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ABSTRACT

Water storage structures play a vital role in municipal, industrial, and domestic water supply
systems. The present project focuses on the analysis and design of a rectangular reinforced
cement concrete (RCC) water tank using STAAD Pro software, in accordance with relevant
Indian Standard codes such as IS 3370 and IS 456:2000. The study emphasizes the structural
behavior of a ground-resting rectangular tank subjected to hydrostatic water pressure, soil
pressure, self-weight, and other loading conditions.The design methodology incorporates both
theoretical calculations and computer-based structural analysis to evaluate bending moments,
shear forces, stresses, and deflections. A three-dimensional finite element model of the tank
was developed in STAAD Pro, and results obtained from software analysis were compared
with manual design procedures to ensure accuracy and safety. The tank dimensions
considered are 12 m x 4 m x 2.5 m with a wall thickness of 400 mm. The study concludes
that limit state method provides an economical and efficient design compared to the working
stress method. The integration of software tools significantly reduces computational effort and
improves design reliability, ensuring structural safety and serviceability of the water tank.

Keywords: Rectangular Water Tank, RCC Design, STAAD Pro, IS 3370, Hydrostatic
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LINTRODUCTION

Water storage structures are essential components of modern infrastructure systems used for domestic,
municipal, agricultural, and industrial purposes. With rapid urbanization and population growth, the
demand for safe and efficient water storage has significantly increased [1]. Reinforced Cement
Concrete (RCC) water tanks are widely used due to their durability, strength, and resistance to
environmental effects [2]. Depending on their location and purpose, water tanks may be classified as
underground tanks, tanks resting on ground, and overhead tanks [3]. Among various shapes such as
circular, rectangular, and Intze types, rectangular tanks are commonly adopted for small to medium
capacities because of their simple geometry and ease of construction [4]. The design of liquid
retaining structures differs from ordinary RCC structures since cracking must be strictly controlled to
prevent leakage [5]. As per IS 3370 guidelines, special attention is given to tensile stresses, shrinkage
effects, and water tightness requirements [6]. The hydrostatic pressure exerted by stored water
produces bending moments and shear forces on tank walls, which vary linearly with depth [7].
Therefore, accurate structural analysis is necessary to ensure stability and serviceability [8]. In
addition to internal water pressure, external soil pressure and uplift forces must also be considered in
underground or ground-resting tanks [9]. Modern structural software like STAAD Pro enables
engineers to model complex geometries and loading conditions efficiently [10].

The structural behavior of rectangular water tanks is more complex compared to circular tanks due to
two-way bending action in walls [11]. Long walls generally behave as vertical cantilevers when the
length-to-breadth ratio exceeds two, while short walls act as slabs supported on long walls [12]. The
base slab is subjected to upward soil pressure and downward water load, requiring careful design
against uplift and bending [13]. The analysis involves determining bending moments in both
horizontal and vertical directions, along with direct tensile stresses caused by hydrostatic pressure
[14]. According to IS 456:2000 and IS 3370:2009, permissible stresses must be limited to ensure
crack-free performance [15]. Traditionally, water tank design was carried out using the Working Stress
Method; however, the Limit State Method has gained preference due to its economy and reliability
[16]. The limit state approach considers ultimate load capacity and serviceability requirements
simultaneously [17]. Shrinkage and temperature stresses also influence structural behavior and must
be accounted for in design [18]. Proper reinforcement detailing, minimum cover requirements, and
movement joints are essential to maintain durability [19]. The advancement of finite element analysis
tools has significantly improved accuracy in stress distribution prediction [20].

In this project, a rectangular RCC water tank resting on the ground with dimensions 12 m X 4 m x 2.5
m has been analyzed and designed using STAAD Pro software [21]. The tank is modeled using shell
elements, and loads such as hydrostatic pressure, self-weight, and soil pressure are applied
systematically [22]. The software computes nodal displacements, bending moments, shear forces, and
stress distribution across structural elements [23]. The results obtained from software analysis are
compared with theoretical calculations to validate accuracy [24]. The study aims to evaluate structural
performance, ensure compliance with Indian Standard codes, and determine an economical design
solution [25]. By integrating manual design principles with advanced computational tools, the project
demonstrates an efficient methodology for safe and cost-effective construction of liquid retaining
structures.

