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Abstract— Rectangular water tanks are difficult and
tedious to analyse therefore various methods especially
FEM are made for finding the solution to problems which
occur during analysis. Since the rectangular tank uses
complete space and are cost effective, therefore these are
being mostly used in industrial region, WTPs, STPs, etc.
Various codes and books are available for design of
rectangular water tank which gives -coefficient for
moments for designing of tanks such as IS Code, Moody’s
chart, Reynolds handbook, etc. This paper reviews the
literature on finding moment coefficients for rectangular
water tank which helps to perform new technique to check
the coefficient, if have any correction for further analysis
and also presents general method such as analytical
method, FEM, approximate method for analysis of water
tanks and continuous plate structures.
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. INTRODUCTION

Water is human basic needs for daily life. Sufficient water
distribution depends on design of a water tank in certain area.
There are mainly two types of tanks: ground supported tanks
and elevated tanks. Ground-supported tanks are generally of
reinforced concrete, pre-stressed concrete, or steel.
Rectangular water tank are used when the storage capacity is
small and the area for storage of water is very small. These
types of tank are difficult to analyse and therefore when these
tanks are analysed we analyse for each panel i.e. individual
wall panel or wall sides (long and short wall) are analysed and
then combined to form a tank.

Continuous plates occur in a wide range of structures, and a
number of methods are available for the static analysis of the
structural systems. By considering thin plate theory, exact
analysis is only possible when two opposite edges are simply
supported but with other boundary conditions numerical
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solutions are required. Tanks represent a class of continuous
plate structures which have been the subject of extensive
investigations.

Generally square tank are analysed or considered in which
vertical junctions are assumed that they do not rotate and
hence each panels can be analysed as plates fixed on two
vertical edges, and with a variety of boundary conditions on
the two horizontal edges. When rectangular wall panels are
considered which contain multiple cells and rotations of
vertical junctions in general occur then such structures may be
treated using finite element method or approximation
technique. In using finite elements or finite differences a large
number of equations require solution.

In most of the design tables it is observed that, generally
moment coefficients are specified assuming fixity along base
slab and the two vertical joints. I.S. code 3370 (Part 1V)
provides moment coefficients for plate subjected to
hydrostatic loading with idealized boundary conditions that,
fixity along two vertical edges as well as the base (i.e. the
bottom edge) and free at the top edge. However due to
monolithic connection between the base slab and walls,
rotation of edges do occur which significantly changes the
moment coefficients given in I.S Codes. But in the case of
rectangular tanks, the vertical edges of the wall will also
undergo rotation. 1.S. code does not take into account the
effect of axial forces and the rotation of edges. Therefore B.M.
Values obtained by using I.S. code values are required to be
modified depending upon the relative stiffness. Finite
Element Method is powerful mathematical tool to solve
engineering problems.

This method is preferred for analysis because of the following
reasons:

1. F.E.M. permits the full interaction between the walls, floor
and roof of the tank and changes in aspect ratios or sizes
and the thickness of members to easily to be considered in
the general program.
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2. The ease with which the boundary conditions can be

3.

applied.

It is possible to determine the internal forces at number of
points, so as to plot its variation along any given
direction.

II. REASEARCHFINDING

The detailed studies of ground rectangular water tank
using softerware will be investigated based on various
literature papers.

1)

2)

3)

B. W. Golley and j. F’etrolito (1984) discuss in this
paper about a continuous plate and square tank which is
considered for bending moment analysis. For each panel
two different type of load varying linearly in two
direction is considered which are uniform load and
hydrostatic load by which analysis is done. In this paper
stiffness method is used for analysis of moments
considering each span as single element. In this paper two
examples are taken to compare the exact solution with the
existing tables. In first example a square tank is
considered with internal hydrostatic pressure varying
from O to p with top edges free and bottom and side edges
fixed. In second example a continuous plate is considered
by considering boundary conditions with uniformly
loaded condition for analysis. In both examples poisons
ratio is considered as 0.2. From the above examples it was
found that in square tank the moments with existing table
and the moments from the exact solution almost match
with each other. The moments from the exact analysis
have higher accuracy.

