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Abstract— This paper presents The present study investigates the behavior of elevated circular
water tanks and intze water tanks by Response Spectrum Analysis on varying slopes. It is carried
out by considering various parameters like water storage capacity and staging height which are
constant, various types of staging arrangement and variation in the ground slope. By
intercombining each of these parameters 10 models of tank were created. All tank models have
their locality in earthquake zone I11. Dynamic response of elevated water tanks is hard to define,
as the behavior of tank is unpredictable. Dynamic analysis of liquid storage tank is a complex
problem involving water- structure interaction. Based on numerous analytical, numerical and
experimental studies, simple etabs models of tank- liquid system have been developed to
calculate the hydrodynamic forces. During the earthquake, water contained in the tank exerts
forces on tank wall as well as bottom of the tank. These hydrodynamic forces should consider in
the analysis in addition to hydrostatic forces.
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I INTRODUCTION

Response Spectrum is an advanced tool in Etabs which
measures the contribution from each natural mode of
vibration to indicate the likely maximum seismic response
of an essentially elastic structure. Response-spectrum
analysis provides insight into dynamic behavior by
measuring  pseudospectral  acceleration, velocity, or
displacement as a function of structural period for a given
time history and level of damping. It is practical in this case
to envelope response spectra such that a smooth curve
represents the peak response for each realization of
structural period.

Hence in current work Etab program currently use in the
behavior of each tank with respect to other is checked for
base shear, roof displacement and plastic hinge formation
sequence and its pattern within the staging. Due to slopes
there is increase in stiffness and there is a change in
magnitude of displacement and base shear of the structures.
There is not much change in base reaction and roof
displacement due to arrangement of columns in single layer
and double layer.

The structural behavior remains same for plastic hinge
formation, different water storage capacity, staging heights
and different number of columns. The overhead tanks are
supported by the column which acts as stage. This elevated
water tanks are built for direct distribution of water by

gravity flow and are usually of smaller capacity. Most water
supply systems in developing countries, such as India,
depend on overhead storage tanks.

The strength of these tanks against lateral forces such as
those caused by earthquakes, needs special attention.
General observations are pointing out the reasons towards
the failure of supporting system which reveals that the
supporting system of the elevated tanks has more critical
importance than the other structural types of tanks.

Most of the damages observed during the seismic events
arise due to the causes like improper/unsuitable design of
supporting system, mistakes during selection of supporting
system, improper arrangement of supporting elements
and/or underestimated demand or overestimated strength
etc.

Consequently, the aim of this study is to know the
effectiveness of supporting systems of elevated tanks with
different alteration. A reviewed literature demonstrates the
considerable change in seismic behavior of elevated tanks
with consideration of responses like displacement, base
shear, base moment, sloshing, torsional vulnerability etc.
Finally, study discloses the importance of suitable
supporting configuration to remain withstands against heavy
damage/failure of elevated water tanks during seismic
events. This project is concerned with the performance of
two types of elevated water tank with varying slopes under
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seismic and wind induced dynamic loads as shown below in
the fig 1.1 (a) and (b). Wind loads are considered as per IS
1911- 1967, IS 875(part3): 1987 and seismic load as per IS
1893(part1):2002. The FEM analysis of elevated water tank
involves modal analysis, equivalent static, response
spectrum, and wind analysis with gust factor. The results
obtained from the analyses are compared and the
conclusions are drawn.
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Fig. 1 General Diagram of Intze Water tank

Fig. 2 General Diagram of Circular Water tank
1. OBJECTIVES

The objectives of this investigation are to study the
behavior of an elevated circular and intze water tank
considering the wvarious structural and geometrical
parameters using computer program. Here we shall use
Etabs, Structural Analysis Program. The final conclusion
will be drawn with help of graphs of Base Reaction Versus
Displacement (Roof Displacement) and capacity curve for
each tank from which we can compare one tank structure
with other tank structures and then can predict the behavior
of the same. This paper is to be presented to serve the
following objectives- [1] The main objective of this paper is
to study the hydrodynamic effect on elevated water tank,

with different shapes of the tank for constant capacities.
Here circular and intze tanks are considered for study. [2]
Also to compare the analysis results of base shear and base
moment  with different ground sloping conditions.
Comparing impulsive and convective pressure results as
they may exert pressure in different magnitude. [3] To
propose suitable supporting configuration that withstands
against heavy damage/failure of elevated water tanks during
seismic events.s

