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Large Deflection Analysis of Plates By Using Small Local Deflections
And Rotational Unit Vectors

kisu Lee*

ABSTRACT

The large deflection of plate is analyzed by co-rotational formulations using small local displacements and
rotating unit vectors on the nodal points. The rotational degrees of the freedom are represented by the unit vectors
on the nodal points, and the equilibrium equations are formulated by using small deflection theories of the plates
by assuming that the directions of the unit vectors of the nodal points are known apriori. The translational degrees
of freedom are independently solved from the rotational degrees of freedom in the equilibrium equations, and the
correct directions of the unit vectors are computed by the iterative scheme by imposing the moment equilibrium
constraint. The equilibrium equations and the associated solution procedure are explained, and the verification
problems are solved.
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Table 1 Comparison of the computing time and central deflection associated with the load density
between the present method and Abaqus (number of elements: 400, thickness: 0.1 in)

load density computing time (sec) deflection at center (in)

(psi) present Abaqus present Abaqus

15 17.96 40.3 0.198 0.195

300 16.52 152.9 0.535 0.536
1500 15.97 264.7 0.917 0.922
3000 19.20 259.2 1.16 1.17

Table 2 Comparison of the computing time and central deflection associated with the number of elements

between the present method and Abaqus (load density: 1500 psi, thickness: 0.1 in)

number of computing time (sec) deflection at center (in)
elements present Abaqus present Abaqus
16 (4x4) 3.135 12.70 0.920 0.939
64 (8x8) 11.66 39.56 0.920 0.926
144 (12x12) 11.84 90.1 0.918 0.924
400 (20x20) 15.97 264.7 0.917 0.922

Table 3 Comparison of the computing time and central deflection associated with the plate thickness between
the present method and Abaqus (load density: 1500 psi, number of elements: 144)

computing time deflection at center (in)
thickness (in)
present Abaqus present Abaqus
0.05 25.7 108.5 1.16 1.17
0.1 11.84 90.1 0918 0.924
0.2 3.57 43.5 0.729 0.730
03 4.31 29.85 0.637 0.632
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