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

providing uninterrupted water storage and distribution for residential, commercial, and industrial applications. The 

structural safety and durability of these tanks are critical because they are subjected to various static and dynamic loads, 

including hydrostatic pressure, dead load, wind load, and earthquake forces. Over the past few decades, significant 

advancements have been made in the analysis and design of RCC overhead water tanks through the adoption of finite 

element methods, computer-aided structural analysis, and modern design standards. This review presents a 

comprehensive analysis of the design principles, structural components, loading conditions, analysis techniques, 

performance evaluation methods, and recent technological developments related to RCC overhead water tanks. The 

review also discusses the influence of seismic loading, material properties, structural configurations, and software-based 

analysis tools such as ETABS, STAAD.Pro, SAP2000, and ANSYS. Furthermore, recent research trends involving high-

performance concrete, sustainable construction materials, and optimization techniques are summarized. The study 

highlights existing challenges and identifies future research directions for developing safe, economical, and durable RCC 

overhead water tank structures. 

Keywords — RCC Water Tank, Structural Analysis, ETABS, Seismic Analysis, Water Storage Structures, 

Performance Evaluation, Reinforced Concrete. 

1. INTRODUCTION 

Water storage structures are fundamental components of 

municipal, industrial, agricultural, and rural water 

supply systems. Among various storage facilities, 

Reinforced Cement Concrete (RCC) overhead water 

tanks are widely preferred because they provide 

sufficient hydraulic pressure for gravity-based water 

distribution while ensuring long-term durability and 

structural reliability. Elevated water tanks eliminate the 

need for continuous pumping, thereby reducing 

operational costs and ensuring uninterrupted water 

supply during emergencies. 

The rapid growth of urban populations and increasing 

industrial activities have significantly increased the 

demand for large-capacity overhead water tanks. 

Consequently, their structural design has become 

increasingly important because failure of these 

structures may result in severe economic losses, 

interruption of water supply, and threats to public 

safety. Unlike conventional buildings, RCC overhead 

water tanks experience continuously varying 

hydrostatic pressure due to changing water levels, 

making their structural behavior more complex. 

The design of RCC overhead water tanks must consider 

several loading conditions, including dead load, live 

load, hydrostatic pressure, wind load, seismic load, 

temperature effects, and foundation settlement. Since 

these structures are elevated on staging systems, they 

are particularly vulnerable to lateral forces generated 

during earthquakes and strong winds. Modern design 

standards therefore recommend detailed structural 

analysis to ensure adequate strength, stiffness, ductility, 

and crack resistance. 

The advancement of computational structural 

engineering has transformed the design methodology of 

RCC water tanks. Commercial software packages such 

as ETABS, STAAD.Pro, SAP2000, and ANSYS allow 

engineers to perform three-dimensional finite element 

analysis, accurately evaluate structural responses, and 

optimize reinforcement detailing. These tools have 

greatly improved design efficiency while reducing 

computational errors associated with conventional 

manual calculations. 

This review paper presents a comprehensive overview 

of RCC overhead water tank design methodologies, 

structural analysis techniques, material considerations, 

seismic behavior, performance evaluation, and recent 

research developments. The paper also discusses current 

challenges and future research opportunities for 

enhancing the safety, durability, and sustainability of 

overhead water storage structures. 
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2. TYPES OF WATER TANK 

The water tank can be described in two types: 

1. Depends on the location of the water tank 

2. Depends on the shape of the water tank 

Describing the types of water tanks based on their 

location of it: 

 Underground tank – An underground storage 

tank is a receptacle holding liquid chemicals 

that will be preserved, treated, and used at a 

later time. Petroleum and dangerous chemical 

compounds are often stored in underground 

storage tanks.These can be installed beneath 

the grass, reducing the risk of fire and 

explosion to a significant level. Needless to 

say, it almost eliminates the risk of theft, 

vandalism, and weather-related damage. 

However, it is far more expensive than the 

other forms, and excavation and backfilling of 

land are required. 

 Tanks on-ground – A water storage tank is 

constricted by either digging a small pit to 

place the tank or casting it on a small platform. 

 Overhead or elevated tanks – These are 

normally mounted far higher than the ground 

level, on the roof. These are becoming 

increasingly popular among people these days, 

owing to their low cost and ease of installation. 

Any leaks in the tank can also be easily 

detected and repaired. It may also be quickly 

emptied and relocated from one location to 

another in the event of a move. As a result, it 

saves a lot of money. 