I1l.  MODEL DESCRIPTION

Ten models are prepared in this study for the analysis and
study. The constant parameters in all the ten models are as
below: Table 3.1: Structure Plan Details

Table 3.1: Structure Plan Details

Br. Daseription Cireulsr tamk Intra Tank

Mo

1 Digmaeter of Column 450mm 450mm
Height of wall (m) im im
Hopper beight (m) NA Im

3 Height of Stazing 12m 12m

Gracings 1252 300mm 225x300mm
& Thicknass of Roof Slab 20(mm 200mm

IV.  METHODS OF ANALYSIS

Water storage tanks are designed as per the provisions of 1S
3370 and 1S:11682-1985. As per the provisions of the code
(1S 3370-1965), the designing of water tanks was permitted
by working stress method only and on the philosophy of no
cracking. This code has been revised in 2009. As per IS
3370:2009, use of limit state method has been permitted and
provision for checking the crack width is also included in
this code.Main features of seismic method of analysis based
on Indian standard1893(Part 1 1):2002Seismic analysis of
elevated water tank involved two types of analysis,

1. Equivalent Static analysis of elevated water tank.

2. Dynamic analysis of elevated water tank
V. METHODOLOGY

The project study involved two stages. The primary data
was gathered through a Literature survey targeted by web
searches and review of eBooks, manuals, codes and journal
papers. After reviewing the problem statement is defined
and model preparation is taken up for detail study and
analysis purposes. This project execution follows the flow
chart given below:
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The following step describes the layout of this project
briefly

STEP 1 - LITERATURE COLLECTION

STEP 2- STUDY ABOUT DYNAMIC ANALYSS OF
ELEVATED WATER TANKS

STEP 3- SYSTEM DEVELOPMENT

STEP 4- MODEL INPUT GENERATION WITH CAD
FILES

STEP 5 - MATERIAL SPECIFICATIONS
STEP 6- MODELING ON SOFTWARE

STEP 7 - COMPARATIVE STATEMENT,
MODELLING OUTPUTS

STEP 8 - RESULTS AND DISCUSSIONS

STEP 9 - CONCLUSION
VI.  RESULT

BASE SHEAR(in KN) The maximum responses are
determined for different parameters of elevated water tanks.
Response spectrum analysis for the full tank condition in
seismic zones Il is carried out by using ETABS software
These responses include base shear force, nodal
displacement and time period. Base shear values for Circular
and Intze models are obtained using Response spectrum
analysis from the ETABS software Table 6.1 Base Shear in
kN with respect to X-direction

Table 6.1 Base Shear in kN with respect to X-direction

Bae Shear in EN with rapect to X-direction
Circular Tank Intre Tamk
5 1 15 Iy L' [ e 15 0
X 1522 | 188.20 | 187.04 | 1B&.] 18830 | 1305 | 1532 | 13403 | 1529 | 1519

Base Shear m kIN with respect to X-direction
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Graph 6.1 Base Shear in kN with respect to X-direction
Graph 6.1 Base Shear in kN with respect to X-direction
Discussion on the Base Shear values on the models 1. The
base shear for Circular tank is 17.50-18.06 % more than that

of Intze type of tank for full tank condition cases of 0 0 -200
in seismic zone I11. 2. 0.38% base shear decreases from 200
cases modal of both tank for full condition. 6.2Base Moment
(in KN-m) Base moment values for circular and Intze
models are obtained using Response spectrum analysis from
the ETABS software Table 6.2 Base Moment in kN-m with
respect to Ydirection Graph 6.2 Base Moment in kN-m with
respect to Ydirection Discussion on the Base moment values
on the modals 1. The base moment for Circular tank is 6.92-
8.82% more than that of Intze type of tank for full tank
condition in seismic zone Ill. 6.3 MAXIMUM
DISPLACEMENT Maximum Displacement values for
circular and Intze models are obtained from Response
spectrum analysis from the ETABS software under seismic
zones 111 for Staging 5 levels of water. Table 6.3 Maximum
Displacements in circular

