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ABSTRACT 
 

Storage reservoirs and overhead tank are used to store water, liquid petroleum, petroleum 

products and similar liquids. The force analysis of the reservoirs or tanks is about the same 

irrespective of the chemical nature of the product. Tanks are designed as crack free structures to 

eliminate any leakage. 

Design of square and circular tanks is done using STAAD.Pro having the same height and same 

length of side of square tank and radius of circular tank. Design is done in order to find out the 

maximum values of displacements, moments and forces acting on the tanks and comparing them. 

Results obtained of absolute maximum value can be used by engineers to design the structure for 

ultimate load design of beams and column.  
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CHAPTER 1 

INTRODUCTION 

 

1.1. General 

Project starts with general study of water retaining structures from research papers. Further it 

includes the design of an overhead water tank for maximum forces and moments using STAAD 

pro. And finally it consists of comparison of the two overhead water tanks-square and circular. 

1.2. Necessity of Project 

The project is taken in order to learn how to design reinforced concrete structures using STAAD 

pro. Learning of STAAD pro would be very helpful for me as a future civil engineer. Tanks are 

considered because tanks are important structures and are used to store not only water but other 

liquids like petroleum and other petroleum products. Design of tanks is different from other RCC 

structure as we have to take care of cracks occurring inside the concrete beams. 

1.3. Significance of the Project 

Overhead water tank are used to store water, liquid petroleum, petroleum products and similar 

liquids. The force analysis of the reservoirs or tanks is about the same irrespective of the 

chemical nature of the product. All tanks are designed as crack free structures to eliminate any 

leakage. Water or raw petroleum retaining slab and walls can be of reinforced concrete with 

adequate cover to the reinforcement. Water and petroleum can’t react with concrete and, 

therefore, no special treatment to the surface is required. Industrial wastes can also petrol, diesel 

oil, etc. are likely to leak through the concrete walls, therefore such tanks need special 

membranes to prevent leakage. Reservoir is a common term applied to liquid storage structure.. 

Reservoirs of overhead type are built for direct distribution by gravity flow and are usually of 

smaller capacity. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Literature Review 

2.1.1. Design of Intze Tank in Perspective of Revision of IS: 3370 by Lodhi .R. 

S. et al. 

Intze type tank is commonly used overhead water tank in India. These tanks are designed as per 

IS: 3370 i.e. Code of practice for concrete structures for storage of liquids. BIS implemented the 

revised version of IS 3370 (part 1& 2) after a long time from its 1965 version in year 2009. 

Presently large number of overhead water tanks is used to distribute the water for public utility. 

In which most of the water tanks were designed As per Old IS Code: 3370-1965 Without 

considering earthquake forces. The objective of this dissertation is to shed light on the difference 

in the design parameters of (a) intze water tanks without considering earthquake forces (b) intze 

water tanks designed with earthquake forces. First design is based on Indian standard code: 

3370- 1965 and second design is based on Indian standard code: 3370-2009 and draft code 1893-

Part 2, (2005) considering two mass modal i.e. impulsive and convective mode method. Intze 

tank supported on frame staging is considered in present study 

 

2.1.2. Structural Control System for Elevated Water Tank by Falguni et al. 

The paper presents the results of an analytical investigation of the seismic response of elevated 

water tanks using fiction damper. In This paper, the behavior of RCC elevated water tank is 

studied with 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 
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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 show that performance of elevated water tank with 

FD is better than without FD. 

2.1.3. Comparison of R.C.C. Prestressed Concrete Circular Water Tanks by 

Sameer. R. et al. 

