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Abstract 

This paper provides literature view of various types of supporting structure and bracings patterns of RCC elevated circular water 

tank for seismic considerations for various zones of earthquakes specified by IS 1893:1984. As from past records many elevated 

structure failed during earthquakes only because of improper designing of supporting structure. This is because large 

concentrated mass is situated at top portion supported by some staging system. The main aim is to study and understand 

Behaviour of different bracings and staging patterns and their arrangement for better performance during earthquake. Analysis is 

carried out for elevated circular water tank with different bracing patterns and arrangement for various zones by using Bentley 

Staad pro software. Comparison of deflection of tanks for various bracing pattern is done for tank full and tank empty condition.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Water is one of the basic needs of all living beings. Hence proper supply of water should be available to public which can be 

achieved by construction of water tank. A reinforced concrete tank is a very useful structure which is meant for storage of water 

for various purposes. The usual types of water tank are the following Tanks situated on ground, tank situated underground and 

tanks situated above ground level. The tanks may be either open of roofed over and they must be either circular, rectangular or 

square ion plan the mix usually adopted is M 25 or M20. Capacity of water tank depends upon the population of locality where 

water tank is to be constructed. Also the sufficient height should be maintained to obtain required pressure of water. It has been 

seen from past experience that many water tank leads to collapse due to earthquake. Utmost care should be taken while designing 

water tank so that it should remain functional during earthquakes to provide facility for earthquake affected people and for 

firefighting purpose. The main aim is to study the performance of elevated water tank under different bracings patterns and their 

arrangement. Analysis is carried out by comparing deflection of container and base shear for tank full, tank half and tank empty 

conditions. 

II. LITERATURE SURVEY 

Sudhir K Jain and Sajjad Sameer U analyzed Code provisions for Aseismic design of elevated water tank have been reviewed 

based on comparison with seismic codes of other countries and report of several investigations in recent years. It is pointed out 

that the seismic design force in IS 1893-1984 is rather low due to the absence of suitable performance factor which must be in 

the range of 3.0-4.5.On other hand code is conservative in proposing that the tank be modeled as a single degree of freedom 

system. Other proposal for modification includes consideration of torsion in design, explicit ductile requirements for staging, 

separate treatment for tanks with flexible walls etc. 

G.P.Deshmukh and Ankush.S.Patekhede analyzed few earthquakes like Bhuj earthquake (2001) in India R.C.C elevated water 

tanks were heavily damaged or collapsed. This was might be due to the lack of knowledge regarding the proper behavior of 

supporting system of the tank due to the dynamic effect and also due to improper geometrical selection of staging. The main aim 

of this study is to understand the behavior of different staging, under different loading conditions and strengthening the 

conventional type of staging, to give better performance during earthquake. Equivalent Static Analysis, for five different types of 

bracing systems, applied to the staging of elevated circular water tank in zone IV, is carried out using STAAD Pro. Comparison 

of base story shear and nodal displacements of the container of circular water tank for empty, half-filled and full condition is 

done. Eleven models are used for calculating base shear and nodal displacements After calculating base shear and nodal 

displacements of eleven models for empty, half filled & full condition of container applying with different types of bracing 

system in staging then economy point of view project study suggest such type of bracing which gives minimum base shear as 

well as considerable displacement for measure earthquake zones   

K C Biswal, Prof S K Bhattacharyya and Prof P K Sinha adopted FINITE ELEMENT METHOD for the sloshing analysis of 

liquid filled rectangular tank with baffles using the velocity potential formulation and the linear water wave theory. The slosh 
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frequencies of liquid in a rectangular tank without and with baffles are evaluated. Rectangular plates are used as baffles, which 

are attached to the two opposite walls of the tank. The tank-baffle system is considered is rigid. The slosh frequencies of liquid 

are computed for different dimensions and positions of baffle(s). The results obtained for tank without baffle are comparable 

with the results available in the open literatures. In a tank-baffle system, the baffle plays an important role in changing the free 

vibration characteristics of liquid. The slosh response of liquid in a rectangular tank with and without baffle is studied under 

steady state sinusoidal base excitation. The slosh displacement of liquid may be reduced noticeably by putting baffle in a liquid 

filled rectangular tank. 

