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Abstract. The purpose of this study is to evaluate the effect of strain rate on compressive behaviour of 
silicone rubber. The silicone rubber which was used as biomimetic material was prepared as a specimen. 
The shape of specimen was cubic and each side length was 10 mm. In this study, a dynamic compressive 
test was performed using a drop-weight testing machine at the strain rate of approximately 101 s-1, which 
can be detect the compressive stress for a long time without any disturbance. For comparison, a quasi-static 
compressive test was performed using the universal testing machine at the strain rate of 10-4 to 10-1 s-1. In 
the deformation process of the silicone rubber, the flow stress did not increase at the early stage of 
deformation. When the strain reached 0.6, the flow stress was increased with increasing strain. This 
deformation process was considered to be due to rubber elasticity. It was confirmed that the silicone rubber 
showed an increase of the flow stress with increasing strain rate, which showed general behaviour of soft 
materials such as rubber. In the silicone rubber, the flow stress with respect to the strain rate could be 
simply expressed with the Cowper-Symonds constitutive equation. 

1 Introduction 

Helmets and protectors are often used to protect the 
human body from impact loading such as collision of 
flying objects. Therefore, it is important to accurately 
evaluate its protective performance. In the previous 
study, the protective performance has been evaluated by 
the degree of dent at the clay [1]. However, when an 
impact load is applied to the human body protected by 
the protector, the muscle and the visceral tissues are 
sometimes damaged by the propagation of stress waves 
or shock waves, even if the visible scars do not appear 
[2]. Such damages are called "blunt trauma" and it is 
difficult to evaluate by the previous testing methods using 
clay. Therefore, a method that also can evaluate the blunt 
trauma is required. 

In recent years, the damage assessment using human 
dummies made of soft materials such as silicone rubber 
has been conducted [3]. In this method, since it is 
possible to obtain the pressure-history and the 
displacement-history generated in a human dummy, it is 
expected as a method for evaluating the blunt trauma. In 
order to evaluate precisely protection performance using 
human dummies, it is necessary to know the mechanical 
properties of silicone rubber. However, there are few 
reports on the dynamic properties of soft materials such 
as the silicone rubber, because these have the 
characteristic of large deformation [4].  

Thus, the purpose of this study is to evaluate the 
effect of strain rate on compressive behaviour of silicone 

rubber. We performed the quasi-static and the dynamic 
compressive tests on the silicone rubber which was a 
biomimetic material.  

2 Experimental Procedures

2.1 Material

In this study, the silicone rubber which was used as 
biomimetic material was prepared as a specimen. When 
the specimen was produced by die-casting with a metal 
mold, there was a problem that the shape of specimen 
collapsed at the time of peeling from this mold.
Therefore, the specimen cut out from a large-sized block 
sample (200 × 200 × 300 mm) was used as the specimen. 
In the cutting of specimen, the cutting surface was curved 
with a thin blade such as a razor. Therefore, a thick blade 
like a kitchen knife was used for cut out the specimen. 

Figure 1 shows the images of silicone rubber specimen. 
The shape of specimen was cubic and each side length 
was 10 mm. 

2.2 Definition of initial thickness

Since the silicone rubber deforms with a very weak force, 
the deformation occurs at the time of measuring the 
initial thickness. Therefore, in the present study, the 
thickness measured with a dial gauge which mounted a 
planar measuring probe with a diameter of 15 mm was  
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Fig. 1.  Images of silicone rubber specimen. 

Fig. 2. Measurement of thickness at the silicone rubber specimens 
using the dialgage which mounted a planar measuring probe. 
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Fig. 3.  The conceptual diagram of the contact position between  
  specimen and jig. 

defined as the initial thickness. Figure 2 shows the 
measurement of thickness at the silicone rubber specimens.  

The mass of the planar measuring probe is 2.55 × 10-3

kg. Thus, the measuring force is approximately 0.25 N. 
By measuring the thickness of specimen with this small 
constant load, the measurement error due to measuring 
force was reduced. 

2.3 Quasi-static compressive test

The quasi-static compressive test was conducted using 
the universal testing machine (5500R, Instron).  

The contact position between specimen and jig was 
determined by using the initial thickness which was 
defined in the previous section. Figure 3 showed the 
conceptual diagram of the contact position between 
specimen and jig. First, the position where upper and 

Fig. 4.  The conceptual diagram of the contact position between  
specimen and jig [4]. 

lower jigs contact each other without specimen is taken 
as the reference position. At this time, the pressure 
distribution between the jigs was observed using a 
pressure measurement film (Fuji Film, PRESCALE-LW, 
measured pressure band 2.5 to 10 MPa), and the pressure 
distribution between the jigs was adjusted to be even. 
After setting specimens, the gap between upper and lower 
jigs was set to the initial thickness of each specimen by 
the control of machine, and this position was defined as 
the contact point and it was regarded as strain zero. 

The quasi-static compressive test was carried out at 
the initial strain rates of approximately 1.7×10-3, 1.7×10-2

and 1.7×10-1 s-1. These tests were conducted three times 
for each strain rate. 

