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DYNAMIC BEHAVIOUR OF HOLLOW CYLINDERS 
SUllllOUNDED BY WATER· 

A.R. CHANDIlASBKAllAN·· AND N.C. SINGHAL·· 

INTRODUCTION 

Dynamic analY'is of structures when partly or fully submeraed in 
water has additional dynamic forces caused due to surrounding water. 
The motion of the fluid in contact with dynamic system gives rise to an 
etrect which is equivalent to an increase in the apparent mass of the 
system. The determination of this added mass due to submergence in 
a fluid has been the subject of many analytical and experimental investi· 
gations (Stelson and Mavis (1957), Liaw and Chopra (1973». Theoretical 
and experimental studies have shown that a aystem hal a longer period 
of vibration and a hi,her damping when vibrating in water as compared 
to that in air (Clough(I960), Chandrasekaran et al. (1972». This increase 
in the natural period of vibration of the system is due to an increase in 
the apparent mass of the syltem as a result of interaction betwoon the 
structure and surrounding water: Experiments, though adequate enough 
for period estimation, cannot give the hydrodynamic pressure distribution. 
If the hydrodynamic pressure distribution can be known with accuracy, 
the resulting additional mass which will be moving with the struclure 
can be evaluated. 

\ 

Theoretical studies have now established that compressibility of 
water can be ignored in water-structure interaction analysis (Chandra. 
sekaran et al. (1970), Liaw and Chopra (1973». Closed form solutions 
are now available for simple geometric shapes and considering flexibility 
of structures subjected to harmonic ground excitations. However, for 
more complicated geometry, finite element techniques are Ideally suited 
for numerical evaluation of hydrodynamic pressure and interaction forces. 

The concept of finite elements in flulda has been proposed to solve 
the Laplace's equation With appropriate boundary conditions (Zienkiewicz 
et al. (1965». Techniques are also now available to evaiuate coupled 
vibration in which' the atructure is also idealized by finite elemonts 
(Zienkiewicz and Newton (1969), Liaw and Chopra (1973». 

In this study, axilymmetric finite elements have been used to dis· 
cretiae both the structure and the lurrounding water (Figs. 1 & 2). The 
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