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FINITE ELEMENT OF ELASTICITY WITH COUPLE-STRESS USING THE
ANALOGY BETWEEN PLANE COUPLE-STRESS AND
REISSNER /MINDLIN PLATE BENDING !

Huang Bucyu®  Wu Changchun®  Zhong Wanxie?
“(Schood of (il Engineering & Mechanics, Shangha Jiao Tong Undversity, Shangh o 200240, Chinag)
T{State Key Laboratory of Strisctionl Analysis of Industrial Eqapment, Departiment of Enginesring Meoh andcs,
Datian University of Technology, Dalien 116024, i)

Abstract In order to include the effect of microstructure, the theory of elasticity with couple stress considers
couple stress which does not appear in the classical dasticity theory. However, there exists a crucial C! continuity
difficulty in the finite element formulation of elasticity with couple stress.

The analogy between plane elasticity with couple stress and Ressner/Mindlin plate bending provides an
important way to avoid the C! continuity difficulty. According to the analogy, the C! continuity difficulty can
be avoided naturally by the formulation in the space of stress functions, and the formulation can be analogous
to the one of certain Reissner /Mindlin plate bending element in the space of transversal deflection and rotation.

The unsettled problem is how to transform the finite element with stress functions as degree of freedom
{DOF) into the one with usual planar displacement and rotation as DOF. Using the analogy, the present work
provides an effective and rigorous method to deal with this problem. The final finite element has two important
characteristics. Firstly, the formulation in space of stress functions aveids C! contimiity difficulty. Secondly,
the discrete unknown DOF are usual displacement and rotation.

As an application of the present methodd, a finite element of plane couple stress with 12 DOF is transformesd
from the eight nodes serendipity Reassner/Mindlin plate bending element. Numerical results of typical problems

show that the present element has satisfactory precision and convergeneoe.

Key words analogy, couple-stress, Reissner /Mindlin plate bending, C' continuity, finite element,
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