
1D element for large strains 
and large deformations

Linear case
Non-linear case



Bar element, small strains, small displacements, linear material 

 
Approximation of displacements {u} = [A]{q} has the form  
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Approximation of strains {ε} = [B]{q}  
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The mass and stiffness matrices are 
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[C] = E – the Young’s modulus. 



Bar element, large strains, large displacements, non-linear material 
 
Displacements in reference configuration {tu} = [0A]{q}.  
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Its increment    Δ Δ ΔZ Z r q= =0 11 { } { }T . 



Green Lagrange strain tensor, its linear and non-linear parts 
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The non-linear part and its increment       
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The linear and non-linear incremental stiffness matrices and the vector of internal forces are 
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where tP  is axial force in  tC  
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Assuming 1D stress    Tt
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Thus the true stress vs. 2PK stress can be written in the form 
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Realizing that true stress is 
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and combining the last two equations we get 
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The relation between  A0   and  At   cannot be obtained from 1D considerations.  
An assumption of type of deformation must be taken into account.  
Assuming for example the isovolumetric deformation, ie. VV t=0  (typical for rubber) we get 
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Together with above equations it gives 
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So  ][ Nk  could be rewritten into 
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Assume that the properties of the material were experimentally tested in tension and 
compression and that a polynomial fit was performed over experimental data 
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(see c:\prog_c\prog\mtlnelin\gumafit.sam) 
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We have already shown that 
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So the constitutive „constant“ appearing in 
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As the first step it is sufficient to show the behaviour of a single element 
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Let’s fix the second DOF, then we have 
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where =c 1e 3 * [0.2510   -1.1876   1.9991   -1.0578] 
 
 l0 = 1; 
 d0 = 0,0115 
 a0 = pi * d0 ^ 2 / 4; 
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see telemachos c:\prog_all_backup\prog\mtlnelin\ttl_1el4.m 
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