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ABSTRACT 
Reinforced Cement Concrete (RCC) overhead water tanks are critical components of urban water supply systems, 

requiring safe and economical structural designs to withstand operational and environmental loads. This study presents 

the design and performance evaluation of a circular RCC overhead water tank located at the G+10 level using ETABS 

software. The structural analysis considers two operating conditions: a fully filled tank and an empty tank, to evaluate the 

variation in bending moment, shear force, and overall structural behavior under static loading. The design is carried out 

in accordance with standard RCC design principles, emphasizing structural strength, serviceability, and crack resistance 

to ensure water tightness and durability. Concrete of grade M20 or higher and appropriate reinforcement detailing are 

adopted to satisfy design requirements and minimize the risk of leakage. The results indicate that the full-tank condition 

generates higher structural forces than the empty-tank condition, making it the governing load case for design. The study 

demonstrates that proper structural analysis, reinforcement detailing, and compliance with design standards significantly 

enhance the safety, stability, and long-term performance of elevated RCC water tanks, providing a reliable framework for 

practical water storage infrastructure. 
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1. INTRODUCTION 

Water is one of the most essential natural resources for 

human life, agriculture, industry, and sustainable urban 

development. The rapid growth of population, 

urbanization, and industrialization has significantly 

increased the demand for reliable water supply systems. 

An efficient water distribution network requires 

adequate storage facilities to ensure continuous water 

availability during peak demand, emergencies, and 

maintenance periods. Among various storage structures, 

Reinforced Cement Concrete (RCC) overhead water 

tanks are widely used because of their durability, 

structural strength, cost-effectiveness, and long service 

life. These tanks provide the necessary hydraulic head 

for gravity-based water distribution, thereby reducing 

pumping costs and ensuring uninterrupted water supply. 

The structural design of RCC overhead water tanks is a 

complex engineering task because the structure must 

safely resist multiple loading conditions, including self-

weight, hydrostatic pressure, wind load, seismic forces, 

and service loads. Unlike ordinary buildings, elevated 

water tanks are subjected to continuously varying 

internal water pressure depending on the water level, 

making their structural behavior more critical. Improper 

design or inadequate reinforcement may result in 

excessive deflection, cracking, leakage, and structural 

failure, affecting both safety and serviceability. 

Therefore, careful structural analysis and design are 

essential to ensure the reliability and durability of these 

critical infrastructures. 

Advancements in structural analysis software have 

considerably improved the design process of RCC 

water tanks. Modern software packages such as ETABS 

enable engineers to develop accurate three-dimensional 

structural models, evaluate internal forces, and optimize 

reinforcement requirements under different loading 

conditions. The software provides efficient analysis of 

bending moments, shear forces, axial forces, and 

displacement while complying with national and 

international design standards. These computational 

tools reduce manual calculations, improve design 

accuracy, and facilitate economical structural solutions. 

The structural performance of an elevated water tank 

varies significantly under different operating conditions. 

When the tank is completely filled, hydrostatic pressure 

produces maximum bending moments and shear forces 

on the container and supporting structure. Conversely, 

the empty-tank condition primarily represents the dead 

load of the structure and may govern stability under 

lateral loads such as wind and earthquakes. Therefore, 

evaluating both full and empty tank conditions is 

necessary for identifying the critical design case and 

ensuring structural safety throughout the service life of 

the tank. 

Several researchers have investigated the analysis and 

design of RCC overhead water tanks using conventional 
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analytical methods, finite element analysis, and 

commercial structural software. Previous studies have 

focused on optimizing reinforcement, evaluating 

seismic behavior, improving crack resistance, and 

comparing different tank geometries. However, the 

structural response of elevated circular water tanks at 

high-rise levels requires further investigation to achieve 

economical and safe designs while satisfying 

serviceability requirements. 

This research presents the design and performance 

evaluation of a circular RCC overhead water tank at the 

G+10 level using ETABS software. The study 

investigates the structural behavior of the tank under 

full and empty loading conditions through static 

structural analysis. The performance is evaluated by 

comparing bending moments and shear forces 

developed in the supporting structure and tank 

components. The design emphasizes adequate structural 

strength, crack resistance, and water tightness in 

accordance with standard RCC design provisions. The 

findings provide useful insights for the safe, 

economical, and efficient design of elevated RCC water 

tanks used in modern water supply systems. 

