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1. Introduction

Ground water tanks that are built in buried and semi-buried
ways are used for storing water to be used during peak
consumption in urban water supply networks. The
immediate and continuous use of these structures after the
earthquake is so important, so that their importance
coefficient is 1.4 in Iranian 2800 standard of seismic
provision. Therefore, reducing the seismic demand by
using isolators at the base level can be considered as one
of the new methods of retrofitting these structures.
Modeling the fluid and the effects of fluid-structure
interaction, close to the reality modeling of ground
motions by considering the simultaneous effect of
transitional and rotational components during an
earthquake and controlling the performance of additional
parts such as isolators are the important issues that should
be carefully considered and examined in the seismic
behavior of such structures.

2. Method

To model and analyze rectangular ground water tanks, the
finite element method was used in Ansys software with the
capability of 3D modeling of the tank and water, taking
into account the effects of their dynamic interaction and
the capability of modeling the nonlinear behavior of tank
and isolator materials. The tanks were modeled and
analyzed in two different volumes of 500 and 1000 m? in
three empty, half-full, and full states, with and without
base isolators. The behavior of water and concrete of tank
is assumed to be linear, but the nonlinear behavior of the
isolators in the finite element model is considered bilinear
with an initial stiffness of about 9 to 16 times of after
yielding stiffness. In the initial part of this research, the
behavior of the lead-rubber base isolator under cyclic
loading was investigated through a three-dimensional
finite element model. For this purpose, the rubber’s
inelastic behavior model was simulated using a suitable
hyperelastic model based on Ogden’s criterion with the
ability to consider large strains. Since 9 lead-rubber base

isolators are used in modeling the ground rectangular tank,
to reduce the number of elements in the main model of the
tank, an equivalent one-dimensional model, consisting of
a two-node linear elastic combination element in the
vertical direction and two two-node link elements in two
horizontal directions, are proposed. The values of stiffness
and strength of these elements are chosen in such a way
that whose hysteresis behavior is equivalent to the
behavior of the three-dimensional model of base isolators.
Figure 1 shows the geometrical properties of the lead-
rubber base isolators and their placement at the base level
of the ground tank.

In order to measure the simultaneous effect of the
translational and rotational components of earthquakes on
the dynamic response of concrete rectangular ground tanks
equipped with isolators, far-field ground motions were
selected and by simultaneously using the relations of wave
propagation theory and the classical relations of elasticity
theory, their corresponding rotational components were
produced by coding in MATLAB software. The validation
of the program written in MATLAB to produce the
rotational components was also checked using the
available recorded data. The effects of fluid-structure
interaction in the finite element model of water storage
tanks were modeled using the Lagrangian-Lagrangian
method. Moreover, the accuracy of finite element model
was investigated using existing experimental models.

3. Results

The results show that the presence of the isolator increases
the maximum horizontal displacement of the rectangular
ground tanks. The amount of this increase is different
according to the type of earthquake and the amount of
water inside the tank. The lowest increase in displacement
occurred when the tanks were half full. This issue can be
attributed to the effects of surface waves created in the
half-full state and the fluctuating pressures caused by the
impact of the wave on the tank wall. Moreover, by
increasing the volume of the tank from 500 to 1000 m?, the
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horizontal displacement of the tanks with the presence of
the base isolator decreased. Also, the results show that the
presence of the base isolators in all investigated cases of
the rectangular ground tank causes an increase in the
values of the base shear force and the uplift stress of the
tanks. Since the isolators reduce the response of the
structures by increasing their damping ratio and periods,
the above results can be attributed to the low initial period
of the ground tanks which place in the first part of the 2800
standard acceleration response spectrum. Figure 2
illustrates an example of the comparison of the results of
the time history of base shear and uplift stress of tanks with
and without the presence base isolators. The results also
show that the decreasing or increasing effect of rotational
components of earthquakes on the seismic response of
ground tanks is very small, and in general, its effect on the
seismic response of rectangular ground tanks can be
ignored.

¢ 650197 mm Rubber Bearing

¢170 mm Lead Core Middle Steel Plates
] ]

4. Conclusion

The results showed that the impact of the rotational
components of the earthquakes on the seismic response of
the ground water storage tanks in the full and half-full
states is less than 10% and in general, its effect on the
seismic response of the rectangular ground tanks can be
ignored. Moreover, the use of the base isolators in this type
of tanks increased the response of the tanks in all the
investigated cases, so that the base shear force increased
up to 4 times and the uplift stress increased between 8 to
23 times. This result can be attributed to the increase in the
period of the ground tanks from the initial range of the
response spectrum to the constant acceleration region of
the spectrum due to the presence of the base isolators.
Therefore, using base isolator in these types of structures
that have a very small period can cause inappropriate
effects.
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Figure 1. Geometrical properties of lead-rubber base isolators and their placement in the base level of the tank
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Figure 2. Comparison of base shear force and uplift stress in cases with and without base isolators
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Dynamic Analysis of Concrete Rectangular Ground Tanks equipped with Base Isolators due to Transitional and
Rotational Components of Earthquakes

Leila Kalani Sarokolayi Leila Khanmohammadi Bahram Navayi Neya

Abstract In this research, the behavior of concrete rectangular ground tanks equipped with lead-rubber base isolators,
under the simultaneous excitation of transitional and rotational components of far-field earthquakes, has been investigated
using nonlinear time history analysis including fluid-structure interaction. For this purpose, first, the rotational
components of three far-field earthquakes were produced using the wave propagation and elasticity theory relations by
coding in MATLAB software. Then, tanks were modeled and analyzed in two different volumes of 500 and 1000 m? in
three empty, half-full, and full states in Ansys finite element software and an appropriate number of base isolators were
used at the base elevation. In the finite element modeling of the base isolator, a model consisting of one-dimensional
elements is proposed and used, that whose hysteresis behavior is equivalent to the behavior of the three-dimensional
model of the lead-rubber base isolators. The results of the research show that the decreasing or increasing effect of the
rotational components of the earthquakes on the seismic response of the ground tanks in full and half-full states is less
than 10%, and in general, its effect on the seismic response of the rectangular ground tanks can be ignored. Also, the use
of isolators in this type of tanks has increased the response of the tanks in all the examined states. So that the base shear
force has increased up to 4 times and the uplift stress has increased between 8 and 23 times, which can be attributed to
the increase in the period of ground tanks from the initial range of the response spectrum to the constant acceleration
region of the spectrum due to the presence of the base isolator.

Key words Rectangular ground tank, Rotational component, Base isolator, Fluid-Structure interaction, Nonlinear
analysis.
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