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Characteristics of a Hybrid 4-Node Shell Element
with Drilling Degrees of Freedom
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ABSTRACT

In order to analyze shell structures more accurately and effectively, a hybrid 4-node quadrilateral
shell element is formulated. The element includes the drilling degrees of freedom and the independent
parameter terms of the stress resultants are appropriately selected to overcome some of the shortcomings
of the standard 4-node quadrilateral elements. In order to show the accuracy and convergent
characteristics of the proposed shell element, three numerical examples are analyzed and the results arc
compared with the existed. As a result of this study, following conclusions are obtained.

(DAnalysis results by the proposed element are less sensitive to the element geometric distortion.
(2)The proposed element does not produce any spurious zero-energy modes
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Fig. 1 Beam element with two nodes
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Fig.2 Isoparametric 8—node quadrilateral element
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Fig. 3 Isoparametric 4-node shell element
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Fig. 4 The zero displacement mode
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Fig. 5 The tapered and swept panel problem. Thichness = 1.0, E = 1.0. V= 1/3.
Mesh = NxN . Loading : unit in plane shear force distributed on the edge.
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Table 1. Normalized vertical deflection at point C for tapered and swept panel

Mesh Theoretical Present

242 24.1(1.008)
23.90

4.4 27.5(1.150)
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Fig. 6 The spherical shell problem. Radius = 100, thickness = 0.04, E = 685X 107, V =03
Mesh = NxN Loading: concentrated forces as shown.
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Table 2. Normalized displacements at load points for hemispherical shell

Mesh Theoretical Present
4% 4 0.0294(0.313)
6%6 0.0440(0.463)
0.0940
8X8 0.0650(0.691)
{0x10 0.0779(0.829)
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