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Abstract - During many earthquakes, some of the fluid
containers are damaged badly. Damage or collapse of these
containers causes some unwanted events such as shortage of
drinking and utilizing water, uncontrolled fires and spillage of
dangerous fluids. Also unrestrained fires and spillage of
dangerous fluids due to a major earthquake may cause
significantly more damage than the earthquake itself. Due to
these reasons this type of structures which are special in
construction and in function from engineering point of view
must be constructed well to be resistant against earthquakes.
The object of the present work is to compare the seismic
behavior of elevated rectangular RCC water tanks having
different length to width ratios with constant depth and height
of staging. For this purpose L/B ratios considered are 1.0, 1.2,
1.4,1.6,1.8 2.0, 2.5, 3.0 and 4.0. The depth of tank for all the
ratios is 2.5m and capacity of tank is considered as 1 lakh
litres. Height of staging for all the ratios is considered as 18m.
All the models are analysed for zone 111, zone 1V and zone V
using Staad.Pro v8i software. To study the seismic behavior of
all the models the response parameters selected are lateral
displacement and base shear.

Observation shows that with large increase in L/B ratio,
displacement also increases largely. From the analysis, result
parameters displacement and base shear of the water tanks
increases from lower to higher zones because the magnitude of
intensity will be more for higher zones.

Present work provides good information on the result
parameters displacement and base shear in the water tanks
having different L/B ratios with constant depth, staging height
and capacity.

Key Words: Water tank, seismic, displacement, base shear,
length to width ratio.

1. INTRODUCTION

A huge water storage container is said to be an elevated
water tank which is constructed for supplying the water at
certain height for the water distribution system. For the
storage of liquid so many ways are there such as
underground, ground supported and elevated used
extensively by municipalities and industries. Hence water
tanks are most important for public usefulness and for
industrial structures.

In many earthquakes it is observed that, some of the fluid
containers are damaged. Some unwanted events are caused
such as shortage of drinking and utilizing water,
uncontrolled fires and spillage of dangerous fluids which are
due to damage or collapse of these structures. Also the
uncontrolled fires and spillage of dangerous fluids
subsequent to a major earthquake may cause substantially
more damage than the earthquake itself. This type of
structures which are special in construction and in function
from engineering point of view, due to these reasons must be
constructed well to be resistant against earthquakes.

1.1 Water Tank

Water is human basic needs for daily life. Mostly the
sufficient water distribution depends on the design of a
water tank. In our country the supply of water depends on
overhead water tanks for storage as the required pressure in
water supply process is obtained by gravity in elevated tanks
rather than the need of heavy pumping facilities. Due to
natural disasters like earthquakes, draughts, floods, cyclones
etc Indian sub-continent is highly vulnerable. According to
seismic code IS: 1893 (Part 1)-2002, more than 60% of India
is prone to earthquakes. During earthquake for the failure of
elevated water tanks it is most critical consideration that
huge water mass is at top of a slender staging. Since, the
elevated tanks are frequently used in seismic active regions
also hence their seismic behavior has to be investigated in
detail. There are three categories of tanks which are based
on the location of tank in a building:

1. Tanks resting on ground
2. Underground tanks
3. Overhead tanks

2. OBJECTIVES

The objectives of the present research works are:
1. To study the performance of elevated rectangular RCC
water tanks under seismic forces.

To compare the seismic behaviour of elevated
rectangular RCC water tanks having different length to
width ratios with constant depth and height of staging.
To compare the result parameters of different
rectangular RCC water tanks having different length to
width ratios with a constant depth and capacity.

2.
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3. Problem Formulation

The object of the present work is to compare the seismic
behavior of elevated rectangular RCC water tanks having
different length to width ratios with constant depth and
height of staging. For this purpose L/B ratios considered are
1.0,1.2,1.4,1.6,1.8, 2.0, 2.5, 3.0 and 4.0. The depth of tank
for all the ratios is 2.5m and capacity of tank is considered as
1 lakh litres. Height of staging for all the ratios is considered
as 18m. All the models considered are analysed for seismic
zones, zone lII, zone IV and zone V using Staad.Pro v8i
software. To study the seismic behavior of all the models the
response parameters selected are lateral displacement,
stresses and base shear.

For all the models considered structural details are as
follows:

Size of tank having L/B = 1.0 is 6.4m x 6.4m x 2.5m.

