Effect of variation of height to diameter (h/d) ratio on
different parameters in Intze tank
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IN:330:7Negf Elevated watertanks are prominently in public view and visible from near as well as long distances. Intze type tank

is commonly used overhead water tank in India. Presently large number of overhead water tanks is used to
distribute the water for public utility. They often become landmarks on the landscape. It is therefore important that the shape and
form of the container and the supporting structure must receive due attention from the point of aesthetics.

Most of the water tanks were designed as per old IS Code: 3370-1965 without considering earthquake forces. This is

extremely vulnerable under lateral forces due to earthquakes.

The objective of thisf{)aper is to shed light on effect of variation of height to diameter (h/d) ratio on different parameters

in Intze tank supported on sha

1.INTRODUCTION

Water is human basic needs for daily life. Sufficient water
distribution depends on design of a water tank in certain
area. Therefore water needs to be stored for daily used.
Overhead water tank is the most effective storing facility
used for domestic or even industrial purpose.

Depending upon the location of the water tank, the tanks
can be name as overhead, on ground and underground
water tank. The tanks can be made of RCC or even of
Structural steel.

Elevated tanks can be classified in a variety of ways:

> Classification based on shape of container.

>  Classification based on supporting system.

Based on shape of the container elevated tanks can be
classified as:

> Square Tank.

> Rectangle Tank.
»  Circular Tank.

> Conical Tank.

> Intze Tank.

Based on supporting system elevated tanks can be
classified as:

> Shaftsupported Elevated Tank.

> Trestle supported Elevated Tank.

In presentwork Intze tank supported on shaftis analyzed and
designed for different height to diameter ratio on various
parameters like time period, Base shear, base moment and
hydrodynamic pressure.

Il. GENERAL DESIGN CONSIDERATIONS

The first and most important step to design the structure
would be to understand the behavior of the structure and its
probable modes of failure under the action of imposed
loads. The water tanks are subjected to following loads:
Dead Load: Dead loads include the self weight of the
container, supporting system and the water stored. Water
retaining structures are always tested by filling water for full
design capacity prior to commissioning hence there is
seldom a subsequent failure due to gravity loads. While
considering the combined effect of vertical loads and
horizontal loads due to wind or seismic forces, critical

combination for stability might occur when the tank is empty
and not when tank is full, while critical condition for strength
occurs when tank is full. So it is necessary to calculate
precisely the values of both — maximum and minimum dead
loads.

Wind Load: Wind load depends upon wind velocity, surface
area, height of structure, Topography of area, etc. Wind
causes both Static and Dynamic forces on the structure. Itis a
common practice to design the structure by considering
static pressure due to wind, acting on various projected
surfaces of the structure. The effect of Cyclone is to create
not only horizontal pressure but also considerable twisting
and lifting of the structure. It is quite difficult to assess the
magnitude of forces during cyclones. Due to Global changes
in direction and intensity of winds, occurrence of such
devastating winds in the coastal regions of Gujarat, a large
number of failures of tall structures including water tanks
have been reported during occurrence of such cyclones or
whirling winds or tornados.

Seismic Load: Seismic loads are also of horizontal nature and
these are also estimated as equivalent static forces causing
oscillation of the structure. The seismic forces largely
depend upon mass of structure and thus it is necessary to
study the behavior of water tanks under seismic forces. Using
response spectrum method in which frequency of vibration
and mode shapes have to be worked out. Compared to
other tall structures, water tank is simpler to analyze due to
less degree of freedom. When seismic loading is considered
following two cases must be considered

Tank Empty

Tank Full

Vibration Forces: Vibration forces such as due to blast
forces as experienced in mines, collieries and in the close
proximity of railway tracks. Air Ports shall be considered in
the design.

Hydrodynamic Pressure in Tanks: When a tank containing
fluid with a free surface is subjected to ground motion, it
experiences dynamic fluid pressure of two types. Firstly
when the walls of tank accelerate the adjacent fluid also
accelerates and exerts on wall an impulsive pressure which is
directly proportional to the acceleration of the wall.
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Secondly the effect of the impulsive pressure exerted by the
wall on the fluid is to excite the fluid into oscillation and the
oscillatory acceleration of the fluid produces convective
pressures on the walls whose magnitude is proportional to
the magnitude of the oscillation.

11.COMPARISON OF CODES

IS 3370:1965 IS 3370:2009

1) Mini. cement content in |1) For RC work = 320kg/m3

concrete plain concrete = 250kg/m3
mix should not be less than | prestressed concrete =
330kg/m3 360kg/m3
2) Maxi. cement content = | 2) Maxi. cement content =
530kg/m3 400kg/m3

3) Minimum grade of concrete] ~ 3) Minimum grade of
= M20 concrete = M30

Table-1: comparision of codes
> Permissible Concrete Stresses In Calculations
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Table-2: permissible stresses in concrete as per 1S:3370-
1965
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Table-3: permissible stresses in concrete as per 1S:3370-

2009

> Permissible Stresses In Steel Reinforcement For
Strength Calculations
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Table-4: permissible stresses in steel as per 1S:3370-1965
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Table-5: permissible stresses in steel as per 1S:3370-2009

>  Minimum Percentage Of Reinforcement
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Table-6: minimum percentage of reinforcement as per
1S:3370-1965
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Table-7: minimum percentage of reinforcement as per
1S: 3370-2009

Limit state of serviceability: (as percl.4.4.1.2, 1S 3370: 2009)
The maximum calculated surface width of cracks for direct
tension and flexure or restrained temperature and moisture
effects shall not exceed 0.2 mm with specified cover.

Bar Spacing: (as per cl. 7.3, IS 3370:1965 Part-2 and cl. 8.2,
IS 3370:2009 Part-2)

Minimum =75mm

Maximum = 300mm or thickness of sections whichever is
less.