Chirag N. Patel, Burhan Kanjetawala and H. S. Patel, studied that elevated tanks were collapsed or heavily damaged during 

the earthquakes all over the world. These unusual events showed that the supporting system of the elevated tanks has more 

critical importance than the other structural types of tanks. So most of damages observed during the earthquakes arise from the 

causes like unsuitable design of supporting system, mistakes on selecting supporting system. Liquid storage tanks supported on 

staging are used extensively for storing water, inflammable liquids and other chemicals. Staging is formed by a group of columns 

and horizontal braces provided at intermediate levels to reduce the effective length of the column. The frame staging with a 

single row of columns placed straight (vertical) along the periphery of circle, are generally adopted for elevated water tanks to 

support the tank container. Apart from vertical column, tapered (inclined) columns are also used to support the tank container. 

The aim of this paper is to study the Sloshing behavior of elevated tank with frame type tapered staging under different time 

history records using software SAP2000. Analysis follows the guideline for “Seismic Design of Liquid Storage Tanks” provided 

by the Gujarat State Disaster Management Authority and Preliminary Draft of IS: 11682 “Criteria for Design of RCC Staging for 

Overhead Water Tanks”. 

Manish N Gandhi and Prof. A. Rajan analyzed few earthquakes in India and founded that R.C.C elevated water tanks were 

heavily damaged or collapsed. This was might be due to the lack of knowledge regarding the proper behavior of supporting 

system of the tank due to the dynamic effect and also due to improper geometrical selection of staging. The main aim of this 

study is to understand the behavior of different staging, under different loading conditions and strengthening the conventional 

type of staging, to give better performance during earthquake. The aim of this study is to understand the necessity of analyze 

conventional staging system of elevated water tank with different type bracing in staging system for elevated water tank. 

Kanan Thakkar and Dr. R.P. Rethaliya analyzed few earthquakes in India and founded that R.C.C elevated water tanks were 

profoundly damaged or collapsed. This might be due to the lack of knowledge regarding the proper behavior of supporting 

system of the tank due to the dynamic effect, improper geometrical selection of staging, and also due to lack of earthquake 

resistant design. The main aim of this study is to understand the significant of considering earthquake loads in design & the 

behavior of different staging under different loading conditions and strengthening the conventional type of staging to give 

enhanced performance during earthquake. 

Durgesh C Rai gives information that the current designs of circular shaft-type supporting structures of elevated water tanks 

are extremely vulnerable under lateral forces due to earthquakes. The 2001 Bhuj earthquake provided another illustration of this 

vulnerability when a great many water tank staging suffered damage as far as 100 km from the epicentral tract. Shaft type staging 

suffer from poor ductility of thin shell sections in addition to lack of redundancy of load paths and toughness. Lateral strength 

analyses of a few damaged shaft type staging’s clearly show that all of them either met or exceeded the requirements of IS:1893-

1984, however, they were all found deficient when compared with requirements of International Building Code in similar 

seismic exposure conditions. IS: 1893-1984 design forces are unjustifiably low for these systems which do not have advantage of 

ductility and redundancy. The code’s much higher degree of reliance on ductility to reduce design forces does not yield 

satisfactory performance; these forces are currently being grossly underestimated. A response reduction factor equal to 2 is 

proposed to be used with the revised code IS: 1893-2002 for such structures, which provides reasonably safe design forces. 

