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Abstract —  Intze tank can be termed as improved version of cylindrical tanks and are used for large storage capacity. 

As per IS 1893-2002 (Part 2), when a tank containing fluid vibrates, the fluid exerts hydrodynamic pressure in the form 

of impulsive and convective pressures having curvilinear variation, on the cylindrical wall of Intze tank . For simplicity in 

seismic analysis, the code suggests equivalent trapezoidal pressure distribution along the wall height. In the present 

study, efforts are made to determine tension and moment coefficients using finite element method for the equivalent 

hydrodynamic pressure distribution along the wall height, that are not available in the code. It is hoped that, these 

coefficients will prove useful for hydrodynamic pressure design. Further, the comparison of results of hydrodynamic 

pressure design is carried out by finite element method using STAAD Pro V8i.  

Keywords-intze tank, hydrodynamic pressure, impulsive pressure, convective pressure, tension coefficients, moment 
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I. INTRODUCTION 

 

Overhead water tanks or elevated service reservoirs are one of the most important components of any efficient 

water d istribution system. The basic purpose of elevated water tanks is to secure constant water supply with sufficient 

flow to wide area by gravity. The height of the elevated tank depends on the area to be covered for the water supply. 

Wider the area to be served higher will be the required elevation of the tank.  

 

Elevated tanks can be classified in a variety of ways:  

 Classification based on shape of container.  

 Classification based on supporting system.  

 

Based on shape of the container elevated tanks can be classified as:  

 Square Tank.  

 Rectangle Tank.  

 Circular Tank.  

 Conical Tank.  

 Intze Tank.  

 

Based on supporting system elevated tanks can be classified as:  

 Shaft supported Elevated Tank.  

 Trestle supported Elevated Tank. 

 

For large capacity of the tank generally intze type of tank is preferred compared  to any other shape. Intze tank 

can be termed as improved version of cylindrical tanks. In case of cylindrical tank when dome with s mall rise is used 

only compressive stresses are produced which helps in making the water retain ing structure water tight. Bu t in case of 

cylindrical tank when load on the bottom dome is heavy and its diameter is large, the ring beam becomes very heavy and 

needs large amount of reinforcement. In such situations the more economical option could be to reduce its diameter by 

introducing one additional member in  form of a conical dome. Such tank with addit ional member in form of conical shell 

is known as intze tank. In the present study, intze tank supported on shaft is considered. 

 

The water tanks are subjected to following loads: 

 Dead Load 

 Wind Load 

 Seis mic Load  

 Vibrat ion forces 

 

Seis mic loads are also of horizontal nature and these are also estimated as equivalent static forces causing oscillat ion of 

the structure. The seismic forces largely depend upon mass of structure and thus it is necessary to study the behavior of 

water tanks under seismic forces. Using response spectrum method in which frequency of vibration and mode shapes 
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have to be worked out. Compared  to other tall structures, water tank is simpler to analyze due to less  degree of freedom. 

When seismic loading is considered following two cases must be considered : (i) Tank empty and; (ii) Tank full. 

 

II. HYDRODYNAMIC PRESS URE IN TANKS  

 

When a tank containing fluid with a free surface is subjected to ground motion, it experiences dynamic fluid pressure of 

two types. Firstly when the walls of tank accelerate the adjacent fluid also accelerates and exerts on wall an impulsive 

pressure which is directly proportional to the acceleration of the wall. Secondly the effect of the impuls ive pressure 

exerted by the wall on the fluid  is to excite the fluid  into oscillation and the oscillatory acceleration o f the flu id produc es 

convective pressures on the walls whose magnitude is proportional to the magnitude of the oscillat ion.  

 

The hydrodynamic pressure on the wall and base of the tank is comprised of convective pressure and impulsive p ressure. 

Under lateral accelerations the flu ids in the upper regions of the tank do not move with the tank wall thus generate 

seismic waves or sloshing motion of fluids (Convective behavior). On the contrary, fluids nearer the base of tank move 

with the tank structure and therefore add to the inertial mass of tank structure (Impulsive behavior).  

 

As per IS 1893 (Part  2), in circular tanks, hydrodynamic p ressure due to horizontal excitation varies around the 

circumference of the tank. However, for convenience in stress analysis of the tank wall, the hydrodynamic pressure on 

the tank wall may be approximated by an outward pressure distribution of intensity equal to that of the maximum 

hydrodynamic p ressure.  