Size of tank having L/B =1.2is 5.8m x 7.0m x 2.5m.

Size of tank having L/B =1.4is 5.4m x 7.6m x 2.5m.

Size of tank having L/B =1.6is 5.1m x 8.2m x 2.5m.

Size of tank having L/B = 1.8 is 4.75m x 8.55m x 2.5m.

Size of tank having L/B = 2.0 is 4.5m x 9.0m x 2.5m.

Size of tank having L/B = 2.5 is 4.0m x 10.0m x 2.5m.

Size of tank having L/B=3.0is 3.7mx 11.1m x 2.5m.

Size of tank having L/B =4.0is 3.2m x 12.8m x 2.5m.
Thickness of wall is 200mm.

Size of columns is 400mm x 400mm.

Size of beams is 300mm x 400mm.

Grade of concrete is M-30.

Grade of steel is Fe-500.

4. RESULT AND DISCUSSIONS

This analysis observes the performance of rectangular RCC
water tank having different length to width ratios with
constant depth, staging height and storage capacity for
seismic forces in zone III, zone IV and zone V. From the
analysis performed, results are organized and discussed in
details.

4.1 Seismic Effect on Displacement

The result shows the effect of earthquake zones on
displacement by considering different length to width ratios
for particular zone. From the results it is observed that by
varying zone, the value of deflection successively increases

from zone III to zone V.

1. It is observed from results that for all the L/B ratios
considered displacement values follow around the
similar gradually increasing straight path along the
staging height.

2. Itis observed here that in all the models displacement
values are less for lower zones and it goes on increases
for higher zones because the magnitude of intensity will
be the more for higher zones.

3. From the results it is observed that the tank having L./B
ratio 3.0 and 4.0 experiences maximum displacement
values in all the zones.

4. From figure no. 5.10 to 5.12 it is observed that with
increase in L/B ratio of tank from 1.0 to 2.5 the value of
displacement slightly decreases but suddenly increases
largely for ratio 3.0 and 4.0.

5. In zone III, the value of displacement decreases from
23.09mmto 21.88mm in L/B ratio 1.0 to 2.0 thenin L /B
ration 2.5 it slightly increases to 22.28mm. But in L/B
ratios 3.0 and 4.0 suddenly increases to 40.47mm and
47.72mm respectively.

6. In zone IV, the value of displacement decreases from
34.63mmto 32.82mm in L/B ratio 1.0 to 2.0 thenin L /B
ration 2.5 it slightly increases to 33.43mm. But in L/B
ratios 3.0 and 4.0 suddenly increases to 60.71mm and
71.58mm respectively.

7. In zone V, the value of displacement decreases from
51.95mmto 49.23mm in L/B ratio 1.0 to 2.0 thenin L/B
ration 2.5 it slightly increases to 50.14mm. But in L/B
ratios 3.0 and 4.0 suddenly increases to 91.07mm and
107.36mm respectively.

4.2 Seismic Effect on Base Shear

The result shows the effect of earthquake zones on base

shear by considering different length to width ratios for

particular zone. From the results it is observed that by
varying zone, the value of base shear successively increases

from zone III to zone V.

1. It is observed from results that for all the L/B ratios
considered base shear follows somewhat zigzag path
having maximum value in tank of L/B ratio 4.0.

2. Itis observed here that in all the models the values of
base shear are less for lower zones and it goes on
increases for higher zones because in higher zones the
magnitude of intensity will be the more.

3. From the resultsitis observed that the tank having L./B
ratio 3.0 experiences minimum base shear but in L/B
ratio 4.0 experiences maximum base shear in all the
zones.

4. Inzonelll, the value of base shear varies from 141 KN to
145 KN in L/B ratio 1.0 to 2.5 then in L/B ration 3.0 it
minimum value 125 KN. But in L /B ratios 4.0 the value
of base shear is 163 KN which is maximum in all the
values.

5. InzonelV,the value of base shear varies from 210 KN to
218 KN in L/B ratio 1.0 to 2.5 then in L/B ration 3.0 it
minimum value 188 KN. But in /B ratios 4.0 the value
of base shear is 245 KN which is maximum in all the
values.

