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ABSTRACT Elevated water tanks are important components of water supply systems, 

particularly in areas where reliable water storage and distribution are required. Due to their 

considerable height, mass distribution, and supporting structure, elevated water tanks are 

vulnerable to lateral forces generated during earthquakes. The movement of water inside the 

tank can produce a sloshing effect, which increases the dynamic load and may affect the 

stability of the supporting structure. Therefore, understanding the seismic behaviour of 

elevated water tanks is essential for improving their safety and structural performance. This 

project presents a physical model of an elevated water tank to study its response under 

simulated earthquake loading. The model consists of a water tank supported on a structural 

frame with X-bracing, mounted on a manually or motor-operated shake table. The model is 

subjected to controlled lateral movement to simulate earthquake forces. The water inside the 

tank demonstrates the sloshing effect and its influence on the movement and stability of the 

structure. Different structural conditions, particularly with and without bracing, can be 

observed and compared. The study focuses on parameters such as lateral movement, tank 

tilting, structural stability, and the effectiveness of bracing and base isolation in reducing 

earthquakeinduced movement. The observations indicate that a properly braced supporting 

frame provides greater resistance to lateral forces and reduces excessive movement and tilting 

of the tank. Rubber pads used as an optional base-isolation arrangement can further help in 

reducing the transmission of vibrations to the structure. The project provides a simple and 

practical demonstration of the principles of earthquakeresistant design of elevated water 

tanks. It helps in understanding the interaction between structural response and water 

sloshing during seismic loading and highlights the importance of adequate bracing, stable 

foundations, and suitable structural design for safer water storage systems in earthquake-

prone areas.  

 

Keywords: Elevated Water Tank, Earthquake Loading, Seismic Response, Water Sloshing, 

Lateral Forces, Structural Stability, X-Bracing, Base Isolation, Earthquake-Resistant Design, 

Seismic Safety. 

Fluid–Structure Interaction 

Fluid–structure interaction (FSI) is one of the most important aspects of seismic analysis 

of water tanks. 

A detailed FSI model can account for: 

• Fluid pressure 

• Structural deformation 

• Free-surface movement 

• Hydrodynamic pressure 
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• Tank-wall flexibility 

• Interaction between fluid and structure 

Numerical Modeling Methodology 

A numerical study may be conducted using structural-analysis software such as ETABS, 

SAP2000, STAAD.Pro, or another finite-element platform. 

The following procedure is recommended. 

Step 1: Define Tank Geometry 

The following parameters are required: 

• Tank capacity 

• Tank diameter/width 

• Water depth 

• Tank wall thickness 

• Roof geometry 

• Bottom slab thickness 

• Staging height 

• Column dimensions 

• Bracing dimensions 

Step 2: Define Material Properties 

Typical parameters include: 

• Concrete grade 

• Reinforcement grade 

• Young's modulus 

• Poisson's ratio 

• Unit weight 

• Damping ratio 

Step 3: Model the Staging 

The columns and braces are modeled using frame elements. 

The tank container can be modeled using shell elements where detailed structural behaviour 

is required. 

Step 4: Define Water Mass 

The water should not simply be treated as a single rigid lumped mass for a detailed seismic 

study. 

The impulsive and convective components should be represented separately according to IS 

1893 (Part 2). 

Step 5: Modal Analysis 

Modal analysis is performed to obtain: 

• Natural frequencies 

• Natural periods 

• Mode shapes 

• Modal participating mass 

Step 6: Response Spectrum Analysis 

A response-spectrum analysis can be conducted using the applicable design spectrum. 

Separate impulsive and convective responses should be considered. 

Step 7: Load Combinations 

The seismic load should be combined with appropriate gravity and other applicable load 

cases. 

Step 8: Evaluate Structural Response 

The following response quantities should be extracted: 

• Base shear 
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• Overturning moment 

• Storey/staging displacement 

• Column axial force 

• Column bending moment 

• Bracing force 

• Tank-wall stresses 

• Foundation reactions 

Conclusions 

The seismic response of elevated water tanks is a complex structural problem involving 

interaction between the tank container, supporting staging, foundation, and stored liquid. The 

elevated position of the water mass results in significant inertia and overturning effects 

during earthquakes. 

The study establishes that the seismic analysis of an elevated water tank should not treat the 

stored water merely as a rigid static load. The liquid should be represented using impulsive 

and convective components in accordance with the applicable seismic provisions. 

The following conclusions are drawn: 

1. Two-mass idealization is essential for realistic code-based seismic analysis of 

elevated water tanks. 

2. Impulsive liquid mass significantly contributes to seismic base shear and 

overturning moment. 

3. Convective liquid mass governs important sloshing-related effects and must be 

considered for adequate freeboard. 

4. Staging stiffness strongly influences the natural period and lateral displacement of the 

tank. 

5. Increasing staging height generally makes the system more flexible and may 

increase seismic displacement demands. 

6. Bracing systems can significantly improve lateral stiffness and seismic performance 

when appropriately designed. 

7. Tank filling level should be investigated because both inertial and sloshing 

characteristics depend on the amount of stored water. 

8. Fluid–structure interaction becomes increasingly important for detailed and research-

level analyses. 

9. Overturning moment and foundation response must be checked carefully because 

the elevated liquid mass generates substantial lateral eccentric effects. 

10. Ductile detailing and appropriate structural configuration are essential for preventing 

sudden collapse during severe earthquakes. 

Overall, a safe elevated water tank requires an integrated approach involving 

seismic analysis, structural design, hydrodynamic considerations, ductile detailing, 

and appropriate foundation design. 

 

Scope for Future Research 

Future studies may focus on: 

• Nonlinear time-history analysis of elevated water tanks. 

• Computational fluid dynamics (CFD) modeling of sloshing. 

• Coupled fluid–structure interaction analysis. 

• Performance-based seismic design. 

• Soil–structure interaction. 

• Effect of tank-wall flexibility. 

• Comparison of RCC and steel staging. 

• Optimization of staging geometry. 
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• Seismic response under near-fault ground motions. 

• Effects of vertical earthquake excitation. 

• Seismic fragility assessment. 

• Experimental shake-table testing. 

• Development of machine-learning models for predicting seismic response. 

• Evaluation of existing aging elevated water tanks and seismic retrofitting techniques. 
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