II.Literature Review
1. Mainak Ghosal (2019)

Mainak Ghosal (2019) conducted a study on the analysis and design of elevated water tanks using
STAAD Pro V8i under various loading conditions. The research emphasized the importance of
structural modeling in understanding the behavior of liquid retaining structures subjected to
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hydrostatic, wind, and seismic loads. The study adopted the Limit State Design method and compared
manual calculations with software-generated results. It was observed that hydrostatic pressure
significantly influences bending moments and shear forces in tank walls. The research also
highlighted that STAAD Pro simplifies the modeling of complex geometries and improves accuracy
in stress prediction. The author concluded that software-based analysis enhances structural safety and
reduces computational time when compared to conventional manual methods. This study provides a
strong foundation for understanding the structural response of water tanks and validates the
application of STAAD Pro in liquid retaining structures.

2. L.P. Shrivastava and Akshit Lamba (2018)

Shrivastava and Lamba (2018) presented a detailed seismic and wind analysis of water tanks based on
IS 3370:2009 and IS 1893 (Part 2). The study introduced impulsive and convective mass models for
dynamic analysis of elevated tanks. The authors concluded that two-degree-of-freedom models
produce more accurate results compared to single-degree models. It was observed that full tank
condition produces maximum base shear and overturning moments. Their research emphasized the
importance of considering dynamic loads in water tank design. The study demonstrated that structural
software such as STAAD Pro provides reliable predictions of displacement and stress behavior under
seismic conditions. This work contributes significantly to understanding the importance of load
combinations and dynamic response in water tank design.

3. Issar Kapadia et al. (2017)

Issar Kapadia, Purav Patel, and Nilesh Dholiya (2017) analyzed rectangular water tanks under
hydrostatic pressure using STAAD Pro in accordance with IS 3370 and IS 456:2000. The study
focused on bending moment variation with increase in tank height and the effect of base fixity
conditions. It was observed that fixed base conditions reduce settlement and improve structural
stability. The research also highlighted that rectangular tanks exhibit two-way bending action, making
their design more complex than circular tanks. The authors concluded that software analysis provides
detailed stress distribution and helps in economical reinforcement design. Their findings support the
importance of using advanced analytical tools for efficient structural performance evaluation.

4. Hasan Jasim Mohammed (2016)

Hasan Jasim Mohammed (2016) investigated optimization techniques in the structural design of
rectangular and circular concrete water tanks. The study considered tank capacity, dimensions, slab
thickness, and material properties as design variables. A computer program was developed based on
IS 456:2000 provisions to minimize overall construction cost. The results showed that proper
dimension selection significantly reduces material consumption and total cost. It was concluded that
rectangular tanks are economical for moderate capacities, whereas circular tanks are preferable for
larger storage volumes. The study highlighted the need for optimization in structural design to achieve
cost efficiency without compromising safety.

5. Pandey et al. (2015)

Pandey et al. (2015) discussed the transition from Working Stress Method to Limit State Method in
liquid retaining structures under IS 3370:2009. The study compared crack width control,
reinforcement quantity, and material utilization in both methods. It was observed that the Limit State
Method provides more economical design while ensuring serviceability criteria. However, proper
crack width checks are essential to maintain water tightness. The research concluded that modern
design approaches combined with computational tools result in better structural performance and
reduced construction cost. This study supports the adoption of limit state principles in the design of
RCC water tanks.

Page | 58



IJARR, 11(2), 2026; 56-62

HIL.WORKING METHODOLOGY

The working methodology adopted for the analysis and design of the rectangular RCC water tank
involves systematic steps including preliminary design, modeling, loading, analysis, and design
verification. Initially, the tank dimensions were determined based on the required storage capacity.
The geometry selected for the project is a rectangular tank of specified length, width, and depth
resting on ground. The grade of concrete and steel were selected as per IS 456:2000 and IS 3370:2009
provisions. The wall thickness, base slab thickness, and top slab thickness were assumed based on
preliminary calculations. The design requirements such as minimum reinforcement, permissible
stresses, cover to reinforcement, and crack control provisions were carefully considered to ensure
water-tightness of the structure.

After finalizing the preliminary dimensions, a three-dimensional finite element model of the tank was
developed in STAAD Pro. The tank walls and slabs were modeled using plate (shell) elements to
accurately capture bending and membrane stresses. Proper node connectivity was ensured to simulate
monolithic behavior of walls and base slab. Material properties such as modulus of elasticity,
Poisson’s ratio, and density of concrete were defined according to Indian Standard specifications.
Boundary conditions were assigned by providing pinned supports at base nodes to simulate the tank
resting on ground. The thickness property was assigned to all plate elements. The model was carefully
checked to ensure correct geometry and meshing before applying loads.

