
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 05, 2015 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 558 

Comparison of Seismic Behavior of Rectangular Elevated Water Tank 
Latesh T.Patil

1
 Prof. Dr. Rajashekhar Talikoti

2 

1
P.G Student 

2
Professor and Head 

1,2
Department of Civil Engineering 

1,2
Late G.N. Sapkal COE,  Savitribai Phule Pune University, Nashik, Maharashtra, India

Abstract— Water tank is considered to be one of the most 

important structures in earthquake event. Elevated water 

tank consists of staging and large mass concentrated at top 

of staging whereas ground supported tank rest on firm 

ground. Behavior of water tank on staging is crucial and 

needs to be evaluated. For the analysis of water tank 

different analysis techniques are available, the main aim of 

analysis is to calculate seismic base shear and corresponding 

overturning moments at base of staging. Indian standards, IS 

1893:1984 and IS 1893:2002 elaborates the procedure for 

calculating seismic forces for elevated circular and 

rectangular water tanks. For evaluating hydrodynamic effect 

spring mass model consisting of convective and impulsive 

masses lumped at different levels can be used. In this 

chapter it is intended to analyze rectangular water tank 

resting on staging by different analysis techniques viz 

Equivalent static analysis, response spectra analysis and 

linear time history analysis. The main aim is to evaluate the 

performance of water tank under static seismic load as well 

as different acceleration load. The different analysis 

techniques are also briefly described. The analysis is carried 

out with the help of ETABS analysis package. 
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I. INTRODUCTION 

Water supply is essential for controlling fires that may occur 

during earthquakes, which cause a great deal of damage and 

loss of lives. Therefore, elevated tanks should remain 

functional in the post-earthquake period to ensure water 

supply is available in earthquake-affected regions. 

Nevertheless, several elevated tanks were damaged or 

collapsed during past earthquakes. Therefore the seismic 

behavior of elevated tanks should be known and understood, 

and they should be designed to be earthquake-resistant. 

Comparisons of the studies about this subject with those of 

the ground-supported cylindrical tanks is difficult, however, 

as few studies have been carried out related to the seismic 

behavior of elevated tanks. Due to the fluid–structure–

soil/foundation interactions, the seismic behavior of elevated 

tanks has the characteristics of complex phenomena. Tens of 

studies have been carried out and many special programs 

have been coded to analyze the fluid–structure and/or the 

soil–structure interactions for other liquid storage structures, 

such as ground-supported cylindrical tanks Elevated water 

tanks consist of huge water mass at the top of a slender 

staging which are most critical consideration for the failure 

of the tank during earthquakes. 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. Since, the elevated tanks are frequently used 

in seismic active regions also hence; seismic behavior of 

them has to be investigated in detail. Due to the lack of 

Knowledge of supporting system some of the water tank 

were collapsed or heavily damages. So there is need to focus 

on seismic safety of lifeline structure using with respect to 

alternate supporting system which are safe during 

earthquake and also take more design forces. 

The seismic subcommittee’s work was guided by 

two main objectives:  

1) To produce a self-contained set of procedures that 

would enable a practicing engineer to perform a full 

seismic analysis and design of a liquid containing 

structure. This meant that these procedures should cover 

both aspects of seismic design: the ―loading side‖ 

(namely the determination of the seismic loads based on 

the seismic zone of the site, the specified effective 

ground acceleration, and the geometry of the structure), 

and the ―resistance side‖ (the detailed design of the 

structure in accordance with the provisions of the code, 

so as to safely resist those loads).  

