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Abstract - The main objective of the present study is to 
evaluate the performance and behaviour of intze type of 
elevated water tank having radial staging configuration 
undertaking the parameter like base shear, base moment, top 
displacement, time period during empty and full tank 
condition considering the fixity condition. Further the effect of 
subsoil conditions on the seismic response of the tank has been 
studied by considering soil structure interaction (SSI). Also, the 
sloshing effect of liquid in the tank during dynamic loading has 
been considered.  
 
The study consists of the analysis and design of the Intze type 
elevated water tank of capacity 1MLD which is resting 16m 
above ground level on the staging containing 8 columns. The 
depth of the foundation is 1.2m below ground level. The 
location of the tank considered in seismic zone II. Numerical 
analysis has been carried out using FEM based software SAP 
2000. It is observed from the study that the base shear and 
base moment in full tank condition tank is slightly higher than 
empty tank due to absence of water load. By providing the free 
board height of 1.8m which is greater than the sloshing wave 
height of 0.386 m we can reduce the additional stresses 
coming on the top dome. Since total base shear and base 
moment in tank full condition are more than that total base 
shear and base moment in tank empty condition, design will be 
governed by tank full condition. 
 

Key Words: Sloshing effect, Intze tank, Impulsive 
pressure, Convective pressure, soil structure 
interaction. 
 

1. INTRODUCTION 
 
 Water is life line for every kind of creature in this world. All 
around the world liquid storage tanks are used extensively 
by municipalities and industries for water supply, 
firefighting systems, inflammable liquids and other 
chemicals. Thus, Water tanks plays a vital role for public 
utility as well as industrial structure having basic purpose to 
secure constant water supply from longer distance with 
sufficient static head to the desired location under the effect 
of gravitational force. Storage reservoirs and overhead tank 
are used to store water, liquid petroleum, petroleum 
products and similar liquids. 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. 
 
In general, there are three kinds of water tanks i.e. tank 
resting on ground, underground tanks and elevated tanks. 
Elevated tanks are supported on staging which may consist 
of masonry walls, R.C.C. tower or R.C.C. columns braced 
together. The walls are subjected to water pressure. The 
base has to carry the load of water and tank load. The staging 
has to carry load of water and tank. The staging is also 
designed for wind forces. From design point of view the 
tanks may be classified as per their shape- Rectangular 
tanks, Circular tanks, Intze type tanks. Spherical tanks 
conical bottom tanks and suspended bottom tanks. In water 
retaining structures a dense impermeable concrete is 
required therefore, proportion of fine and coarse aggregates 
to cement should be such as to give high quality concrete. 
 

1.1 SEISMIC ANALYSIS OF ELEVATED WATER TANK  
 

Equivalent static analysis of elevated water tanks is the 
conventional analysis based on the conversion of seismic load 
in equivalent static load. IS: 1893- 2016 has provided the 
method of analysis of elevated water tank for seismic loading. 
Historically, seismic loads were taken as equivalent static 
accelerations which were modified by various factors, 
depending on the location’s seismicity, its soil properties, the 
natural frequency of the structure, and its intended use. 
Elevated water tank can be analysed for both the condition 
i.e. tank full condition and tank empty condition. For both the 
condition, the tank can be idealized by one mass structure. 
For equivalent static analysis, water-structure interaction 
shows, both water and structure achieve a pick at the same 
time due to the assumption that water is stuck to the 
container and acts as a structure itself and both water and 
structure has same stiffness. 

