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INTRODUCTION 

Filled and unfilled natural rubber (NR) are widely used in industrial applications as seals, energy absorbers and 

vibration dampers. Engineering materials are often subjected to impact loading leading to high strain rate 

deformation at a variety of temperatures. It is therefore necessary to study the time-dependent mechanical 

responses of these types of materials over a range of loading conditions. Polymeric materials like NR exhibit 

strong rate and temperature dependence, including a low temperature brittle transition. In previous research, 

predictions of the mechanical response of a PVC over a wide range of strain rates and strains have been made 

and shown to have excellent agreement with carefully conducted experiments. As it is challenging to obtain high 

rate data on rubbery materials using conventional apparatus like the split-Hopkinson pressure bar (SHPB), an 

alternative approach was presented based on a novel modelling framework, which uses the time temperature 

superposition (TTS) principle and is fully calibrated using quasi-static experiments. In this paper, progress will be 

presented extending this research to unfilled natural rubber; a less stiff material that proves even more 

challenging than PVC to characterise at high strain rates. 

 

EXPERIMENTAL TECHNIQUES 

Various experimental methods were used in this research to calibrate and validate the model. The mechanical 

response considered was the result of compression experiments on circular cylindrical specimens of diameter and 

length 5 mm. Low rate experiments were carried out on an Instron 5980 electromechanical static testing machine, 

intermediate rate experiments on a hydraulic press, and high rate experiments on a SHPB. These experiments 

were all done at an ambient temperature of 25 °C. Varying temperature experiments were also conducted at a 

lower rate of 10-2 s-1 using the Instron coupled with a temperature controlled environmental chamber. In order to 

use the TTS principle in the model, thermomechanical characterisation of the material was performed with 

Dynamic Mechanical Analysis (DMA) experiments on a TA Instruments Q800.  

 

MODELLING FRAMEWORK 

The Mulliken-Boyce (MB) model is based on the premise that since the molecular motions of the α and β 

processes are rate and temperature controlled, by using the results of a DMA experiment and its information on 

the rate dependence of α and β transitions, the modulus can be shifted accordingly. In the approach initially 

proposed by Mulliken and Boyce, the frequency dependence of each transition is used to shift modulus-

temperature data obtained from DMA experiments at low frequencies to reconstruct the expected modulus-

temperature curves at high strain rates. It considers the contributions to the stress to be an additive sum of the α 

and β components along with the hyperelastic limiting behaviour: σ = σα + σβ + σℓ (Figure 1). Where Mulliken and 

Boyce used the shifting method described above to obtain the modulus; here the fractional derivative model 

(FDM) will be used instead. The FDM is an alternative to the conventional use of a Prony series to describe the 

modulus-frequency data, which uses considerably fewer parameters to calibrate.  

 

During high strain rate compression experiments, the heat produced during plastic deformation does not conduct 

out of the specimen on the timescale of the experiment, and instead causes the temperature to rise, so-called 

adiabatic heating. In further enhancing the MB model, thermal relaxation of the modulus due to this self-heating of 

the specimen is also considered. 

 

The model predictions for the mechanical response at various strain rates can be seen in Figure 2 with the 

experimental data they were validated against. In literature, it is common to plot the variation of peak stress with 

strain rate. Figure 3 shows how the yield stress can also be predicted with this novel modelling approach. 
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PRELIMINARY RESULTS 

Some results from initial DMA and Instron compression experiments conducted on the NR specimens can be 

seen in Figures 4-6. These results form the foundation of the predictive model and will be used in conjunction with 

low rate compression experiments done at varying low temperatures to predict the high rate response of NR. 

CONCLUSION 

In this paper, we aim to show that using previously validated modelling techniques, it is possible to predict the 

high rate mechanical response of NR; a material whose response is challenging to characterise at these rates. 

Already validated against (un)plasticised PVC, this novel modelling framework will form the basis in predicting the 

high rate response of numerous materials where the behaviour is strongly rate and temperature dependent.  
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Figure 1: Diagram of the MB model. Figure 2: Model predictions and 
experimental validation. 

Figure 3: Comparisons of peak stresses for 
the model predictions and experiments.  

Figure 4: DMA results for NR. Figure 5: Low temperature data for NR. Figure 6: Low rate data for NR. 


