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Notes: 1) "H" derotes the height from the base. (shell)
2) "r" denotes the distance in the radius direction
from the center. (base-plate)
3) Experimental value is ploted as the peak point
in frequency response.
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A Study on the Coupled Vibration of Cylindrical
Liquid Storage Tanks

by Hiromichi Higashibara*, Takeshi Ishii*#* and Takeshi Mita#*#*%*

Dynamic characteristics of cylindrical elastic storage tanks have long been
investigated. Early investigations are paid the attention to sloshing oscilla-
tions of the free surface of the liquid, Sloshing oscillations are little in-
fluenced by elastic deformation of the tank body; therefore, they are easily
simulatied by arigid tank model.

Recently many large tanks whose diameters reach to about 100 m have been
constructed. Thickness of their walls or bottom plates have not so incresed as
their size; i.e.,their over-all stiffness have significantly become small. This
practice have brought about a new problem. Frequencies of the oscillations in
which elastic deformation plays a primary role have now dro-ped into the region
where seismic ground oscillation can no more ignored. Dynamic property of elas-
tic tanks is one of today's most important challenging subjects,

Modal analysis method is effectively applid to this problem. Dynamic behavior
of elastic tanks is influenced by many factors ; side wall shell, bottom plate,
stored liquid and foundation. Modal analysis of elastic tanks thus requires in-
vitably a large degree—of-freedom.

Conventonal linear modal analysis procedure is also a promising basis to a
further study of important nonlinear problems : dynamic local bukling of the side
wall shell or dynamic contact phenomena between the bottom plate and the ground.
In these problems the modal analysis program is applied successively in an iter-
ative process. Reduction of degree-—of-freedom is essential.

Degrees—- of-freedom which is required to a given level of precision is signif-
icantly redused by employing the boundary method. If the liquid is frictionless
and if the flow in the tank is assumed irrotational, the motion of the liquid is
completely determined by the normal movement of its surface. Boundary element
discretizing procedure based upon this fact usually reduces the total degree-of~-
freedom to less than a half,

The results of analyses for model tank and actual tank are represented to the

following. ’

(1) The results of eigen analysis for model tank, there is comparatively good
relationship between numerical solution experimental results.

(2) Naturral circular frequency of the shall becomes to be smaller, but the cne
of the bottom plate becomes to be greater, as Fourier order "m" becomes to
be greater.

(3) The shell-mode appears before the bottom plate-mode when H/D is small, but
this phenomena is contrary when H/D is great in condition the coupled
vibration.

(4) As for the mode of the model tank, uplift and settlement are found at the
portion of the shell-to-bottom joint.

% Assistant Professor of Saitama University, Faculty of Engineering.
*% Nikken Sekkei,. Ltd.
*%% Student of Saitama University, Faculty of Engineering.
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