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Abstract 

Liquid storage tanks are one of the many important structures that demand greater safety measures against natural disaster like 
earthquake. Water tanks and especially the elevated water tanks are structures which are considered as main lifeline elements that should 
be capable of keeping the expected performance i.e., operation during and after earthquakes. Thus researchers, in recent years, have 
focused on studying seismic behaviors of these tanks, particularly ground tanks, while only few of these researches have concerned with 
the elevated tanks. Elevated service reservoirs are most prone to get affected by earthquake forces, since large concentrated liquid mass 
is at top which is supported by stagging pattern. In India the use of steel in construction industry is very less as compared to other 
developing countries. Not using steel as an alternative construction method and where it is economical is a great loss for the country. In 
this paper the study of various researchers and their reviews on seismic evaluation of steel water tank are presented, also some methods 
which are used to minimize the seismic effect are expressed.  

 
Keywords:  Elevated Steel Tank, Base Isolation, Bracings. 
 
1. Introduction 

Liquid storage tanks are among the most important structures that serve multiple purposes for society and industry, generally 
water tanks are used to store chemicals, oil, liquifies gas, also to store water for supplying to households as drinking purpose, for 
industries as a coolant and irrigational water for agricultural farming in some areas, also they use for firefighting and for emergencies. 
One of the basic needs of all human being is water, so for that need there are various types of water tank depending upon their size there 
are circular, rectangular, Intz, Conical Water tanks, depending upon position there are elevated, ground supported and underground 
tanks also depending upon material there are Steel, RC, Prestressed Concrete tanks. 

 
         From all types of water tanks elevated water tank which is also called as Elevated Service Reservoir (ESR) typically comprises 
of a container and a supporting tower (also called as staging) cover large area of distribution of water and ESR are specially constructed 
to maintain high pressure during supply of water at required locations. These tanks are most prone to get affected by earthquake forces, 
since large concentrated fluid mass is at the top which is supported by some staging system. The seismic performance of these tanks has 
been a matter of special importance, beyond the economic value of the structure, due to the requirement to remain functional after a 
major earthquake event. Water supply is essential immediately following destructive earthquakes, not only to cope with possible 
subsequent fires, but also to avoid outbreaks of disease. Another reason is the potential danger associated with the failure of tanks 
containing highly inflammable products, which can lead to extensive uncontrolled fire, while possible spillage of such contents might 
cause extensive environmental damage and affect populated areas. 
 
1.1 Base isolated elevated tank  

The main function of base isolation systems is to decouple the super-structure from the sub- -structure, which is mainly 
subjected to the excitation from earthquake energy transmitted from the epicentre. So, a certain amount of energy will be dissipated 
from being transmitted to the super-structure. The mass of the base slab and lateral stiffness of isolation devices are to be fixed as needed. 
When isolation is provided, displacement will be very high at the level of the isolation devices and the behaviour of super-structure 
seems to be a rigid body. But, in the case of highly elevated water tank, this rigid movement is doubtful as the mass is lumped at the 
top. 
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Fig 1. Building with and without base isolation 

 
The use of base isolation systems has two major advantages. First, the vertical and horizontal loads are resisted in different ways. It 

results in a more stable structural system and eliminates the need of a mechanism for preventing structural collapse. Second, in the 
presence of a small restoring force, the sliding systems are practically insensitive to frequency content of the base excitation and always 
reduce the transmitted shear force to the super-structure. This feature (insensitivity to frequency content of the ground excitation) is the 
most important benefit of a sliding system. 
 
2. Literature Review 
Housner. G. W [1] developed a model by using an approximate analysis of the hydrodynamic pressures exerted on the walls of rigid 
tanks subject to unidirectional horizontal seismic ground motion. He assumed the liquid, divided into two-mass system: a part of the 
liquid at the bottom of the container, known as the impulsive component behaves the same way as solid material while the liquid above 
it, known as, the convective component participates in sloshing with a different dynamic having long period of vibration. The liquid 
was assumed to be incompressible and undergo small displacement. Due to its implementation simplicity, the model has been adopted 
in many codes and standards with certain modifications. 
Sandip Maity [2] here the performance of a 105-year-old (Tallah tank) large elevated steel reservoir in Kolkata has been verified 
through its uninterrupted operation until today. This structure responded adequately against different natural hazards during it’s prolong 
lifetime. Among several features of the tank, the most important one is the tank isolation from its staging structure by series of timber 
planks. The effect of timber isolation system on the global behaviour of the tank structure in pre and post yield regime has been evaluated 
here. A time history analysis on the tank model with and without timber isolation has been performed under variable seismic ground 
motions. Parametric analyses showed that visco-elastic property of timber coupled with friction damping connection is effective to 
increase the damage control potential of the structure. 

