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a hybrid finite-element method, the stress field and the displacement field are assumed independently for
the element. If the displacement field is assumed inside the element, the stiffness matrix is formulated using Hellinger
- Reissner variational principle. If the displacement field is assumed at the element boundary, the stiffness matrix is
derived by applying the variational principle of complementary potential energy. Numerous hybrid plate bending
elements based on these principles have been proposed in the past. this study, they are divided in to six groups,
namely, four-node, five-node, eight-node and nine-node quadrilateral elements with interior displacement
assumptions, four-node quadrilateral elements with boundary displacement assumptions and, lastly, elements

outside these groups.

Tests on accuracy of displacement show that most of the elements gave more than 90 percent accuracy
regardless of variation in thickness and aspect ratio. = Convergence of solution was, in general, hon-monotonic.
Accuracy of stresses averaged more than 85 percent and most elements were invariant. ~ Almost all elements,
however, did not pass the patch test. Evaluation of the elements was concluded by comparing their computational

efficiency.

The results of the study on the performance of these hybrid elements lend importance to the displacement
and stress fields selected for an element. A good way to choose a stress field is to consider the natural deformation
modes based on an eigenvalue analysis. A stress field that includes all the natural modes not only is complete but
also minimizes the number of generalized stress parameters to be assumed. Using too many parameters in the
stress field would only result in an overstiff model and more computational effort. ~ Keeping the order of the
polynomial assumed for the stress field low would, by contrast, lead to computational saving. With regard to the
choice of the displacement field, the use of the Lagrange multiplier certainly leads to better accuracy of

displacements but at the expense of computational efficiency.

Comparison of the overall performance of the hybrid elements studied indicates that the QHMID-OP
element, modified from Dong's QHMID element, and the QRDH-OP element, modified from Henshell's QRDH

element, are among the most efficient-both being four-node quadrilateral elements.
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