
Analysis of the Stiffness of the Rubber  

Here is some analysis about how to choose the rubber for the seismic isolation stacks. 
To lower the natural frequency of the stack, we want the stiffness of the rubber as small as 
possible. In another hand, we want the mass of the stack plates to be larger; the larger mass will 
need stiffer rubber to support.  

 It is very easy to notice that the rubber will become stiffer when we compress it a lot. 
The stiffening could come from two reasons: 1) the nonlinearity of the Young’s modulus of 
rubber; 2) the deformation of rubber changes the geometry of rubber and the geometry change 
leads the stiffening (Finite deformation effect). The nonlinearity of the Young’s modulus is hard 
to measure for us and we will ignore this effect first. The following is the analysis of the finite 
deformation effect: 

 

 The figure above shows that a cylindrical rubber rod with initial length L and section 
area A was compressed and its length is L-l. Because the Poisson ratio of rubber is close to 0.5, it 
can be regarded as imcompressible. The new section area will be: 
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The engineering strain is: 

 𝛼𝛼 = 𝑙𝑙
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The true strain will be: 

𝑑𝑑𝜀𝜀𝑙𝑙 = 𝑑𝑑𝑙𝑙
𝐿𝐿−𝑙𝑙
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𝜀𝜀𝑙𝑙 = ln � 𝐿𝐿
𝐿𝐿−𝑙𝑙
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The strain-stress relationship: 

𝜎𝜎𝑙𝑙 = 𝐸𝐸𝜀𝜀𝑙𝑙                                                                  5 

Where E is the Young’s modulus. 

The load will be: 
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By using this formula, we can fit our measured data: 

 

As we can see, the finite deformation model can catch the stiffening well. 

The spring constant (stiffness) of the rubber rod will be: 

𝐾𝐾𝛼𝛼 = 𝐸𝐸𝐴𝐴𝑙𝑙
𝐿𝐿−𝑙𝑙

= 𝐸𝐸𝐴𝐴𝐿𝐿
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For supporting the stack plates, 

𝑀𝑀𝑀𝑀 = 1
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Substitute Eq. 8 into Eq. 7 

𝐾𝐾𝛼𝛼 = 𝑀𝑀𝑀𝑀
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Obviously, to choose a small mass will lower the spring constant, but cannot decrease 
the frequency. In the practical side, we should choose large height for the rubber. Also, by 
choosing the right balance engineering strain, we can have lower spring constant. As shown in 
the following figure, 𝑓𝑓(𝛼𝛼) have a minimum value (~ 2.72) when α is about 0.63. Because, we 
didn’t count the nonlinearity of Young’s modulus, choose 0.63 is a little bit risk. A value between 
0.45 and 0.55 should make the  𝑓𝑓(𝛼𝛼) less than 3 and it close the minimum enough.  
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As a summary, we can suggest some values from our calculation. The height, L, should 
be around 2~3 inches for practical setup. The area should be big enough to make the rod stable. 
Each rod (4 in total) should has area around 2 ~ 4 inch square. Let’s say α is about 0.5. We can 
determine the Young’s modulus of the rubber we want. The following is an example: 

L = 3 inch 

α = 0.5 

A = 3.14*0.75^2*2.54^2*10^-4*4=4.5 e -3 (m^2)   (1.5 inch in diameterX4) 

The first stack support about 60 Kg including the plate and setup 

E ~ 0.1 Mpa. 

The one we measured is about 1 MPa, so we need very soft rubber for the stack. 

 

The calculation of frequency shows: 

L = 3 inch, frequency is about 2.4 Hz in the best condition 

L = 2 inch, frequency is about 2.9 Hz. 

It is very hard to get frequency lower than 2 Hz. 


