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Abstract:-- Dynamic analysis of liquid containing tank is a gdex problem involving fluid structure
interaction. Based on numerical, analytical anddfixpental studies spring mass model are developed
to evaluate hydrodynamic forces. In this papeudysts made of different hydrodynamic forces acting
on a intze tank. The tank is divided in two massegulsive and Convective liquid mass and then
studied for impulsive hydrodynamic forces and cative hydrodynamic forces.
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I. INTRODUCTION:

All real physical structures behave dynamically
when subjected to loads or displacements. The
additional inertia forcedrom Newton’s second law
are equal to the mass times the acceleration.elf th
loads or displacements are applied very slowly, the
inertia forces can be neglected and a static load
analysis can be justified. Hence, dynamic analigsis

a simple extension of static analysis. In additialh,
real structures potentially have an infinite numbger
displacements. Therefore, the most critical phdse o
a structural analysis is to create a Computer model
with a finite number of mass less members and a
finite number of node displacements that will
simulate the behaviour of the real structure. The
dynamic loading, energy dissipation properties and
boundary (foundation) conditions for many
structures are difficult to estimate. Indian Ingt of
Technology, Kanpur has proposed guidelines along
with commentary and explanatory examples for
seismic analysis of liquid storage tanks in
association with GSDMA (Gujarat State Disaster
Management Authority)[5] Most elevated water
tanks are never completely filled with water. Hence
a two-mass idealization of the water tank is more

appropriate as compared to a one mass idealization
of tank. Failure of tanks during Chilean earthquake
of 1960 and Alaska earthquake of 1964 led to
beginning of many investigations on seismic
analysis of liquid or water storage tanks and this
aspect came to forefront that consideration shbeld
given to sloshing (convective) effect of liquid aind

flexibility of container wall while evaluating the
seismic force of water tank.[7]

Il. Specification of Tank:

Storage Capacity = 256m

Height of Staging = 16m

Located on Hard soil

Grade of concrete M30

Grade of steel Fe415 HYSD bars

I1l. Impulsive Hydrodynamic Pressure

X= Horizontal dimension of cylindrical portion
Y= Vertical dimension of Cylindrical portion.
D= Diameter of cylindrical portion.

A} Impulsive Hydrodynamic Pressure on Wall
For circular Lateral hydrodynamic impulsive
pressure on the wall;Pis given by

Puiy) = Qe * (An)i *p * g * h* Cosp [1]

Quiy= 0.86€ 1 — (L 2] * tanh(0.866* D/h).

....herey=0
in(y) =0.8

Impulsive Hydrodynamic Pressure at base of wall
Pingy) = Quay) * (An)i *p * g * h* Cosd

Ping) = 2.75 KN/nf

$=0

211



International Journal of Research in Advent Tecbggl(E-ISSN: 2321-9637) Special Issue
1st International Conference on Advent Trends igiieering, Science and Technology
“ICATEST 2015", 08 March 2015

B} Impulsive Hydrodynamic Pressure on
Base Slab: R=18717.12 [ 1 — (y/R)] [3]
Impulsive  hydrodynamic pressure in vertical Hereh=4.4
direction on base (y=0) on a strip on a strip aft&
| is given by y/h P (N/m?)
Pi,= 0.866* (A) *p * g * h * { sinh(0.866*x/L) /
cosh(0.866 * L/h)} 2] 0 18717.12
Here x=8.6, h=4.4,(,A; = 0.084 0.2 17968.43
0.4 15722.38
R= 2.177 KN/ 0.6 11978.95
0.8 6738.16
IV. Convective Hydrodynamic Pressure 1.0 0

