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Abstract: Elevated water tanks are integral part of lifeline facilities in any town/city. They are used to store water for various 

purposes like drinking etc and are vulnerable in resisting earthquake forces due to presence of large mass on a slender staging. 

This study is mainly focused in understanding the seismic behaviour and vulnerability of elevated reinforced concrete water 

tanks and supporting structures for various seismic intensities, soil conditions, staging heights etc. with respect to the provisions 

of IS1893 Part2 and guidelines proposed by IITK-GSDMA. Finite element modelling and dynamic analysis of elevated water 

tanks has been performed using SAP2000. Further, Nonlinear static analysis has been performed to assess the ductility 

characteristics of the water tank for varying staging heights, for a given capacity of water tank (Empty and Full water level 

conditions). In this study Circular water tank has been chosen as a case study and analysed for staging heights 5, 

8,11,14,17,20,23 & 26, for an interval of 3 meters. 
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I. INTRODUCTION 
      An elevated RC intze tank is a large water storage 

container constructed for the purpose of holding water supply 

at certain height to pressurize the water distribution system. 

Many new ideas and innovation has been made for the 

storage of water and other liquid materials in different forms 

and fashions. Liquid storage tanks are used extensively by 

municipalities and industries for storing water, inflammable 

liquids and other chemicals. Thus Water tanks are very 

important for public utility and for industrial structure. 

Elevated water tanks having Large diameter with a conical 

dome at its bottom are known as intze tanks consists of huge 

water mass at the top of a slender staging which are most 

critical consideration for the failure of the tank during 

earthquakes.A large number of elevated water tanks damaged 

during past earthquake were found to be supported on shaft 

staging. It is observed from the past earthquake; most of the 

elevated water tanks undergo damage to their staging. The 

seismic analysis of these tanks has been carried out by  

different methods firstly based on Indian standard code 

1893,(part 1) i.e. adopting lumped mass modal method and 

second is based on IS 1893(part 2) draft code and IITK-

GSDMA guidelines considering two mass modal (convective 

and impulsive mode) method. It can be observed that 

reinforced concrete elevated water tanks with frame staging, 

has shown better seismic resistance than reinforced concrete 

elevated water tanks with shaft staging. These can be 

attributed to the seismic energy absorption capacity of the 

staging patterns. Hence this study is primarily focussed on 

understanding the seismic behaviour and performance 

characteristics of elevated RC intze tank with different 

staging patterns in Warangal city. In the present study, 

Dynamic analysis of RC intze tank and evaluation of ductility 

characteristics of different staging namely, frame staging and 

shaft staging is also carried out. Software package SAP2000 

has been used for modelling and analyzing the elevated water 

tank supported on frame and shaft staging. 

 

II. LITERATURE REVIEW 
Malhotra PK [1] Used Finite element method to model the 

elevated tank, Columns and beams in the support system are 

modelled as frame elements. For different water conditions 

like empty, full and half-full case was studied and the time 

period, modal participation mass ratio were calculated. Base 

shear, overturning moment, roof displacement, sloshing 

displacement were studied. Conclusions arrived are, 

Maximum displacement of the elevated tank occurs in the 

joint between the support system and the container. 

Maximum displacement of the elevated tank does not occur 

in roof of the elevated water tank. Because of the difference 

in impulsive and convective mass time periods and the 

difference in the frequency contents and properties of the 

earthquake records used, the occurrence time of maximum 

roof and sloshing displacements are different. Responses 

such as base shear force, overturning moment and impulsive 

displacement (roof and floor displacement) depend more on 

the tank impulsive mode, while sloshing displacement 

depends more on the tank convective mode.  

 

MANISH N. GANDHI [2] Explained about frame staging 

type Elevated water tanks, which consist of huge water mass 

at the top of a slender staging which are most critical 
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consideration for the failure of the tank during earthquakes. 

Many of the water tanks which failed due to earthquake 

forces are shaft supported water tanks, which are needed to 

be avoided in seismic zones. It was also identified that, for 

higher seismic zones general frame staging is not sufficient 

special staging with bracings are required. The conclusions 

arrived from these paper was that the slender staging that 

results from the low design forces is a very unfavourable 

feature for seismic areas for elevated water tanks. The current 

designs of RC shaft type circular staging 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 epicentre of the Bhuj 

earthquake. Supporting structures of elevated water tanks are 

extremely vulnerable under lateral forces due to an 

earthquake.  

