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Abstract- Water is considered as the source of every creation 
and is thus a very crucial element for humans to live a healthy 
life. High demand of Clean and safe drinking water is rising 
day by day as one cannot live without water so design of water 
tank is safe. Design of water tank by using Response Spectrum 
Method.For Response Spectrum Analysis three different 
numbers of columns are used i.e. 8 column (rectangular 
shape), 8 columns (octagonal shape) and 12 columns having 
three different conditions water tank was full, half and empty 
conditions.   
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I. INTRODUCTION 
 

In response spectrum method, the response of a 
structure during an earthquake is obtained directly from the 
earthquake response (or design) spectrum. This method gives 
an approximate peak response, which is quite accurate for 
structural design applications. Time period of structure is 
determined on the basis of the lateral stiffness of structure. 
From the time period, the responses of structure is determined 
using modal combination methods such as complete quadratic 
combination (CQC), square root of sum of squares (SRSS), or 
absolute sum (ABS) method.  Earthquake response spectrum 
is the most popular tool in the seismic analysis of structures. 
There are computational advantages in using the response 
spectrum method of seismic analysis for prediction of 
displacements and member forces in structural systems. The 
method involves the calculation of only the maximum values 
of the displacements and member forces in each mode of 
vibration using smooth design spectra that are the average of 
several earthquake motions. The procedure to compute 
seismic responses using IS: 1893-1984. 

  For Response Spectrum Analysis three different 
numbers of columns are used i.e. 8 column (rectangular 
shape), 8 columns (octagonal shape) and 12 columns having 
three different conditions water tank was full, half and empty 
conditions.  The water tank used for analysis are as follows. 
Their displacement & storey drifts results for various  number 
of columns has been computed.  
 

II. OBJECTIVE 
 

1. To check about design philosophy for safe design of 
water tank Using RSM.  

2. To check economical design of water tank.  
3. To make the study about the analysis and design of 

water tank.  
 

III. DYNAMIC ANALYSIS OF WATER TANK 
 

The dynamic analysis of water tank by two different 
methods i.e. Response Spectrum Method and Time History 
Analysis. Water tank is analysed by using sap2000.  

 
3.1 Response Spectrum Method 
 

In response spectrum method, the response of a 
structure during an earthquake is obtained directly from the 
earthquake response (or design) spectrum. This method gives 
an approximate peak response, which is quite accurate for 
structural design applications. Time period of structure is 
determined on the basis of the lateral stiffness of structure. 
From the time period, the responses of structure is determined 
using modal combination methods such as complete quadratic 
combination (CQC), square root of sum of squares (SRSS), or 
absolute sum (ABS) method.  Earthquake response spectrum 
is the most popular tool in the seismic analysis of structures. 
There are computational advantages in using the response 
spectrum method of seismic analysis for prediction of 
displacements and member forces in structural systems. The 
method involves the calculation of only the maximum values 
of the displacements and member forces in each mode of 
vibration using smooth design spectra that are the average of 
several earthquake motions. The procedure to compute 
seismic responses using IS: 1893-1984. 

  For Response Spectrum Analysis three different 
numbers of columns are used i.e. 8 column (rectangular 
shape), 8 columns (octagonal shape) and 12 columns having 
three different conditions water tank was full, half and empty 
conditions.  The water tank used for analysis are as follows. 
Their displacement & storey drifts results for various  number 
of columns has been computed.  
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a) This is the water tank model with 8 columns in 
Rectangular shape. Water tank analysed by RSM 
using SAP 2000. 

 
Fig. 3.1 Sap model Water Tank 8 column (Rectangular) 
For full tank condition, volume = area x h 
                                                  = 8 x 8 x 4 = 256 m3 
   Weight of water = volume x unit wt. of water 
                             = 256 x 10 = 2560 kN 

Udl on tank = = 80 kN/m 

    Wt. of Wall = 25 x 4 x 0.3 = 30 kN/m 
For half tank condition, 
Udl on tank= 40 kN/m 
    Wt. of Wall = 25 x 4 x 0.3 = 30 kN/m 
For empty tank condition, 
Udl on tank = 0 
    Wt. of Wall = 25 x 4 x 0.3 = 30 kN/m 
Displacement graphs 

 
Graph 3.1.1 Displacement vs Storey level 
 
 The above graph shows displacement in X- axis and 
storey level on Y- axis. The variation in displacement value 
for full, half and empty conditions. Empty condition gives the 
less displacement than full and half condition.  
 