Table 6.2 Base Moment in kN-m with respect to Y-

direction
Base moment in KN-M with respect to Y-direction

Circular Tank Intze Tank
0° 5 10° 15° w° 0° 5° 10° 15° 20

Y | 22033 | 2428.42 | 2473.3 | 2524.7 | 2580.33 | 2134.4 | 2252.0 | 1282.72 | 2316.3 | 2352.7

Basemoment in kIN -Mwith respect to Y-dwection

— . 4 4 —

—e— Circular Tank

—— IntzeTani

10 15

Base Moment in kIN-m

Slope Configurations in degree

Graph 6.2 Base Moment in kN-m with respect to Y-
direction

Discussion on the Maximum displacements on the
modals 1.The maximum displacement usually occurs at top
most staging 5 levels 2. The maximum displacement for
Intze type of tank is 9.17- 9.88% more than that of circular
tank for full tank condition in seismic zone

Table 6.3 Maximum Displacements in circular tank and
Intze tank

Maxinum Displacements in circalar tank and Intze tank

Circular Tank Intze Tank

.. i} '] o T\ .. I T r7j T
[ 5 0¥ 15 piig [ ¥ 0" | 1¥ piig

Staging § | 6.197 [ 6270 | 633 | 630 | 465 | 6.823 | 6014 | 600 | 707 516

11, 3.27.23% maximum displacement decreases from 200
Slope Configurations modal as compare to 150 Slope
Configurations modal.
VII.  TIME PERIOD
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Graph 6.3 Maximum Displacements in circular tank and
Intze tank

The time period is calculated for convective mode where in
the liquid mass in the upper region undergoes sloshing
motion this mass is called as convective liquid mass and it
exerts convective hydrodynamic pressure on the tank and
the base.

Titne periods in Intze & Circular tanks For First Mode

071 0.7040:705
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Graph 6.4 Time periods in Circular tank and Intze tank

Table 6.4 Time periods in Intze& Circular tanks Graph 6.4
Time periods in Circular tank and Intze tank Discussion on
the time period of the models.

e The time period for Circular tank is 0.73% more than
that of Intze water tank for 00 -150 Slope Configurations
modal.

Table 6.4 Time periods in Intze& Circular tanks

Time periods in Circular tank and Intze tank

Circular Tank Intze Tank

[ 57 10° 15° 207 [ 5 107 15° 20°

1 0.677 |0.686 |0.692 [0.698 [0.704 | 0.672 [0.681 | 0.689 | 0.687 | 0.705

2 0676 |0.685 |0.602 0698 |0.703 |0.672 |0.681 |0.680 |0.686 | 0.703

3 0.383 | 0.387 |0.39 0392 [0394 | 0416 | 0419 |0.421 |0423 |0425

4 0099 |0.101 |0.105 [0.104 |0.106 |0.124 |0.126 |0.127 |0.128 |0.129

5 0090 |0.101 [0.103 |0.104 [0.105 |0.124 |0.126 |0.127 | 0.128 [0.129

6 0.048 | 0.051 |0.051 |0.057 |0.061 |0.07 0.071 [0.072 |0.072 |0.073

7 0.048 |0.044 |0.048 |0.051 |0.052 |0.07 0.071 |0.071 [0.072 |0.072

B 0.043 [0.043 | 0044 [0.044 |0.044 | 0038 |0.030 |[0.04 0.04 0.041

e 0.035 |0.042 |0.043 [0.044 [0.043 | 0.037 [0.038 |0.030 |0.03° |0.039

10 0.035 |0.027 |0.042 |0.042 |0.043 |0.037 |0.037 |0.036 |0.035 |0.034

1 0.014 | 0.024 |0.02 0.018 |0.017 |0.016 |0.021 |0.019 |0.016 |0.015

12 0.008 | 0.01 0.01 0.01 0.01 0.008 | 0.01 0.01 0.01 0.01

VIIl.  CONCLUSION

The following conclusions have been drawn based on the
results obtained from present study:

