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Abstract- All over the world, it has been observed that the elevated water tanks were collapsed or heavily damaged during 
the earthquakes are, because of unsuitable design or wrong selection of supporting systems and underestimated demand or 
overestimated strength. Also one of the causes of failure was, failing of bracings under shear causing increase in moments in 
column leading to the formation of plastic hinges in columns. So it is very important to study the response of elevated water 
tank to the dynamic forces. This literature work provide an idea of different aspects of circular and square Reinforced 
Cement Concrete (RCC) elevated water tanks which can be studied to increase the sustainability and stability. Also it 
enlighten the aspects that remain untouched. The revised Indian code IS:875(Part-III):2015 need to be studied while 
designing the water tank so as to incorporate the effect of cyclonic wind factor to obtain the natural time period, lateral 
displacement and base shear of different water tank models. 
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I. INTRODUCTION 
 
“ It Is Said That Earthquake Never Kills People; 
It Is The Improperly Designed And Constructed 
Structures, That Kill. ” 
According to seismic code IS:1893(Part 1): 2016, 
more than 60% of India is prone to earthquake 
effects. Water supply mechanism for a city is a life 
line that must remain functional following disaster as 
water supply is essential for drinking and controlling 
fires, thatmay occur during earthquakes or any other 
natural calamities.  

 

 
Fig: 1.1: Elevated water tank and spring mass model 

 
An earthquake analysis is effective components 
acting on tank due to structural loading are the two 
horizontal and one vertical direction. Tanks have 
effect of seismic vertical loads is small, compare to 
lateral seismic loads on the elevated tank at high 
elevation. Seismic load magnitude in lateral direction 
is directly related to the weight of tank. In earthquake 
analysis increase of lateral load, bending moment also 
increase and result of this, non uniform pressure at 
bottom of tank increase as compare to pressure due to 
gravity load. This phenomenon further get more 
critical due to dynamic behaviour of water stored in 

tank at full condition generating impulsive and 
convective forces. 
Likewise the earthquake analysis, wind analysis is 
also effective component acting on tank when the 
cyclonic factor is consider during design of structure. 
 
II. LITERATURE REVIEW 
 
This section presents a review on various literatures 
to highlight development and application of different 
techniques on elevated water tank structures. The 
main purposes for exhaustive literature surveys are as 
following. Firstly, it was meant for obtaining a 
complete picture of various soil condition and seismic 
zone use for the design of elevated water tanks. 
Secondly, the staging patterns of column and shaft 
type staging for the supporting system of water tanks 
and the effect of soil-structure interaction on structure 
and thirdly, the optimizing construction cost of silo 
structure achieving the maximum structural stability 
at the same time. Literature review related to present 
work shows the research proceeded along following 
directions. 
 
Sudhir K. Jain and Sajjad Sameer U (1994) studied 
about the necessary requirements in Indian codes for 
seismic design of elevated water tank are studied. The 
primary objective is to review the IS code with codes 
of the other countries and study reports based on the 
investigations made. By the comparative study they 
had proposed the recommendations for the IS code 
with comparative study of codes of other countries. 
 
S. C. Dutta et al. (2000) studied and assessed the 
seismic torsional vulnerability of elevated tanks with 
RC frame-type staging. Objective of the paper is to 
estimate the range of variation of natural period ratio 
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for usually constructed reinforced concrete elevated 
water tanks with frame-type stagings for computing 
out their torsional vulnerability. The study represents 
that there is only a limited scope for changing natural 
period ratio by modifying the number of columns Nc, 
number of panels Np, and the relative column and 
beam stiffness parameter Kr. 
 
PK Malhotra et al. (2000) studied and provided the 
theoretical background of a simplified seismic design 
procedure for cylindrical ground supported tanks. It 
takes into account the impulsive and convective 
(sloshing) actions of the liquid in flexible concrete 
tank with rigid foundation. Seismic responses – base 
shear, overturning moment, and sloshing wave height 
are calculated. Results obtained by proposed 
procedure were compared to those obtained with 
detailed modal analysis. 
 