2. MODEL GEOMETRY 

 
Fig. 1: Plan View of Filled Elevated Composited 

Water tank 

 
Fig. 2: 3D View ofDeformed Shape of Filled Elevated 

Composited Water tank 

 
Fig. 3: 3D View of Empty Elevated Composited 

Water tank 

 

Fig. 4: 3D View of Empty Elevated Water tank 

http://www.ijetajournal.org/


International Journal of Engineering Trends and Applications (IJETA) – Volume 13 Issue 3, May-Jun 2026 

ISSN: 2393-9516                          www.ijetajournal.org                                                  Page 668 

 
Fig. 5: 3D View of Filled Elevated Water Tank 

3. MATERIAL PROPERTIES 

Table 1: Material Properties– Basic Mechanical 

Properties 

Material 
Unit 

Weight 

Unit 

Mass 
E1 

 KN/m3 KG/m3 KN/m2 

M-25 24.992 2548.538 25000 

HYSD415 76.972 7849.047 200000 

Masnory 19.2 1957.85 1500 

Fe250 76.972 7849.047 210000 

. 

4. RESULTS AND DISCUSSION 

On behalf of comparison of both tanks joint 

displacement in filled elevated water tank is 

more.Maximum Joint Displacements of Empty –EWT 

and Filled EWT occurs at top floor Due to Load 

Combination of 1.2 (DL+EQL+WP).On behalf of 

comparison of both tanks joint displacement in filled 

elevated water tank is more.On behalf of comparison of 

both tanks joint displacement in filled elevated 

composite water tank is more. 

 
Fig. 6: Joint Displacement Due to Load Combination 1.2 (DL+EQL+WP) 

On behalf of comparison of both tanks Storey drift in 

filled elevated water tank is more.Maximum Storey 

drifts of Empty –EWT and Filled EWT occurs at top 

floor Due to Load Combination of 1.2 

(DL+EQL+WP).On behalf of comparison of both tanks 

Storey drift in filled elevated water tank is more.On 

behalf of comparison of both tanks Storey drift in filled 

elevated composite water tank is more. 

0

3

6

9

12

15

18

21

24

27

30

33

0 50 100 150 200 250 300 350

Joint Displacement 

Empty - EWT filled -  EWT Empty - ECWT filled - ECWT

http://www.ijetajournal.org/


International Journal of Engineering Trends and Applications (IJETA) – Volume 13 Issue 3, May-Jun 2026 

ISSN: 2393-9516                          www.ijetajournal.org                                                  Page 669 

 
Fig. 7: Storey drift (MM) Due Load Combination of 1.2 (DL+EQL+WP) 

Maximum Base Shear occurs in Empty – 

ECWT is 23699.276KN and minimum base shear 

occurs in Filled - EWT is 9389.1936KN. 

 
Fig. 8: Base Shear 
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Fig. 9: Deformed Shape of Filled Elevated Water 

tank due Earth Quake Load 

 
Fig. 10: Deformed Shape of Filled Elevated Water 

tank due Load Combination of 1.2 (DL+EQL+WP) 

 
Fig. 11: Bending Moment in Filled Elevated Water 

tank due Load Combination of 1.2 (DL+EQL+WP) 

 
Fig. 12: Shear Force in Filled Elevated Water tank 

due Load Combination of 1.2 (DL+EQL+WP) 
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5. CONCLUSION 

This study presented the design and performance 

evaluation of a circular RCC overhead water tank at the 

G+10 level using ETABS software. The structural 

behavior of the tank was analyzed under both full and 

empty operating conditions to evaluate critical 

parameters such as joint displacement, storey drift, base 

shear, bending moment, and shear force. The results 

indicate that the filled water tank experiences higher 

joint displacement and storey drift due to the additional 

hydrostatic load, while the empty tank develops 

comparatively higher base shear under seismic loading 

conditions. These findings demonstrate that different 

loading conditions govern different structural responses 

and must be considered during the design process. The 

study confirms that ETABS provides an efficient and 

reliable platform for the analysis and design of RCC 

overhead water tanks, enabling accurate assessment of 

structural performance under various load 

combinations. Proper selection of material properties, 

adequate reinforcement detailing, and compliance with 

standard RCC design provisions ensure sufficient 

strength, serviceability, durability, and water tightness 

of the structure. Overall, the proposed design 

methodology offers a safe, economical, and practical 

solution for elevated water storage systems and can 

serve as a useful reference for the design and evaluation 

of RCC overhead water tanks in modern urban 

infrastructure. 

REFERENCES 

[1] K. Choudhary and H. K. Sain, "Seismic 

Behavioural Analysis of One Bay Structure 

with Composite Beam and RCC Columns," 

International Journal of Engineering Research 

and Generic Science (IJERGS), vol. 7, no. 6, 

pp. 27–36, 2021. 

[2] IS 1893 (Part 1): 2016, Criteria for Earthquake 

Resistant Design of Structures—Part 1: 

General Provisions and Buildings, Bureau of 

Indian Standards, New Delhi, India, 2016. 