The next stage involved application of loads on the structure. Hydrostatic water pressure was applied
as a trapezoidal (triangular varying) plate load on the inner faces of the tank walls, increasing linearly
with depth. Self-weight of the structure was automatically considered by activating the self-weight
command in STAAD Pro. In addition, soil pressure was considered where applicable. After defining
load cases, structural analysis was performed using the finite element method. The software computed
nodal displacements, support reactions, bending moments, shear forces, and plate stresses. The results
were carefully examined to identify maximum stress locations, particularly near the base of walls
where hydrostatic pressure is maximum. Reinforcement was designed based on critical bending
moments and tensile stresses while ensuring compliance with permissible stress limits as per IS 3370.
Finally, the results obtained from STAAD Pro were compared with manual calculations for validation,
and the design was optimized to achieve a safe, economical, and serviceable water retaining structure.

Figl:3D Rendering view of Rectangular water Tank

Figure 1 shows the three-dimensional rendered model of the rectangular RCC water tank developed in
STAAD Pro. The model represents the complete geometry of the tank including walls, base slab, and
top slab with proper thickness. The rendering clearly illustrates the rectangular configuration with
defined length, width, and depth. The mesh divisions visible on the surfaces indicate that the tank has
been modeled using plate (shell) elements for accurate finite element analysis. This 3D view helps in
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visualizing the structural behavior, connectivity of joints, and overall configuration before analysis. It
ensures that all elements are properly connected and that boundary conditions are correctly assigned.
The rendered model also confirms that the tank is resting on ground with appropriate support
conditions at base nodes.

Fig.2 Plate Stresses are showing

Figure 2 illustrates the plate stress distribution obtained from STAAD Pro analysis. The stress contour
representation indicates how stresses are developed in the tank walls and slabs due to hydrostatic
water pressure and self-weight. The variation of stress is generally higher near the base of the walls
where water pressure is maximum and gradually decreases toward the top. The plate stress results
help in identifying critical zones where maximum bending and tensile stresses occur. These results are
essential for checking whether the stresses are within permissible limits as per IS 3370 provisions. If
stress exceeds allowable values, reinforcement is increased accordingly to ensure crack control and
structural safety.

Fig.3 Plate Load on Water Tan

Figure 3 shows the application of plate loads on the water tank model. The hydrostatic water pressure
is applied as trapezoidal (triangular varying) load on the inner faces of the tank walls. The intensity of
load increases with depth, reflecting actual water pressure distribution. This figure confirms that the
load application is accurate and follows theoretical hydrostatic pressure principles. Proper load
definition is crucial for obtaining reliable bending moment, shear force, and displacement results in
the analysis.
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Fig.4 Load Applications of Water Tank

Figure 4 represents the overall load application and structural model during analysis. It shows the
mesh framework of the tank along with support conditions at the base. The arrows or indicators
represent applied loads and reactions. This figure validates that all boundary conditions and loading
cases have been correctly defined before performing analysis. It also confirms equilibrium between
applied loads and support reactions, ensuring accuracy of the structural analysis.

IV.CONCLUSION

The present project focused on the analysis and design of a Rectangular RCC Water Tank resting on
ground using STAAD Pro software in accordance with IS 456:2000 and IS 3370 provisions. The study
included theoretical design calculations and finite element modeling to evaluate bending moments,
shear forces, stresses, and displacements developed due to hydrostatic water pressure, self-weight, and
soil pressure. From the analytical results, it was observed that maximum bending moments and
stresses occur near the base of the tank walls where water pressure is maximum. The stress
distribution obtained from STAAD Pro confirmed that tensile stresses were within permissible limits,
ensuring crack control and structural safety. The finite element analysis approach provided more
accurate stress distribution compared to conventional manual methods. The displacement results
showed that the structure behaved within acceptable serviceability limits. It was also observed that the
rectangular tank configuration is economical and suitable for moderate storage capacities. The design
ensured adequate reinforcement detailing to resist both horizontal and vertical bending moments in
walls. The base slab was verified against uplift pressure and bending stresses. From the comparative
study between theoretical calculations and STAAD Pro results, only minor variations were observed,
validating the accuracy of software-based analysis. The Limit State Method was found to be more
economical and efficient than the Working Stress Method. Proper detailing of joints, minimum
reinforcement, and adequate cover ensures durability and water-tightness of the structure. Overall, the
project demonstrates that the use of STAAD Pro significantly simplifies the design process while
ensuring safe, economical, and reliable construction of liquid retaining structures.
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