AdemDoganguncet al. (2008) investigated the soil 
and water behaviour using an artificial seismic 
excitation that is been generated according to 
Gasparini and Vanmarcke approach, at the bedrock. 
Author has chosen seven cases to make comparisons 
with direct nonlinear dynamic analysis. The analysis 
is based on the superposition model dynamic 
analysis. The results shows that a significant effect 
obtained in shear force, overturning moment and 
axial force at the base of elevated tank. 
 
Sekhar Chandra Dutta & Rana Roy (2009) 
investigated about the Dynamic behavior of R/C 
elevated tanks with soil structure interaction. Primary 
objective of this paper is to check the effect of soil-
structure interaction on the components in empty 
condition and to identify the torsional vulnerability of 
shaft supported water tank. The investigation 
evaluates impulsive lateral period and impulsive 
torsional-to-lateral period ratio of system 
incorporating the effect of soil-structure interaction 
and validating the results against finite element 
analysis. 
 
Dr. SuchitaHirde& Dr. ManojHedaoo (2011) studied 
the seismic performance of elevated tank for various 
seismic zones of India for various heights and 
capacity of tanks for different soil conditions. The 
effect of height of water tank, earthquake zones and 
soil conditions on earthquake forces have been 
presented in this paper with the help of analysis of 
240 models of various parameters. Study concluded 
that seismic forces are directly proportional to 
seismic zones, capacity of the tank and inversely 
proportional to height of supporting system. 
 
SoheilSorounshia et al. (2011) investigated about the 
Seismic Performance of RC Elevated Water Tanks 
with Frame Staging and Exhibition Damage Pattern. 
In this study the aim is to obtain the damage patterns 
in reservoirs by using analytical method, with the 

help of finite element analysis method. In comparison 
with reinforced concrete elevated water tanks with 
shaft staging, the water tanks with frame staging have 
shown better seismic behaviour to resistant against 
lateral loads. 
M. Moslemi et al. (2011) investigated the seismic 
response of liquid-filled elevated tanks. Main 
objective of the study is to evaluate the performance 
of elevated tanks under seismic loading using finite 
element analysis (FEA)method. With the thorough 
study using the method adopted, concluded that the 
study of liquid sloshing effects in tanks with complex 
geometries like conical tanks is easier. 
Mostafa Masoudi et al. (2012) evaluation of response 
modification factor of elevated concrete tanks done. 
The objective is to study the effects of multi-
component earthquakes, fluid–structure interaction 
and the (P–delta) effects on the inelastic response of 
elevated tanks by linear and non linear response 
history analysis. As per US seismic design 
codes,recommend R value is up to 3, and the 
calculated R factor in this research is less than 3. Also 
Eurocode 8, specifies the response modification 
factor mainly up to 1.5. 
 
Y. Wang et al. (2014) studied about the performance 
of stainless steel water tank subjected to impulsive 
loading by the means of experimental method. The 
water tanks with two different front and rear plate 
thicknesses were investigated. In addition, the same 
water tank with and without filled water was 
compared to study the water effects on the response 
of water tank under impulsive loading. Besides the 
experimental studies, the FE method was adopted to 
reproduce the experiment and improve the current 
test method. 
 
DrifaSilmani et al. (2014) done a research and 
prepare a case study on seismic risk of RC water 
storage elevated tank. The main objective is to predict 
the average level of damage that can occur on an 
elevated tank under the earthquakes action using 
concept of seismic vulnerability. With the deep study 
and from a calculated vulnerability index, study 
proposes a tank classification scale in three levels of 
behavior i.e. Good, average, and bad. 
Ming-Xiang Xiong et al. (2015) performs the analysis 
of axially restrained water storage tank under blast 
loading. The objective of this paper is to reasonably 
predict the response of water tank under blast loading 
using SDOF system and Lagrange equation. 
Researcher have concluded the comparison of results 
of SDOF and Lagrange equation with verifying to FE 
analysis is done.  
 
