1.8 times stiffer (for ε = 0.1) than the model prediction.

Conclusions
The tissue response in compression measurements being
stiffer than the model prediction suggests that a further
model refinement is needed. However, first the possible ef-
fect of friction in the compression measurements is being in-
vestigated.
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