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Abstract. A kind of stabilized mixed/hybrid scheme for Reissner-Mindlin plates is proposed
with conforming isoparametric bilinear interpolations of deflection/rotations. The choice of
shear stress modes is discussed. It is shown by numerical experiments that fulfilling an
energy orthogonal condition for stress approximations is crucial to avoiding “shear locking”.
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1 Introduction

In recent years, a lot of work for the Mindlin-Reissner (R-M) plate model has been done in the
engineering and mathematical literatures (see [1-5, 7-15, 17] and references therein). As one
knows, one of the most important problems is how to avoid the locking phenomena in the thin
plate case.

Among the existing approaches, a stabilizing technique has often been used [10, 11, 14,
17] to avoid the “shear locking”. In this paper, we will discuss the influence of stress choices
to the “locking” for stabilized lower order quadrilateral R-M plate elements with conforming
isoparametric bilinear interpolations for approximations of the deflection/rotations.

Let Q C R? be the midsurface of the plate. The variational problem for the Mindlin-Reissner
plate bending model with clamped boundary reads as: find the deflection w € H{(£2) and the
rotation vector 8 € [H}(Q)]?, such that

A .
(B, + Z(Vw=p,vv=Q=(fv) V(.0 € [Hy (@, (1)
where t is the thickness of the plate, A = ?+ , with E the Young’s modulus and v the
Poisson ratio, f is the transverse load, a(3, () : / : Dye(¢)dQ, with €(8) = $[VB+(VB)T]
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the bending strain tensor and

1 v 0
E
Dp=——— | v 1 0
20-v%) 1§ o (1-1)/2

the elasticity matrix.
By introducing the scaled shear stress v = A\(Vw — )/t? as an independent unknown, the
mixed/hybrid form of (1) is: find (w, 3;7) € HE(Q) x [HZ(Q)]? x [L2(2)]? such that

a(B,0) + (Vv —C) = (fv), Y(v,¢) € Hy(Q) x [Hy (), (2)

Lo - (ww-pm = 0 vr € (L) ®)

The potential energy functional for (1) and the mixed/hybrid energy functional for (2)-(3)
are respectively of the following forms:

w0 = 3 (460 +3(ve-6v0-0) - (0 (@)
Mun(v.Gir) = 3 (a6, - S+ 2mw0-0)) = (0
O - - M- QM -0). (9)
Thus, we have:
Wir(w,Bi) = inf sup Hur(v, G 7)

inf (Hp(v, ¢) — igf%(r — M2y = ), T — M (v — C))) )

(,6)

which means, in discretized cases, that the energy of the mixed /hybrid model is always no greater
than that of the potential energy model; that a much bigger stress approximation subspace can
lead to a much bigger (thus bad) energy approximation of the mixed /hybrid finite element model.

2 The finite element method and stress choices

Let Cj, be the finite element partitioning of Q into convex quadrilaterals and define the finite
element subspaces for the deflection and rotation vector as

W, = {ve Hol(Q) v |g€span{l,§,n,én}, VK € Gy},
Vi = {Ce [HUQ)P: ¢ k€ [span{L & e}’ VK € Gy,
where &, n are the isoparametric coordinates, and the isoparametric mapping Fg : K =

[-1,1]? — K is given by
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