Table 1 Impulsive hydrodynamic Pressure on wall
A}  Convective Hydrodynamic Pressure on

wall:
The convective pressure exerted by the Impulsive HydrodynamicPressure on
oscillation liquid on the tank wall and base for 20000 . 18717.12 Wall
circular tanks is given by
Ru=  Quiy(Ade*p*g*y*D* ¢ 17968.43
[ 1- (1/3*cos¢) ] * cosp [1] 15000 ® 1572238
Qewy=0) = 0.5625 * {Cosh (3.674y / D) / &
Cosh(3.674 h/D)} 10000 11978.95
Here h=4.4, D = 8.6,y=0 o *Piw
Qcwiy=0) = 0.16 5000 £738.16
Convective Hydrodynamic Pressure at base of wall 0 N
T o 1
Rv= Qug+(Anc*p*g*y*D*[1- 0 0.5 1 1.5
(1/3*cos¢) ] * cosd
Here¢=0, At the base of wall y=0 Graph: 1 Impulsive hydrodynamic Pressure on
wall
Pew= 0.361 KN/
2) Impulsive hydrodynamic
B} Convective Hydrodynamic Pressure on Pressure on base slab
Base Slab:
Convective  pressure in  vertical Ry - 13499 sinh (0.264x)
direction on thebase slab(y=0)is given by
B= Qe * (An)c*p*g*D X Py (N/m?
Here h=4.4,
0 0
Quwe = 1.125 * [(x/D) - (4/3)* 1 3605.27
(x/L)*]*sech[3.162*h/L] 1] 2 7643.28
3 11844.49
Pep=0.24 KN/ nf 4 17056.01
5 23463.19
V. Earthquake Hydrodynamic Pressure as 6 31515.18
per IS 1893 — 2005 (Draft) 7 41776.43
Table 2 Impulsive hydrodynamic Pressure on
A} Impulsive Hydrodynamic base slab
Pressure :
1) Impulsive hydrodynamic

Pressure on wall

212



International Journal of Research in Advent Tecbggl(E-ISSN: 2321-9637) Special Issue
1st International Conference on Advent Trends igiieering, Science and Technology
“ICATEST 2015", 08 March 2015

Impulsivehydrodynamicpreussure
onbase slab
50000
41776.4
40000 L 2
31515.1
30000 .
23463.1
’ Q
20000 * 170560 +Pib
* 11844.41
10000 ¢ 7643.28°
4 3605.27
0 ‘ G T T T 1
0] 2 4 6 8

Graph 2: Impulsive hydrodynamic Pressure on

base slab

B} Convective Hydrodynamic Pressure:

1. Convective hydrodynamic Pressure
on wall :
R, =1838.12 cosh (3.674 y/D)
y |yD Pew (N/M?)
0 0 =0 1838.12
1 1/9 =0.11 1990.28
2 2/9 =0.22 2471.96
3 3/9 =0.33 3362.91
4 4/9 =0.44 4810.65
4.4 | 4.4/9 =0.48 5518.37
Table 3: Convective hydrodynamic pressure on
wall
Convectivehydrodynamic
pressure on wall
6000
4 5518.37
4 4810.65
4000
% 336291
2000 . & 2471.96 +Pew
1990.28
0 G T T 1
0] 2 4 6

Graph 3: Convective hydrodynamic pressure on
wall

Convective hydrodynamic Pressure
on Base slah

RB=5514.68 [ 0.0714x — 0.00048k
X Pcb

0

391.10

766.31

1157.42
1405.58
1637.85
1790.72

1848.3

~N[O|O|AWINFIO

Table 4: Convective hydrodynamic pressur

on base slab

Convective Hydrodynamic Pressure
on Base slab
2000
1790,72’ & 18483
® e
1500 1405.58 ¢ 163785
L 4
1000 115742
* ® Piw
766.31
500
¢
391.1
0 ‘ G T T T 1
0] 2 4 6 8

Graph 4: Convective hydrodynamic pressur

on base slab

VI. Conclusion:

1)

2)

3)

4)

In dynamic analysis we consider two mass
model which shows two different stiffness
for both water and structure hence pick of
time for both components are different.

The impulsive pressure is always greater
than convective pressure.

The impulsive as well the convective
hydrodynamic pressure on wall goes on
increasing with y/d ratio.

The value of pressure on base slab goes on
increasing with increase in horizontal
dimension in cylindrical portion.
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