 

Housner [3]  proposed two mass model for elevated tank 

which is more appropriate and is being commonly used in 

most of the international codes including Draft code for IS 

1893 (Part-II). The pressure generated within the fluid due to 

the dynamic motion of the tank can be separated into 

impulsive and convective parts. When a tank containing 

liquid with a free surface is subjected to horizontal 

earthquake ground motion, tank wall and liquid are subjected 

to horizontal acceleration. The liquid in the lower region of 

tank behaves like a mass that is rigidly connected to tank 

wall. This mass is termed as impulsive liquid mass which 

accelerates along with the wall and induces impulsive 

hydrodynamic pressure on tank wall and similarly on base 

Liquid mass in the upper region of tank undergoes sloshing 

motion. This mass is termed as convective liquid mass and it 

exerts convective hydrodynamic pressure on tank wall and 

base. For representing these two masses and in order to 

include the effect of their hydrodynamic pressure in analysis, 

spring mass model is adopted for two-mass model for 

elevated water tanks.  

 

Dutta[4] Studied torsional response of RC elevated water 

tanks supported on axisymmetric frame-type staging. He 

studied that Elevated water tanks have failed during past 

earthquakes owing to large torsional response. 

Considerable torsional response may occur due to accidental 

eccentricity if the uncoupled torsional and lateral natural 

periods of the tanks are closely spaced. 

  

Research Significance: Study of seismic resistant design of 

elevated water tanks as per IS 1893(part1) and IITK-GSDMA 

guidelines. Finite element modelling and dynamic analysis of 

elevated RC intze water tank with different staging patterns 

with lumped mass modal as per IS: 1893 (part1) and two 

mass modal method as per IS1893 ( p a r t 2 ) and IITK-

GSDMA guidelines respectively. Since earthquake data for 

Warangal city is not available, response spectrum analysis 

has been carried out for elevated RC intze water tank 

supported with different staging patterns using SAP2000 

software. Analyse the influence of staging patterns on the 

base shear and ductility characteristics of elevated intze water 

tank by performing nonlinear static analysis using the 

software SAP2000. 

 

III. SEISMIC ANALYSIS OF ELEVATED RC INTZE 

TANK WITH DIFFERENT STAGING PATTERNS 
     Analytical studies dealt with the hydrodynamics of 

liquids in rigid tanks resting on rigid foundations. It was 

shown that a part of the liquid moves in long-period 

sloshing motion, while the rest moves rigidly with the tank 

wall. The latter part of the liquid also known as the 

impulsive liquid experiences the same acceleration as 

the ground and contributes predominantly to the base shear 

and overturning moment. The sloshing liquid determines the 

height of the free-surface waves, and hence the freeboard 

requirement. The flexibility of the tank wall may cause the 

impulsive liquid to experience accelerations that are several 

times greater than the peak ground acceleration. Tanks 

supported on flexible foundations, through rigid base mats, 

experience base translation and rocking, resulting in 

longer impulsive periods and generally greater effective 

damping. These changes may affect the impulsive 

response significantly. The convective (or sloshing) 

response is practically insensitive to both the tank wall 

and the foundation flexibility due to its long period of 

oscillation. For the purpose of this analysis elevated tanks is 

considered as a single degree of freedom with their mass 

concentrated at their centre of gravity. 

 

IV. LUMPED MASS MODAL METHOD 

A. Horizontal pressure 
    For the purpose of this analysis, elevated tanks shall be 

regarded as systems with a single degree of freedom with 

their mass concentrated at their centre of gravity. The 

damping in the system may be assumed as 5 percent of the 

critical for concrete.  

 

B. Two Mass Modal Method  
    Most elevated tanks are never completely filled with 

liquid. Hence a two-mass Idealization of the tank is more 

appropriate as compared to a one mass idealization. Failure 

of tanks during Chilean earthquake of 1960 and Alaska 

earthquake of 1964 led to beginning of many investigations 

on seismic analysis of liquid storage tanks and this aspect 

came to forefront that consideration should be given to 

sloshing (convective) effect of liquid and flexibility of 

container wall while evaluating the seismic force of tank. 

 

C. Seismic Analysis Of Intze Tank With Frame Staging 

Capacity of tank = 1000 kilolitre and Supported on R.C. 

frame staging of 12 columns with horizontal bracing                                                                                                             

Details of sizes of various components and geometry are 

shown in Table 1.  

Weight calculation of various components are shown in 

Table2  

 

D. Seismic Analysis of Intze Tank with Shaft Staging      
Capacity of tank = 1000 kilolitre and Supported on R.C. Shaft 

staging 
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Details of sizes of various components and geometry are 

shown below in Table 3.  

Weight calculation of various components in Table 4. 

