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In this study, the base isolated liquid storage tanks
are considered. Common isolation systems horizontally
separate a structure from its base, Figure (1). The proposed
isolation system is vertically detached from the shell of the
tank shell, Figure (5). In order to isolate the rocking motion
of a tank, it is necessary to disconnect the tank shell from the
base plate and support it on vertical isolators. In this manner,
the base plate of the tank does not contribute to the rocking
motion and only isolation is required under the tank shell.
Eliminating the isolation of the tank base plate can eliminate
the need for a solid base for isolation of the entire base
plate. The number of isolation elements required decreases
significantly with respect to the common horizontal isolation
in which the total base area must be covered by isolation
elements. These differences can significantly reduce the cost
of implementation of base isolation in practice. Since the
base plate is not attached to the tank wall, the hydrodynamic
pressure at the base plate will not be transferred to the
foundation. Therefore, plastic rotations, which are a common
problem in conventional tanks, will not occur at the tank
wall-base plate connections and base plate rupture will be
avoided. Because the connection between the tank shell and
the base plate is detached in vertical shell isolation, leakage
can occur at the intersection. This problem can be solved
using a flexible membrane (such as synthetic membranes)
between the shell and the base plate. This prevents the
leakage of fluid from the tank and allows the wall to move
freely in the vertical direction. Figure (5) schematically
illustrates the vertical isolation system (VIS). A filling
replaceable material is placed between the soil and tank shell
to prevent horizontal movement but it permits the rocking
motion in tank shell wall. This filling material can be chosen
from Styrofoam material.

The seismic behavior of horizontally base isolated
tanks under various seismic excitations is investigated
and compared with corresponding tanks without isolation
system. For this purpose, the numerical simulation with
finite element model is used, Figure (2).

Numerical model is validated by comparing its results
with experimental measurements of sloshing wave height.
As can be seen in Figure (3), the numerical model can
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properly predict the time history of liquid motion observed
in experiment.

The verified numerical model has been used for parametric
study on real scale tanks. The results show that the isolation
of liquid tanks can significantly reduce the seismic responses
in terms of overturning moment or base shear forces, Figure
(4). However, it cannot affect the sloshing wave height
significantly.

In order to investigate the efficiency of the proposed
Vertically Isolating System (VIS) which is schematically
presented in Figure (5), the governing equations of dynamic
motion were extracted from a mechanical model of the
proposed system. Figure (6) and a comprehensive parametric
study was performed on a range of liquid storage tanks
geometry. The aspect ratios and the height of the liquid were
varied to cover most practical ranges. The results showed
that the proposed VIS can reduce the overturning moment up
to 90%, shown in Figure (7) which will seismically protect
the liquid tanks from failure, including shell buckling, under
strong ground shaking.

Keywords: Liquid tanks, Buckling in the shell, Vertically
isolating system, Horizontally isolating system, Mass-
Spring model, Numerical simulation
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