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Abstract

Water tank structures are of high importance as they act as a storage unit for basic necessity. During
disasters it is very important that these do not fail and serve the purpose they are intended for. So it
becomes very necessary that water tank is analyzed and designed for seismic and wind forces so that
these structures do not fail under effect of Earthquake and Wind. Our study deals with seismic wind
analysis w.r.t., Base shear, Seismic Zone, Response spectrum, Time Period of Intze water tank for
different zones as per Indian Standards. Analysis has been carried out using Staad pro software.
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Introduction

Water tanks are used to store water. All the criteria like shape and properties like slab width and
stresses all depends on the capacity and shape of Water tank. If we see generally Intz shape is
preferred over other shapes is because of the uniformity in stresses in all directions. INTZ type water
tank is one such water tank which has circular shape with a spherical top and conical slab with
spherical dome at the bottom. The specialty of Intze water tank is that, the inward forces coming
from the conical slab counteract the outward forces coming from the bottom dome
which result less stress on the bottom slab of the water tank. Due to lesser stresses, the pressure on
the base slab decreases and thus reduces in the quantity of members.[9]

Need of Research

Intze type water tank are generally designed for self-weight and gravity loads but is becomes
necessary to study to behaviour of water retaining structure under the action of both seismic and
wind loads so that these structures perform better under if they are built in seismic prone zones or
areas with high wind capacity.[1]

Methodology

A basic model of Intze Water Tank has been modelled. All the components of the Intz Water tank
have been modelled in Staad pro. Response Spectrum has also been applied in addition to the static
analysis.

Components of Intze Water Tank|[2]

Following components are present in Intz water tank and have been modelled in Staad pro.
1)Foundations: These are used the transfer the load from
columns to Soil. Fixed support has been modelled in Staad pro to transfer the load to soil.

2) Columns: These are designed for the total load transferred to them. The columns will be braced at
different levels as per design.[8]

3) Braces: They are tied at equal intervals. These are used to reduce the buckling of the columns. [7]
4) Bottom Spherical Dome: The floor may be circular or domed. This slab is supported on the ring
girder and is modelled using plates.

5) Conical Slab: This will be designed for hoop tension due to water pressure. The slab will also be
designed as a slab spanning between the ring beam at top and the ring girder at bottom and is modelled
as plates.

6) Bottom Ring Beam: This ring beam is provided to resist the horizontal component of the reaction
of the conical wall on the cylindrical wall. The ring beam will be designed for the induced hoop
tension.

7) Cylindrical Wall: This has to be designed for hoop tension caused due to horizontal water pressure.
8) Top Ring Beam: The ring beam is necessary to resist the horizontal component of the thrust of the
dome. The ring beam will be designed for the hoop tension induced.
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9) Top Dome: The rise is usually 1/5th of the diameter

Load Properties [3-6]

The values of the loads assigned and material properties have been predefined in Staad pro. Following
properties and loads have been assigned in the models.

Grade of Concrete: M-30

Grade of Steel: fe-500
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Fig 1: Model of Intz Water Tank
Sr.no. Details Value
1 Dead Load: Floor Finish-1.0 kN/m?;
Self-Weight 1.0 kKN/m?
2 Live Load as per water pressure and
0.75kN/m2 for roof
3 Type Of Soil Type 1T
4 Importance Factor 1.5
5 Response Reduction Factor 5
6 Zone ILIILIV&V

Table 1: Details of Data Used in Modelling
Wind Pressure is applied on all the elements as per IS 875 Part 3 considering basic wind speed as 44
m/s and pressure calculated as per topography. [3-6]

Intze Tank Properties

Following are the properties of different elements considered during the analysis.
1. Column - 600 mm circular and 12 numbers.

Bracing- 300 x 350 mm

Bottom Ring beam — 600 x 950 mm

Bottom Dome Slab -150 mm increasing to 250 mm at edges.

Conical Slab — 300mm

Cylindrical Wall-250 mm

Top Ring Beam- 950 x 650 mm

. Top Dome — 125 mm

Results and Discussions

This paper investigates the behavior of an Intz type ESR for seismic and wind conditions.

The loads applied on the tank are depicted below.

PN LW
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Fig 2: Water Pressure applied on Conical Fig 3: Water Pressure applied on Bottom Dome
Slab and Wall

Here figure 2 shows how load is applied on the walls; the loads are calculated as hydraulic pressure
which is calculated by multiplying height with the density of water. The loads are constantly varying
with height.

Here figure 3 shows the application of water pressure on the bottom done and load is varying as per the
height of water.

Comparison of Bending Moment of various Zones

Let’s compare the bending moment of structure for different zones for maximum loading. Following
are the different Bending moment of Intz type water tank for seismic zone 2, seismic zone 3and seismic
zone 5 as shown in figure number 5, figure number 6 and figure number 7.
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Load 7 : Bending Z : Displacement

Fig 4: Rendered View of Model Fig 5: Value of Bending Zone 2
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Load 7 : Bending Z : Displacement
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Fig 6: Value of Bending Zone 5 Fig 7: Value of Bending Zone 6

Conclusion
e The value of Base Shear increases with increase in Seismic Zone.
e Similarly the value of moments also increases as we go up the seismic zones.
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Apply Response spectrum gives same result as static analysis because of the circular shape.
The time period given by staad pro matches exactly with calculated by empirical formula
given in IS 1893 -2016.

The Seismic forces are dominant over the wind forces because of the topography considered
by while applying wind loads.

If we change the topographical conditions then wind forces can be a driving factor.

However when wind load is governing factor then the value of moment for Tank Empty
condition is maximum.
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