M.K. Shrimali and R.S Jangid studied that the continuous liquid mass of the tank is modelled as lumped masses referred as 

sloshing mass, impulsive mass and rigid mass. Firstly, the seismic response of isolated tanks is obtained using the modal 

superposition technique and compared with the exact response to study the effects of non-classical damping. The comparison of 

results with different tank aspect ratios and stiffness and damping of the bearing indicate that the effects of non-classical 

damping are insignificant implying that the response of isolated liquid storage tanks can be accurately obtained by the modal 

analysis with classical damping approximation. The second investigation involves the analysis of base-isolated liquid storage 

tanks using the response spectrum method in which the peak response of tank in different modes is obtained for the specified 

response spectrum of earthquake motion and combined with different combination rules. The results indicate that the peak 

response obtained by the response spectrum method matches well with the corresponding exact response. However, specific 

combination rule should be used for better estimation of various response quantities of the isolated tanks. Finally, the closed-

form expressions for the modal parameters of the base-isolated liquid storage tanks are derived and compared with the exact 

values. A simplified approximate method is also proposed to evaluate the seismic response of isolated tanks. The response 

obtained from the above approximate method was found to be in good agreement with the exact response. 

Pavan S Ekbote and Dr. Jagdish G Kori. Analyzed few earthquakes in India and founded that R.C.C elevated water tanks were 

profoundly damaged or collapsed. This was might be due to the lack of knowledge regarding the proper behavior of supporting 

system of the tank again dynamic effect and also due to improper geometrical selection of staging patterns. Due to the fluid 

structure interactions, the seismic behavior of elevated tanks has the characteristics of complex phenomena. The main aim of this 

study is to understand the behavior of supporting system which is more effective under different response spectrum method with 

SAP 2000 software. In this paper different supporting systems such as radial bracing and cross bracing. 
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Ayazhussian M Jabar and H.S.Patel. Analyzed few earthquakes in India and founded that R.C.C elevated water tanks were 

profoundly damaged or collapsed. This was might be due to the lack of knowledge regarding the proper behavior of supporting 

system of the tank again dynamic effect and also due to improper geometrical selection of staging patterns. Due to the fluid-

structure interactions, the seismic behavior of elevated tanks has the characteristics of complex phenomena. The main aim of this 

study is to understand the behavior of supporting system which is more effective under different earthquake time history records 

with SAP 2000 software. Here two different supporting systems such as radial bracing and cross bracing are compared with basic 

supporting system for various fluid level conditions. For later conditions water mass has been considered in two parts as 

impulsive and convective suggested by GSDMA guidelines. In addition to that impulsive mass of water has been added to the 

container wall using Westergaard’s added mass approach. Tank responses including base shear, overturning moment and roof 

displacement have been observed, and then the results have been compared and contrasted. The result shows that the structure 

responses are exceedingly influenced by the presence of water and the earthquake characteristics. 

Jain, Sudhir K and Sameer, U.S .Reviewed IS code provision for aseismic design of elevated water tanks  It is seen that, due to 

absence of a suitable value of performance factor for tanks, the code provides for rather low seismic design force for these 

structure. Simple expressions are given which allow calculation of staging stiffness, and hence the time period, while 

incorporating beam flexibility. 

S. K. Jangave and Dr. P. B. Murnal Studied the seismic behavior of the elevated water tank with consideration and modeling 

of impulsive and convective water masses inside the container as one mass model and two mass model as per IS: 1893-2002 

under different time history records using finite element software SAP 2000.The present work aims at checking the adequacy of 

water tank for the seismic excitations. The result shows that structure response is exceedingly influenced by different capacities 

of water tank and their one mass and two mass models and earthquake characteristics. The responses include displacement at top 

level and base shear of existing model and its one mass and two mass models under the four different time history have been 

compared.  

D. K. Landge and Dr. P. B. Murnal Studied the seismic behavior of the elevated water tank with consideration and modelling 

of impulsive and convective water masses inside the container as supported on shaft as one mass model and two mass model as 

per IS: 1893-2002 under different time history records using finite element software SAP 2000.The present work aims at 

checking the adequacy of water tank supported on shafts for the seismic excitations. The result shows that structure response is 

exceedingly influenced by different capacities of water tank and their one mass and two mass models and earthquake 

characteristics. The responses include displacement at top level and base shear of existing model and its one mass and two mass 

models under the four different time history have been compared. Lateral strength analyses of a few damaged shaft type staging 

clearly show that all of them either met or exceeded the requirements of IS:1893-1984, however, they were all found deficient 

when compared with requirements of International Building Code in similar seismic exposure conditions. IS: 1893-1984 design 

forces are unjustifiably low for these systems which do not have advantage of ductility and redundancy. 