Drift graphs 

 
Graph 3.1.2 Drift vs Storey level 
 

The above graph shows displacement in X- axis and 
storey level on Y- axis. The variation in drift value for full, 
half and empty conditions. Empty condition gives the less drift 
than full and half condition.  

 
This is the water tank model with 8 columns in Octagonal 
shape. Water tank analysed by RSM using SAP 2000. 
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Fig. 3.2 Sap model Water Tank 8 column (Octagonal) 

For full tank condition, volume =  x D2 x h 

  =  x 112 x 4 = 380 m3 

   Weight of water = volume x unit wt. of water 
                             = 380 x 10 = 3800 kN 

Udl on tank = = 115.3 kN/m 

     Wall load = x (D2 – d2 ) x h x 25 

                     = x (112 – 0.32 ) x 4 x 25  

                     = 9496.25 kN 

      Wt. of Wall = = 288 kN/m 

For half tank condition, 
Udl on tank= 57.65 kN/m 

    Wt. of Wall =  

= 288 kN/m 
For empty tank condition, 
Udl on tank = 0 

    Wt. of Wall =  

= 288 kN/m 
Displacement graph 

 

  
Graph 3.2.1 Displacement vs Storey level 
 

The above graph shows displacement in X- axis and 
storey level on Y- axis. The variation in displacement value 
for full, half and empty conditions. Empty condition gives the 
less displacement than full and half condition.  

 
Drift graph 
 

 
Graph 3.2.2 Drift vs Storey level 

 
The above graph shows displacement in X- axis and 

storey level on Y- axis. The variation in drift value for full, 
half and empty conditions. Empty condition gives the less drift 
than full and half conditionThis is the water tank model with 
12 columns. Water tank analysed by RSM using SAP 2000. 
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Fig. 3.3 Sap model Water Tank 8 column (12 Columns) 
For full tank condition, volume = D2 x h 
                                                  = 122 x 4 = 576 m3 
   Weight of water = volume x unit wt. of water 
                             = 576 x 10 = 5760 kN 

Udl on tank = = 120 kN/m 

     Wall load = h x 0.3 x 25 
                     =4 x 0.3 x 25  
                     = 30 kN 
      For half tank condition, 
Udl on tank= 60 kN/m 
    Wt. of Wall = h x 0.3 x 25 
                     =4 x 0.3 x 25  
                     = 30 kN 
For empty tank condition, 
Udl on tank = 0 
    Wt. of Wall = h x 0.3 x 25 
                     =4 x 0.3 x 25  
                     = 30 kN 
 
 

Displacement graph 
 

 
Graph 3.3.1 Displacement vs Storey level 

 
The above graph shows displacement in X- axis and 

storey level on Y- axis. The variation in displacement value 
for full, half and empty conditions. Empty condition gives the 
less displacement than full and half condition.  
 
Drift graph 

 
Graph 3.3.2 Drift vs Storey level 

 
The above graph shows displacement in X- axis and 

storey level on Y- axis. The variation in drift value for full, 
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half and empty conditions. Empty condition gives the less drift 
than full and half condition 

 
IV. CONCLUSION 

 
The dynamic analysis of water tank For response 

spectrum analysis analysis 8 and 12 three different numbers of 
columns are used with different conditions tank was full, half 
and empty conditions. In RSM results graphs are shown in 
between storey displacement and storey drifts. As per this 
graph shows displacement is more in full tank condition, 
moderate in half tank condition and less in empty tank 
condition. Drifts are also same more in full tank condition, 
moderate in half tank condition and less in empty tank. 12 
columns water tank gives the less displacement and less drift. 
If the deformation is less safe in earthquake. So empty tank is 
always preferred than half and full water tank  in earthquake 
zone. 
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