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ARTICLE INFO ABSTRACT
Article Type: Given the importance of surface water reservoirs and their application
Original Research in various industries, comprehensive knowledge of the seismic
behaviour of these facilities is required. In such structures, due to soil
. i structure interaction and fluid structures, seismic behaviour without
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a three-dimensional model of a solid rectangular surface tank and
underlying soil was considered in addition to the effects of SSI and FSI.

Keyword: For a closer examination, the Drucker Prager nonlinear model was
Shallow Tank used to describe the behaviour of the soil and for modelling the
Dynamic Analysis interaction of water and reservoir to the normal behaviour Hard
Soil-Structure Interaction Contact was used; and for soil-structure interaction, Frictionless
Fluid-structure Interaction behaviour, the theory of Columbus, was used. By using sensitivity

analysis, the sensitivity for the dynamic interaction parameters was
obtained, and then the results were compared with the results of
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the seismic behaviour of surface reservoirs. Furthermore, the effect of
sloshing water was highly dependent on the intensity and frequency
of the seismic load. Because the behaviour of water in the high-
frequency earthquake is different, the low-frequency response often
tends to increase the reservoir's behaviour.
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EXTENDED ABSTRACT

Introduction

Thus far, many studies have been conducted in the field of seismic behaviour of
reservoirs. Jacobsen was one of the first researchers who conducted many studies to
investigate the dynamic behaviour of water reservoirs in 1949. In 1954, Hausner
calculated the hydrodynamic pressure on a rigid tank and the height of liquid surface
waves in cylindrical and rectangular tanks under the effect of horizontal oscillation of the
support and presented the equivalent dynamic mass-spring system. Haroun expanded
this research on flexible tanks. Harun and Hausner presented a model in the form of a ring
as a reliable method for analysing the dynamic behaviour of flexible tanks using the finite
element method and the assumption of integral boundary for the fluid model and its
surrounding shell. In 1992, Haroun investigated the experimental model for tanks located
on the soil, considering the effect of the interaction between the soil and the tank. Then,
numerical methods, particularly finite elements, were widely used to accurately model
the behaviour of the fluid in addition to the behaviour of the tank. In 1987, Barton and
Parker studied the seismic response of cylindrical tanks under earthquake records using
a 3D finite element model.

Methodology

In the method of separation and separation of sub-structures, the entire soil-structure
system, shown in Figure (1), is separated into three sub-structures. Substructure I includes
the free field of the building, substructure II includes the volume of removed soil, and
substructure III includes the superstructure and its foundation. In the sub-structure
separation method, it is assumed that the soil-structure interaction occurs only at the sub-
structure's common boundary, the contact surface with the soil. The equation of motion of
the substructures shown in Figure 1 can be written as per the following matrix:

[M1{u} + [K]{(@} = {Q} &

o/ @ (6) («) @

Total Substructure | Substructure Il Substructure lll
system Free- Field Site Excavated Soil Volume Structure

Figure 1. Separation of substructures to simplified calculations.

In this study, according to Figure (2), a surface cubic tank with a height of 10 meters,
an external length of 20 meters, and a wall and floor thickness of 50 cm was used to
perform the analysis. The dimensions of the soil island were chosen in such a way that the
waves propagated in the environment were dissipated before reaching the boundary and
no wave reflection occurred at the boundaries into the soil environment (seismic load was
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applied horizontally and in the direction of the x-axis to model). Taking into account the
considered location of the seismic bedrock being located at a depth of 10 meters from the
ground surface, an earthen island with a height of 10 meters was modelled. In this model,
a cube-shaped surface foundation with a dimension of 24 meters and a thickness of 1
meter was used. The height of the water inside the tank when full was7 meters from the
bottom of the tank.
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Figure 2. D finite element model of water tank.
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Table 1. Mechanical characteristics of the base soil.

Mass . Y 5
. Flow Stress — Dampin: oung's .
II){enSIty ?:llgc‘:: o(:nf Ratio D::;l:ln ping MI(\)Idulus P;:;zn
Y/ ) (Mpa) B (/n2)
1700 35 0.8 481 10 0 107.1e6 0.4

To find the parameter that had the greatest effect on the response of the tank (change in
the horizontal position of the top of the tank in line with the application of the seismic load),
a parameter called 1 was defined, which is outside the percentage change part of the
response to the percentage change of the desired parameter and obtained from the
following relationship:

R
A= |_| @
a
where A is the sensitivity parameter, R is the percentage of response changes and « is
the desired percentage of changes.

Results and discussion

In the present study, the sensitivity of the structural response (base stress and
maximum displacement) to the important interaction parameters were measured. In this
regard, the Tabas earthquake accelerometer was selected. In addition, the finite element
results were compared with the results of 123 publications. It was found that the results of
publication 123, in which neither the effect of water turbulence nor the flexibility of the tank
was included, were approximately 40% higher than the finite element results.
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