Describing the types of water tanks based on their 

shapes: 

 Rectangular Tank - When the storage 

capacity is limited, rectangular tanks are used. 

Rectangular tanks should ideally be square in a 

plan to save money. It's also preferable if the 

longer side isn't more than twice as long as the 

smaller side. Moments are generated in both 

the horizontal and vertical directions of the 

wall. The exact analysis is difficult to achieve, 

hence approximation approaches are used. 

When the wall's length exceeds its height, the 

moments are primarily in the vertical direction, 

causing the panel to bend as a vertical 

cantilever. 

 Circular tank - The simplest type of water 

tank is the circular tank. To keep the same 

amount of storage, less material is required. 

Furthermore, because of its circular design, it 

has no corners and is water-resistant. It is 

particularly cost-effective for smaller water 

storage tanks of up to 20000000 liters with a 

diameter of 5 to 8 meters. The storage intensity 

ranges from 3 to 4 meters. The side walls are 

reinforced to withstand hoop stress and 

bending. 

 Spherical taken -A cylinder with two heads 

that are either hemispherical, elliptical, or tori-

spherical is the most frequent shape of a 

storage vessel. Spherical vessels have a higher 

surface area per unit volume than cylindrical 

vessels.The static head improves the advantage 

of a sphere over a horizontal cylinder of equal 

volume because it is common practice to 

adjust the thickness of the sphere from top to 

bottom as the pressure increases. For huge 

storage capacities, spheres are preferred. 

Above 10 m in diameter, a spherical vessel is a 

viable alternative. 

 Intnze tank -Because the lower dome in this 

form resists horizontal thrust, Intze water tanks 

are built to save money on projects. In 

comparison to the circular tank, this style of 

tank is the most basic.The water tank lies atop 

a brick shaft in a water tower built according 

to the Intze principle.The tank's base is secured 

with an iron or steel ring anchor, which 

transmits only vertical, not horizontal, stresses 

to the tower. Because there are no horizontal 

forces, the tower shaft does not need to be as 

sturdy. The diameter of an Intze tank is its 

distinguishing feature. The outward thrust 

from the top of the conical component is 

stopped by the ring, which is one of the tank's 

main advantages. 

 Circular tank with conical bottom - One-

bottom tanks are commonly utilized in process 

applications where the tank must drain 

completely. Storage of heavy materials and 

materials prone to sludging, which are difficult 

to drain out of upright tanks, are examples of 

typical applications. Dry materials, such as 

grains or cow feed, are also appropriate for 

cone-bottom tanks since they may be 

completely drained out of the tank using a 

flange or slide gate at the bottom. Separating 

materials can also be done with a decent 

fitting, which separates the liquid from the 

solids. 
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3. DESIGN CONSIDERATIONS 

The design of Reinforced Cement Concrete (RCC) 

overhead water tanks requires careful consideration of 

structural safety, serviceability, durability, economy, and 

water tightness. Since these structures are continuously 

subjected to hydrostatic pressure, environmental effects, 

and dynamic loads, their design must comply with 

relevant national and international standards. Proper 

material selection, reinforcement detailing, load 

assessment, and crack control are essential to ensure 

long-term structural performance and uninterrupted 

water supply. 

3.1 Material Selection 

The selection of appropriate construction materials 

significantly influences the strength, durability, and 

service life of RCC overhead water tanks. Materials 

should possess adequate mechanical properties while 

maintaining resistance against environmental 

deterioration and water leakage. 

Concrete 

Concrete serves as the primary structural material 

because of its excellent compressive strength, 

durability, and ability to be cast into complex shapes. 

The concrete used for water-retaining structures should 

exhibit low permeability, high durability, and excellent 

crack resistance. According to IS 3370 and IS 456, a 

minimum concrete grade of M20 is recommended for 

water tanks, while higher grades such as M25, M30, 

and M40 are preferred for large-capacity tanks or 

structures subjected to severe environmental conditions. 

Higher-grade concrete provides several advantages, 

including: 

 Increased compressive strength 

 Improved water tightness 

 Better durability 

 Lower permeability 

 Enhanced resistance to chemical attack 

 Reduced maintenance requirements 

Proper mix design, controlled water-cement ratio, 

adequate curing, and quality construction practices are 

equally important to achieve the desired performance. 

Reinforcement Steel 

Steel reinforcement resists tensile stresses that develop 

due to hydrostatic pressure, wind forces, and seismic 

loads. High Yield Strength Deformed (HYSD) bars are 

commonly employed in RCC water tanks because of 

their superior bonding characteristics and higher tensile 

strength. 

