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Dynamic Analysis of Underground Water Tank
Considering Fluid - Structure Interaction

Shweta Rajoriya®, Dr. Raghvendra Singh?
'M.Tech, ?Professor Department of Civil Engineering Ujjain Engineering College, Ujjain M.P. INDIA

Abstract: In this research paper the main focus on dynamic analysis of open rectangular underground water tanks, focusing on
the interaction between the fluid stored within and the structural integrity of the tank. In this paper Understanding the dynamic
behavior of these tanks under with different loading scenarios like bending moments, loads, and displacement in water tank
essential for ensuring their stability and safety. This project employs numerical technique to simulate and analyze the fluid-
structure interaction (FSI) by using staad pro connect in which we use finite element method in underground water tanks. In
this research we analyze the open rectangular underground water tank of capacity 576000 liter of water tank by using IS code
456 -2000 code for plain and reinforced concrete.

Keywords: Underground Water Tank, Fluid-Structure Interaction, Staad pro connect, Finite element method, Numerical
Simulation, Dynamic Analysis, FSI.

L. INTRODUCTION
A. Fluid-structure-interaction (FSI)
The interrelate between fluid, structure, and soil significantly influences the dynamic behavior of fluid-containing structures. Fluid-
structure interaction (FSI) arises at the interface between the fluid and the structure, where hydrodynamic pressure exerts forces on
the structure, and structural movements, in turn, generate effective fluid loads. This interaction can be studied using various
techniques, including added mass methods, finite element methods (FEM) with Lagrangian, Eulerian, or combined Lagrangian-
Eulerian approaches, and analytical models like Housner's two-mass representation or Bauer's multi-mass representations.
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Load combination on water tank:

1) Empty Tank:

When the tank is empty, external loads from saturated soil exert significant pressure on the tank walls (Figure 2a). This condition
represents a critical loading scenario for design, as the tank must resist external forces without internal support from water.

2) Full Tank:

When the tank is full, hydrostatic pressure from the water inside the tank dominates, while the surrounding soil may shrink away
from the walls (Figure 2b). In this scenario, the walls are subjected to internal pressure without counteracting external soil pressure.
e Normal Condition Of Water Tank: - Dead Load + Live Load + Earth Pressure;

e  Full Condition Of Water Tank: - Dead Load + Live Load + Earth Pressure.

o Empty Condition Of Water Tank: - Dead Load + Live Load + Earth Pressure + Water Pressure.
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Fig :- 2(a) Fig :- 2(b)
Sketches Shows When Tank Is Empty Sketches Shows When Tank Is Full

1. LITERATURE REVIEW

1) Issar kapadia. Had done the “design, analysis and comparison of underground rectangular water tank by using staad provi8
software”. This paper includes the study of UG Rectangular tank that how the shape deflected and what are the actions will be
produced when tank empty or full by using STAAD Pro software is discussed.

2) Housner, G. W. (1963). The dynamic behavior of water tanks. Bulletin of the Seismological Society of America, 53(2), 381-
387.

3) Akiyama, H., & Yoshimura, S. (2002). Seismic response analysis of underground water tanks considering soil-structure
interaction. Engineering Structures, 24(9), 1203-1211.

4) Gogoi, l., & Maity, D. (2007). Seismic analysis of elevated water tanks with fluid-structure interaction. Journal of Sound and
Vibration, 326(3-5), 370- 385.

5) Nallanathel. M et al. showed that corner stresses and maximum shear and bending stresses are less in case of circular tanks than
remaining other designs and the shapes of water tanks plays vital role in the stress distribution and overall economy and by
using Staad pro, the results obtained was very accurate than conventional results.

6) B.V.Ramana Murthy, M Chiranjeevi had done the “design of rectangular water tank by using staad pro software.”

1. METHODOLOGY
A. Added mass method
1) Introduction:
The added mass method is a mathematical approach utilized to quantify the additional mass exerted on a structure due to its
interaction with a surrounding fluid. This phenomenon, termed added mass, occurs when a structure either moves through a fluid or
remains stationary while the fluid moves around it. The interaction generates an inertial effect caused by the displacement of the
fluid, influencing the structure's dynamics.

2) Principle:

The added mass method operates on the principle of conservation of momentum, where the fluid's momentum, influenced by the
structure’s motion, creates an equivalent additional mass effect on the structure. This induced mass is integrated into the dynamic
motion equations, enabling accurate representation of the structural behavior under fluid-induced loads.

3) Mathematical Formulation:

In the added mass method, the added mass is typically expressed as a function of the fluid density, the geometry of the structure, and
the relative velocity between the fluid and the structure. The added mass matrix, often denoted as M1, represents the mass-like
effects induced by the fluid and is added to the mass matrix of the structure in the dynamic equations.There is a formula used to
calculate the added mass for a structure interacting with a fluid. The added mass matrix M is typically defined as:

u T /)f\ Nl (X)dV
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e M, is the added mass matrix.

* pisthe density of the fluid.

N (x) is the shape function matrix associated with the finite element nodes of the structure.

* X represents the spatial coordinates.

dV denotes the differential volume element over the fluid-structure interaction region.

This integral equation represents the contribution of the fluid to the added mass experienced by the structure. The shape functions
N([7) describe the displacement of the structure at each finite element node, and the integration is performed over the volume of the
fluid-structure interaction domain.

