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AN ASYMPTOTIC INVESTIGATION OF THE DYNAMICS 
OF ECCENTRICALLY REINFORCED PLATES? 
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Dnepropetrovsk 

(Rece/ved 9 June 1995) 

With the aim of extending earlier results [1-9] obtained by the method of avere~ng [5-9], the equations of the vibrations of a 
plate reinforced by elm;tic n"es mounted e~ontrically with respect to its median surface are investigated. A system of recun~nce 
equations is derived, o:[ which the first approximation corresponds to the construedve orthotropie theory. It is shown that even 
this approximation reveals the singularities of asymmetrically distn~muted n'bs. Corrections for discretely situated ribs are obtained. 
© 1997 Elsevier Science Ltd. All rights reserved. 

In dimensionless variables, the initial relat ions describing free vibrations of an eccentrically reinforced plate  have 
the form 
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Po is the density of the plate material per unit area, Pc is the density per unit length of the n~o material, F is the 
cross-section area of the rib, Js is the torque of the rib, S is the static moment of the n~o relative to the median 
surface of the casing,/1 is the bending moment of the rib out of the plane, J is the bending moment of the rib in 
the plane, w is the normal deflection, u and v are the displacements of the plate in the plane in the direction of 
the x andy axes, respectively, x andy are the coordinates in the plane, t is the time, E and E~ are Young's modulus 
of the materials of the plate and ribs, respectively, v is Poisson's ratio of the material of the plate, G~ is the shear 
modulus of the n~o material, h is the plate thickness, here and everywhere below the summation is from i = -(N 
+ 1)/2 to i = (N + 1)/2, 5(. . .)  is the Dirac delta-functiun, N is the number of n~os, and L~ and 2L 2 are the lengths 
of the plate in the direction of the x and y axes, respectively. 

We will introduce slow and fast variables 11 and 9, and represent the displacements in the form 
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where functions of the zero approximation depend on the slow variables only. 
The variability with respect to time is assumed to be small, i.e. we are considering the lower part of the spectrum. 
For the parameters which appear in the boundary-value problem ( 1 )-( 11 ) we take 
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Substituting series (12) into system (1)-(3) and using the new expression for the derivative 
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by splitting with respect to e we obtain a system of equations which are integrated to give 
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The condition of matching of adjacent parts of the plate (4)-(8) can be rewritten in the form 
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Equations (16)-(18) are essentially the conditions of solvability of the equations of the first approximation, and 
yield at once the equations 
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System (19) corresponds to the constructive orthotropic theory. Its main feature is that it is of order ten with 
respect to ~, which raises the question of the boundary conditions. Conditions (9)-(10) become 

w0=wo n = u o = v o = 0  ifox 11=1/2 

Wo=Wo~=Uo=Vo=O for :  ~ = 0 ,  L 

The missing boundary conditions,are'obtained by averaging relations (11) 
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Vo~=0 for  ~ = O, L (20) 

For symmetrically placed nq~s, system (19) splits up and the stiffness of the ribs in bending out of the plane is 
found to have no influence on the normal displacement w@ Moreover, for small values of that stiffness (¢zl - ~P, 
p > 1) the term in square brackets in Eqs (19) must be omitted and the boundary condition (20) dropped. In the 
original variables we have 
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The expression for ~'1 is the same as ul with u0 replaced by v0. 
We now construct the physical relations. By splitting the initial relations with respect to e and averaging we obtain 
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Here xl = --w•, ~: ffi --wyy, xm ffi - w ~  ~1 = ux, ~2 = vy, e12 = uy + v ,  M1, M2, M12 are, respectively, the bending 
moment and the torque, Xx, x2 are the curvatures, xm is the torsion, T1, T2 (~1, e2) are, respectively, the forces 
(deformations) in thex  andy directions, Tm is the shear force, and ~12 is the shear strain. 

Thus, the method of averasing can be used to obtain both sequential averaged relations and corrections for 
discreteness in analytic form. 
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