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In this work, the modal and harmonic analysis of elastic shallow shells, using a Dual Reciprocity Boundary
Element formulation, is presented. A boundary element formulation based on a direct time-domain
formulation using the elastostatic fundamental solutions was used. Effects of shear deformation and
rotatory inertia were included in the formulation. Shallow shell was modeled coupling boundary element
formulation of shear deformable plate and two-dimensional plane stress elasticity. Domain integrals
related to inertial terms were treated using the Dual Reciprocity Boundary Element Method. Several
examples are presented to demonstrate the efficiency and accuracy of the proposed formulation.
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1. Introduction

Dynamic plate bending problems appear on civil, mechanical,
aerospatial and naval applications. The complexity involved in
the dynamic response of plates turns these problems in a challeng-
ing one from mathematical point of view. In general, numerical
methods represent the only way to obtain approximate solutions
for dynamic analysis. However, the use of traditional methods
based on domain discretization requires refined meshes involving
a high number of degrees of freedom, which requires a significant
computational effort.

Nowadays, the Boundary Element Method (BEM) has emerged
as an accurate and efficient numerical method for shear deform-
able plate and shell static analysis [1,8,18-20]. Dynamic analysis
of shear deformable plates using elastodynamic fundamental solu-
tions or Laplace or Fourier transformations of these fundamental
solutions were used in [2,7,15-17]. In [5,13] a time-domain direct
formulations based on elastostatic fundamental solutions for dy-
namic analysis of shear deformable plates, are presented. However,
to the best of the author knowledge, the Boundary Element Meth-
od has not been used for the dynamic analysis of shear deformable
elastic shallow shells.

This work presents free vibration and harmonic analysis of
shear deformable elastic shallow shells using a boundary element
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formulation. This formulation is based on direct time integration
and elastostatic fundamental solutions. Effects of shear deforma-
tion and rotatory inertia are included in the formulation. Shells
were modeled by coupling the boundary element formulation for
shear deformable plates based on the Reissner plate theory and
two-dimensional plane stress elasticity, as presented in [1,19].
The Dual Reciprocity Boundary Element Method for the treatment
of domain integrals involving inertial mass, was used. Numerical
examples are presented and results were compared with those ob-
tained using finite element models.

2. Shallow shell dynamic equations

Consider a shallow shell of uniform thickness h and mass den-
sity p, occupying the area €, in the x;x, plane, bounded by the con-
tour I' =T, JI'qwithI'=T1,,(Iq=0,as presented in Fig. 1. The
dynamic bending response for the shallow shell was modeled cou-
pling the classical Reissner plate theory and the two-dimensional
plane stress elasticity as presented in [18].

Equations of motion for an infinitesimal plate element are given
by [10]:

* b bm.;-
L?ka +q; = AW + Ay il (1)
Lyjuy = A + Ayl 2)

Indicial notation is used throughout this work. Greek indices vary
from 1 to 2 and Latin indices take values from 1 to 3. Einstein’s sum-
mation convention is used unless otherwise indicated. In these
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Fig. 1. Shallow shell geometry. Ii = p/ dde, i=0,1,2
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. . . The differential operator L;, in Eq. (1), is given by [1]:
equations, w, represents rotations with respect to x; and x, axes,
and ws represents transverse deflection; w, denotes angular » D1+ s
accelerations with respect to x; and x, axes, respectively, W Loc/i = 2 (V7= 2%)0up +
represents the transverse acceleration; u, and ii, represents
membrane displacements and accelerations along x, axis, Lsa = _Lga - _ (1-vb fi
respectively; Tensors A}, AZ™ and AJ are defined as: A, =10, 2 Xy
b b . . . ,
and A3 = Io; Ay = 110u; /.\21/3 = lodup; O4p is the Kronecker's delta b (1-v)D 292
and [; is the mass inertias given by: 33— 2
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Fig. 2. Flow chart for computer program.
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