The added mass matrix M is then incorporated into the dynamic equations of motion for the structure to account for the additional
mass induced by the fluid. This allows for a more accurate prediction of the dynamic response of the structure under fluid loading
conditions.

B. Implementation

Implementation of the added mass method typically employs Numerical Techniques such as finite element analysis (FEA)

The process involves:

1) Problem Formulation: Establishing fluid-structure interaction parameters and boundary conditions.

2) lterative Solution: Solving the coupled system of equations iteratively to capture the structural response.

3) Dynamic Analysis: Incorporating added mass effects into the motion equations for accurate simulation of fluid-induced loads.

V. MODELLING AND ANALYSIS
A. Finite Element Method:
1) Introduction:
The Finite Element Method (FEM) is a highly effective numerical technique used for analyzing and modeling complex systems in
engineering. It is extensively applied across a variety of fields, such as structural engineering, mechanical engineering, and civil
engineering, to solve problems related to stress analysis, heat transfer, fluid flow, and electromagnetic fields.
MODELING AND ANALYSIS:
At first analyze the open rectangular shape underground water tank of capacity 576000 litre. The dimension of underground tank is
12m*8m*6m and thickness is 0.25mm.Using code IS 456 In compressive strength of concrete is 30 KN/m square and yield stress
415KN/m square . Analysis is being done by the help of stadd pro v8i software. After provide All required Structural configuration
we will assign stresses and load calculation in it.

Table :1 Structural configuration

S.no. Parameter Size
1. Capacity of water tank 576m3
2 Shape of water tank Rectangular
3. Unit weight of soil 40 KN/m2
4 IAngle of internal friction 37°
(©
5. Bearing capacity of soil 230 KN/m2
6. Thickness of plate 0.25m
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7. Size of tank 12x8x6m

8. Grade of concrete M25

0. 'Yield strength Fe415

10. Hydrostatic pressure 30 KN/m2

12m

I_AF
le

WP - 30 KN/m?
SP - 40 KN/m?

Thickness - 0.25 mm
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V. RESULT & DISCUSSION
A three-dimensional finite element analysis was performed using STAAD Pro Connect to study the dynamic behavior
of underground water tanks under varying load conditions, including empty and full scenarios. The analysis focused on
dynamic methodologies, specifically the added mass method, to evaluate the effects of fluid-structure interaction (FSI).
Various soil conditions— medium, hard, and soft—were modeled to understand their influence on the tank's response.
Multiple models were developed to comprehensively analyze the dynamic performance of underground water tanks and
assess the impact of FSI across different soil conditions.
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VI. CONCLUSIONS

In conclusion, the dynamic analysis of underground water tanks considering fluid-structure interaction (FSI) has emerged as a

crucial endeavor in ensuring the stability, safety, and sustainability of water storage systems.

Furthermore, this project has shed light on the environmental considerations, cost implications, regulatory compliance, and lifecycle
assessment aspects associated with underground water tanks, providing a holistic understanding of the challenges and opportunities
in water infrastructure engineering.

1)

2)

Environmental Considerations: Discuss the environmental impact of underground water tanks and the importance of ensuring
their structural integrity to prevent potential hazards such as groundwater contamination.
Cost-Benefit Analysis: Include a cost-benefit analysis of implementing dynamic analysis techniques for underground water

tanks, considering factors such as construction costs, maintenance expenses, and potential savings from improved structural

performance.
3)

Regulatory Compliance: Highlight the relevance of regulatory standards and codes governing the design and operation of

underground water tanks, emphasizing the importance of compliance to ensure public safety and regulatory approval.

4)

Lifecycle Assessment: Consider the lifecycle assessment of underground water tanks, including factors such as material

selection, construction methods, and end-of-life disposal, to evaluate their overall sustainability and environmental footprint.
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VII. SCOPE OF FUTURE WORK

1) Refinement of Numerical Models: Refining numerical models and techniques is vital for accurate dynamic analysis. Future
efforts should enhance mesh resolution, integrate advanced material models, and optimize algorithms to better capture fluid-
structure interaction in underground water tanks.

2) Experimental Validation: Experimental validation is crucial to confirm computational findings and their real-world
applicability. Future research could include testing scaled or full-scale prototypes under dynamic loading to verify underground
water tank performance.

3) Optimization of Design Strategies: Innovative design and optimization are key to improving the resilience and efficiency of
underground water tanks. This includes developing novel damping mechanisms, optimizing structures, and exploring
alternative materials for better performance and durability.

4) Environmental Considerations: Incorporating environmental factors into underground water tank design is vital for
sustainability and reducing ecological impacts. Future research should explore eco-friendly materials, energy optimization, and
measures to prevent groundwater contamination

5) Risk Assessment and Management: Comprehensive risk assessments are vital to identify hazards and vulnerabilities of
underground water tanks. Future work should develop risk management strategies, including early warning systems, emergency
plans, and retrofitting to enhance safety and resilience.

6) Integration of Smart Technologies: Integrating smart technologies can greatly improve the monitoring and management of
underground water tanks. Future research should develop predictive maintenance algorithms, real-time monitoring, and
automated controls for optimized performance and reliability.
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