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Triggering a new failure mechanism 
for polymers 
Harm J.M. Caelers, Gerrit W.M. Peters and  Leon E. Govaert  

Introduction 
Since loaded polymer products eventually always fail, it is important to 
understand the failure mechanisms and be able to predict how and 
when failure takes place. Typically two 2 regimes are distinguished: 1) 
plasticity controlled, ductile failure and 2) crack growth controlled britlle 
failure (Fig 1). As time-scales are rather large, time-temperature-
superposition (TTS) is used to accelerate failure in regime 1 and dynamic 
loading to accelerate in regime 2 [1].   

Objective  
The main objective of this work is to investigate whether dynamic 
loading conditions can be used to accelerate failure of isotactic 
polypropylene in the brittle failure regime.  

Future work 
• X-ray experiments allow to follow the cavitation process.  
• Test at multiple R-values to show if weeping is a mixed failure 

mechanism.  
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Figure 3: SEM images of the crack surface of a static creep experiment (left) and a 
dynamic creep experiment (right), both performed at 80°C.  

Acknowledgements  
The authors acknowledge SABIC for the funding of this work, which is part of the PHD-project: 
“Structure Tuning for Enhanced Performance of Polyolefins”. 

 

Results  
Uniaxial creep experiments were performed to obtain the failure 
kinetics and to find the transition from ductile to brittle failure (Fig. 2). 
Brittle failure takes place at shorter times for increasing temperature, 
i.e. the transition is temperature dependent. Dynamic experiments 
(maximum applied stress is 10 times the minimum  R=0.1) show that 
the application of sinusoidal loads decreases the time-to-failure for both 
ductile and brittle failure. This suggests that both mechanisms are 
plasticity controlled. 
      

Discussion and conclusion 
It is found that te brittle failure, in literature described as crack growth 
controlled is definitely not crack growth[2]. From our findings it can be 
concluded that the failure mechanism at hand is dominated by plasticity 
controlled voiding. Formation and coalescense (and/or growth to a 
limited extend) finally result in failure. Burst pressure experiments show 
a phenomenon called “weeping”, i.e. the appearance of “tears” on the 
outside of pipe specimens, in the transition from ductile to brittle 
failure. Percolation of voids could be the cause for this porosity.    

Figure 2: Time-to-failure at multiple loading conditions. Top left: static creep experiments 
and top right: static versus dynamic loading conditions. Bottem: observed whitening on 
statically loaded samples, ranging from a load of 12 Mpa on the left to 7.5 Mpa on the right.    

 
Whitening of the tensile bars (Fig. 2) is illustrative for voiding. Fig. 3 
shows SEM images of the crack surfaces. Based on both observations it 
is hypothesized that plastic voiding, followed by coalescence, results in 
brittle, plasticity controlled failure. Although cracks seem to be formed, 
especially in the dynamic crack surface, large plastic deformation can be 
observed giving a tough residual fracture.    

Figure 4: Failure mechanisms, typically present in polymer systems.    

Figure 1: Applied stress versus lifetime.    
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