Minimum cover (as per cl. 7.2, IS 3370 : 1965) to reinforce-
ment for liquid faces of parts of member either in contact
with the liquid or enclosing the space above the liquid, the
minimum cover to all reinforcement should be 25mm or the
diameter of the main bar, whichever is greater.

IS 3370: 2009 (Part 1) (cl. 4 and 6.2) : For 'severe' exposure
condition the minimum clear cover requirement is 45 mm as
perlS 456 :2000.

IV. PROBLEM DATA

Capacity of tank = ranging from 500m3 to 700m3

Inside diameter of tank = 14 m

c/c diameter of Staging shaft = 10 m & ht. of Staging shaft
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above G.L.=18m

Inside diameter of Stairshaft=2m

Thickness of stairshaft=0.1m

Rise of top dome =1.8m

Height of cylindrical wall =5m

Rise of bottom dome =1.6m

Thickness of top dome =0.1m

Thickness of bottom dome =0.25m

Inclination of conical wall with horizontal = 45 degrees
Freeboard=0.5m

Grade of concrete =M 30 MPa

Density of water = 10 kN/m3

Density of concrete = 25 kN/m3

V. RESULTS

Effect of variation of height to diameter (h/d) ratio (changing
from 0.4 to 0.8 with increment of 0.1) on time period, the
base shear and base moment for different tank capacities
change. (Ranging from 500m33 to 700m3).

> Time Period

Cap| 500 | 600 700 m3

acityl m3 | m3

h/d [Impul|Conve| Impulsive | Convectiv Impulsive|Convec
sive | ctive (sec) e (sec) tive
(sec) | (sec) (sec) (sec)

0.4]0.44 | 3.56 0.48 3.68 0.52 3.79

0.5]|045]| 34 0.49 3.51 0.53 3.61

0.6]0.47 | 3.29 0.51 8830 0.56 3.49

07049 3.2 0.54 i) 0.58 3.4

0.8]0.51 ] 3.12 0.56 3.23 0.6 S8

Table-8: time period for different h/d ratio
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Figure-1: graph of h/d ratio v/s time
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Figure-1: graph of h/d ratio v/s time
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> BaseShear
Table-9: base shear for different h/d ratio

Cap|500 m3|600 m3 700 m3
acit
y
h/d|ImpulsiviConvec|Impulsiv|Convecti| Impulsive [Conveq
e tive e ve kN tive
kN kN kN kN kN
0.4]965.42| 99.67 [1131.41| 115.86 | 1323.38 |133.52
0.5(1012.95| 88.35 | 1206.9 | 103.93 | 1396.76 [118.51
0.6(1098.15| 79.55 [1291.33| 92.21 | 1494.18 [106.01
0.7(1181.14| 70.41 [1416.06| 82.28 | 1565.31 | 95.29
0.8(1282.03| 63.33 [1504.46| 74.53 | 1621.38 | 84.72
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Figure-3: base shear for different capacities of tank
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Figure-4: base shear for different capacities of tank

> Base Moment:
Table-10: base moment for differenth/d ratio

Capa| 500 |600 m3 700 m3

city | m3

h/d Impul|Convect| Impulsiv |Convecti|Impulsiv|Convecti
sive | ive e ve e e
kN-m| kN-m | kN-m | kN-m | kN-m | kN-m

0.4 |2207(2510.01125881.17|2946.06|30288.1| 3427.98
4.68

0.5 |2319(2251.2127642.04/2675.8731980.5| 3078.29
9.59 4

0.6 |2526|2065.0229745.65(2417.55|34471.2| 2806.81
8.79 1

0.7 |2744|1864.24/33003.4|2203.22|36538.7| 2579.88
8.42 8

0.8 |3016(1712.88|35522.4|2041.55|38363.4| 2344.87
1.16 <)
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Capa| 500 | 600 m3 700 m3
o Impulsive city | m3
proven h/d |[ImpulsiConvective|ImpulsiveConvegimpulsive|Conv

ve kN/m2 kN/m2 | tive | kN/m2 |ectiv

o | kN/m?2 kN/m2 e
] kN/
5000 - [ Eeel i) -
" WE0 Y
st | i 0.4 | 607 | 079 645 | 0.81 | 6.84 |0.83
10000 - 05| 685 | 055 731 | 057 | 7.71 |0.58
Sy 7 0.6 | 745 | 0.38 79 1039 819 |04
n -
ad 6% -1 ar (=1 ]

Base Mament (kM.m)

0.7 | 7.79 0.26 8.29 0.27 8.22 |0.27
0.8 | 8.01 0.18 8.31 0.18 | 8.12 [0.19
hfd ratia
Table-11: Results showing Hydrodynamic pressure for
Figure-5: base moment for different capacities of tank different capacities of tank
Convective V. OBSERVATIONS AND DISCUSSION
4204 The parameters like time period, base shear and base

moments are worked out for different h/d ratio. As shown in
fig.3, the base shear for impulsive mass increases with

¥500 |
1000 |
i o increase in h/d ratio for all capacities. While for convective,
indo 4  500.m3 as shown infig.4, itis reversed. This was due to the difference

| e in time period for both the modes. In base moment also
g X 3

=70 same pattern has been observed, refer fig.5 &fig.6.
sl However, the hydrodynamic pressure in terms of percentage
bl of hydrostatic, the percentage variation is less than 33% as
8 : 1
o o ok ar o8

Base Momant (kiN.m)

shown in figures 7, which is not critical. As h/d ratio increases,
impulsive hydrodynamic pressure increases compared to
h/d ratio convective.

Figure-6: base moment for different capacities of tank
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Figure-7: hydrodynamic pressure for different capacities
of tank
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