1. The base shear for Circular tank is 17.50-18.06 %
more than that of Intze type of tank for full tank condition
cases of 00 -200 in seismic zone IlI.

2. The base moment for Circular tank is 6.92-8.82%
more than that of Intze type of tank for full tank condition in
seismic zone Il1.

3. The maximum displacement for Intze type of tank is
9.17-9.88% more than that of circular tank for full tank
condition in seismic zone I11.

4. The time period for Circular tank is 0.73% more than
that of Intze water tank for 00 -150 Slope Configurations
modal.

5. The displacement value has drastically increased due
to reduced height.

6. Design of water tank is a very tedious method.
Particularly design of elevated cylindrical water tank
involves lots of mathematical formulae and calculation. It is
also time consuming.

7. For the sloping ground we saw that from our analysis
for the parameter like shear force for all the cases in all the
zones we found it was steeply rising to higher value as we
move from column resting on lower side to column resting
on higher side on a sloping surface

8. The concept of using R.C.C bracing is one of the
advantageous concepts which can be used to strengthen
sloping structures.

Page | 4



Comparison investigates the behavior of elevated circular water tanks and intze water tanks Spectrum Analysis on
varying slopes

Available at https://jscer.org

REFERENCES

[1]. P. Nirmala, T. Manimegalai, J. R. Arunkumar, S. Vimala, G.
Vinoth Rajkumar, Raja Raju, "A Mechanism for Detecting the
Intruder in the Network through a Stacking Dilated CNN
Model", Wireless Communications and Mobile Computing,
vol. 2022, Article ID 1955009, 13 pages, <2022.
https://doi.org/10.1155/2022/1955009.

[2]. D. Sathyanarayanan, T. S. Reddy, A. Sathish, P. Geetha, J. R.
Arunkumar and S. P. K. Deepak, "American Sign Language
Recognition System for Numerical and Alphabets," 2023
International Conference on Research Methodologies in
Knowledge Management, Artificial Intelligence and
Telecommunication Engineering (RMKMATE), Chennai,
India, 2023, . 1-6, doi:
10.1109/RMKMATES59243.2023.10369455.

[3]. J. R. Arunkumar, Tagele berihun Mengist, 2020” Developing
Ethiopian Yirgacheffe Coffee Grading Model using a Deep
Learning Classifier” International Journal of Innovative
Technology and Exploring Engineering (IJITEE) ISSN: 2278-
3075, Volume-9  Issue-4, February 2020. DOI:
10.35940/ijitee.D1823.029420.

[4]. Ashwini, S., Arunkumar, J.R., Prabu, R.T. et al. Diagnosis
and multi-classification of lung diseases in CXR images using
optimized deep convolutional neural network. Soft
Comput (2023). https://doi.org/10.1007/s00500-023-
09480-3

[5]. J.R.Arunkumar, Dr.E.Muthukumar,” A Novel Method to
Improve AODV Protocol for WSN” in Journal of Engineering
Sciences” ISSN NO: 0377-9254Volume 3, Issue 1, Jul 2012.

[6]. R. K, A. Shameem, P. Biswas, B. T. Geetha, J. R. Arunkumar
and P. K. Lakineni, "Supply Chain Management Using
Blockchain:  Opportunities,  Challenges, and Future
Directions," 2023 Second International Conference on
Informatics (ICI), Noida, India, 2023, pp. 1-6, doi:
10.1109/1C160088.2023.10421633.