 

 

 
Figure 1. Hydrodynamic pressure distribution for wall analysis 
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where, 

 

 

 

 
 

qi and qc = maximum hydrodynamic force per unit  circumferential length for impulsive and convective modes       

respectively 

ai, bi, ac and bc = equivalent pressure distribution for impulsive and convective modes respectively 

hi      = height at which the resultant of impulsive hydrodynamic pressure on wall is located from the bottom of tank wall  

mi     = impulsive mass of liquid  

hc      = height at which resultant of convective pressure on wall is located from the bottom of tank wall  

mc      = convective mass of liquid 

(Ah)i = Design horizontal seis mic coefficient in impulsive mode 

(Ah)c = Design horizontal seismic coefficient in convective mode 

h        = height of cylindrical wall of Intze tank 

 

Hydrodynamic pressure due to horizontal excitation has curvilinear variation along wall height. However, as shown in 

figure 1, in the absence of more exact analysis, an equivalent linear pressure distribution may be assumed so as to give 

the same base shear and bending moment at the bottom of tank wall.  

 

III. DETERMINATION OF TENS ION AND MOMENT COEFFICIENTS  

 

Table 1. Coefficients for tension in circular ring wall , hinged base, free top and subjected to inverted triangular load 
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Table 2. Coefficients for moment  in circular ring wall, hinged base, free top and subjected to inverted triangular load 

using STAAD Pro V8i  

 
 

Table 3. Coefficients for moment  in circular ring wall, hinged base, free top and subjected to rectangular load using 

STAAD Pro V8i 

 
 

3.1. Convective pressure distribution 

As shown in Table 1, tension coefficients for circular ring wall having top free and bottom hinged condition, subjected to 

inverted triangular load, are found using principle of superposition, by subtracting the tension coefficients for triangular 

loading given in Table 12, from tension coefficients for rectangular loading given in  Table 14 of IS 3370:1967 (Part IV). 

Moment coefficients in circular ring wall for top free and bottom hinged condition, subjected to inverted triangular load 

as seen for convective pressure distribution, and for rectangular load, have been found at different heights for various 
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H
2
/Dt ratios using STAAD Pro V8i as shown in Table 2 and Table 3, and analysis and design for hydrodynamic pressure 

are carried out using Excel worksheets. 

 

3.2. Impulsive pressure distribution  

In circular ring wall for top free and bottom hinged condition, subjected to triangular and rectangular load, te nsion 

coefficients have been taken from Table no. 12 and 14 of IS 3370:1967 (Part  IV), and moment coefficients for 

trapezoidal load are taken from table 13, and analysis and design for hydrodynamic pressure are carried out using Excel 

worksheets and results are compared using STAAD Pro V8i by FEM, as shown below. 

 

IV. COMPARISON OF RES ULTS OF HYDRODYNAMIC PRESS URE ANALYS IS BY FINITE 

ELEMENT METHOD US ING STAAD PRO V8I 

 

4.1. Problem Data considered for  MS Excel worksheet 

 Capacity of tank = 1000 m
3
 

 Inside diameter of tank = 15 m.  

 C/c diameter of Staging shaft = 10 m 

 Inside diameter of Stair shaft = 2 m  

 Thickness of stair shaft = 0.1 m  

 Rise of top dome = 2.0 m 

 Height of cylindrical wall = 5.0 m 

 Thickness of cylindrical wall = 250 mm 

 Thickness of conical wall = 500 mm 

 Height of staging shaft above G.L. = 18.0 m  

 Rise of bottom spherical dome = 1.8 m  

 Thickness of top dome = 0.1 m  

 Thickness of bottom spherical dome = 0.25 m  

 Free board = 0.3 m 

 Grade of concrete = 30 MPa  

 Grade of steel = 415 MPa  

 Unit wt. of water = 10 kN/m
3
  

 Unit wt. of concrete = 25 kN/m
3
 

 

For comparison of results of tension and moment by finite element method using STAAD Pro V8i, only modeling and 

analysis of cylindrical wall o f intze tank which is  subjected to hydrodynamic p ressure, needs to be considered. 
 

Data considered for modeling and analysis of cylindrical wall o f intze tank by finite element method using STAAD Pro 

V8i: 

Diameter of tank = 15m 

Height of cylindrical wall = 5m 

Thickness of cylindrical wall = 250mm 

Meshing size = 0.5 x 0.5m, 0.25 x 0.25m and 0.1 x 0.1m 

ai = 9.35 kPa, b i = 1.34 kPa, ac = 0.88 kPa and bc = 2.09 kPa 

 

4.2. Calculations 

For Impulsive hydrodynamic pressure on tank wall:  

From Excel worksheet calculation, Tension at 0.7H, Tmax =49.35 kN/m 

From STAAD ProV8i by FEM (meshing size = 0.5m x 0.5m), Tension at 0.7H = SX x thickness  

                                                                                                                               = 0.198648 x 250 = 49.66 kN/m 

Where, SX = Membrane stresses (Force/unit length/thickness) 

 

From Excel worksheet calculation, Moment at 0.8H, Mmax = 1.66 kN/m 

From STAAD ProV8i by FEM (meshing size = 0.1m x 0.1m), Moment at 0.8H = MY = 1.64 kNm 

Where MY = Moments per unit width (Force x Length/length). For MY, the unit width is a unit distance parallel to the 

local X axis. 

