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ABSTRACT: There are various types of storage tanks for example over headed tank, ground resting, flat bottomed, 

tanks are used for storage of petroleum, liquefied gases, water, oil, etc. Generally over-headed tanks are used to store 

water. The trend in recent years is for the seismic, wind and blast design of large storage water tanks for considerance 

of safety of life and environmental impact as well as society as whole. 

In this work, attempt has been made to analyse a circular water tank on sloping ground for height 12m for 

considering wind loads of 39 m/s, 44m/s. Deflection, Shear Force, Bending Moment is calculated for seismic zones- IV, 

according to Indian Standard Code –IS 1893:2016 and IS 875:2015 (Part 3) by using STAAD PRO V8i software.   
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I. INTRODUCTION 

Water tanks are used to provide storage of water for use in many applications like drinking, irrigation, agriculture, fire 

suppression, farming for both live stocks and plants, chemical manufacturing, food preparation and various other uses. 

Design of water tank plays an important role as it considers the scope of future requirement of water as per population 

growth of that region , the life of  overhead water tank  is generally of about 20-30 years, so the design of water tank 

plays an important role as it considers rate of future growth, shape of tank, material used to make water tank like steel, 

reinforced concrete .Water tanks are an efficient way to help developing countries to solve clean drinking water 

problems for drinking and other uses. 

Load’s acting on water tank are designed by keeping the projection of future population forecast in mind, so 

Water Tank is designed by applying the loads like Dead Load (Self Weight), Live Loads which depends upon the water 

capacity like empty, half filled, full filled and over flow condition as well as the water pressure is considered. As 

structural design of a R.C.C structure the loads like seismic and wind are also considered for the design of structure 

which depends on the zone as per IS-Codes in which it is constructed.  
 

 

OBJECTIVE AND SCOPE OF WORK: 

 To study the various forces acting on a circular water tank 

 To perform seismic analysis of circular water tank as per IS Code 1893:2016 by using STAAD-Pro V8i 

software and obtain the results in terms of bending moment, shear force and deflection. 

 To compare the results obtained of circular water tank on level ground and sloping ground. 

 To study the design philosophies of water tank design on sloping ground in seismic zones and wind pressure. 

 

II. LITERATURE SURVERY 

1. M.Ravikanth et.al (2019)   they studied “Design and Analysis of Hydraulic Water Tank by using STAAD-

Pro”, in this project an application was made, in which economy of tank was an objective function with the 

properties of that optimization method to the structural analysis and design of circular water tank . water depth, 

unit weight of water and tank floor to floor height and tank slab thickness as designed by considering the total 

tank capacity .To consider dead load, live load, seismic load a computer program has been developed to solve 

the numerical example the load calculations  are done through known data. The aim of the project was to 
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apply seismic loading for different zones-II,III,IV,V and assess the  varying steel & concrete in seismic zones 

there design concluded that Design of water tank in Zone –V is highly expensive 

 

2. Shreya Salunke et.al (2017) they studied “Analysis of solid and hollow wall of circular steel petroleum tank 

for stress in STAAD-Pro”. In this work attempt has made to analyses a storage tank holding a capacity of 1.5 

lakh hazardous petroleum liquid. Appropriate standards and design codes are used, material selection is done 

in accordance with the requirements of the recent edition IS codes and an adequate design method is chosen. 

Design specifications of the storage tanks were presented. Two tanks, a hollow and solid are considered 

having the same thickness, the tank was designed according to the IS-codes and the nominal diameter was 

kept 12m without space constraint, height was 14.1m number of course is: the bottom thickness is 8mm, 

carbon-steel according to IS 2062:1969 was selected for design, they saw the maximum absolute stress of the 

solid tank is less as compared to hollow section, as the theory states with the increasing. Hence, the 

deformation goes on increasing; hence the deformation of hollow tank is more as compared to solid tank.  

 

 

3. Prof. Patel Nikunj R et.al (2016) they worked on “Analysis of rectangular water tank and its behavior under 

different types of loading by using STAAD Pro.” In this paper they presented a parametric study concerning 

behavior and design of overhead rectangular concrete tank subjected to static loading conditions with special 

emphasis on IS:3370 PCA and STAAD Pro, the effect of the different tanks aspect ratio, end condition for 

same capacity is reviewed and considered in the analysis and design, here they concluded that deflection is 

high due to settlement of support, the stability of water tank gets affected by intensity of wind load. The mid 

span of top portion gets maximum bending moment. Fluid density must be considered in design and the 

connected beam get maximum axial force due to load combination as per IS-875 part-3. 