Most elevated tanks are never completely filled with 
liquid. Hence a two-mass idealization of the tank is more 
appropriate as compared to a one mass idealization, which 
was used in IS 1893: 1984. Two mass model for elevated tank 
was proposed by Housner (1963) and is being commonly 
used in most of the international codes. Here the entire 
structure and liquid which is in direct contact with the 
structure is considered as one mass called impulsive mass 
and the remaining liquid portion is considered as other mass 
called convective mass. 
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Gaikwad Madhukar and Mangulkar Madhuri (2013), 
Ankita Patel and BalChandra (2014), Neha Walde, Sakshi 
Manchalwar et al (2015), Abhijeet Babar and Jadhav (2016),  
Prashant Bansode et al. (2017), Ajmal Tokhi and Sahil Arora 
(2019) and many more have carried out studies on elevated 
water tank considering different staging conditions, different 
zonal conditions, different tank shapes and capacities. 
However, the effect of sloshing of water due to 
hydrodynamic nature deserves the performance of water 
tanks.  
 

2. SCOPE AND OBJECTIVES  
 
1. The proposed work involves the study on seismic 
behaviour of elevated water tank considering sloshing 
effects due to water.  
2. Further analysis will be carried out for tank empty and full 
condition.  
 
The objectives of the proposed study are  
1. To evaluate the dynamic displacement of water tank 
subjected to ground motion using response spectrum 
analysis.  
2. To evaluate the associated base shear due to dynamic 
loading.  
3. Analyse the tank considering the soil structure interaction 
effects  

 
3. MODELLING AND ANALYSIS 
 
The study consists of the analysis and design of the Intze type 
of elevated water tank of capacity 1MLD which is resting 16m 
above ground level on the staging with 8 columns. The depth 
of the foundation is 1.2m below ground level. M30 grade 
concrete and Fe415 grade steel are considered as material 
properties. The location of the tank is considered in seismic 
zone II. 

 

Fig -1: Intze tank 
 

Table -1: Details of sizes of various components obtained 
from design. 

 
Table -2: Parameters after numerical analysis for full tank 

condition 

MODES IMPULSIVE CONVECTIVE 

TIME PERIOD 1.19 sec 4.15 sec 

DESIGN HORIZONTAL 
SEISMIC COEFFICIENT 

0.028 0.014 

BASE SHEAR 339.81 KN 70.987 KN 

BASE MOMENT 7192.903 KNm 1533.310 KNm 

 
Table -3: Parameters after numerical analysis for empty 

tank condition 

TIME PERIOD 0.883 sec 

DESIGN HORIZONTAL SEISMIC 
COEFFICIENT 

0.0395 

BASE SHEAR 234.592 KN 

BASE MOMENT 4683.261 KNm 

Component

s 

Sizes(mm) Calculations Weight 

(KN) 

Top dome 100 thick 2π×9.35×1.8×0.1×25 264.36 

Top ring 

beam 

500×410 π×16.4×0.5×0.41×25 264.05 

Wall 300 thick π×16×0.3×4×25 1507.97 

Bottom ring 

beam 1 

1000×600 π×16.4×0.6×1×25 772.83 

Conical 

dome 

500 thick π× (6.9+5.3) × 

 

1628.91 

Bottom 

dome 

280 thick 2π×4.305×1.6×0.28×25 108.19 

Bottom 

circular 

beam 

700×1200 π×10.6×0.7×1.2×25 699.31 

Columns 700 dia × (0.7)2×16×8×25 1231.50 

Braces 300×700 0.3×0.7×4.05×24×25 510.3 

Water  × 162 × 4 × 9.81 + (Vcone-

VBdome) × 9.81 

11053.63 
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Table -4: hydrodynamic pressure calculations for full tank 
condition 

Hydrodynamic 
pressure 
calculations 

1. Impulsive pressure on wall =1.45 KN/m2 
2. Impulsive pressure on slab base=1.082 KN/m2  

3. Convective pressure on wall = 0.709 KN/m2 

4. Convective pressure on slab base =0.219 KN/m2 

 

Pressure due to 
inertia of wall. 

0.195 KN/m
2
 

Pressure due to 
vertical excitation. 

2.14 KN/m
2
 

Maximum 
hydrodynamic 
pressure. 

2.708 KN/m
2
 

Hydrostatic 
pressure. 