This paper presents a Comparative study of R.C.C. water tanks. Prestressed concrete water tanks resting 

over firm ground. The work includes the design and estimates for circular R.C.C. water tanks and 

prestressed concrete water tanks of various diameter. At times the more than one choice available for 

construction types leads to confusion. The best way is to select the type of construction, depending on the 

circumstances and type of structure. The aim of this paper is to design medium diameter R.C.C water 

tanks as well as pre-stress concrete water tanks variety and then compare the results. Programming in MS 

EXCEL is done to design the water tanks. The idea is to reach a definite conclusion regarding the 

superiority of the two techniques over one another. Results reveal that an RCC water tank is cheaper than 

prestressed concrete water tank for smaller diameter but vice versa is true for larger diameter tanks 

 

2.1.4. Parametric Study of an Intze Type Tank by Sharma. M. K. et al. 

This paper includes the automation of analysis and design of an Overhead RCC Intze type tank with the 

help of software developed in C++. The software enables us to design and estimate the material cost of 

the tank with less time consumption. It explains the major design parameters which directly affects the 

material cost of the tank. It also consists of a parametric study and finding of conditions for the minimum 

material cost of the tank. The dynamic and hydrodynamic effects were not incorporated in the analysis. 

 

2.1.5 Seismic Behavior of Elevated Water Tank by Patil. N. R. et al. 

Hydrodynamic analysis of elevated water tank is a complex procedure involving fluid structure 

interaction. The elevated tank supports large water mass at the top of slender staging. In case of 

elevated tank the resistance against lateral forces exerted by earthquake is largely dependent of 
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supporting system. Staging is considered to be a critical element as far as lateral resistance is 

concern. Satisfactory performance of staging during strong ground shaking is crucial. In this 

paper seismic behavior of elevated water tank in view point of their supporting system is 

evaluated using finite element software ETABS. The main objective is to evaluate a performance 

of different staging system for elevated water tank using finite element software ETABS. The 

spring mass model consisting of impulsive and convective masses as per IS 1893:2002 Part 2 has 

been used for the analysis. The parametric study is performed on mathematical model with 

different staging system to evaluate their performance with regard to lateral stiffness, 

displacement, time period, seismic base shear, overturning moment, flexure etc. 

 

2.1.6 A Study on a seismic Verification and Retrofit Methods for An Elevated 

Water Tank Against Strong Earthquakes by Mori. A. et al. 

This paper reports a case study on an aseismic verification procedure and seismic retrofit for an 

existing elevated steel water tank. As nature of elevated steel water tanks during earthquakes, 

such as the three-dimensional shape, center of mass located in high position and dynamic 

interaction between structure and contained water, complicated dynamic behavior of structures is 

expected. Because of both complicated structural behavior and large design earthquake (level 2 

seismic motion), seismic diagnosis and seismic retrofit for the existing tanks have become a 

remarkable issue to be solved. The authors propose an aseismic verification procedure in this 

paper. Also retrofit techniques such as strength increase and seismic isolation, which are possibly 

effective to existing elevated tanks, are discussed. 

 

2.1.7 Seismic Response of Elevated Water Tanks by Birtharia. A. et al. 

Elevated storage reservoirs are the structures which need to remain functional after major 

seismic events and therefore should be designed accordingly to resist expected seismic 

vibrations. Depending upon the storage capacity and other considerations, these reinforced 

concrete tanks can be of different shapes. Failure of these structures adds to the misery of the 
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affected population and adversely affects the post-earthquake relief operations. Extensive 

research on dynamic response of liquid filled tank traces its origin back to the middle of the last 

century. This paper summarizes the studies of seismic response for elevated water tanks. 

 

2.1.8   Economics of R.C.C. Water Tank Resting Over Firm Ground By      

Snehal.M.S. et al. 

Water tanks are used to store water and are designed as crack free structures, to eliminate any 

leakage. In this paper design of two types of circular water tank resting on ground is presented. 

Both reinforced concrete (RC) and prestressed concrete (PSC) alternatives are considered in the 

design and are compared considering the total cost of the tank. These water tank are subjected to 

the same type of capacity and dimensions. As an objective function with the properties of tank 

that are tank capacity, width & length etc. 

 

 

 

 

 

 

 

 

 

 

 

 



  
 
 
` 

14 
 

2.2. OBJECTIVES 

1. Design and analysis of circular and square water tank for maximum forces, moments and 

deflection using STAAD pro. 

