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Abstract—The paper entitled “Seismic response of an elevated 
water type tank for different bracing systems” involves a 1000m3 
capacity RC elevated intze type tank supported on frame staging of 
20m height. The modeling of the the elevated tank as mechanical 
spring mass analogue as per IITK-GSDMA (2007) which is based on 
the concept of George W. Housner (1963), where the water inside the 
tank can be idealized as two mass model namely convective mass and 
impulsive mass respectively. Under dynamic loading, the water inside 
the tank exerts hydrodynamic pressure on the tank wall and tank base 
which can be classified as convective hydrodynamic pressure and 
impulsive hydrodynamic pressure and hence the fluid masses can be 
classified as convective mass and impulsive mass. FEM software 
SAP2000 is used in modeling the tank, convective mass is connected 
to the tank wall by spring elements and impulsive mass is connected 
to the tank wall with rigid link elements axisymmetrically. Parametric 
study is done where two types of bracing patterns, namely diagonal 
bracing and chevron bracing and a fluid viscous damper system were 
applied on the tank in addition to the conventional bracing system. 
Three different fluid level conditions such as tank empty, tank half 
and full tank conditions have been studied. Time history analysis is 
done for all the bracing systems done where the tank is subjected to 
three time history functions of Imperial Valley earthquake, Loma 
Prieta earthquake and Northridge earthquake at Elcentro, Hollister 
and Santa Monica stations respectively. Seismic response of tank is 
expressed in terms of tank roof displacement and base shear. 

1. INTRODUCTION 

All around the world water storage tanks are used extensively 
by municipalities and industries for water supply, firefighting 
systems etc. Elevated water tanks are considered as an 
important city services in many flat areas and accordingly, 
their serviceability performance during and after strong 
earthquakes is of crucial concern. These structures has large 
mass concentrated at the top of slender supporting structure 
thus making them vulnerable to horizontal forces during 
earthquakes. Many of the elevated water tanks have suffered 
extensive damage during past earthquakes. The staging is the 
most critical part of an elevated water tank as failure in staging 
results in the failure of the whole tank. Failure in the staging 
occurs in the form of shear failure in beams, combined 
bending and shear failure in beams and axial failure in 
columns. North Eastern region of India falls under the 

category of most severe seismic zone (Zone –V), which is the 
most vulnerable region prone to earthquakes. Thus a study 
dynamic behavior of such tanks must be taken into account 
considering their vulnerability to earthquakes in highly 
seismic zones. 

2. LITERATURE REVIEW 

Patel et al. 2012[1]; Sloshing response of elevated water tank 
over alternate column proportionality; It involves study of the 
seismic behavior of elevated water tank under alternate 
column proportionality under different earthquake records. It 
aims at checking the adequacy of water tank for seismic 
excitations. The response includes sloshing displacement 
under four different earthquake records and compared. The 
results show that the structural responses are exceedingly 
influenced by different column proportionality. 

Patel et al. 2012[2]; Seismic behavior of RC elevated water 
tank under different staging pattern and earthquake 
characteristics; It involves study of the behavior of the 
supporting system which is more effective under different 
earthquake time history records in SAP2000. Two different 
supporting systems such as radial bracing and cross bracing 
are compared with basic supporting system for various fluid 
level conditions. Modeling is done as per IITK-GSDMA 
guidelines and Westergaard’s added mass approach. 

Shakib et al. 2011[3]; Seismic response evaluation of RC 
elevated water tank with Fluid-Structure Interaction and 
earthquake ensemble; This paper consist a RCC elevated 
water tank of 900 cubic meters and height 32 meters subjected 
to an ensemble of earthquake records. Finite element model of 
the tank has been employed in ABAQUS. Fluid-structure 
interaction for modeling is considered by Eulerian method. 
Seismic responses of the tank such as base shear, overturning 
moment, displacement and hydrodynamic pressure have been 
assessed for ensemble earthquake records. Responses of the 
tank are dependent with earthquake characteristics and 
frequency of the tank. The maximum response of base shear 
force, overturning moment, displacement and hydrodynamic 
pressure occurred in different fluid level conditions. 
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Table 1: Structural members of the tank 

Top Dome, thickness 100 mm 
Top Ring Beam; width and depth 200 mm Х 400 mm 
Cylindrical wall; thickness 300 mm 
Bottom ring beam; width and depth 600 mm Х 1200 mm 
Conical Dome; thickness 600 mm 
Bottom Dome; thickness 300 mm 
Bottom Circular Girder; width and 
depth 

600 mm Х 1200 mm 

Columns; diameter 650 mm 
Beams; width and depth 500 mm Х 500 mm 
Bracings, width and depth 500 mm Х  500 mm 
Fluid viscous damper Damping force: 2000 

KNm/sec; 
Stiffness : 3333.3 N/mm 

4. TIME HISTORY ANALYSIS 

Time history analysis is done where the tank is subjected to 
three different time history functions of previous earthquake 
records namely Imperial Valley earthquake (1979), Loma 
Preita earthquake (1989) and Northridge earthquake (1994). 
The acceleration data available in time history functions of 
each of the above earthquakes is given as an input data of 
ground motion in SAP2000. The peak ground acceleration 
(PGA) values of the above mentioned earthquakes are 
presented in Table.2. 

Table 2: Peak Ground Acceleration of the earthquake records 

EARTHQUAKE PGA 
IMPERIAL VALLEY (1979) 0.312 g 
LOMA PREITA (1989) 0.368 g 
NORTHRIDGE (1994) 0.26 g 

5. RESULTS AND DISCUSSION 

The seismic response of the tank is expressed in terms of 
roof displacement of the tank and base shear force. From 
table 3, it can be seen that the diagonal bracing and chevron 
bracing systems are very effective in reducing the roof 
displacement of the tank compared to the conventional bracing 
system and fluid viscous damper braced system, chevron 
braced system having the least response of all the bracing 
systems. On the contrary, in terms of base shear, both the 
diagonal bracing system and chevron bracing system has large 
responses, quite the opposite compared to roof displacement 
and chevron bracing displaying the peak response. However 
fluid viscous damper braced system performed well in 
reducing the base shear for all the time history records. Fluid 
viscous damper bracing system also performed well in 
reducing the roof displacement compared to the conventional 
bracing but not to that extent as chevron brace and diagonal 
bracing system had done. However the overall performance of 
Fluid viscous damper in reducing the seismic parameters is 
satisfactory. 

 

Table 3: Seismic responses of the tank to different earthquake 
records for different bracing systems 
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Half Tank Roof Displacement (cm) 

 

Empty Tank Roof Displacement (cm) 

Fig. 3: Roof displacement due to different earthquakes records 
for different bracing systems in full tank, half tank and empty 

conditions 
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Empty Tank Base Shear (KN) 

Fig. 4: Base Shear due to different earthquakes records for 
different bracing systems in full tank, half tank and  

empty conditions 

6. CONCLUSION 

From this research work, it can be concluded that fluid viscous 
dampers may be a feasible solution for elevated tanks with 
frame staging in highly seismic zones for most of the cases 
compared to the bracing systems. 
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