[7]. Arunkumar, J. R. "Study Analysis of Cloud Security
Chanllenges  and Issues in  Cloud  Computing
Technologies." Journal ~ of  Science, Computing and
Engineering Research 6.8 (2023): 06-10.

[8]. J. R. Arunkumar, R. Raman, S. Sivakumar and R. Pavithra,
"Wearable Devices for Patient Monitoring System using
1oT," 2023 8th International Conference on Communication
and Electronics Systems (ICCES), Coimbatore, India, 2023,
pp. 381-385, doi: 10.1109/ICCES57224.2023.10192741.

[9]. S. Sugumaran, C. Geetha, S. S, P. C. Bharath Kumar, T. D.
Subha and J. R. Arunkumar, "Energy Efficient Routing
Algorithm with Mobile Sink Assistance in Wireless Sensor
Networks," 2023 International Conference on Advances in
Computing, Communication and Applied Informatics
(ACCAI), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ACCAI58221.2023.10201142.

[10].R. S. Vignesh, V. Chinnammal, Gururaj.D, A. K. Kumar, K.
V. Karthikeyan and J. R. Arunkumar, "Secured Data Access
and Control Abilities Management over Cloud Environment
using Novel Cryptographic Principles,” 2023 International
Conference on Advances in Computing, Communication and
Applied Informatics (ACCAI), Chennai, India, 2023, pp. 1-8,
doi: 10.1109/ACCAI58221.2023.10199616.

[11].Syamala, M., Anusuya, R., Sonkar, S.K.et al. Big data
analytics for dynamic network slicing in 5G and beyond with
dynamic user preferences. Opt Quant Electron 56, 61 (2024).
https://doi.org/10.1007/s11082-023-05663-2

[12].Krishna Veni, S. R., and R. Anusuya. "Design and Study
Analysis Automated Recognition system of Fake Currency
Notes." Journal of Science, Computing and Engineering
Research 6.6 (2023): 16-20.

[13].V. RamKumar, S. Shanthi, K. S. Kumar, S. Kanageswari, S.
Mahalakshmi and R. Anusuya, "Internet of Things Assisted
Remote Health and Safety Monitoring Scheme Using
Intelligent  Sensors,” 2023 International Conference on
Advances in Computing, Communication and Applied
Informatics (ACCAI), Chennai, India, 2023, pp. 1-8, doi:
10.1109/ACCAI58221.2023.10199766.

[14].R. S. Vignesh, R. Sankar, A. Balaji, K. S. Kumar, V. Sharmila
Bhargavi and R. Anusuya, "loT Assisted Drunk and Drive
People Identification to Avoid Accidents and Ensure Road
Safety Measures," 2023 International Conference on
Advances in Computing, Communication and Applied
Informatics (ACCAI), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ACCAI58221.2023.10200809.

[15].1. Chandra, G. Sowmiya, G. Charulatha, S. D, S. Gomathi and
R. Anusuya, "An efficient Intelligent Systems for Low-Power
Consumption Zigbee-Based Wearable Device for Voice Data
Transmission," 2023 International Conference on Atrtificial
Intelligence and Knowledge Discovery in Concurrent
Engineering (ICECONF), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ICECONF57129.2023.10083856.

[16].G. Karthikeyan, D. T. G, R. Anusuya, K. K. G,J. Tand R. T.
Prabu, "Real-Time Sidewalk Crack Identification and
Classification based on Convolutional Neural Network using
Thermal Images,” 2022 International Conference on
Automation, Computing and Renewable Systems (ICACRS),
Pudukkottai,  India, 2022, pp. 1266-1274, doi:
10.1109/ICACRS55517.2022.10029202.

[17].R. Meena, T. Kavitha, A. K. S, D. M. Mathew, R. Anusuya
and G. Karthik, "Extracting Behavioral Characteristics of
College Students Using Data Mining on Big Data,” 2023
International Conference on Artificial Intelligence and
Knowledge Discovery in  Concurrent  Engineering
(ICECONF), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ICECONF57129.2023.10084276.