Common reinforcement grades include: 

 Fe415 

 Fe500 

Fe500 reinforcement is increasingly preferred due to its 

higher yield strength, reduced steel consumption, 

improved ductility, and better seismic performance. 

Proper reinforcement detailing minimizes cracking, 

distributes tensile stresses uniformly, and enhances the 

structural integrity of the tank. 

3.2 Design Codes 

The design of RCC overhead water tanks must comply 

with established design standards to ensure structural 

safety, durability, and serviceability. 

IS 3370 

IS 3370 provides comprehensive guidelines for the 

analysis and design of concrete structures intended for 

storing liquids. The code addresses: 

 Crack width limitations 

 Water-tightness requirements 

 Reinforcement detailing 

 Working stress design 

 Liquid pressure calculations 

IS 456 

IS 456 specifies the general requirements for the design 

and construction of reinforced concrete structures. It 

includes provisions related to: 

 Material specifications 

 Reinforcement detailing 

 Durability 

 Structural safety 

 Serviceability 

 Concrete cover 

IS 875 

IS 875 specifies various design loads acting on 

buildings and structures. 

It includes: 

 Dead loads 

 Live loads 

 Wind loads 

Part 3 of IS 875 specifically provides procedures for 

determining wind loads based on terrain conditions, 

building height, wind speed, and exposure category. 
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IS 1893 

IS 1893 provides criteria for earthquake-resistant design 

of structures. 

For elevated water tanks, the code considers: 

 Seismic zone 

 Importance factor 

 Response reduction factor 

 Hydrodynamic pressure 

 Impulsive and convective masses 

 Dynamic response of staging 

ACI 350 

ACI 350 provides design recommendations for 

environmental engineering concrete structures, 

including water-retaining tanks. It emphasizes: 

 Durability 

 Crack control 

 Serviceability 

 Long-term performance 

Eurocode 2 

Eurocode 2 presents modern design procedures for 

reinforced concrete structures based on limit state 

design philosophy. 

It provides guidance on: 

 Structural analysis 

 Material behavior 

 Reinforcement detailing 

 Durability 

 Crack control 

 Serviceability requirements 

3.3 Water Tightness 

Water tightness is one of the most important design 

requirements for overhead water tanks. Leakage not 

only wastes valuable water but also causes 

reinforcement corrosion, concrete deterioration, and 

reduction in structural durability. 

Crack Width Control 

Concrete naturally develops micro-cracks due to 

shrinkage, temperature variation, and tensile stresses. 

Proper reinforcement distribution limits crack width 

within permissible values specified by design codes. 

Adequate crack control is achieved through: 

 Uniform reinforcement distribution 

 Proper bar spacing 

 Controlled concrete shrinkage 

 Adequate curing 

 Suitable concrete mix design 

 Minimum Reinforcement 

Minimum reinforcement is provided even when 

calculated tensile stresses are small to prevent shrinkage 

and temperature cracking. 

The amount of minimum reinforcement depends on: 

 Wall thickness 

 Structural member type 

 Concrete grade 

 Exposure conditions 

 Concrete Cover 

Concrete cover protects reinforcement against corrosion 

and fire while improving durability. 

Adequate cover also: 

 Prevents moisture penetration 

 Reduces reinforcement corrosion 

 Improves structural life 

 Enhances water tightness 

 Construction Joints 

Construction joints should be carefully planned to avoid 

leakage. 

Proper joint treatment includes: 

 Water bars 

 Joint sealants 

 Surface preparation 

 Adequate compaction 

 Proper curing 

Poorly constructed joints often become the primary 

source of water leakage in RCC tanks. 

4. LOADING CONDITIONS 

RCC overhead water tanks are subjected to several 

types of loads during their service life. Accurate 

estimation of these loads is essential for ensuring 

structural safety and reliable performance. 

4.1 Dead Load 

Dead load consists of the permanent weight of all 

structural components. 

It includes: 

 Self-weight of concrete 

 Roof slab 

 Tank walls 

 Bottom slab 
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 Ring beams 

 Dome 

 Staging system 

 Foundation 

Dead load remains constant throughout the life of the 

structure. 

4.2 Hydrostatic Pressure 

Hydrostatic pressure is the primary load acting on water 

tanks. 

The pressure increases linearly with water depth 

according to 

P=ρgh 

where: 

P = Hydrostatic pressure 

ρ = Density of water 

g = Gravitational acceleration 

h = Water depth 

Three loading conditions are generally considered: 

Full Tank 

Produces maximum hydrostatic pressure, bending 

moment, and hoop tension. 

