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Evaluation of Stiffness Matrix of 3-Dimensional Elements for Isotropic
and Composite Plates
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Abstract

The stjffness of 6-node isotropic element is stiffer than that of 8-node isotropic element of same
configuration. This phenomenon was called ‘Relative Stiffness Stiffening Phenomenon’.® In this
paper, an equation of sampling point modification which correct this phenomenon was derived for
the composite plate, as well as an equation for an isotropic plate. The relative stiffness stiffening
phenomena of an isotropic plate element could be corrected by modifying Gauss sampling points
in the numerical integration of stiffness matrix. This technique could also be successfully applied
to the static analyses of composite plate modeled by the 3-dimensional 16-node elements. We
predicted theoretical errors of stiffness versus the number of layers that result from the reduction
of numerical integration order. These errors coincide very well with the actual errors of stiffness.
Therefore, we can choose full integration of reduced integration based upon the permissible error
criterion and the number of layers by using the thoretically predicted error.
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Table 1 Material properties of composite laminae

Type of layer Eu Ea Eaq Gz Gis Gz viz | via | ves Vay Vs Va2
(Gpa) | (Gpa) | (Gpa) | (Gpa) | (Gpa) | (Gpa)

Uni. lamina 192.0 | 156 15.6 8.2 8.2 5.23 [0.240.240.490.0195]0.0195} 0.49

Woven lamina | 192.0 | 192.0 | 156 | 80.0 | 82.0 | 82.0 | 0.2 [0.24 024 | 0.2 |0.0195)0.0195

Braided lamina | 120.0 | 120.0 | 120.0 | 48.0 48.0 48.0 10.25{0.25(0.25 | 0.25 0.25 0.25
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Fig. 7 Finite element model of cantilever plate under

end load
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Table 2 Comparison of the results of modified and unmodified 16-node elements with the results of

20-node elements (v =10.2)

Unmodified model Modified model error (%)
Analysis type Type of plate o
error (%) Modification quantity (2.0%)
Static linear Pure bending plate 4.1 0.13
analysis Cantilever Plate 45 0.55
Static Nonlinear Pure bending plate 3.7 0.16
Analysis Cantilever Plate 4.1 0.49
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Table 3 Comparison of the deflections of modified and unmodified 16-node models with the result of

20-node models

Displacements of Displa‘cements of Disp?a'cements of
Type of layer Angle 20-node conventional 16-node | maodified 16-node
{error%) (error%)

(0°/90°) ¢ 0.48956 0.48369(1.199) 0.48788(0.343)
Unidirectional (90°/0°) ¢ 2.09593 1.90109 (9.296) 2.10216 (0.297)
lamina (45°/—45°) 2.42787 2.29146 (5.619) 2.45861(1.266)
(90°/907) 5 4.43876 3.62156 (18.41) 4.43807(0.016)
(0°/0°) 5 0.43185 0.42966 (0.507) 0.43167 (0.042)
Woven lamina (45°/45°) 0.43185 0.42966 (0.507) 0.43167(0.042)
(0°/90°) 0.43185 0.42966 (0.507) 0.43167(0.042)
Braided lamina (0°/0°) 2.66217 2.48174(6.778) 2.64586(0.613)
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