[3] IS 1893 (Part 1): 2002, Criteria for Earthquake 

Resistant Design of Structures—Part 1: 

General Provisions and Buildings, Bureau of 

Indian Standards, New Delhi, India, 2002. 

[4] IS 875 (Part 2): 1987, Code of Practice for 

Design Loads (Other than Earthquake) for 

Buildings and Structures—Part 2: Imposed 

Loads, Bureau of Indian Standards, New 

Delhi, India, 1987. 

[5] H. K. Sain and B. K. Meena, "An 

Experimental Analysis on Concrete Containing 

GGBFS and Meta Kaolin with CCR," AIP 

Conference Proceedings, vol. 2901, no. 1, Art. 

no. 050008, pp. 1–13, 2023. 

[6] H. K. Sain, V. Sharma, and B. Nisar, "Effect of 

Rock Cracks on RC Structures," AIP 

Conference Proceedings, vol. 2901, no. 1, Art. 

no. 050005, pp. 1–5, 2023. 

[7] I. C. Sharma and G. S. Soni, "Assessment of 

Limestone Dust and Chips as Eco-friendly 

Alternatives in Concrete Production," 

International Journal of Engineering Trends 

and Applications (IJETA), vol. 11, no. 3, 2024. 

[8] D. Meena, M. K. Agwan, and H. K. Sain, "An 

Experimental Study on the Behaviour of 

Concrete by Partial Replacement for Rice 

Husk Ash, Silica Fume and Iron Slag with 

Cement," International Journal of Engineering 

Trends and Applications (IJETA), vol. 10, 

2023. 

[9] G. Ganguly and I. C. Sharma, Sustainable 

Solid Waste Management, Smart Cities and 

Swachh Bharat Initiative. Jaipur, India: 

Institute of Technology & Engineering, 2017. 

[10] I. C. Sharma and A. K. Jonwal, "Strength and 

Durability Properties of Concrete Using 

Recycled Concrete Aggregate," International 

Journal of Latest Concepts in Innovative 

Engineering and Technology (IJLCIET), vol. 

3, no. 7, 2014. 

[11] N. Khandelwal, S. Bhargava, and H. K. Sain, 

"A Study on Kota Stone Powder Slurry and 

Ground-Granulated Blast Furnace Slag as an 

Ingredient in Concrete," International Journal 

of Engineering Science Technology and 

Research (IJESTR), vol. 7, no. 3, pp. 12–16, 

2022. 

[12] N. Goyal, H. K. Sain, and A. K. Agwan, "A 

Study on Fiber Reinforced Concrete Using 

Different Types of Geo-Polymer Fiber in 

Preparation of Concrete Sample," Journal of 

Emerging Technologies and Innovative 

Research (JETIR), vol. 9, no. 9, pp. 750–753, 

2022. 

[13] G. S. Soni and I. C. Sharma, "Sustainable 

Concrete: Utilization of Glass and Sawdust 

Waste in Composite Materials," International 

Journal of Engineering Trends and 

Applications (IJETA), vol. 12, no. 4, 2025. 

[14] I. C. Sharma and G. S. Soni, "Investigating 

Progressive Collapse in Multi-Story 

Structures: Seismic Load Effects and Belt Wall 

Remediation," International Journal of 

http://www.ijetajournal.org/


International Journal of Engineering Trends and Applications (IJETA) – Volume 13 Issue 3, May-Jun 2026 

ISSN: 2393-9516                          www.ijetajournal.org                                                  Page 672 

Engineering Trends and Applications (IJETA), 

vol. 11, no. 3, pp. 51–58, 2024. 

[15] N. Kanwat, H. K. Sain, and K. Karadia, "A 

Study of Different Type of Industrial Roof 

Truss with Applications of Various Load 

Combinations," International Research Journal 

of Modernization in Engineering Technology 

and Science, vol. 4, no. 11, Nov. 2022. 

[16] S. Mathew and H. K. Sain, "An Innovative 

Study on Utilisation of Pareva Dust and Quartz 

Sand in Concrete," Key Engineering Materials, 

vol. 961, pp. 135–140, 2023. 

[17] H. K. Sain, K. Wadhwani, R. Vashishth, and V. 

Siddh, "Experimental Study of Floating 

Concrete with Lightweight Aggregate," in 

Proc. Third International Conference on 

Advances in Physical Sciences and Materials, 

AIP Conference Proceedings, 2023. 

[18] M. K. Sharma and H. K. Sain, "A Review on 

Seismic Analysis of Connected and High Rise 

Buildings," International Journal of 

Engineering Trends and Applications (IJETA), 

vol. 11, no. 1, pp. 18–21, 2024. 

 

 

http://www.ijetajournal.org/