Mr.Akshay R. Desale, et.al(2018) discuss in this paper
about an elevated rectangular tank which is considered
with monolithic connection between long wall and short
wall and base slab. An elevated rectangular tank is
analysed by finite element method i.e by Ansys software
which based on FEM. Various dimensions are considered
for the analysis of the tank and each wall is discredited
into 4 noded element with six degree of freedom. The
type of loading is hydrostatic load with poisons ratio 0.2.
From the above analysis it was seen that moments given
by 1S 3370 are exactly opposite in nature as compared to
moments found in analysis for partially filled condition.
At the same location in wall the moments proposed by IS
Code do not match with the moments given by FEM.

Morris, Jordan MSCE, et.al (2014) - In this paper
coefficients are identified by using fem and are modified
in PCA table for rectangular plates. In this the long wall
and short wall are designed by FEM in software’s such as
Staad Pro, SAP, Ansys. Specially, SAP is used for the
purpose of analysis as it was giving more accurate results
than the other software’s. In this walls are designed by
using various support condition and loading condition.
From the observation from the tables given in the table it
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4)

was found that SAP gives more similar results when
compare to PCA tables thus the PCA tables could be used
for designing of rectangular water tank. It gives more
accurate results and wider database for the analysis of
water tank thus giving critical location for the failure of
wall. Also the % error is permissible i.e 1.31% as
maximum %error making it useful for the analysis of
water tank.

Issar Kapadia, Purav Patel, et.al(2017) - In this paper
underground rectangular water tank is designed for empty
condition in Staad Pro software. The tank is designed for
various dimension and support condition. From the above
analysis it was found that rectangular tank are used for
small capacities as it was very cost effective. The longer
side of the wall should be less than twice the smaller side.
Also the moments are higher at support and at mid-base.

5) W T Moody (1963) - This reference book gives the idea

6) Jofriet(1984) found out several

of analysis of rectangular plates. To determine the
coefficients various assumptions are made such as hook’s
law, and relative magnitudes of deflections, thickness, and
lateral dimensions. In this various cases were considered
for analysis of tank such as boundary condition and
loading condition to obtain the desired result. All the
numerical values are based on poisons ratio of 0.2. This
book gives the different coefficient for the poisson ratio
of 0.2 which helps in designing the rectangular water
tank. From this it was concluded that the coefficient by
FEM and by Timoshenko are almost similar with minute
error.

tables of moment
coefficients by exact analysis when he determined the
influence of uniform wall thickness on vertical bending
moments and on horizontal edge moments in walls of
length/height ratios greater than three. His solutions,
however, only included conventional boundary
conditions.

7) Davies and Cheung determine coefficients for moment

for tank by using finite element method assuming that the
wall-to-wall joints were clamped, the top edges were both
free and simple supported and the bottom edges were
simply supported or clamped. If the tank was open at the
top, Davies determined his bending moments directly
from statics, that is, the wall acted like a cantilever, which
does not reflect the continuity of the wall.

I1l.  CONCLUSION

From the above literature survey it is found that:

1.

By using FEM, in case of square tank the moments
match with the exact solution but in case of rectangular
tank moments have 3% to 4% error.

With same poisons ratio of 0.2, the moments by FEM
and from IS Code method do not match with each other.
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According to the analysis from the above paper it is
conclude that the moments from FEM are more accurate
than calculated manually.

No coefficients are available in IS Code-3370(part-4)
for complete water tank which have condition like fixed
at base, fixed at side edges and free at top.

Since the coefficients for moment of rectangular plate
are available for critical section therefore more
coefficients can be find out for complete rectangular
plate or complete rectangular tank so that reinforcement
get reduces thus decreasing the cost of project.

Coefficients are available for individual wall panels
with different end conditions in IS Code.

Coefficients can derive with the help new software’s
which uses FEM such as SAP, Staad Pro, Ansys, etc.
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