
 
Mixed three-field FE formulation for highly non-linear analysis 

encompassing the incompressibility limit 

M. Chiumenti* and M. Cervera* 

* International Center for Numerical Methods in Engineering (CIMNE) 
Universidad Politécnica de Cataluña, Campus Norte UPC, 08034 Barcelona, Spain  

Email: michele@cimne.upc.edu, mcervera@cimne.upc.edu 
 

ABSTRACT 

In this work the mixed three-field formulation presented in [1] is exploited to solve highly non-linear 
FE analyses. The main idea is to retain the stress accuracy demonstrated by the mixed 
stress/displacement FE technology [2-4] as well as to encompass the incompressible limit with the 
same performance shown by the displacement/pressure mixed elements [5-7]. The Variational Multi 
Scale (VMS) method is used to circumvent the LBB stability condition allowing for the use of linear 
piece-wise interpolations for the displacement, (deviatoric) strain and pressure fields, respectively. 

Hence, the main objective is the development of a FE technology able to tackle highly non-linear 
analysis of solid materials that present isochoric behaviour such as elastomers, metals (J2 or Hill’s 
plasticity), as well as incompressible flows (Bingham fluids, Norton-Hoff laws), among others.  

The intrinsic cost associated with this three-field formulation can be drastically reduced thanks to the 
compatibility with the mixed displacement/pressure elements. Hence, the solution consists of 
activating the degree-of-freedom of the (deviatoric) strain field when the high accuracy of the 
solution is required, only. This is the case of stress concentration, strain localization, etc… 

The performance of the proposed FE technology is assessed for both non-linear computational solid 
mechanics (CSM) and fluid dynamics (CFD). 
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