Kalyankumarmandal and Damodarmaity (2016) 
performs the nonlinear finite element analysis of 
water in rectangular tank. The aim is to study non-
linearity effect of fluid due to harmonic motion of 
various frequencies and amplitudes. The study 
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concluded that Amplitude, frequency and length of 
water tank alters the nonlinear response of water tank. 
AnkushAsati and Dr. Mahendrakadu (2016) studied 
about the seismic analysis of RC elevated water tank 
using various staging system. The main objective is 
to study seismic effect of circular water tank for 
various staging arrangement in plan, variation in 
no.of columns and stages.Study concluded that radial 
arrangement with six staging levels for six, ten and 
twelve no. of columns for full tank condition. 
 
P. Deepak kumar and AishwaryaAlok (2016) do the 
comparative study of dynamic analysis of rectangular 
liquid filled containers using different codal 
provisions. The objective is to determine 
hydrodynamic pressure distribution on rectangular 
tanks of various geometries considering impulsive 
and convective components of liquid mass. Study 
produces the differences in the magnitude of shear 
and moment at base by comparative study of Draft IS 
1893 Part 2,ACI 350.3, and Eurocode 8 to evaluate 
the need of new reliable IS codal provisions. 
 
Sandip L. Gongale and Mayur K. Ghumde (2016) 
study analysed the various types of reinforced 
concrete elevated water tank having same intake 
capacity of 400 cum for wind and seismic excitations. 
Seismic effects are evaluated through P-delta 
analysis. For wind analysis, both along and across 
wind effects are considered. The minimum and 
maximum deflection is found out for circular, intze, 
shell and square type elevated water tanks. Results 
concluded that economy is achieved by square water 
tank whereas as per design point of view, intze tanks 
are preferred. 
 
P.L.N. Saroja (2016) study and analyse the elevated 
water tank and comparing the forces created on 
elevated water tank in different seismic zones due to 
earthquake The analysis of elevated water tank is 
performed on impulsive mode and convective mode 
using the code IS 1893 (part 2) 2002 and also had 
considered forces in both tank full condition and tank 
empty condition. Study results that by comparing the 
seismic forces and wind forces, the weight per unit 
height is more due to seismic for than wind forces. 
Also Horizontal forces are higher at bottom level due 
to seismic effect and it is decreases from bottom to 
top. 
 
H. Shakib et al. (2017) studied about the effect of 
earthquake site-source distance on dynamic response 
of concrete elevated water tanks. The objective of the 
proposed study is considering base fixed, to compare 
the base shear, base moment and sloshing responses 
under different near and far-field ground motions and 
simultaneous effects of their horizontal and vertical 
components. It is to be found out that dynamic 
behavior of the considered system is highly sensitive 
to site-source distance of the earthquake records. 

Sandip T D (2017) studies the performance of two 
types of elevated water tank with varying heights 
under seismic and wind induced dynamic loads. Wind 
loads are considered as per IS 1911-1967, IS 
875(part3): 1987 and seismic load as per IS 
1893(part1):2002. The FEM analysis of elevated 
water tank involves modal analysis, equivalent static, 
response spectrum, and wind analysis with gust 
factor. According to obtain results, Response 
spectrum analysis result shows displacement 
increases as the height increases in both square and 
circular, and when compared to square tank, circular 
tanks shows minimum displacement. It indicates 
circular tank is more effective than square tank. Also 
Wind analysis result shows that displacement 
increases as the height increases in both square and 
circular. 
 
CONCLUSION 
 
As of now, limited researches have been done on the 
effect of the seismic zones and the change of 
geometry. Present study focuses on the area which 
had been unfocused in past researches. 

Present study is an attempt to focus on the 
various aspects of study for dynamic analysis of 
elevated water tanks which are still not taken as the 
matter of interest. 

Based on the literature review it is observed 
that the analytical study was carried out and the 
results determine that the elevated water tanks are 
more vulnerable to the seismic activities due to 
earthquake. 

The conclusions of some studies are limited 
by the facts that only circular shape for overhead 
water tank is considered. Variation in geometry of 
tank is not considered. 

In some the research, the variation in the 
geometry is not considered as circular shape and 
rectangular shape behave completely different in 
stress distribution manner. 

It is found that H / R ratio is not taken into 
account as the time period of the structure changes 
with varying H / R ratio for varying geometry. 

Effect of the cyclonic wind on the tank is not 
taken into account as the new factor is introduced in 
IS 875-Part 3 to calculate wind intensity. 
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