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ABSTRACT 

This contribution addresses the issue of physical and non-physical stability of discrete 

solutions obtained by means of different non-linear mixed and enhanced finite element 

formulations (cf. [2]) occurring under homogeneous stress states in elasticity problems. 

While a locking-free property is crucial for accurately capturing physical instabilities, it 

is often observed that some formulations also suffer from non-physical instabilities, 

usually referred to as hourglassing (cf. [1] or [3]).  

Here, an analytical stability analysis of a simple reference problem is presented, which 

then is compared to the discrete solutions. This allows assessing precisely the 

performance of different finite element formulations for a broad range of input data, e.g. 

element aspect ratio and elastic constants. The further aims of this contribution are 

twofold: first, the roots of the hourglass phenomena triggered by compressive stress states 

are highlighted and subsequently, based on these findings, simple approaches to construct 

stable and locking-free finite element formulations are discussed.  
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