 
Fig 2. Photograph of Tallah tank taken from “The Engineer” magazine, April 28,1911[2] 

 
Ayman A. Seleemah[3] In this paper, the seismic responses of base-isolated broad and slender cylindrical liquid storage ground tanks 
are investigated. Three types of isolation systems are considered. The seismic responses are compared with the corresponding responses 
of non-isolated tanks. Moreover, a parametric study was conducted to evaluate the effect of tank aspect ratio, isolation period, and 
friction coefficient of the FPS system on key responses of the tank. It was found that, base isolation is quite effective in reducing the 
earthquake response of ground liquid storage tanks. Generally speaking, 50–90% reductions in both base shear and impulsive 
displacement responses were observed. The convective displacement was observed to be 20–70% higher than that associated with fixed 
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base tanks leading to an essential need of increasing the clear height above the liquid surface. Base isolation was found to be more 
effective for slender tanksin comparison with broad tanks. 
Ankita K Shah [4] In this study, the elevated steel water tank isolated with Triple Friction Pendulum System (TFPS) under normal 
component of near-fault ground motions is evaluated. TFPS is placed at top and bottom level of tower structure. Mathematical model 
of storage tank is distinct with four degree of freedom model includes tower structure, sloshing mass, isolation system and impulsive 
mass. Comparison is made between tank isolated with TFPS at top of tower and tank isolated with TFPS at bottom of tower. From the 
comparison, it is observed that tower displacement, isolator displacement, base shear and impulsive displacement are less in tank isolated 
with TFPS at top of tower than tank isolated with TFPS at bottom of tower. On the other hand, convective displacement is increased in 
the tank isolated by TFPS at top of tower. 
Paul A. Vimal; Gowthami T.R. Jinu [5] explored the behaviour of the elevated water tanks in an empty condition, though not important 
in structural design, becomes an important problem in seismic design. The objective of the present research is to investigate the elevated 
water tanks in empty and in filled conditions and to emphasize the importance of seismic response. Four elevated tanks with various 
parameters are selected for seismic analysis with the base isolation technique. It is found out that empty tanks are highly vulnerable to 
earthquake effects, whereas filled tanks can be mitigated by providing base isolation. A simple experimental investigation has also been 
carried out to validate the analytical results. 
Dr. S.M. Khot [6] In this paper time period for impulsive and convective modes are evaluated along with various base isolation 
techniques such as elastomeric bearing, lead rubber bearing, frictions pendulum bearings are used to protect above ground tanks against 
earthquake. It demonstrates that the isolation method has brilliant versatility for varying liquid levels and is very effective in controlling 
the seismic forces. In this paper actual tank used for industrial application is analyzed using standard codes and time period for impulsive 
and convective mode is calculated. It has been clearly seen that convective motion of the liquid can play major role in the failure of 
tanks. To reduce the convective mode base isolation techniques can be applied to the actual tanks. 
Montazar Rabiei[7]In this paper, the seismic response of elevated liquid storage tanks using double concave friction pendulum bearings 
(DCFP) considering bi-linear and tri-linear behaviors have been investigated. After deriving the coupled differential equations of motion, 
the MATLAB programming language is employed to solve the differential equations in each time step in order to obtain the time history 
response of isolated tank under near fault ground motions. It is demonstrated that change in bearing behavior form bi-linear to tri-linear 
dramatically affects the bearing maximum displacement while the peak value of other parameters such as sloshing displacement or tower 
shear force may experience less variations. 
E. Fagà[8] The focus of the paper is on the behaviour of the supporting structure, since a horizontal ground motion will mainly cause 
damage to this part of the overall structural system. A case study has been considered, where, according to common practice, the 
supporting structure is a steel concentrically braced frame. In both design and response evaluation processes, particular attention has 
been paid to the consideration of internal fluid sloshing phenomena and on their implication on the overall dynamic response of the 
system. Two design methods have been considered: one in accordance with the relevant international codes and a second proposed 
method that allows considering the strength of braces in compression. The dynamic response of the elevated tank has been evaluated 
