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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, fire fighting, etc and are vulnerable in resisting earthquake forces due to presence of large 

mass on a slender staging.. Further, the supporting structures i.e. the staggings have been found to be extremely 

susceptible to earthquake forces, sometimes leading to collapse of water tanks. Bhuj earthquake is an epitome of this 

hazard. Further, in view of the limitations of IS 1893-part2 with respect to the international practice for seismic 

resistant design of water tanks, IITK-GSDMA has presented certain additional guidelines. 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. Since 

available earthquake data is not adequate, response spectrum analysis has been carried out to understand the seismic 

behaviour of water tanks. 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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     INTRODUCTION 
Losses inflicted on modern buildings from recent earthquakes have shown the pressing need for investigation of the 

seismic safety of code-compliant buildings at various performance limit states. This need has stimulated significant 

research to develop methodologies for deriving fragility relationships, which are a key component in seismic loss 

assessment . The seismic vulnerability of a structure can be described as its susceptibility to damage by ground shaking 

of a given intensity. The aim of a vulnerability assessment is to obtain the probability of a given level of damage to a 

given building type due to a scenario earthquake. The level of damage is directly associated with deaths, injuries, 

economic losses. Damage functions are to be developed to assess the damage level for given level of earthquake. The 

outcome of vulnerability assessment can be used in loss estimation. Loss estimation is essential in disaster mitigation, 

emergency preparedness . 

 

The aim of seismic performance of buildings is to estimate and depict the damage in structures due to a specified 

earthquake at a specific location. Various methodologies exist for estimating the seismic vulnerability and subsequent 

damage in seismic areas.The methodologies are used to develop various tools such as Damage probability matrices, 

vulnerability functions and fragility curves, from structural damages observed during earthquakes. A complete 

observed damage database would be necessary for developing such tools possible in high seismicity areas where post-

earthquake surveys are available. In areas where the data is limited or incomplete, local expert opinion will be used to 

support observed data. Building modeling and non-linear structural analysis are other methods to stand in for the 

shortage of data. In areas without any available damage database, the information obtained in other similar areas was 

applied, but at the same time using an expert judgment. Accordingly, the probabilistic analysis of computer- generated 

structural responses, obtained by using nonlinear analysis procedures of representative buildings, has provided 

fragility functions . 

 

The present study focuses on seismic performance evaluation in various regular and vertical setback RC buildings 
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located on zone V seismically high intensity area. Response spectrum analysis has been performed for these buildings 

due to lack of previous earthquake data. Response spectrum data in IS 1893:2002 has been considered for RC buildings 

situated on hard soil and belongs to zone V 

 
METHODOLOGY 
Seismic Fragility Analysis of 10 Story Regular Bare Frame and Vertical Setback Frame 
The seismic fragility analysis of 10-storey regular bare frame and vertical setback frame is performed and damage 

probability matrix is developed. Each fragility curve is defined by a median value of the demand parameter (e.g., 

spectral displacement, roof displacement, PGA) that corresponds to the threshold of that damage state and by the 

variability associated with that damage state. The damage state variability values are taken from HAZUS for C1H, 

high code design structure. The fragility curves can be developed for varied input parameters representing the damage 

state (Spectral displacement, roof displacement, Spectral acceleration, Peak ground acceleration). Here the fragility 

curves are developed for spectral displacement and roof displacement as input parameter.  

  

 

 

 

 

 

 

       (a)                                         (b) 

Figure 2.1 Modelling in SAP2000: (a) Regular 10 SBF (b) Vertical setback of 10 SBF 

Seismic Fragility Analysis of 5 Storey Buildings with and without Infill walls 

Three models were used to differentiate the effect of infill walls on seismic fragility analysis results. Three models are 

developed in SAP2000 of equal storey heights and bay widths. For all these models pushover analysis is carried out 

and the fragility curves are drawn for different damage states (i.e.., slight, moderate, extensive and collapse). In first 

model there is no infill material it is simply bare frame denoted as SBF. In Second model infill is provided in every 

storey denoted by SIF1. In third model infill is not provided in ground storey and denoted by SIF2. All these models 

are clearly shown in figure 2.2 

 

 

 

 

 

 

 

                                                         (I) SBF                (II) SIF 1               (III) SIF 2 

Figure 2.2 SAP models showing with and without infill walls 
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RESULTS AND DISCUSSIONS 
For these buildings modal analysis were carried out and the Modal characteristics of regular and setback buildings 
are as shown in table 3.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 3.1 Seismic fragility curves for regular 10 SBF in terms of spectral displacement 
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Graph 3.2 Seismic fragility curves for regular 10 SBF in terms of roof displacement 

 
 

 

 

 

 
                Graph 3.3 Seismic fragility curves for vertical setback 10 SBF in terms of spectral displacement 

 
 
 

 

 

 

  

Graph 3.4 Seismic fragility curves for vertical setback 10 SBF in terms of roof displacement 

Modal analysis is carried out for three buildings (i.e.., SBF, SIF1 and SIF2) and their results were 

shown in table 3.2 
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Graph 3.5 Comparison of capacity curves with and without infill walls 

 

 

 

 

 

 

 

 

 

 

 

 
Graph 3.6Comparision of fragility curves of collapse damage state for buildings with and without infill walls 
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Graph 3.7 Comparison of fragility curves of extensive damage state for buildings with and without infill walls 

 
 

 

 

 

 

 

 

 

 

 

 

 
Graph 3.8 Comparison of fragility curves of moderate damage state for buildings with and without infill walls 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
Graph 3.9 Comparison of fragility curves of slight damage state for buildings with and without infill walls 

 
CONCLUSIONS 

1. The regular RC buildings located on soft soils have been found more vulnerable when compared to medium 

and hard soils due to amplification of waves in soft soil.  

2. The probability of damage in RC buildings is found to be high when setbacks were introduced at middle 

storey compared with RC buildings with setbacks at other stories.  

3. Also it is observed that setbacks introduced at middle storey of RC buildings the probability of damage is 

20% more than the RC buildings without infills.  

4. Further it can be observed that RC buildings with infill walls are seismically more resistant than RC buildings 

without infill walls for all damage states.  
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5. The seismic resistance of the setback buildings having setback at middle storey can be improved similar to 

that of regular RC building by providing infill to the setback walls. 
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