6. InzoneV,the value of base shear varies from 315 KN to
326 KN in L/B ratio 1.0 to 2.5 then in L/B ration 3.0 it
minimum value 281 KN. But in L/B ratios 4.0 the value
of base shear is 367 KN which is maximum in all the
values.
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4.3 Seismic Effect on Stresses 3. 2011, Konstantin Meskouris, Britta Holtschoppen,
Christoph Butenweg, Julia Rosin, “Seismic Analysis

The result shows the effect of earthquake forces on stresses of Liquid Storage Tanks”.

by considering different length to width ratios for particular 4. 2012, Ayazhussain M. Jabar1, H. S. Patel, “Seismic

zone in X and Y both directions. From the results it is Behaviour of RC Elevated Water Tank Under

observed that by varying zone, the value of stresses Different Staging Pattern And Earthquake
successively increases from zone III to zone V. Characteristics”.

1. It is observed from results that for all the L/B ratios 5. 2013, L. Kalani Sarokolayi, B. Navayi Neya, |.
considered base shear fgllows somewhat Z-igzag path Vaseghi Amiri and H. R. Tavakoli, “Seismic Analysis
having maximum value in tank of L/B ratio 4.0 in X of Elevated Water Storage Tanks Subjected to Six
direction and L/B ratio 1.6 in Y direction. Correlated Ground Motion Components”.

2. From theresults it is observed that the tank having L. /B 6. 2013, Syed Saif Uddin, “Seismic Analysis of Liquid
ratio 1.0 experiences minimum stresses in X direction Storage Tanks”.
and L/B ratio 4.0 experiences minimum stresses in Y 7. 2014, S. K. Jangave, Dr. P. B. Murnal, “Structural
direction, whereas in L/B ratio 4.0 experiences Assessment of Circular Overhead Water Tank Based
maximum stresses in X direction and L/B ratio 1.6 on Frame Staging Subjected to Seismic Loading”.
experiences maximum stresses in Y direction. 8. 2015, Jay Lakhanakiya, Prof. Hemal J. Shah, “A

3. In X direction, the value of stresses varies from 2.01 Parametric Study of an Intze Tank Supported On
KNm/m to 7.31 KNm/m. It suddenly increases to 7.24 Different Stagings”.

KNm/r.n at _L/B ratio 2.0. ) 9. 2015, Pradnya V. Sambary, D.M. Joshi, “Seismic

4. In Y direction, the value of stresses varies from 2.27 Analysis of RC Elevated Water Tanks”.

KNm/m to 10.3 KNm/m. The value increases to L/B 10. 2015, Rupachandra ]. Aware, Dr. Vageesha S.
ratio 1.6 and later gradually decreases upto L/B ratio Mathada, “Seismic Analysis of Cylindrical Liquid
4.0. Storage Tank”.

11. 2016, Ankush N. Asati, Dr.Mahendra S.Kadu, Dr.S.R.

5. CONCLUSIONS Asati, “Seismic Analysis and Optimization of RC

Elevated Water Tank Using Various Staging

The following conclusions are drawn within the scope of Patterns”.

present work: 12. 2016, Sivy Martin, Musil Milos, “Seismic Resistance

1. Forallthe zones considered displacement values follow of Storage Tanks Containing Liquid in Accordance
around the similar gradually increasing straight path With Principles of EUROCODE 8 Standard”.
along the staging height and the base shear follows 13. 2017, A. C. Chougule, P. A. Chougule, S. A. Patil,
somewhat zigzag path having maximum value in tank of “Study of Seismic Analysis of Water Tank at Ground
L/B ratio 4.0. Level”.

2. For all the models displacement values, stresses and 14. 2017, Mayank Gopal Manwanil, Deepa P. Telang,
base shear are less for lower zones and it goes on “Review on Seismic Analysis of Elevated Water
increases for higher zones. Tank with Variations of H/D Ratio and Container

3. With increase in L/B ratio the value of displacement Shape”.
slightly decreases in models upto L/B ratio 2.5 in all the 15. 2017, Nimmy Sen Sebastian, Dr.Abey.E.Thomas,
zones. Jency Sara Kurian, “Seismic Analysis of Elevated

4. In all the zones tanks having L/B ratio 3.0 and 4.0 Water Tank In A Framed Building”.
experiences maximum displacement values.

5. Inall the zones base shear is minimum in L/B ratio 3.0 BIOGRAPHIES
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