through linear and non-linear analysis. The different analysis strategies considered are compared and the influence of the design process 
on the global response is highlighted. 
M.B. Jadhav [9] In this paper researcher studied performance of fluid tanks considering real ground movements experiencing 
earthquake elastomeric bearings are used as isolation methods. Newmark’s step by step method is used. Different essential parameters 
considered are Aspect proportion for tank and isolation time period. A parametric study is also carried out to study the effect of important 
system parameters on the effectiveness of seismic isolation for liquid storage tanks. The various important parameters considered are: 
(i) aspect ratio of the tank and (ii) the time period of the isolation systems. It was observed that both elastomeric and sliding systems are 
found to be effective in reducing the earthquake forces of the liquid storage tanks. However, the elastomeric bearing with lead core is 
found to perform better in comparison to other systems. Further, an approximate model is proposed for evaluation of seismic response 
of base-isolated liquid storage tanks. A comparison of the seismic response evaluated by the proposed approximate method and an exact 
approach is made under different isolation systems and system parameters. It was observed that the proposed approximate analysis 
provides satisfactory response estimates of the base-isolated liquid storage tanks under earthquake excitation. 
V.R. Panchal [10] Investigated seismic behavior of fluid tank structure considering six different earthquakes using variable friction 
pendulum system (VFPS). The comparison of standard friction pendulum system (FPS) is compared performance with VFPS. It has 
been concluded that for high values of isolation period the VFPS base isolation performs well. Six different ground motions are analyzed 
by taking input as sloshing motion, impulsive movement and base shear as an input, six different ground motions are analyzed and 
concluded that all these input parameters can be controlled by using VFPS. 
Ankesh Birtharia [11] presented Elevated storage reservoirs are the structures which need to remain functional after major seismic 
events and therefore should be designed accordingly to resist expected seismic vibrations. Depending upon the storage capacity and 
other considerations, these reinforced concrete tanks can be of different shapes. Failure of these structures adds to the misery of the 
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affected population and adversely affects the post-earthquake relief operations. Extensive research on dynamic response of liquid filled 
tank traces its origin back to the middle of the last century. This paper summarizes the studies of seismic response for elevated water 
tanks. 
Sanket Nimbekar [12] In this paper, they evaluated seismic performance of staging system of elevated water storage tank with or 
without Base Isolation by using SAP2000. From this examination the powers following up on elevated water tank because of seismic 
powers are determined for zone IV. 
Saman Bagheri [13] Investigate that among the different base isolation systems, the Friction Pendulum System (FPS), whose period 
does not depend on the weight of the structure, are more appropriate for the isolation of liquid storage tanks. In this paper, the seismic 
behavior of the cylindrical liquid storage tanks base isolated by FPS is investigated under near-fault ground motions. Such earthquake 
ground motions have long-period components that may affect the long-period sloshing motion of the liquid. For the required analyses, 
the isolated tank-liquid system is modeled as three lumped masses known as convective mass, impulsive mass and base mass. The 
interaction between the fluid and the structure has been taken into account by connecting the liquid masses to the tank wall with specific 
springs and dampers. Nonlinear time history analyses are carried out to investigate the effects of the isolation period. The results obtained 
indicate that the friction pendulum system reduces the response parameters of the base isolated tank in comparison with the fixed-base 
tank. 
Ishwar Kumbar [14] In this paper, the attempts are made to study the behavior of hydrodynamic effect (Impact of liquid sloshing) in 
water full and empty condition on elevated steel water storage reservoir in sever wind and earthquakes zone of India. The analysis is 
done with Equivalent static method, Response spectrum method and also P-Delta effect with different combination of lateral and 
horizontal braced supporting frame systems. For modeling and analysis were performed using Etabs Ultimate 17.0.1 –Finite element 
software. The results of the analysis, in terms of Displacement and Time period, are obtained. For a square tank capacity of 150 m3. 