2.4 Dynamic compressive test

The dynamic compressive test at the strain rate of 
approximately 101 s−1 was conducted using a drop-weight 
testing machine. [4]. This machine was used a universal 
rate range (URR) load cell in order to reduce the 
influence of the reflected stress waves [5]. URR load cell 
can detect the compressive stress for a long time without 
any disturbance using reduction technique of reflection 
stress wave. Therefore, it is suitable to evaluate the large 
deformable materials such as silicone rubber [5].  

This testing machine was consisted of a drop-weight, 
guide rail and URR load cells. Figure 4 shows the 
schematic view of a drop-weight testing machine [4]. The 
recording system of this testing machine was comprised 
of a Wheatstone bridge box and differential amplifier 
(5305, NF Co., Ltd.), and digital oscilloscope (DL750, 
Yokogawa Meters & Instruments Co., Ltd.). The  
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displacement of the drop-weight was measured using a 
laser displacement meter (LK-G5000V, KEYENCE Co., 
Ltd. sampling rate: 100k Hz).  

In this testing machine, it is possible to measure the 
stress equilibrium of a specimen by using upper and 
lower load cells. It was confirmed that stress equilibrium 
was achieved under this experimental condition.  

The dynamic compressive test using the drop-weight 
testing machine was carried out at approximately 5.4 × 
101 s−1. As with the quasi-static test, the contact position 
was determined using the initial thickness which was 
defined in the previous section. 

3 Results and Discussion 

3.1 Stress-strain relationship 

Figure 5 shows the typical stress-strain relationship 
obtained from the quasi-static and dynamic compressive 
test of silicone rubber. The oscillation in the dynamic test 
result is the superimposition of the white noise from the 
power supply. In the deformation process of the silicone 
rubber, the rate of increase in flow stress was very low at 
the early stage of deformation. When the strain reached 
approximately 0.6, the flow stress was increased with 
increasing strain. This deformation process was 
considered to be due to rubber elasticity, which occurs
when the network structure of the polymer chain at room 
temperature is in the rubber state [6].

In addition, it was confirmed that the silicone rubber 
showed an increase of the flow stress with increasing 
strain rate, which showed general behaviour of soft 
materials such as rubber. 

3.2 Effect of strain rate 

In order to investigate the effect of strain rate on the 
compressive stress of the silicone rubber in detail, the 
variation of that compressive stress was plotted as a 
function of strain rate using a double logarithm at each 
strain (ε = 0.3-0.5), as shown in Figure 6. It has been 
reported that general polymeric materials have the high 
rate of increase of the flow stress at the dynamic and 
impact strain rates compared with the quasi-static strain 
rate [7]. In the silicone rubber used in this study, the same 
tendency as the previous reports was observed. 

From this result, we consider a constitutive equation. 
The flow stress with respect to the strain rate could be 
expressed with exponential function defined by following 
equations.  




















+=

m

γ
ε

σσ


10  (1)

where σ0 is the static stress, m and γ are the strain rate 
parameters. The above equation is called the Cowper-
Symonds constitutive equation [8]. This constitutive 
equation is widely used to represent the strain rate 
sensitivity of metal materials in a simple way. 

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8
Strain

St
re

ss
 (M

Pa
)

5.4×101s-1

1.7×10-1s-1

1.7×10-2s-1

1.7×10-3s-1

Fig. 5. The typical stress-strain relationship obtained from the 
quasi-static and dynamic compressive test of silicone rubber. 
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Fig. 6. The variation in compressive stress plotted as a function 
of strain rate using a double logarithm at each strain. 

The broken line indicate in Figure 6 shows the result 
obtained from the Cowper-Symonds constitutive equation. 
Where, the value of m is 0.1 and γ is 50 s-1. In the present 
study, the value of σ0 was substituted for the stress at the 
strain rate of 1.7×10-3 s-1. 

In the silicone rubber, the flow stress with respect to 
the strain rate could be simply expressed with the 
Cowper-Symonds constitutive equation. However, in the 
quasi-static strain rate range from 1.7×10-2 to 1.7×10-1 s-1, 
the value obtained from the Cowper-Symonds 
constitutive equation did not match the experimental 
results. Therefore, in order to express the stress-strain 
relation more accurately, it is necessary to consider the 
others constitutive equation. 

4 Summary 
In this study, the quasi-static and the dynamic 
compressive tests were performed on the silicone rubber 
which was a biomimetic material, and the effect of strain 
rate was investigated. The results can be summarized as 
follows. 
(1) In the deformation process of the silicone rubber, the 

rate of increase in flow stress was very low at the 
early stage of deformation. This deformation process 
was considered to be due to rubber elasticity which 
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occurs when the network structure of the polymer 
chain at room temperature is in the rubber state. 

(2) It was confirmed that the silicone rubber showed an 
increase of the flow stress with increasing strain rate. 

(3) In the silicone rubber, the flow stress with respect to 
the strain rate could be simply expressed with the 
Cowper-Symonds constitutive equation. However, in 
the quasi-static strain rate range from 1.7×10-2 to 
1.7×10-1 s-1, the value obtained from the Cowper-
Symonds constitutive equation did not match the 
experimental result. 
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