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VIBRATION OF SHALLOW SPHERICAL SHELLS 
RECTANGULAR IN PLAN 

B. BHATTACHARYA' 

INTRODUCTION 

Vibration problems in engineering have got tremendous importance now-a-days. 
Shells belong to the most useful class of structures and as such, their dynamic behaviour 
is definitely worth investigating. 

The basic equations of equilibrium or of motion of shallow shells' consist of two 
coupled fourth degree partial differential equations in terms ofa stress function and the 
normal deflection function. These equations were used by Nowacki' to study the free 
vibration of shallow spherical shells. The Marguerre' equations as well can be used 
suitably for shells rectangular in 'plan. These equations of motion of a shell element 
consist of three equations in terms of three displacement fU11.Etions u, v, w. As such, in 
solving the system it will be required to use all the three equatIOns simultaneously. It has, 
however, been proved by the. author', without any simplifying assumption, that the basic 
equations of equilibrium (and hence of motion) for a shallow spherical shell can be simpli­
fied to the system 

. all' 
VU=A" . oX 

ow 
VV = A oy' 

yh a'w 
VVw+I"W = - gO ot' (I) 

where, V=L aplacian operator, 
y = density of the material 
h=thickness of the shell 
g=acceleration due to gravity 
D=flexural rigidity of shell element, 
y=Poisson's ratio, 
t=time, E = Young's modulus, 

R=radius of curvature of the shell 
and, A=(I+v)/R, 1L'=Eh/DR' 

Now, it is obvious, that the third equation of the system (I) is independent of the 
other two, and it represents the equation of motion of a thin plate on Winkler type elastic 
foundation if the spring constant is assumed to be equal to Eh/R'. For investigating the 
transverse vibration of the shell equation of the system (I) is adequate by itself. 

NATURAL FREQUENCIES OF VIBRATION 

The natural frequencies of vibration of the shell under various combinations of 
boundary conditions are computed below. The vibration being harmonic, displacement 
function w can be assumed as follows, 

where, 
and, 

W (x, y, t)= W (x, y) e'" (2) 
W (x, y)=unknown function, 

p=frequency of vibration, 
i=y-l. 
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