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ABSTRACT 
 
     Low-order four-node quadrilateral (Q4) elements are widely used for their 
meshing convenience, but their accuracy is limited by the inherent constraints of low-
order elements. To remedy this, advanced elements such as incompatible-modes (ICM) 
and MITC4 have been developed and are used successfully, yet all of them modify the 
element stiffness. This study takes the opposite approach: the stiffness is retained only 
as a preconditioner, and accuracy is improved instead through a recovery-based 
residual correction. 
For each element, the residual is defined as the difference between the standard 
internal force and the internal force constructed from a recovered, blended stress field. 
Reusing the already-factorized stiffness, the displacement is updated at little additional 
cost, and the solution converges toward the state in which the recovered internal force 
balances the external load. This equilibrium state does not depend on the stiffness 
used as preconditioner; in this work the correction is applied on the standard Q4 
stiffness, and what governs the accuracy is not the stiffness but the recovered internal 
force itself. By extracting and exploiting information from the recovered, post-processed 
stress field, the correction draws the solution closer to the reference. 
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