 

68 KN/m
2
 

 

4. Analysis results of the elevated water tank 
 

4.1 Empty tank condition for fixed base model. 
Here the analysis is carried out by considering only the dead 
load and its combination. All the column supports are fixed. 
Response spectrum and time history analysis for the 2001 
Bhuj earthquake data is carried out on the model.  
 
In the below cases all the displacements are measured with 
respect to the top most center point of the tank which is also 
called as crown point. 
 
The following results are obtained from the analysis of the 
various models. 
 
Table-5: Modal time period and frequencies obtained for 

empty tank case 

 
 

Table-6: Base shear and base moments obtained for 
empty tank for RS (Response spectrum) case 

 
 
Table-7: Displacement of crown point (Joint 35) for empty 

tank for RS case 

 
 

Table-8: Base shear and base moments obtained for 
empty tank for TH (Time History) case 
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Table-9: Displacement of crown point for empty tank for 
TH case 

 

4.2 Full tank condition for fixed base model. 
 
For tank full condition water pressure is applied on the tank 
wall. Here both impulsive and convective hydrodynamic 
pressures are calculated and are applied on the wall and 
base slab of the tank. Proper freeboard should be provided 
while applying these pressures. Then both response 
spectrum and time history analysis is carried out for water 
load and its combinations. 
 
The following results are obtained from the analysis of the 
various models in Sap 2000 

 

 

Fig -2: Sectional view of the tank subjected to water 
pressure 

 

 

 

Table-10: Modal time period and frequencies obtained for 
full tank case 

 

Table-11: Base shear and base moments obtained for full 
tank for RS (Response spectrum) case 

 

Table-12: Displacement of crown point for full tank for RS 
case 
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Table-13: Base shear and base moments obtained for full 
tank for TH (Time History) case 

 

Table-14: Displacement of crown point for full tank for 
TH case 

 

4.3 Soil structure interaction 

 

Fig -3: Intze tank with soil model 

Soil is modelled by considering the soft clay with the unit 
weight 16 kN/m3 and modulus of elasticity E = 15000 kN/m2 
with Poisson ratio ν = 0.4. 

Here the raft footing is provided at the depth of 1.2m from 
the ground level, thickness of the raft is 0.6m. 

Here also response spectrum and time history analysis is 
carried out for both empty and full tank condition and the 
results obtained are as below. 

Table-15: Modal period and frequencies for empty tank 
during SSI analysis 

 

Table-16: Base shear and Base moment for empty tank for 
SSI analysis 
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Table-17: Displacement of crown point for empty tank for 
SSI case 

 

Table-18: Modal period and frequencies for full tank 
during SSI analysis 

 

Table-19: Base shear and Base moment for full tank for SSI 
analysis 

 

 

Table-20: Displacement of crown point for full tank for 
SSI case 

 

6. CONCLUSIONS 
 
 Base shear and base moment in full condition tank is slightly 
higher than empty tank due to absence of water pressure. 
By providing the free board height of 1.8m which is greater 
than the sloshing wave height of 0.386 m we can reduce the 
additional stresses coming on the top dome.Since total base 
shear (347.33 kN) and base moment (7354.75 kN-m) in tank 
full condition are more than that total base shear (234.592 
kN) and base moment (4683.261 kN-m) in tank empty 
condition, design will be governed by tank full condition. 
 
For the applied Bhuj earthquake data maximum 
displacement of the crown point in case of soil structure 
model is found to be around 770mm at 44.40 sec for tank full 
condition and around 650mm at 44.40 sec for empty 
condition. The additional deflection in tank full condition is 
due to hydrodynamic pressure induced in the structure due 
to sloshing effect. 
 
The maximum hydrodynamic pressure obtained is 2.708 
kN/m2 which is about 3 % of hydrostatic pressure at base (ρ 
g h = 1,000 x 9.81 x 7.0 = 68 kN/m2). In practice, container of 
tank is designed by working stress method. When 
earthquake forces are considered, permissible stresses are 
increased by 33%. Hence, hydrodynamic pressure in this 
case does not affect container design. 
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