2.  Cost estimation of the project. 
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CHAPTER 3 

PLANNING OF WORK 

In the planning of design of water tanks, two tanks are selected such that that the volume 

carrying capacity of circular tank is equal to the volume carrying capacity of square water tank. 

 

Figure 3.1: Dimensions of circular water tank. 
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Figure 3.2: Dimensions of square water tank. 
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3.2. DESIGN REQUIREMENT OF CONCRETE  

In water retaining structure a dense impermeable concrete is required therefore, proportion of 

fine and course aggregates to cement should be such as to give high quality concrete. 

Concrete mix weaker than M20 is not used. The minimum quantity of cement in the concrete 

mix shall be not less than 30 kN/m3.The design of the concrete mix shall be such that the 

resultant concrete is sufficiently impervious. 

Efficient compaction preferably by vibration is essential. The permeability of the thoroughly 

compacted concrete is dependent on water cement ratio. Increase in water cement ratio increases 

permeability, while concrete with low water cement ratio is difficult to compact. Other causes of 

leakage in concrete are defects such as segregation and honey combing. All joints should be 

made water-tight as these are potential sources of leakage. 

Design of liquid retaining structure is different from ordinary R.C.C, structures as it requires that 

concrete should not crack and hence tensile stresses in concrete should be within permissible 

limits. A reinforced concrete member of liquid retaining structure is designed on the usual 

principles ignoring tensile resistance of concrete in bending. Additionally it should be ensured 

that tensile stress on the liquid retaining face of the equivalent concrete section does not exceed 

the permissible tensile strength of concrete For calculation purposes the cover is also taken into 

concrete area. Cracking may be caused due to restraint to shrinkage, expansion and contraction 

of concrete due to temperature or shrinkage and swelling due to moisture effects. Such restraint 

may be caused by 

(i) The interaction between reinforcement and concrete during shrinkage due to drying. 

(ii) The boundary conditions. 

(iii) The differential conditions prevailing through the large thickness of massive concrete. 

Use of small size bars placed properly, leads to closer cracks but of smaller width. The risk of 

cracking due to temperature and shrinkage effects may be minimized by limiting the changes in 

moisture content and temperature to which the structure as a whole is subjected. The risk of 

cracking can also be minimized by reducing the restraint on the free expansion of the structure 

with long walls or slab founded at or below ground level, restraint can be minimized by the 
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provision of a sliding layer. This can be provided by founding the structure on a flat layer of 

concrete with interposition of some material to break the bond and facilitate movement. 

 

 

3.3. JOINTS IN LIQUID RETAINING STRUCTURES 

 

3.3.1. MOVEMENT JOINTS.  

There are three types of movement joints. 

 

3.3.1.1. Contraction Joint 

It is a movement joint with deliberate discontinuity without initial gap between the concrete on 

either side of the joint. The purpose of this joint is to accommodate contraction of the concrete. 

 

 

 

Figure 3.3: Complete Contraction Joint 

A contraction joint may be either complete contraction joint or partial contraction joint. A 

complete contraction joint is one in which both steel and concrete are interrupted and a partial 

contraction joint is one in which only the concrete is interrupted, the reinforcing steel running 

through. 
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Figure 3.4: Partial Contraction Joint 

3.3.1.2. Expansion Joint. 

It is a joint with complete discontinuity in both reinforcing steel and concrete and it is to 

accommodate either expansion or contraction of the structure. A typical expansion joint is 

 

 

 

Figure 3.5: Expansion Joint 
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This type of joint requires the provision of an initial gap between the adjoining parts of a 

structure which by closing or opening accommodates the expansion or contraction of the 

structure. 

 

3.3.1.3. Sliding Joint 

It is a joint with complete discontinuity in both reinforcement and concrete and with special 

provision to facilitate movement in plane of the joint. A typical joint is shown in figure. 

 

 

Figure 3.6: Sliding Joint 

 

This type of joint is provided between wall and floor in some cylindrical tank designs. 
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3.4. LOADS CONSIDERED 

3.4.1. DEAD LOADS 

All permanent constructions of the structure form the dead loads. The dead load comprises of the 

weights of walls, partitions floor finishes, false ceilings, false floors and the other permanent 

constructions in the buildings. The dead load loads may be calculated from the dimensions of 

various members and their unit weights. The unit weights of plain concrete and reinforced 

concrete made with sand and gravel or crushed natural stone aggregate may be taken as 24 

kN/m2 and 25 kN/m2 respectively. 