2) To establish the scope of the new procedures consistent 

with the overall scope of ACI 350. This required the 

inclusion of all types of tanks rectangular, as well as 

circular; and reinforced concrete, as well as prestressed  

II. METHODOLOGY 

A. Software Modeling and Analysis 

Beams and columns are modeled by two nodded line 

element with six degrees of freedom at each node. Water 

tank cover slab and base slab is modeled as membrane 

element with three degrees of freedom at each node. Water 

tank walls are modeled as shell element with six DOF at 

each node. Hydrostatic water load is applied on tank walls 

and is lumped in dead load primary case. For performing 

equivalent static analysis a rigid link element is assumed 

connecting calculated mass CG of tank with cover slab and 

base slab and calculated earthquake static load is applied at 

CG point of tank along both the principal direction. The 

modal response spectrum analysis is based on modal mass 

of the structure. It should be noted that IS 1893:2002 

specifies the seismic mass as mass of container with 1/3
rd

 

weight of staging. Since ETABS calculates its masses based 

on assign mass density of material unit weight of material 

for staging is assigned accordingly in response spectrum 

analysis case. 
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Fig. 1: Plan of Rectangular Water Tank 

B. Model Description 

Water capacity 750 M
3 

Size of water tank() 17.5x10.5x4.5 

Clear height of container 4.5 

Zone IV 

Soil type Medium 

Importance factor 1.5 

Response reduction factor for SMRF 2.25 

Response reduction factor for SMRF 

with bracing 
3 

Sizes of columns 450x450 

Sizes of  beams at tank base 300x450 

Sizes of beams at cover slab level 300x350 

Size of  tie beam 300x300 

Height of staging 21m 

Ties provided at 
3m c/c along 

height 

Depth of foundation 2.5 m 

Thickness of wall 300 m 

Thickness of cover slab 200 mm 

Thickness of base slab 300mm 

Thickness of shear wall 200mm 

Table 1: Description 

 

Fig. 2: FEM MODEL 

III. RESULTS AND DISCUSSION 

The Standard Loading Criteria On Rectangular Elevated 

Water Tank Was Analyzed And Results Were Studied For 

Max Displacement, Story Shears & Lateral Forces assumed 

to be fixed at the base. 

A. Maximum Displacement and Base Shear 

Maximum displacement and base shear for the three 

analysis cases are shown below. The value of displacement 

and base shear is found to be maximum for response 

spectrum analysis and it is minimum for time history 

analysis. The roof displacement obtained from response 

spectrum analysis is about 34% more than static base shear. 
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Fig. 3: Top Displacement-Longitudinal 

 
Fig. 4: Top Displacement-Transverse 

 
Fig. 5: Graph. 3. Max.Base shear –Longitudinal 

 
Fig. 6: Graph. 4. Max. Base Shear- Transverse 

B. Maximum Forces 

For evaluating exact behavior of staging under different 

staging configuration one peripheral column (C1) and one 

interior column (C2) is selected. The maximum forces in 

these columns are presented. It is observed that for both the 

exterior as well as interior column response spectrum 

analysis will give the maximum forces in columns. Bending 

moment in column C1 is 40% more in response spectrum 

analysis as compared with static analysis. It is observed that 

stresses are minimum in time history analysis. The axial 

forces are found to be maximum for response spectrum 

analysis case. It is observed that the axial forces are more in 

outer column compared to inner column and axial forces in 

inner columns are nominal. 

 
Fig. 7: Graph. 5. Max. S.F. for Column C1 & C2-Long 

 
Fig. 8: Graph.6. Max. S.F. for Column C1 & C2-Transverse 

 
Fig. 9: Graph. 7. Max. B.M. for Column C1 & C2-Long 

 
Fig. 10: Graph. 8. Max. B.M. for Column C1 & C2-

Transverse 

IV. CONCLUSION 

The following conclusion is drawn from present work.  

1) It is observed from the analysis results that response 

spectrum analysis is on conservative side as compared 

to other two methods of analysis. 
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2) The Seismic Responses Namely Base Shear, Story 

Displacements, Lateral Forces In Both The Directions 

Are Found To Vary In Similar Pattern For All The 

Time Histories. 

3) The present study gives an idea of seismic performance 

of column under different analysis techniques.  

4) In Proposed Work Seismic Response Of Circular Water 

Tank Were Analyzed And Results Of Both Tanks Are 

Compared And Contrasted. 
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