 

For Convective hydrodynamic pressure on wall : 

From Excel worksheet calculation, Tension at 0.0H, Tmax =15.57 kN/m 

From STAAD ProV8i by FEM (meshing size = 0.1m x 0.1m), Tension at 0.0H = SX x thickness  

                                                                                                                               = 0.987409 x 250 = 15.49 kN/m                                                                                                                        
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Figure 2. Tension due to Impulsive pressure distribution on cylindrical wall by FEM (0.50 x 0.50m) 

 

 
Figure 3. Moments due to Impulsive pressure distribution on cylindrical wall by FEM (0.10 x 0.10m) 
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Figure 4. Tension due to Convective pressure distribution on cylindrical wall by FEM (0.10 x 0.10m) 

 

V. RES ULT S UMMARY 

 
Table 3. Impulsive pressure distribution 

 
 

Table 4. Convective pressure distribution 

 
 

The results of moment for convective pressure distribution need not be compared as the coefficients for moment are 

determined from STAAD Pro V8i.  

 

VI. CONCLUS ION 

 

 Due to their unavailability in  IS 3370:1967 (Part IV), the coefficients for hydrodynamic pressure design of 

circular ring wall with top free and bottom h inged, for an  intze tank are determined by fin ite element method 

using STAAD Pro V8i, as mentioned below: 

 For convective pressure distribution, coefficients for moment due to inverted triangular load  

 For convective pressure distribution, coefficients for moment due to rectangular load 

 The tension coefficients due to inverted triangular load for convective hydrodynamic pressure design of 

circular ring wall with top free and bottom hinged, for an  intze tank are determined using principle of 

superposition. 
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 The results of impulsive and convective hydrodynamic pressure analysis from Excel worksheets are compared 

using STAAD ProV8i by finite element method. It can be seen from table 3 and table 4, that the error for both 

the modes is negligible. 

 For hydrodynamic pressure analysis in STAAD Pro V8i, only the circular ring wall needs to be modeled and 

analyzed. The entire tank along with staging need not be modeled.  

 

REFERENCES  

 

[1] IITK-GSDMA GUIDELINES for SEISMIC DESIGN OF LIQUID STORAGE TANKS (Provisions with  

Commentary and Explanatory Examples), Oct. 2007.  

[2] IS: 1893-2002(Part II), “Criteria for Earthquake Resistant Design of Structure (Liquid Retain ing Tanks)”, Bureau of 

Indian Standards, New Delh i.   

[3] IS 3370:1965 (Part 4), “Code of practice for concrete structures for the storage of liquids”, Bureau Of Indian 

Standards, New Delhi, 1965.  

[4] Durgesh C. Rai, “Review of Code Design Forces for Shaft Supports of Elevated Water Tanks”, Proceedings of 12th 

Symposium on Earthquake Engineering, IIT Roorkee.  

[5] Dr. Suchita Hirde, Ms. Asmita Bajare, Dr. Manoj Hedaoo (2011) “Seismic Performance of Elevated Water Tanks” 

International Journal of Advanced Engineering Research and Studies, IJAERS/Vol. I/ Issue I/October-December, pp. 

78-87.  

[6] H. Shakib, F.Omidinasab and M.T. Ahmadi (2010) “Seismic Demand Evaluation of Elevated Reinforced Concrete 

Water Tanks” International Journal of Civil Engineerng. Vol. 8, No. 3.  

[7] Durgesh C Rai, (2003) “Performance of Elevated Tanks in Mw 7.7 Bhuj Earthquake of  January 26th, 2001” 

International journal of advanced engineering research Proc. Indian Acad. Sci. (Earth Planet. Sci.), 112, No. 

3,September 2003, pp. 421-429. 

[8] George W. Housner (1963) “The dynamic behavior of water tanks” Bullet in of the Seis mological Society of America . 

Vol.53, No. 2, pp. 381-387. 

[9] Robert D. Anchor, “Design of Liquid Retaining Concrete Structures”, 2nd edition.  

[10] Dr. H.J. Shah, “Reinforced concrete, Vol II [Advanced Reinforced Concrete]”, Charotar Publishing House, Anand, 

Gujarat, 2012.  

[11] B.C.Punmia, Ashok kumar Jain and Arun kumar Jain, “R.C.C. Designs”, 10th edition, Laxmi Publications Limited, 

New Delhi, 2010.  

[12] Jai Krishna and O.P.Jain, “Pl ain and Reinforced Concrete, Vol. 2” ,8th revised edition, Nem Chand & Bros., 
Roorkee, 1987.  

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

  