3.4.2. WIND LOADS 

Wind load is acting in combination with dead load. It is acting in either positive or negative x 

direction or z directions. It is multiplied by the factor 1.5. Wind speed is taken as 100  mph  

which is assumed to be the maximum speed of wind. Design of wind loads is done with ASCE-7 

code.   

 

Figure 3.7: Wind load on circular tank  
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3.4.3. HYDROSTATIC LOADS 

Hydrostatic load is the load due to the pressure of the water inside the water tank which is acting 

on the walls and floor of tank. These loads are also considered as dead loads. 

 

 

 

 

Figure 3.8: Due to hydrostatic load 
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3.5. Working with STAAD pro 

3.5.1. Input Generation 

The GUI (or user) communicates with the STAAD analysis engine through the STD input file. 

That input file is a text file consisting of a series of commands which are executed sequentially. 

The commands contain either instructions or data pertaining to analysis and/or design. The 

STAAD input file can be created through a text editor or the GUI Modeling facility. In general, 

any text editor may be utilized to edit/create the STD input file. The GUI Modeling facility 

creates the input file through an interactive menu-driven graphics oriented. 

                                     

Figure 3.9: Beams and columns in the tank 
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3.5.2. Types of Structures 

A STRUCTURE can be defined as an assemblage of elements. STAAD is capable of analyzing 

and designing structures consisting of frame, plate/shell and solid elements. Almost any type of 

structure can be analyzed by STAAD. A SPACE structure, which is a three dimensional framed 

structure with loads applied in any plane, is the most general. A PLANE structure is bound by a 

global X-Y coordinate system with loads in the same plane. A TRUSS structure consists of truss 

members which can have only axial member forces and no bending in the members. 

 

3.5.3. Generation of the structure The structure may be generated from the input file or 

mentioning the co-ordinates in the GUI. The figure below shows the GUI generation method. 

3.5.5. Plates 

The structure of tank is considered to be made of plates. Plates are like small slabs between the 

beams. Plates can be added in STAAD pro by selecting the beams where we add the plates and 

then clicking on the option “fill floor grid with plates”. 

 

 

Figure 3.10: Plates in the tank 
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3.5.7. Design of members 

Thickness of beams and columns can be provided in property option of STAAD pro. Here the 

circular tank is assumed to be made of beams of dimensions 0.3m×0.3 m and columns are 

assumed to be made up of diameter of 0.6m.Rectangular slabs have beams of dimension 

0.3m×0.3m and columns of 0.4m×0.3m. The design of structure is done using IS 456. We have 

to provide the grade of concrete we are using and grade of steel .Compressive strength of 

concrete is taken as 300000kN/m^2 and yield strength of steel both in main and secondary 

reinforcement is taken as 41500kN/m^2. 
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CHAPTER 4 

COST ANALYSIS 

 

4.1 Calculation of concrete required 

a) In circular water tank  

Radius of water tank = 5m 

Thickness of slab =0.2  

Volume of concrete required at slab=3.14×5×5×0.2=15.7 m3 

Length of walls of tank=2m 

Thickness of walls=0.2m 

Volume of concrete required at the walls=2×3.14×5×2×0.2=12.56 m3 

 

Additional concrete volume because of thicker beams than slab by 0.1m 

At slab=0.1× (5-0.820) ×0.3×18+3.14×0.82×0.82×0.2=2.67m3 

At walls=2×0.3×0.1×0.1×3.14+18×0.1×2=3.61m3 

Total concrete required=34.54m3 

 

b) In square water tank 

Length of side of water tank=8.8m 

Thickness of slab=0.2 

Volume of concrete=8.8×8.8×0.2=15.488m3 

 

