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1D stretch experiment with rubber



Polynomial fit

From a table  iPt  
 
                                                    iξ  
 
 
 
We could get (assuming for example the 3rd degree polynomial) 
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The derivative with respect  the stretch yields  
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Interlude
In the small-strain world we have 
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So a sort of an „equivalent“ Young modulus is 
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A trivial check
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where 
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In 1D case the Green-Lagrange strain tensor is 
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Using the  mass conservation law                AlAl tttρρ =000  
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For practical FE computations we need ( )ijij EfS =  



So the relation we are looking for is 
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also 
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Check and summary
a)   geometry  
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b)   conservation of mass 
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c)   stresses
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Still not enough

What is the relation between   At    and    A0  ?   

This would depend on other components of deformation gradient, i.e. ., 3322 FF  

And this, in turn would depend on the type of material deformation. 

Assuming  EQUIVOLUMETRIC  deformation  ( )5.0,0 == μVVt   -  typical for rubber. 

We would get 
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And finally 
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A thought experiment – part 1

Let´s assume that we have a material which behaves linearly in a very wide range of stretch, 
meaning 
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This force expressed by means of the 2nd  Piola-Kirchhoff  is 
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Comparing the last two equations we get 
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So a linear function   ( )ξfPt =   has a strongly non-linear counterpart in ( )GL
t EfS =0  for 
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the rate is given by       
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There is the same tangent in origin 
– but that’s a trivial conclusion.



A thought experiment – part 2

Let’s conclude this thought experiment by finding the material properties which would 

correspond to a linear relation 
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by substitution we get 
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We need a zero force for compressing 
the specimen to zero length. 
The paradox due to a false assumption.
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