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Motivation 
The Finite Element Method (FEM) is widely used in structural 
mechanics to solve complex continuous problems by 
transforming them into finite elements. However, it faces the 
issue of "locking“, where parasitic strains and stresses cause 
artificial stiffness, affecting accuracy. Various methods like 
Selective Reduced Integration (SRI), Assumed Natural Strain 
(ANS), Enhanced Assumed Strain (EAS), and Discrete Strain 
Gap (DSG) have been developed to mitigate locking. Despite 
these, locking remains intrinsically to the underlying differential 
equations. The Mixed-Displacement (MD) method offers a 
solution, which is prior to discretization schemes, using equal-
order interpolations for locking-free results. Therefore, MD 
method needs to be investigated and compared its performance 
against the mentioned unlocking schemes. 
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Theoretical uniqueness of MD method 
Mathematical formulation: 
• Hellinger-Reissner principle: 

 

 

• An independent strain field 𝑬𝑬: 
 

• Idea of MD method: to link the strains 𝑬𝑬 to additional degrees 
of freedom 𝑢𝑢� through a specific linear differential operator ℒ̅. 

• For 2D linear elasticity: 

 

 

 

 

 

 

 

• For Reissner-Mindlin plate model: 
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Simply supported plate: 
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Numerical examples 

Summary 
in 2D solid elements:  
• MD method performs very similar to SRI scheme 

• effective in avoiding shear locking 

• potential to be extended to arbitrary discretization schemes 

in plate elements:  
• MD method performs very similar to ANS scheme 

• effective in avoiding shear locking 

Fig.1 contour plot: displacement of Q1 
element 

 

Fig.2 displacement of vertex inside vs. 
slenderness 

Fig.3 contour plot: midpoint-displacement 
of Q1ANS for the mesh with refinement 
=3 

Fig.4 midpoint displacement vs. number 
of element 
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