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Tab. 2 Numerical results of node 1 of Membrane

element patch test

Model u v o, oy Tay

QFUQAS8 0.000050 0.000040 1333.3330 1333.3330 400.0

Analytical 0.000050 0.000040 1333.3330 1333.3330 400.0
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Tab. 3 Numerical results of node 1 of plate

(33

element patch test

Model w 0, 0, T, T,

QFUQAS8 0.00021550 0.01360—0.01120—0. 01020 —0. 00160

Analytical 0.00021550 0.01360—0.01120—0. 01020 —0. 00160
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Tab.4 Vibration analysis results for

rectangular membranes
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Tab. 5

Normalized displacement at the center

of the clamped square plate

Number of nodes

Model

25 81 289
MITC4[18] 0.994 0.998 0.999
MITC4+(19] 0. 994 0.998 0. 999
S8R 0.995 0.998 0.999
MITC-S8L20] 0.956 0. 987 0.995
QFUQAS 0. 995 0. 999 1. 000
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Tab. 6 Normalized displacement at the center

of the simply supported square plate

Number of nodes

Model

25 81 289
MITC4 0. 994 0. 998 0. 999
MITC4 + 0. 994 0.998 0.999
S8R 0.995 0.998 0.999
SHB8PS2! 1.019 1. 004 1. 002
QFUQAS 0.998 0. 999 1. 000
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Fig. 5 Convergence of normalized displacement
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Fig. 6 Circular plate problem
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Tab.7 Normalized displacement at the center

of the clamped circular plate

Number of nodes

Model

19 80 279
MITC4 0.993 0. 998 0. 999
MITC4+ 0.993 0. 998 0.999
S8R 0.994 0.998 0.999
QFUQAS 0.975 0. 989 0. 998
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Tab.8 Normalized displacement at the center

of the simply supported circular plate

Number of nodes

Model

19 80 279
MITC4 0. 980 0. 995 0.998
MITC4+ 0. 980 0. 995 0.998
S8R 0. 985 0. 996 0.999
SHB8PS 0. 944 0. 986 0.993
QFUQAS 0. 995 0.999 1. 000
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the center of the simply supported circular plate
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Fig. 8 Cantilever beam problem
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Tab.9 Normalized displacement at point

A for the cantilever beam problem

Number of nodes

Model

10 27 85
IBRA422] 0.941 0.991 0.997
Pimpinellit#’ 0.983 0.992 0. 999
Q4DRL21 0. 924 0.974 0.993
S8R 0. 985 0.996 0. 999
QFUQAS 0. 980 0.993 1. 000
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Fig. 10 Pinched cylinder problem
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Tab. 10 Normalized displacement at point B for
the pinched cylinder problem

Number of nodes

Model
25 81 289

IBRA4 0. 370 0. 736 0.934
Pimpinelli 0.626 0.938 1. 094
Q4DRL 0. 348 0.732 0. 926
SHB8PS 0. 387 0. 754 0. 940
S8R 0.615 0.961 0.993
MITC4+ 0. 390 0. 754 0.931
QFUQAS 0.631 0.941 0.996
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Fig. 11  Convergence of normalized displacement at

point B for the pinched cylinder problem
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Tab. 11 Normalized displacement of point A

of the Hook problem

Number of nodes

Model
39 125 441
MITC4 0.953 0.963 0.978
MITC4+ 0.953 0.963 0.978
S8R 0. 960 0.972 0. 997
QFUQAS 0.912 0. 969 1. 002
1.02¢
1.00f
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Fig. 13 Convergence of normalized displacements

at point A of the Hook problem
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Eight-node quadrilateral hybrid shell element with Drilling degrees of freedom

MA Xu®, YANG Xuan-zheng, LI Tan
(School of Science, Yanshan University, Qinhuangdao 066004 ,China)

Abstract: In this paper, an eight-node quadrilateral hybrid shell element QFUQAS is constructed, in
which the refined uncoordinated membrane part has drilling degrees of freedom. The combined mass
matrix is improved by using two kinds of displacement fields, and the computational accuracy of the
element is improved by selecting different parameters of the refined elements. The interpolation function
is constructed based on the stress field of the element obtained from the analytical solution of the Airy
stress function, and the drilling rotation is added to the displacement field of the eight-node isotropic
element to determine the test function; the boundary displacement interpolation of the element is
constructed in the plate part with the Timoshenko beam function of arbitrary order,and the Airy stress
function is used as the assumed stress function, which is corrected for the presence of a warped structure
of the element by means of the projection to the mean surface. Numerical examples show that the
constructed flat plate-shell elements pass the non-zero constant shear patch test and have good accuracy

and convergence in structural analysis of shells.

Key words: unsymmetric finite element method;hybrid stress element;airy stress function;flat shell ele-

ment