 

4. Issar Kapadia et al (2018) here they “Designed Analysis and Study of the combined Rectangular Water tank: 

Combination of the rectangular overhead water tank and the rectangular surface water tank in combination by 

using Staad-Pro” in this research they considered a new idea that is combined rectangular water tank in which 

over rectangular overhead water tank and rectangular surface tank are taken as together as one structure for 

this water tank design was done using STAAD-Pro software. They concluded that, from the performance we 

came to know that the absolute pressure is less compared to the general one. The Hydrostatic pressure 

assumed ass for overhead was 200KN\m3 and for Ground tank 300Kn\m3, the deflection here was less as 

compared to normal tank. 

 

 

5. M.Bhandari et al (2014) they tried to figure out “Economical design of water tank of different shapes with 

reference to IS-3370 2009” so here they designed water tanks of different shapes and volume like 

100000,150000,200000 by limit state method, the results were presented in form of graphs and table it has 

been observed that circular shaped tank consumed lesser of each material as compared to square, rectangular, 

intze ones. The amount of formwork required for circular tanks is also less than that for square, rectangular 

and intze tank. There by they concluded that circular shaped tanks are more favorable over rectangular square 

and intze tanks.  

 

6. Mareddy Arunkumar et al (2018) they did “Planning, Analysis and design of a overhead circular water tank 

in N.B.K.R.I.S.T using STAAD Pro Software.”  The main objective of their paper was to design a safe 

overhead circular water tank which is crack free by using STAAD Pro Software for a 15 lakh liter of water 

capacity at the height of 15 meters. 

 

 

7. Yogeshkumar Bajpai et al (2009) they made a “Comparison of design of water tank as per IS 3370 (1967) 

and IS 3370 (2009)”, Indian standards for design of liquid retaining structures have been revised in year 

2009.The earlier version allowed the design of water retaining structures by working stress method only but 

the revision of the code allowed the use of working stress method as well as limit state method for design of 

R.C.C Tanks. The major modification in the revision is the introduction of limit state design method foe water 

tank which was recommended by BIS in order to avoid cracks. Also the permissible stresses in steel were 

reduced to 135 MPA and the clause for minimum steel has also been modified.   
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8. Thalapathy.M (2016) They did the study of Analysis and economical Design of water tank” in this study they 

made a comparison of water tanks based on its position – a)Underground Tank 2)Tank resting on ground 

3)Overhead Water tank, in this paper they concluded that the height to diameter ratio 0.45 is safest and 

provides economical design. The rectangular tank resting on ground (8x5x2.5) have moderate shear, deflection, 

bending moment , cost wise 8x5x2.5 section is more economical in tank resting on ground. Increase in shear 

force and bending moment becomes milder as one goes towards downwards side of slope. The circular shaped 

tank requires minimum formwork. Limit state method was found to be most economical for design of water 

tank as the quantity of steel requires is less as compared to working state method. 

 

9. Shriram Nagorao Bengal(2017) in this paper “Seismic analysis of elevated water tank with variation in H/D 

ratio and container shape” here they studied seismic forces acting on an elevated water tank like circular tank 

and rectangular tank with a fixed height for seismic forces by using STAAD-Pro here they concluded the base 

shear of full water tank and empty water tank are increased with seismic zone II-V because of zone factor.  

 

 

III. METHODOLOGY 
 

Force Based analysis a traditional approach to Seismic and wind analysis of a water tank . Analysis is done by using 

response spectrum analysis with wind load and seismic load condition. there is comparison of structure with ground 

slope 0 degree , 5 degree, 10 degree, 15 degree . the comparatively parameter are shear force, bending moment , 

deflection .  

 

For seismic analysis used zone IV . and wind speed 39km/hr. 
 

 

Geometrical Data: 

 Shape of tank: - circular water tank with on ground condition which have : 

Radius of Tank – 3.35 m  

Height of tank – 4.769 m 

Clear height of tank – 12m 

Property details: 

Column size :-  (circular column ) 

0.45 m radius of column 

Beam size :-                                                                                                

0.23m x0.45 m                                           

Plate Thickness :- 

0.2 m 
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FIG : 3D VIEW OF WATER TANK                         FIG : 0 DEGREE SLOPE MODEL 

   
 
 

       

 
FIG : 15 DEGREE SLOPE MODEL             

                                                                                                            FIG : 10 DEGREE SLOPE MODEL  
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                     FIG : 5 DEGREE SLOPE MODEL 

 

 

IV. RESULT  
                                                                                   

Seismic response has been studied with respect shear forces and bending moment on column of water tank for different 

type of sloping ground like 0 degree, 5 degree, 10 degree, and 15 degree for both zone IV AND V And the results 

obtained are compared by using table and graphs.   

