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Introduction
Under multi-axial loading, cavitation dominated failure 
prevails over plasticity dominated failure. Currently, the 
constitutive models are only able to predict the latter. 
The goal is to study the local stress state (stress 
criterion) which governs initiation of cavitation 
dominated failure for short-fiber filled thermoplastic 
systems.

Approach
In this project, a hybrid approach is used:
• Experimental: Uniaxial tensile experiments on a 

single fiber embedded in a quasi-brittle matrix for 
three different fiber orientations (𝜃𝜃 = 0°, 45° & 90°).

• Numerical: The fiber and matrix are described using 
a linear elastic material model and the EGP model 
respectively. The relevant experimental boundary 
conditions are applied to the numerical model.

Position of crazes (Experimental) & local stress state
(Numerical) are compared and correlated.

Results
For a fiber oriented in 0°, Figure 1 shows that a positive 
hydrostatic stress can be coupled to initiation of failure. 
Orienting the fiber to 90°, a similar criterion can be 
used. However for a fiber oriented in 45°, the position of 
the crazes do not correlate with the maximum positive 
hydrostatic stress as depicted in Figure 2.

This research forms part of the research 
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Arguments why the failure location deviates, might 
be found in:
- Thermal residual stress, resulting in compressive 

loads which suppress the formation of crazes 
shown in Figure 3.

- It is not the absolute positive value of the 
hydrostatic stress which is dominant. In addition, 
crazes seem to form at positions where all 
principal stresses are positive. This principle is 
shown in Figure 4.

Future work
• Incorporate the effect of thermal residual stress 

in the simulation for the single fiber. 
• Validate the proposed criterion in a micro-

mechanical model which is representative to the 
fiber-reinforced polymer as shown in Figure 5.

Figure 5: Representative 
volume element.

Figure 1: Formation of crazes (Left) and positive hydrostatic stress [MPa] 
(Right) for a fiber oriented in 0°.

Figure 3: Thermal residual 
stress [MPa].

Figure 4: Hydrostatic stress 
[MPa] with all principle stresses 
positive.

Figure 2: Formation of crazes (Left) and hydrostatic stress [MPa] 
(Right) for fiber oriented in 45°.
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