
IJIRST –International Journal for Innovative Research in Science & Technology| Volume 3 | Issue 03 | August 2016 
ISSN (online): 2349-6010 

 
All rights reserved by www.ijirst.org 126 

Dynamic Analysis of Elevated Cement Concrete 

Water Tank 

 

Raji Ruth George Asha Joseph 
M. Tech Scholar Assistant Professor 

Department of Civil Engineering Department of Civil Engineering 

FISAT, Kerala, India- 683577. FISAT, Kerala, India- 683577. 

 

Abstract 

 

An elevated water tank is a water storage container constructed for the purpose of holding water at a certain height to pressurize 

the water distribution system. Water tanks are very important components of lifeline. They are critical elements in municipal 

water supply, firefighting systems and in many industrial facilities for storage of water. Elevated water tanks are critical and 

strategic structures and damage of these structures during earthquakes may endanger drinking water supply, cause to fail in 

preventing large fires and substantial economic loss. A large number of overhead water tanks were damaged during the past 

earthquakes. Hence seismic behavior of these structures during the earthquakes has to be investigated in detail in order to meet 

the safety objectives while containing construction and maintenance costs. In the present study, an elevated RCC rectangular 

water tank was modeled and analyzed using the ANSYS software. The static structural, modal and transient (using the 

accelerogram of the 1995 Kobe earthquake as input) analyses were conducted, and the response behaviour of the tank with 

100%, 75%, 50% and 25% water fill conditions were studied. It was observed that the responses of the tanks elevated with an 

increase in the water heights. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Most water supply systems in developing countries depend on elevated storage tanks. An elevated water tank is a large water 

storage container constructed for the purpose of holding water supply at certain height to pressurize the water distribution 

system. Typical geometries of elevated tanks include rectangular, cylindrical, spherical, and toroidal. These tanks consist of huge 

water mass at the top of a slender staging which makes it more sensitive to any dynamic load, especially due to an earthquake. 

Many elevated concrete tanks failed, or were severely damaged in the past earthquakes. The safe performance of these elevated 

liquid- storage vessels in a major seismic event is of critical concern since their failures have the potential to endanger a large 

population directly when the content is toxic or flammable. Hence, it is essential that the seismic behavior of these structures 

during earthquakes is investigated in detail. 

II. LITERATURE REVIEW 

Significant researches was carried out on seismic behaviour of liquid storage tanks and a few published works on seismic 

response characteristics of reinforced concrete (RC) water tanks are reviewed in this section. From the studies conducted by 

Power “et al.”, it was observed that duration was a significant factor influencing structural inelastic response, although secondary 

in comparison to the influence of frequency content. Bang-Fuh Chen and Hsuen- Weng Chiang conducted a fully nonlinear and 

complete dimensional analysis of a 2D rectangular tank with rigid wall, and it was concluded that the amplitude and the half-

period of the sloshing were strongly dependent on the exciting frequency and the fundamental frequency of fluid. D. Ambrosini 

conducted a numerical – experimental study of the overall dynamic response of elevated spherical tanks subjected to horizontal 

base motion and, it was observed that the frequencies of the partially filled spherical container decreased with increasing fluid 

level. The results indicated that sloshing had a significant effect on the dynamic characteristics of the system. Kim “et al.” 

developed 3-D approximate analytical solution procedure to evaluate dynamic response characteristics of partially filled flexible 

rectangular fluid containers underground excitations, and the results showed that dynamic fluid pressure could be greatly 

amplified due to wall flexibility. J.Z. Chen, A. R. Ghaemmaghami “et al.” identified the limitations of the current design codes 

and, proposed a structural model using the generalized single degree of freedom system for seismic design of concrete 

rectangular liquid containing structures. The proposed model considers the effect of flexibility of tank wall on hydrodynamic 

pressure and, uses the consistent mass approach. M. Amiri and S.R.Sabbagh-Yazdi conducted experimental and numerical 

investigations of the dynamic parameters, natural frequencies and mode shapes, of three fixed roof, ground supported steel 

storage tanks. From the observations, it was concluded that the roof does not affect the natural frequency but it has significant 

influence on the mode shapes of the tank. 
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III. FINITE ELEMENT MODELING OF THE TANK 

Modeling and analysis of the tank is performed in ANSYS 15. An RCC elevated rectangular water tank with 400 m3 capacity is 

considered. The dynamic responses of the tank are analyzed by keeping the tank dimensions fixed and by varying the water 

heights. The behaviour of the tank at 100% (3.4m), 75% (2.55m), 50% (1.7m) and 25% (0.85m) water fill conditions were 

studied. The tank walls are taken as flexible and the staging of the tank is assumed to be anchored at the base. The effect of uplift 

pressure and soil- structure interaction is ignored. The geometric details   and the material properties of the tank are provided in 

Table. 1 and 2 respectively. The finite element (FE) model of the tank at 3.4m and 0.85m water heights are shown in Fig. 1. 
Table – 1 

Geometric Details of the Tank  
Parameters Details (m) 