 

RESULT FOR ZONE IV AND WIND SPEED 39KM/HR 
 

RESULT FOR ZONE IV AND WIND SPEED 39KM/HR 
COLUMN SHEAR FORCES ON COLUMN  

  
0° 

SLOPE 
5° 

SLOPE 10°SLOPE  15°SLOPE  
C1 47.57 40.206 56.487 143.959 

C2 60.904 37.681 44.488 107.96 

C3 70.856 29.829 26.552 53.082 

C4 60.903 18.973 13.385 22.042 

C5 47.569 13.736 8.538 11.143 

C6 49.343 18.972 13.383 16.578 

C7 54.506 29.827 26.548 38.545 

C8 49.343 37.679 44.483 85.78 

C9 85.228 39.277 34.308 58.557 
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RESULT FOR ZONE IV AND WIND SPEED 39KM/HR 
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RESULT FOR ZONE IV AND WIND SPEED 39KM/HR 

COLUMN BENDING MOMENT ON COLUMN 

  
0° 

SLOPE 
5° 

SLOPE 10°SLOPE 15°SLOPE 

C1 8.616 13.72 23.145 64.377 

C2 18.901 16.436 23.312 64.876 

C3 27.759 16.5 18.599 45.18 

C4 18.9 9.186 8.738 18.673 

C5 8.614 4.375 3.559 5.205 

C6 14.014 9.185 8.736 12.397 

C7 20.848 16.498 18.595 31.76 

C8 14.014 16.434 23.308 49.979 

C9 47.849 28.228 29.807 59.473 

RESULT FOR ZONE IV AND WIND SPEED 39KM/HR 

COLUMN DEFLECTION ON COLUMN  

  
0° 

SLOPE 
5° 

SLOPE 
10°SLOPE 15°SLOPE 

C1 1.057 1.158 1.845 2.215 

C2 1.151 1.169 2.086 2.518 

C3 1.19 1707 2.22 2.714 

C4 1.151 1.674 2.182 2.669 

C5 1.057 1.546 2.005 2.436 

C6 0.965 1.398 1.802 2.177 

C7 0.928 1.324 1.697 2.043 

C8 0.965 1.354 1.728 2.082 

C9 1.059 1.513 1.948 2.394 
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RESULT FOR ZONE IV AND WIND SPEED 44 KM/HR  
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RESULT FOR ZONE IV AND WIND SPEED 44KM/HR 
COLUMN SHEAR FORCE ON COLUMN 

  
0° 

SLOPE 
5° 

SLOPE 
10°SLOPE 15°SLOPE 

C1 45.57 80.654 112.97 144.12 

C2 60.904 83.374 98.51 108.15 

C3 70.856 67.907 60.79 53.18 

C4 60.903 42.339 30.11 22.08 

C5 47.567 27.555 17.07 11.16 

C6 49.343 33.779 23.42 16.61 

C7 54.506 51.764 45.4 38.62 

C8 49.343 67.801 79.42 85.95 

C9 85.228 78.791 68.61 58.67 
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RESULT FOR ZONE IV AND WIND SPEED 44KM/HR 
COLUMN BENDING MOMENT ON COLUMN 

  
0° 

SLOPE 
5° 

SLOPE 
10°SLOPE 15°SLOPE 

C1 8.616 27.524 46.29 64.25 

C2 18.901 37.065 52.38 65 

C3 27.759 37.906 43.03 45.19 

C4 18.9 21.26 20.49 18.71 

C5 8.614 8.77 7.11 5.21 

C6 14.014 15.59 14.45 12.42 

C7 20.848 28.29 31.35 31.82 

C8 14.014 28.87 40.08 50.08 

C9 47.849 56.62 59.61 59.59 

RESULT FOR ZONE IV AND WIND SPEED 44 KM/HR 

COLUMN DEFLECTION ON COLUMN  

  
0° 

SLOPE 
5° 

SLOPE 
10°SLOPE 15°SLOPE 

C1 1.057 1.158 1.845 2.215 

C2 1.151 1.169 2.086 2.518 

C3 1.19 1707 2.22 2.714 

C4 1.151 1.674 2.182 2.669 

C5 1.057 1.546 2.005 2.436 

C6 0.965 1.398 1.802 2.177 

C7 0.928 1.324 1.697 2.043 

C8 0.965 1.354 1.728 2.082 

C9 1.059 1.513 1.948 2.394 
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V. CONCLUSION 

 
 In this , work done to study the analysis and comparatively result of water tank with different slope condition 

of ground.   This study has been mainly carried out to determine the change in various seismic response 

quantities due to consideration slope of ground and the effect of seismic zones. 

 

 C1 is have zero degree slope in all condition , so slope changes from C2 . shear forces on column is vary with 

slope. Value at zero slope is less than 5 and 10 degree but greater than both . 

 

 Bending moment in all column vary , height of C5 is increase gradually with increase slope so bending 

moment is decreases. And in other , bending moment is also vary with height.  

 

 Deflection of column is increased with increased slope of ground in all ground condition .  
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