Frame with wall supported on cantilever staging and X type diagonal lateral bracing with intermediate horizontal bracing is performed 
very well and it is most efficient in terms of material used for construction. Saving steel material in horizontal tie beams, Lateral bracing, 
and intermediate horizontal bracing. Time period decreased for the frame with intermediate horizontal bracing, hence increasing the 
overall stiffness of the frame and making the frame more stable in terms of displacement. 
Anuja Dhatrak[15] In this paper, non-linear analysis is carried out for high rise steel frame building with different bracing 
configuration. Steel braced frame is one of the structural systems used to resist lateral deflection of the structures. In this project a steel 
building model is taken, this model is compared in different aspects such as Natural frequencies, fundamental time period, inter story 
drift and base shear etc. using different bracing configuration in different locations. After the numbers of trial the results of seismic 
analysis of high rise steel building with different pattern of bracing system, and it is concluded that the provision of bracing enhances 
the base shear carrying capacity of frames. Chevron-braced frames as a useful choice for improving the response of steel structures. It 
is found that the X type of steel bracings significantly contributes to the structural stiffness and reduces the maximum drift of steel 
building than other bracing systems. 
A.Mallika[16] In this paper response spectrum analysis is performed to investigate the structural responses like lateral displacements, 
storey shears, storey drifts and Overturning moments. The bracing patterns studied in the present paper are diagonal, X, V and inverted 
V-bracings. 10-storeyed building with 3.0 m, 3.6 m and 4.2 m storey heights is considered in zone V for the present study. In the present 
paper, ETABS software is used for investigating the structural responses of Tall Buildings. And it is concluded that minimum storey 
drifts are observed in the case of inverted V-braced buildings for all storey heights. Maximum value of overturning moments is less in 
diagonal-bracing.  
Dia Eddin Nassani[17] This literature presents a comparison of the seismic response of steel frames by using different types of bracing 
systems. The bracing systems are X-braced frames, V braced frames, inverted V braced frames, Knee braced frames and zipper braced 
frames. The steel frames are modeled and analyzed in four different height levels. Nonlinear static and dynamic analyses were 
performed. The frames consist of three bays and steel braces were inserted in the middle bay of each frame. The structural responses of 
frames are studied in terms of capacity curve, drift ratio, global damage index, base shear, storey displacements, roof displacement time 
history and plastification. The results showed a good improvement in the seismic resistance of frames with the incorporation of bracing. 
The results revealed that the bracing elements were very effective in diminishing drifts since the reduction of inter-storey drifts with 
respect to unbraced frames were on the average 58%. Also steel braces considerably reduced the global damage index. 
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3. Conclusion & Outlook 
1. The Seismic performance of steel elevated water tank depends upon various parameters such as, Aspect ratio (slenderor broad 

tank), Tank height, Water fill condition, Type of Bracing pattern, soil condition etc. 
2. For elevated water tank time period is independent of the zone but depends upon the staging type and height of elevated water 

tank. 
3. The bracing element have very important effect on structural behavior under earthquake effect. The provision of bracing enhances 

the base shear carrying capacity of frames.  
4. Chevron-braced frames as a useful choice for improving the response of steel structures. It is found that the X type of steel 

bracings significantly contributes to the structural stiffness and reduces the maximum drift of steel structure than other bracing 
systems. 

5. The bare frame is highly unacceptable for framing of elevated steel water storage reservoir in severe wind and earthquakes zones. 
6. Result for the empty tank condition is low value when compared to the tank full in terms of both displacement and time period.  
7. In both design and response evaluation process of Elevated steel water tank, particular attention must be given towards the 

consideration of internal fluild sloshing phenomena. 
8. Isolation Technique is very effective in reducing the seismic effect on the elevated steel water tank, there are various types of 

isolation system such as Timber Isolation, Elastomeric bearing, lead rubber bearing, frictions pendulum system (FPS), Double 
concave friction pendulum system (DCFP), Triple Friction Pendulum System (TFPS), Variable friction pendulum system 
(VFPS)etc. 
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