
Take a picture for 

contact details and 

more research!

Predicting the High Rate Mechanical Response of (Un)filled Natural Rubber

Akash Trivedi*, Clive Siviour

*Contact email: akash.trivedi@wolfson.ox.ac.uk

Department of Engineering Science, Solid Mechanics and Materials Engineering Group, University of Oxford

Predictions of high strain rate stress-strain relationship for natural rubber possible using 

only simple low rate experiments and the time-temperature superposition principle.

Introduction

• (Un)filled natural rubber (NR) widely used in engineering 

applications and often subjected to impact loading and high 

strain rate deformation at a variety of temperatures

• Dynamic characterisation using conventional techniques like the 

split-Hopkinson pressure bar (SHPB) is challenging due to 

experimental artefacts so an alternative approach is presented

Experimental Techniques

• Low, medium and high rate experiments (at varying 

temperatures) conducted on Instron 5980 electromechanical 

machine, a hydraulic press and SHPB

• Thermomechanical characterisation using a Dynamic 

Mechanical Analysis (DMA) on TA Instruments Q800 in Single 

Cantilever configuration 

• Temperature dependent heat capacity data obtained using 

Differential Scanning Calorimetry (DSC)

Results

• Two parameter Langevin hyperelasticity model fit to lowest rate 

ambient experiment data (Figure 4, Equations 1a-c, Table 1)

• Alpha parameters fit to low rate, low temperature compression 

experimental data (Figure 5, Table 2)

• Stress-strain response predicted at higher strain rates (Figure 

6) and characteristic stresses at ε = 0.1 extracted (Figure 7)

Conclusions

• Novel modelling framework presented that minimises 

parameterisation to simple, quasi-static experiments

• FDM reduces calibrating parameters from 23 for Prony series to 

only 7; fully describing master curve and modelling transitions

• Mulliken-Boyce extended with the addition of:

• Dynamically adjusted heat capacity

• Thermally relaxing modulus due to adiabatic heating

• Modelling framework effective at preliminary predictions of full 

stress-strain response
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Modelling Framework

• The Mulliken-Boyce (MB) model splits the contributions of the α 

(glass) and β (secondary) molecular motions

• The rate and temperature dependence of their modulus 

components is found using DMA experiments

• Here, the response is the additive sum of the α component and 

the hyperelastic limiting behaviour: σ = σα + σℓ (Figure 1)

• A Fractional Derivative Model (FDM) is fit to the modulus master 

curve as it requires fewer parameters to calibrate (Figure 2)

• Thermal softening of the modulus due to adiabatic heating in 

the sample is also included (Figure 3) using DSC experiments
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Parameter α

Shear modulus, µ 1.40 GPa

Athermal shear strength, S0 216 MPa

Pressure coefficient, αp 0.70

Pre-exponential factor, ሶ𝛾0 4.00 x 1014 s-1

Activation energy, Q 1.59 x 10-19 J

Softening slope, h 1.00 MPa

Steady state athermal shear 

strength, Sss

105 KPa

Figure 1: Mulliken-Boyce 

model schematic

Figure 2: Comparing FDM and 

Prony fits to modulus master curve

Figure 3: Temperature dependent 

heat capacity from DSC experiment

Figure 4: Langevin model fit to 

lowest rate ambient experiment

Table 1: Langevin parameters 

obtained from the fitting in Figure 4

Equation 1a: Langevin stress

Equation 1b: Langevin function

Equation 1c: Stretch on a chain

Figure 5: Alpha MB model fit to low 

temperature quasistatic experiments

Table 2: Alpha parameters obtained 

from the fittings in Figure 5

Figure 6: Comparing characteristic stresses 

from model predictions and experiments

Figure 7: Stress-strain response as predicted 

by the model, compared to experimental data