 

V. NONLINEAR STATIC ANALYSIS 

A. Modelling of Elevated Water Tank in SAP2000 

 Steps followed for modelling the staging and tank container 

using SAP2000: Define element type: Here frame/cable type 

element is used for ring beam, bracing, column and area 

element (shell) is used for top dome, bottom dome, 

cylindrical wall and shaft type staging. Define Material 

properties: Here we provide the properties of the beam and 

shell such as elastic modulus, shear modulus, Poisson’s ratio, 

weight density, etc. Define sections: Frame sections define 

the width and depth for line element and area sections 

define thickness for shell element. Modelling geometry: Here 

water tank geometry is model by using grid system. Apply 

loads and boundary condition: Define menu provides option 

for specifying the boundary conditions and loads. Deflection 

results: The solution is obtained using the display option in 

main menu. 

 

B. Evaluation of Ductility 
    Nonlinear static analysis capabilities are provided in the 

nonlinear version of SAP2000. For a beam default hinges 

that yield based upon flexure (M3) is assigned. For the 

column default hinges that yield based upon the interaction of 

the axial force and bending moment (P-M2-M3) is assigned. 

For a bracing default hinges that yield based upon flexure 

(M3) is assigned. Currently, hinges can be introduced into 

frame objects only. After assigning hinge properties to the 

structure analysis is carried out to get the pushover curve.  

 

VI. RESULT DISCUSSIONS 
     The present study looks into two alternative configurations 

of staging of elevated water storage tank: intze tank supported 

on frame staging and shaft staging. The seismic analysis of 

these tanks has been done by two different methods, first 

lumped mass modal and second is two mass modal methods. 

Ductility of frame and shaft staging has also been evaluated. 

The outcome of this study can be briefly summarized as 

follows, Comparison of different seismic analysis parameters 

of intze tank supported on frame staging and shaft staging is 

shown in table 5 and 6. In this table all parameter for single 

mass modal as well two mass modal for frame staging and 

shaft staging are summarized. Time period of water tank 

supported on frame staging is higher as compare to tank 

supported on shaft staging because lateral stiffness of shaft 

staging is much higher than the frame staging. The 

hydrodynamic pressure also is higher in shaft staging when 

compared to framed staging. Graphical representations of 

hydrodynamic pressure on cylindrical wall as well as bottom 

of the tank for lumped mass modal and two mass modal are 

shown in figure 2 to 5. 

VII. CONCLUSIONS 

    Seismic analysis and performance of elevated RC intze 

water tanks have been presented in this study for different 

staging patterns. Modelling, dynamic analysis and nonlinear 

static analysis is performed using SAP2000 software. 

Further, the behaviour of elevated water tanks with various 

staging patterns are analysed using single mass modal and 

two mass modal methods. It can be observed from the 

analyses that elevated water tank with frame type of staging 

perform better than shaft type of staging due to the following 

characteristics. 

 Time period of elevated water tank supported on frame 

staging is higher than the tank supported on shaft 

staging. Since the lateral stiffness of shaft staging is 

much higher than the frame staging. 

 Due to higher lateral stiffness of shaft staging, 

lateral forces are also high as compare to frame 

staging. The study shows that the base shear in tanks 

supported by shaft staging is higher than the tank 

supported on frame staging. 

 Impulsive hydrodynamic pressure in shaft staging is 

higher than the frame staging, while the convective 

hydrodynamic pressure is same in both type of staging. 

 After non-linear static analysis of frame staging and shaft 

staging, it is known that the ductility of shaft staging is 

lower than the frame staging. It can be observed in this 

study that ductility of RC intze tank with frame staging is 

6.65 and that of shaft staging is 3.12. 

 
Figure1. Container parameters in frame staging tank. 

 

 
Figure2. Hydrodynamic pressures on the tank wall 

(Lumped Mass Modal). 
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Figure3. Hydrodynamic pressures on the bottom of tank 

(Lumped Mass Modal). 

 

 
Figure4. Impulsive Hydrodynamic pressures on the tank 

wall (Two Mass Modal). 

 

 
Figure5. Impulsive Hydrodynamic pressures on the 

bottom of tank (Two Mass Modal). 

Table 1. Preliminary Data 

 
 

Table 2. Weight calculation frame staging tank 

 
Table 3. Preliminary Data 

 
 

Table 4. Weight calculation shaft staging tank 
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Table 5. Comparison of Seismic Analysis Parameter of 

Intze Tank Supported On Frame Staging and Shaft 

Staging 

 
 

Table 6 Comparison of Seismic Analysis Parameter of 

Intze Tank Supported On Frame Staging and Shaft 

Staging in Two mass modal. 

 
 

Table 7 Ductility of frame staging and shaft staging 
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