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A Micromechanical Analysis of Pre-yield Failure

in Short Fiber Reinforced Polymers

S.J.J. van den Broek, T.A.P. Engels, M. Wismans & L.E. Govaert
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Introduction
Short fiber reinforced (SFR) polymers that have the

same strength in uniaxial loading can show a decrease

in strength once multi-axial loading conditions are

applied due to the initiation of cavities on the micro

scale. Current numerical tools are not able to predict

this pre-yield failure due to the absence of information

on this local scale. This research aims at providing a

mechanistic explanation on a microstructure level for

the occurrence of pre-yield failure in SFR polymers.

Approach
In this project, a hybrid approach is used:

• Experimental: Uniaxial tensile and biaxial puncture

experiments are done on as-received and annealed

polycarbonate reinforced with 20w% short glass

fibers to investigate the different failure modes (fig.1).

• Numerical: RVE simulations are done in which 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 (fig.2).

Results
During uniaxial loading both the as-received, ductile,

SFR polymer and annealed, brittle, SFR polymer show

about the same failure point as is shown in Figure 1

(left). Results of the puncture experiments, as shown in

Figure 1 (right), show however a strong decrease in

strength for the annealed SFR polymer.

Due to the brittle nature of the annealed SFR polymer

and the application of biaxial loading conditions it is

suspected that the initiation and growth of cavities is

accelerated compared to the ductile material,

resulting in pre-yield failure. The formation of cavities

is governed by hydrostatic stress. Results of uniaxial

and biaxial RVE simulations, shown in Figure 3,

confirm that more matrix volume exceeds the critical

hydrostatic stress which is required for a cavity to

initiate as soon as biaxial loading conditions are

applied. This effect is even enlarged when the

material is embrittled due to annealing.

Conclusions
• Experiments show that pre-yield failure occurs in

brittle induced SFR polymers once loaded multi-

axially.

• RVE simulations show that for biaxially loaded,

brittle SFR polymers more matrix volume cavitates

which is directly linked to the experimentally

observed pre-yield failure of the SFR polymer.

Figure 1: Stress-strain curves of a uniaxial loaded SFR polymer (left) and 

Force-displacement curves of puncture tests on a SFR polymer (right). 

Figure 2: Visualisation of the hydrostatic stresses in the matrix and the 

Von Mises stresses in the fibers.

Figure 3: Hydrostatic stress probability distributions in the matrix of a 

RVE which is loaded both uniaxially and biaxially before and after 

annealing.


