KRLAPERIE

#11% #38 - 1991 98 ' mEITY }

pp. 1~10

SEHSTT Mg 8 JHME AL

An Improved Degenerated Shell Element for Analysis of
Laminated Composite Structures

33" faer

Choi, Chang Koon - Yoo, Seung Woon

Abstract

The paper is concerned with the analysis of laminated composite shell structures using an impro-
ved degenerated shell element. In the formulation of the element stiffness, the combined use of
three different techniques was made. They are; 1) an enhanced interpolation of transverse shear
strains in the natural coordinate system to overcome the shear locking problem; 2) the reduced
integration technique in in-plane strains to avoid the membrane locking behavior; and 3) selective
addition of the nonconforming displacement modes to improve the element performances. This
element is free of serious shear/membrane locking problems and undesirable compatible/commuta-
ble spurious kinematic deformation modes. An incremental total Lagrangian formulation is presented
which allows the calculation of arbitrarily large displacements. The resulting non-linear equilibrium
equations are solved by the Newton-Raphson method. The versatility and accuracy of this improved
degenerated shell element are demonstrated by solving several numerical examples.
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28 3. Interpolation points for shear strains.
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F 2. Normalized solution for twisted beam (thickness=0.32).

Formulation Element In Plane Out of Plane
9-Node R 1.00 1.00
Degenerated Shell* 9-Node § 0.99 0.99
9-Node N 0.98 0.98
Resultant Stress
9-Node R 141 1.36
Degenerated Shell*
) Type 1 1.00 1.01
This study ;
Type 1II 1.00 1.00
Beam Theory 0.5424 102 0.1754 X102
Notes; * Ref. T. Belytschko et al.(1989); (3X13) mesh
R: Reduced integration(2 X 2)
N: Normal integration(3x 3)
S: Selective integration

3X3 for in plane stiffness
2X2 for shear stiffness
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E 3. Normalized solution for twisted beam (thickness=0.0032),
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Notes; * Ref. T. Belytschko et al.(1989); (3>X13) mesh
R: Reduced integration(2X2)
N: Normal integration(3X3)
S: Selective integration
3X3 for in plane stiffness
2X2 for shear stiffness
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