Asari Falguni P and Prof. M.G.Vanza studied the behavior of RCC elevated water tank by using friction damper (FD). For FD 

system, the main step is to determine the slip load. In nonlinear dynamic analysis, the response of structure for three earthquake 

time history has been carried out to obtain the values of tower drift base shear and acceleration Time Period. These values are 

compared with original structure. Results of the elevated tank with FD are compared to the corresponding fixed-base tank design 

and indicate that friction damper is effective in reducing the tower drift, base shear, time period, and roof acceleration for the full 

range of tank capacities. The obtained results shows that performance of elevated water tank with FD is better than without FD.   

Chirag N. Patel and H. S. Patel studied the behavior and suitability of supporting system of reinforced concrete 

elevated/overhead tanks during vulnerable force events like earthquake with some unusual alteration. As from very offensive 

past records, many reinforced concrete elevated water tanks were collapsed or highly damaged during the earthquakes all over 

the world. General observations are pointing out the reasons towards the failure of supporting system which reveals that the 

supporting system of the elevated tanks has more critical importance than the other structural types of tanks. Most of the 

damages observed during the seismic events arise due to the causes like improper/unsuitable design of supporting system, 

mistakes during selection of supporting system, improper arrangement of supporting elements and/or underestimated demand or 

overestimated strength etc. Consequently the aim of this study is to know the effectiveness of supporting systems of elevated 

tanks with different alteration. A reviewed literature demonstrates the considerable change in seismic behavior of elevated tanks 

with consideration of responses like displacement, base shear, base moment, sloshing, torsional vulnerability etc. Finally study 

discloses the importance of suitable supporting configuration to remain withstands against heavy damage/failure of elevated 

water tanks during seismic events. 

III. DISCUSSION AND CONCLUSION 

1) For basic staging overturning moment is highest as compare to the other staging pattern.  

2) The slender staging that results from the low design forces is a very unfavorable feature for seismic areas for elevated water 

tanks   

3) The current designs of RC shaft type circular staging (supporting structure) for elevated water tanks are extremely 

vulnerable to lateral loads caused by earthquakes. It is evident from the damages sustained to staging as far as 125km away 

from the epicentral tract of the Bhuj earthquake. 

4) Supporting structures of elevated water tanks are extremely vulnerable under lateral forces due to an earthquake.  
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5) Looking to the above literature study only frame type staging with a single row of columns placed along the periphery of a 

circle, are not adequate to support container of elevated water tanks. Apart from that, it is required to identify suitable 

modified water tank staging system by determining what improvements or added features are necessary for staging part of 

water tank for better performance during earthquake. 

6) Parametric study is carried out by using different patterns of bracings in staging of an elevated water tank. From the table it 

is clear that the base shear value reduces for alternate bracing pattern in staging. This is apparent because of the reduction of 

overall stiffness of the structure. 

7) Generally, when earthquake occur major failures of elevated water tank take place due to failure of supporting systems, as 

they are to take care for seismic forces. Therefore supporting structures of elevated water tanks are extremely vulnerable 

under lateral forces due to an earthquake. Looking to the above literature study only frame type staging with a single row of 

columns placed along the periphery of a circle, are not adequate to support container of elevated water tanks. Apart from 

that, it is required to identify suitable modified water tank staging system by determining what improvements or added 

features are necessary for staging part of water tank for better performance during earthquake. Also, alternate or innovative 

configurations are also required to put in practice. 

8) A reviewed literature demonstrates the considerable change in seismic behavior of elevated tanks with consideration of 

responses like displacement, base shear, base moment, sloshing, torsional vulnerability etc. when supporting system is used 

with appropriate modifications. Finally study discloses the importance of suitable supporting configuration to remain 

withstands against heavy damage/failure of elevated water tanks during seismic events. 
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