Length of wall of tank=2m 

Thickness of wall=0.2m 
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Volume of concrete required at the walls=4×2×8.8×0.2=14.08m3 

Additional concrete required because of thicker beams than slab by 0.1m 

At slab=0.1×8.8×0.3×6+0.1×(8.8-6×0.3)×0.3×6=2.844m3 

At wall=(0.1×2×0.3)×5×4+(0.1×8.8×0.3)×3×4=4.368m3 

Total concrete required=36.78m3 

 

Concrete required at columns of the tank 

a) Circular tank 

There are 4 columns of 0.3 radius. Therefore volume of concrete 

required=4×3.14×0.3×0.3×10=11.304m3 

 

b) Square tank  

There are 4 columns of 0.4×0.3 dimensions. Therefore volume of concrete 

required=4×0.4×0.3×10=4.8m3 

 

4.2 Calculation of reinforcement in beams by Staad.Pro 

a) Circular tank 

Staad pro gives reinforcement area of 165.29sq.mm in all the beams but beams have different 

lengths. There are 8 beams of 1736.5mm, 18 beams of 2000mm, 120beams of 837.5mm and 12 

beams of 289.4mm length both in top and bottom reinforcement. 

Adding all these we get, 0.5086m3 of reinforcement. 

 

b) Square tank 

There are lesser number of beams in square tank. But they are longer as compared to circular 

tank. There are 21 beams which are 8800mm long and have 165mm2 area of reinforcement, 4 

beams which are 8800mm long and have 227.35mm2 of reinforcement and 2 beams of 2000mm 

length and 165mm2 of area. 
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Total volume of reinforcement=0.09mm3 of reinforcement.  

Calculation of reinforcement in column by Staad Pro 

Circular Tank 

 

Figure 4.1 Column number of circular tank 

Table 4.1: Column Reinforcement in Circular Tank 

Column no. Area(sq mm) Length 

76 2261.95 4 

80 2261.95 4 

85 2261.95 4 

89 2261.95 4 

94 2261.95 4 

98 2261.95 4 

103 2261.95 4 

107 2261.95 4 

 

Total reinforcement=0.072382m3 
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Rectangular Tank 

 

Figure 4.2 Column of rectangular water tank 

Table 4.2: Column Reinforcement in Square Tank 

Column no. Area (sq.mm.) Length 

4 960 4 

5 960 4 

6 960 4 

7 960 4 

8 720 4 

9 720 4 

13 960 4 

14 960 4 

15 960 4 

16 960 4 
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17 720 4 

18 720 4 

 

Total reinforcement=0.042240m3 

 

4.3 Calculation of reinforcement of slab  

Rectangular slab 

The value of longitudinal and transverse reinforcement is 216 mm2 for nearly all the slabs except 

a few exceptions. There are in total of 25 slabs in which18 have 216 m2 of reinforcement, 

Therefore for these 18 slabs reinforcement= 216×1760=380160mm3 

Total reinforcement=6842880mm3 both along transverse and longitudinal direction in both top 

and bottom directions. Total reinforcement = 6842880×2×2=27371520 mm3 

Rest of the slabs has both longitudinal and transverse reinforcement of 379mm2 on the top side 

and 216mm2 on the bottom side 

Therefore total reinforcement =380160×2×7+379×1760×7=14819980mm3. 

Adding above two terms we get reinforcement =42191500mm3=0.4219m3. 

 

Circular Slab 

 Value of transverse and longitudinal reinforcement is 216mm2. The structure is made up of 18 

plates. Further these each 18 plates have 5 plates in them. We need to calculate reinforcement in 

1 of these 18 plates and multiply by 18. 