Free board of tank 0.40 

Tank height 3.80 
Cross-sectional area of the tank   13.6 X 9 

Staging height 12.50 
Wall thickness 0.20 

Floor slab thickness 0.30 

Column size 0.40x0.40 

Table- 2 

Material Properties (ANSYS Input) 

Material Properties 

Concrete 

Density 2400 kg/m3 

Young’s Modulus 26.44GPa 

Poisson’s ratio 0.16 

Water 
Density 998.2 kg/m3 

Bulk modulus 2.2GPa 

 
Fig. 1: FE model of the tank at (a) 3.4m and (b) 0.85m water heights 

IV. RESULTS AND DISCUSSIONS 

 Static Structural Analysis 

A static structural analysis determines the displacements, stresses, strains and forces in structures caused by loads that do not 

induce significant inertia and damping effects. In the present study, the dead load and hydrostatic pressure with 3.4m, 2.55m, 

1.7m and 0.85m water heights are considered, and the deformation and stress characteristics are studied. The variation of the 

deformation and stress characteristics with variation in water height for static loading condition is shown in Fig. 2 and 3 

respectively. 

 
Fig. 2: Maximum deformation vs water height for static loading 

 
Fig. 3: Maximum von-mises stress vs water height for static loading 
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From Fig. 2 it is observed that there is a reduction in deformation by 65.74%, 93.52% and 98.29% as the water height is 

reduced from 3.4m to 2.55m, 1.7m and 0.85m respectively whereas, from Fig.3 it can be seen that the there is a reduction  in von 

mises strress by 54.86%, 63.84% and 64.24% as the water height is reduced from 3.4m to 2.55m, 1.7m and 0.85m respectively.  

 Modal Analysis 

The modal analysis determines the vibration characteristics (natural frequencies and corresponding mode shapes) of a structure. 

The natural frequencies and mode shapes are important parameters in the design of a structure for dynamic loading conditions.  

The first mode shape of the tank with 3.4m and 0.85m water heights are given in Fig. 4. The natural frequencies of the tank at 

3.4m, 2.55m, 1.7m, and 0.85m water heights, obtained from the modal analysis are shown in Table. 4 and it can be seen that the 

frequencies of the tank decrease with an increase in the water height. 
Table- 4 

Natural Frequencies of the Tank 

Water Height (m) 
3.4 2.55 1.7 0.85 

Modes 

1 0.96 1.028 1.114 1.223 

2 8.647 8.698 8.753 8.809 

3 9.456 9.484 9.515 9.554 

4 10.586 10.605 10.623 10.64 

5 12.064 12.079 12.094 12.108 

 
Fig. 4: First mode of rectangular tank with (a) 3.4m and (b) 0.85m water height 

 Transient Analysis 

Time history analysis was carried out in ANSYS using the transient dynamic analysis. The ANSYS program uses the 

Newmark’s time integration method to solve the dynamic equations. In this study, the first 20sec of the time history of Kobe 

(1995) earthquake is used as input data to the transient analysis. The peak ground acceleration for earthquakes is 2.38m/sec2. 

The response of the tank to this earthquake for varying water levels is analyzed and the variations in maximum deformation and 

maximum von-mises stress are shown in Fig. 5 and 6. From Fig. 5 it can be observed that there is a reduction in deformation by 

16.90%, 17.30% and 36.67% as the water height is reduced from 3.4m to 2.55m, 1.7m and 0.85m respectively. For the von- 

mises stress, it can be seen from Fig.6 that there is a reduction by 18.76%, 29.58% and 43.57% as the water height is reduced 

from 3.4m to 2.55m, 1.7m and 0.85m respectively. The response deformation of the tank with 3.4m and 0.85m water heights are 

given in Fig. 7 and 8 and it is seen that the maximum deformation for 3.4m and 0.85m water heights are 3.16mm and 1.81mm 

respectively and the corresponding time at which they occur are 16.1 and 14.6 seconds.   

 
Fig. 5: Maximum deformation vs water height under transient loading 

 
Fig. 6: Maximum von-mises stress vs water height under transient loading 
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Fig. 7: Response deformation of the tank with 3.4m water height 

 
Fig. 8: Response deformation of the tank with 0.85m water height 

V. CONCLUSIONS 

In this study an effort was taken to analyze the response behaviour of an RCC elevated rectangular water tank. The static 

structural, modal and transient (using the accelerogram of the 1995 Kobe earthquake as input) analyses were carried out using 

the ANSYS 15 WORKBENCH. The effect of water height on the tank response was studied by using 100%, 75%, 50% and 25% 

water fill conditions. The following observations and conclusions were reached by studying the results obtained: 

1) Under static loading condition, the deformation and the stresses decrease as the water level decreases. 

2) The natural frequencies of the elevated tank decrease with an increase in the water level. 

3) The deformation and the stresses of the elevated rectangular tank increase with an increase in water level under dynamic 

loading. 

Hence it can be concluded that the response behaviour of an RCC elevated rectangular tank is increased as the water level is 

increased. 
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