[18].S. Bharathi, A. Balaji, D. Irene. J, C. Kalaivanan and R.
Anusuya, "An Efficient Liver Disease Prediction based on
Deep Convolutional Neural Network using Biopsy
Images,” 2022 3rd International Conference on Smart
Electronics and Communication (ICOSEC), Trichy, India,
2022, pp. 1141-1147, doi:
10.1109/ICOSEC54921.2022.9951870.

[19].1. Chandra, G. Sowmiya, G. Charulatha, S. D, S. Gomathi and
R. Anusuya, "An efficient Intelligent Systems for Low-Power
Consumption Zigbee-Based Wearable Device for Voice Data
Transmission," 2023 International Conference on Atrtificial
Intelligence and Knowledge Discovery in Concurrent
Engineering (ICECONF), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ICECONF57129.2023.10083856.

[20].Revathi, S., et al. "Developing an Infant Monitoring System
using loT (INMOS)." International Scientific Journal of

Page | 5


https://doi.org/10.1007/s00500-023-09480-3
https://doi.org/10.1007/s00500-023-09480-3
https://doi.org/10.1007/s11082-023-05663-2

Comparison investigates the behavior of elevated circular water tanks and intze water tanks Spectrum Analysis on

varying slopes

Available at https://jscer.org

Contemporary Research in Engineering Science and
Management 6.1 (2021): 111-115.

[21].R. K, A. Shameem, P. Biswas, B. T. Geetha, J. R. Arunkumar
and P. K. Lakineni, "Supply Chain Management Using
Blockchain:  Opportunities, Challenges, and  Future
Directions,” 2023 Second International Conference on
Informatics (ICI), Noida, India, 2023, pp. 1-6, doi:
10.1109/1C160088.2023.10421633.

[22].J.R.Arunkumar. “Comprehensice Analysis of Security Issues
in Cloud Computing Technologies”, Journal of
Science,Computing and Engineering Research, 6(5), 06-10,
June 2023.

[23].S. Sugumaran, C. Geetha, S. S, P. C. Bharath Kumar, T. D.
Subha and J. R. Arunkumar, "Energy Efficient Routing
Algorithm with Mobile Sink Assistance in Wireless Sensor
Networks," 2023 International Conference on Advances in
Computing, Communication and Applied Informatics
(ACCAI), Chennai, India, 2023, pp. 1-7, doi:
10.1109/ACCAI58221.2023.10201142.

[24].1. Chandra, K. V. Karthikeyan, R. V, S. K, M. Tamilselvi and
J. R. Arunkumar, "A Robust and Efficient Computational
Offloading and Task Scheduling Model in Mobile Cloud
Computing,” 2023 International Conference on Artificial
Intelligence and Knowledge Discovery in Concurrent
Engineering (ICECONF), Chennai, India, 2023, pp. 1-8, doi:
10.1109/ICECONF57129.2023.10084293.

[25].R. S. Vignesh, A. Kumar S, T. M. Amirthalakshmi, P.
Delphy, J. R. Arunkumar and S. Kamatchi, "An Efficient and
Intelligent Systems for Internet of Things Based Health
Observance System for Covid 19 Patients,” 2023 International
Conference on Artificial Intelligence and Knowledge
Discovery in Concurrent Engineering (ICECONF), Chennai,
India, 2023, pp. 1-8, doi:
10.1109/ICECONF57129.2023.10084066.

[26].DC Jullie Josephine, J Sudhakar, T Helan Vidhya, R
Anusuya, G Ramkumar,“An Improved Multi class Breast
cancer classification and Abnormality Detection based on
Modified Deep Learning Neural Network Principles”, Deep
Learning in Biomedical Signal and Medical Imaging, CRC
Press, Taylor and Francis, 2024.

[27].R. Anusuya, Pragya Vashishtha, “Real Automatic Number
Plate Image Detection With Yolo Algorithms”, Journal of
Science, Computing and Engineering Research, 7(7), July
2024.

Page | 6