Half-Full Tank 

Represents intermediate operating conditions and is 

often critical for some structural members. 

Empty Tank 

Hydrostatic pressure is absent, while self-weight and 

environmental loads remain active. 

4.3 Live Load 

Live loads include temporary loads acting during 

maintenance and inspection activities. 

These loads generally consist of: 

 Maintenance personnel 

 Inspection equipment 

 Temporary construction loads 

4.4 Wind Load 

Wind load becomes increasingly significant for elevated 

water tanks because of their large exposed surface area 

and height. 

Wind forces produce: 

 Lateral displacement 

 Overturning moments 

 Base shear 

 Additional stresses in staging 

Wind loads are calculated according to IS 875 (Part 3) 

considering: 

 Basic wind speed 

 Terrain category 

 Height 

 Topography 

 Importance factor 

4.5 Earthquake Load 

Earthquake forces are among the most critical design 

considerations for elevated water tanks. 

During earthquakes, the water mass generates: 

 Impulsive pressure 

 Convective pressure 

 Sloshing effects 

Seismic analysis follows IS 1893 (Part 2) 

recommendations for liquid-retaining structures. 

Important seismic parameters include: 

 Seismic zone factor 

 Importance factor 

 Response reduction factor 

 Soil type 

 Damping ratio 

4.6 Temperature Load 

Temperature variation causes expansion and contraction 

of concrete. 

If restrained, thermal movements induce tensile stresses 

and cracking. 

Proper detailing of expansion joints and reinforcement 

minimizes thermal effects. 

4.7 Settlement Load 

Differential settlement of foundations introduces 

additional stresses into the staging and tank container. 

Settlement may result from: 

 Weak foundation soil 

 Uneven soil compaction 

 Groundwater variation 

Proper geotechnical investigation and foundation design 

minimize settlement-related problems. 
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5. STRUCTURAL ANALYSIS METHODS 

The structural performance of RCC overhead water 

tanks is evaluated using analytical and numerical 

techniques. 

5.1 Conventional Analytical Methods 

Working Stress Method (WSM) 

The Working Stress Method assumes elastic behavior of 

concrete and reinforcement under service loads. 

Characteristics include: 

 Elastic analysis 

 Low permissible stresses 

 High factor of safety 

 Suitable for crack control 

Although conservative, WSM has traditionally been 

used for water-retaining structures because 

serviceability and water tightness are of primary 

importance. 

Limit State Method (LSM) 

The Limit State Method evaluates structures at both 

ultimate and serviceability limit states. 

Advantages include: 

 Economical design 

 Improved material utilization 

 Higher reliability 

 Better prediction of structural behavior 

Modern RCC structures are generally designed using 

this method. 

5.2 Numerical Methods 

Finite Element Method (FEM) 

The Finite Element Method is the most widely adopted 

numerical technique for analyzing complex water tank 

structures. 

FEM divides the structure into numerous small 

interconnected elements, enabling accurate prediction 

of: 

 Stress distribution 

 Bending moments 

 Shear forces 

 Axial forces 

 Deflections 

 Dynamic behavior 

FEM is especially useful for irregular geometries, 

seismic analysis, and nonlinear structural behavior. 

5.3 Structural Analysis Software 

Several commercial software packages are widely used 

for the analysis and design of RCC overhead water 

tanks. 

Software Major Features 
Typical 

Applications 

ETABS 

3D modeling, static 

and dynamic analysis, 

seismic and wind load 

analysis, RCC design 

Multi-storey 

buildings, 

elevated water 

tanks 

STAAD.Pro 

Structural analysis, 

steel and RCC design, 

international code 

support 

Industrial 

structures, 

bridges, water 

tanks 

SAP2000 

Advanced finite 

element analysis, 

nonlinear and dynamic 

analysis 

Complex 

structures, tanks, 

towers 

ANSYS 

High-precision finite 

element simulation, 

stress and deformation 

analysis 

Research, 

nonlinear 

analysis, material 

behavior 

SAFE 
Slab, raft, foundation, 

and base slab design 

Tank foundations 

and mat 

foundations 

6. CONCLUSION 

Natural Language Processing has experienced 

significant growth, evolving from rule-based systems to 

advanced deep learning approaches. Early methods 

relied on predefined linguistic rules, which limited their 

flexibility, while statistical and machine learning 

techniques introduced data-driven improvements in 

language understanding. The development of deep 

learning models further enhanced NLP by enabling 

systems to learn complex patterns and representations 

directly from data. 
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