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AN ASYMPTOTIC INVESTIGATION OF THE DYNAMICS
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With the aim of extending earlier results [1-9] obtained by the method of averaging [5-9], the equations of the vibrations of a
plate reinforced by elastic ribs mounted eccentrically with respect to its median surface are investigated. A system of recurrence
equations is derived, of which the first approximation corresponds to the constructive orthotropic theory. It is shown that even
this approximation reveals the singularities of asymmetrically distributed ribs. Corrections for discretely situated ribs are obtained.
© 1997 Elsevier Science Ltd. All rights reserved.

In dimensionless variables, the initial relations 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, p, is the density per unit length of the rib material, F is the
cross-section area of the rib, J, is the torque of the rib, § is the static moment of the rib relative to the median
surface of the casing, J is the fx:nding 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 and y axes, respectively, x andy are the coordinates in the plane, ¢ 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 rib material, 4 is the plate thickness, here and everywhere below the summation is from i = «(N
+ 1)2toi = (N + 1)/2, &(. . ) is the Dirac delta-function, N is the number of ribs, and L, and 2L, are the lengths
of the plate in the direction of the x and y axes, respectively.
We will introduce slow and fast variables 1) and @, 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 € 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
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The missing boundary conditions-are obtained by averaging relations (11)
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vge =0 for §=0,L (20)

For symmetrically placed ribs, 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 wy. Moreover, for small values of that stiffness (ot; ~ €,
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 v, is the same as u; with i, replaced by v,.
‘We now construct the physical relations. By splitting the initial relations with respect to £ and averaging we obtain
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Here %) = Wy, %3 = —Wyy, %12 = Wy, €1 = Uy, © =V, €12 = Uy + Vi, M, My, M, are, respectively, the bending
moment and the torque, x,, %, are the curvatures, x,, is the torsion, T1, T, (&y, &) are, respectively, the forces
(deformations) in the x and y directions, T;, is the shear force, and &, is the shear strain.

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

This research was supported in part by the International Soros Program of Educational Support in the Exact
Sciences CISSEF, SFU061002.

REFERENCES

. AMIRO, L. Ya., ZARUTSKII, V. A. and POLYAKOV, P. 8., Cylindrical Ribbed Shells. Naukova Dumka, Kiev, 1973.

. AMIRO, L. Ya. and ZARUTSKII, V. A., The Theory of Ribbed Shells. Naukova Dumka, Kiev, 1980.

AMIRO, 1. Ya. and ZARUTSKIL, V. A,, The statics, dynamics and stability of ribbed shells. In Advances in Science and

Technology. Ser. The Mechanics of a Deformable Solid., 1990, Vol. 21, pp. 132-191. VINITI, Moscow.

KARMISHIN, A. V,, LYASKOVETS, V. A,, MYACHENKOV, V. I. and FROLOV, A. N., The Statics and Dynamics of Thin-

walled Shell Structures. Mashinostroyeniye, Moscow, 1975.

. ANDRIANOV, 1. V,, LESNICHAYA, V. A, and MANEVICH, L. 1., The Method of Averaging in the Statics and Dynamics of

Ribbed Shells. Nauka, Moscow, 1985.

6. OBRAZTSOV, 1. F, NERUBAILO, B. V. and ANDRIANOV, 1. V,, Asymptotic Methods in the Structural Mechanics of Thin-
walled Structures. Mashinostroyoeniye, Moscow, 1991.

7. DUVAUT, G., Analyse fonctionnelle et mécanique des milieux continus. Application 4 I’étude des materiaux composites
élastiques a structure periodique—homogénéisation. In Theoretical and Applied Mechanics. Proc. of 14th IUTAM Congress,
Delft, The Netherlands, 30 August—4 September 1976. North-Holland, Amsterdam, 1977,

8. KALAMKAROW, A. L, KUDRYAVTSEY, B. A. and PARTON, V. Z., An asymptotic method of averaging in the mechanics
of composites of regular structure. In Advances in Science and Technology. Ser. The Mechanics of a Deformable Solid. 1987,
Vol. 19, pp. 78-147, VINITI, Moscow.

9. LEWINSKI, T, Homogenizing stiffnesses of plates with periodic structure. Int. J. Solids Structures 1992, 29, 309-326.

r wppe

W

Translated by R.L.



