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Finite element formulation for non-linear static analysis of orthotropic plates
using two-variable refined plate theory
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Original Research Paper A finite element formulation for bending analysis of isotropic and orthotropic plates based on two-
Received 22 September 2015 variable refined plate theory is developed in this paper. The two-variable refined plate theory which can
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Available Online 30 Novermber 2015 be used for both thin and thick plates predicts parabolic variation of transverse shear stresses across the

plate thickness and therefore, it does not need shear correction factor in the formulation and the zero
stress conditions are satisfied on free surfaces. The von-Karman nonlinear terms are considered in

Keywords: ) . . ;i . ; . . L

Finite Element Method strain-displacement equations and governing equations are derived using the Hamilton's principle. After
Non-linear bending constructing weak form equations, a new 4-node rectangular plate element with six degrees of freedom
T\r/‘\l_O-kValriable Refined Plate Theory at each node is used for discretization of the domain. The non-linear coupled governing equations are
Thick Plate

solved by Newton—Raphson method. The finite element code is written in MATLAB which can be used
for analysis of thin and thick, isotropic and orthotropic plates with various boundary conditions. Some
benchmark problems are solved by the developed code and the obtained displacements and stresses are
compared with the existing results in the literature which show the accuracy and efficiency of presented
finite element formulation.
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Table 3 Material properties of orthotropic plate
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Table 4 Convergence study for normalized deflections and stresses for

simply supported orthotropic square plate subjected to uniformly
distributed loading (h/a=0.1,g=1)
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Fig. 2 The variation of 7,, a cross thickness for a simply supported of
orthotropic square plate (g = 1,h/a = 0.1)
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Table 7 Effects of orthotropic for normalized transverse deflections and

stresses for simply supported square plates
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Table 5 Comparison of deflections and stresses of simply supported
orthotropic plate subjected to uniformly distributed load considering
different thickness and aspect ratio (g = 1)
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Table 6 Comparison of normalized deflections and normal stress of
orthotropic square plate considering different applied load and

boundary conditions (h/a = 0.02)

Tz a, G, w Ev/E;
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