Transverse reinforcement=216×(0.087+0.261+0.4361+0.610+0.785) = 470680mm3 

For whole slab = 470680×18=8472240mm3 

Longitudinal reinforcement =5000×216=1080000mm3 

For whole slab=19440000mm3 

Adding, we get 27912240mm3=0.02791m3  
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Now according to CPWD standards  

Density of steel=8050kg/m3 

Density of concrete=2400kg/m3 

Rate of M30 concrete= Rs 37 /kg 

Rate of Fe415= Rs 40/kg 

 

Cost of concrete and steel for circular water tank 

Total concrete required in beams, slabs and columns=45.844 m3 

Weight of concrete =110025.6 kg 

Cost of concrete= Rs 4070947  

Total steel required=0.6088m3 

Weight of steel=4901kg 

Cost of steel=Rs 196063 

Total cost=Rs 4267010 

 

Cost of concrete and steel for square water tank 

Total concrete required=41.58m3 

Weight of concrete =99792kg 

Cost of concrete=Rs 3692304 

Total steel required=0.55924 m3 

Weight of steel =4501.88kg 

Cost of steel=Rs 180075 

Total cost =Rs3872379 
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CHAPTER 5 

RESULTS 

 

A comparison between two structures is made based on the displacement, moment along z 

direction, critical values of structure and maximum stresses on the plates. Loads combination of 

dead load + wind load is taken for the comparison of structures. 

Comparison between the absolute maximum values is done. Also it is seen where the absolute 

maximum value of force displacement or moment is occurring in node, beam or plate. 

 

5.1. Forces and Moments acting on the supports 

Forces are acting on every node of the structure. Here are the maximum values of forces which 

are acting in a particular direction. 

 

Table 5.1: Forces acting on the supports of square tank 
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Table 5.2: Forces acting on the supports of square tank 

 

 

 

 

5.2. Displacement of nodes 

 

Table 5.3: Displacement of nodes of square tank 
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Table 5.4: Displacement of nodes of circular tank 

 

 

 

5.3. Bending of beams 

  

Table 5.5: Bending of beams of circular tank 
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Table 5.6: Bending of beams of square tank 

 

 

 

5.4. Moments on Plates 

 

Table 5.7: Moment and shear force of plates in square tank 

       

 

 

 

 

 

 



  
 
 
` 

36 
 

Table 5.8: Moment and shear force of plates in circular tank 
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5.5 Contours 

 

Figure 5.1: Maximum absolute stresses in rectangular tank 
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Figure 5.2: Maximum absolute stresses in circular tank 
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CHAPTER 6 

DISCUSSIONS 

 

The following discussions were made in the analysis of circular and square water tank. 

1. It can be seen that the maximum force on node is acting on the y direction. It is because 

the whole structures weight acts on the y direction. The absolute maximum value of force 

is 650.603kN in circular in y direction and 398.491kN in square water tank. It can be 

seen that one support of circular water tank is resisting a larger force as compared to 

square water tank. The maximum absolute moment on support acting is 30.449kN/m in 

square water tank whereas in circular it is 42.906kN/m. 

2. In square tank the maximum value of displacement along y direction is16.634mm. It 

means that the structure is deflecting more towards ground than it is deflecting away from 

ground.figure. In circular tank maximum value of deflection  is 5.688mm.   

3. It can be seen that the maximum stress on the circular tank is 2.83kN/m where as in 

rectangular tank is 6.43kN/m for the same volume of tank. The middle portion of the 

tanks has the points of maximum stresses. 

4. It is also seen that where the wind load is acting on the tanks the color of maximum plate 

stresses is different of that portion compared to the portion where wind loads are not 

acting. 

5. Maximum and minimum displacement in z direction is occurring opposite to each other 

in both tanks. It is because of the symmetrical nature of forces. 

 

 

 

 

 

 

  

 



  
 
 
` 

40 
 

Chapter 7 

CONCLUSION 

 

1. Circular tank is more difficult to design as compared to square tank because the geometry 

of circular tank and more skilled labour is required for its construction. 

2. We have to design the structure for maximum stresses, forces and bending moments. It is 

clearly seen that the maximum values of square water tank are higher.  So we prefer 

circular tank over square seeing the maximum stresses. 

3. Cost of material for circular water tank is Rs. 4267010 whereas for square water tank it is 

Rs.3872379. So if we want a cost effective model we would take square water tank. 

4. Circular water tank is more pleasing to look and require lesser space because of its 

circular space. So if we have space problem we would chose circular tank. 
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