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Examples on forces on stationary submerged bodies

Examplel:

See the drawing below. A tank is filled with water. At the bottom of the tank, a gate AB is hinged at
A. To keep the gate in place, a vertical force, f-" is applied at the distance of 1m from the hinge.

Compute 1_:" Given g =10 m/s2. The width of the gate is 2 m.

2m| Water
l 2Zm
e lm_ | — —
- Water — - -
1m _ - - _
A Im Tﬂ.Sm B
F
(Fig. 8a)

Weight of water over AB will make the gate open in the clockwise direction. F acting vertically

upward will keep the gate in place (rotational equilibrium). Note that the weight of the water-column
of height 3 m will be acting on the gate and be uniform.

Therefore, W = (hpg) X Area of the gate

=3 X 1000 X 10 % (2 X 1.5)

= 90000 N

And, this force will act at a distance of 0.75 m from A.
S 9000 %X 0.75=F=x1 (Moment about A)
F=6700N

A 90000 N/1.5m

L 4 ¥ w L L L4 - =R000 N,‘fm
A Im I .5m B

F

(Fig. 8b)
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Example 2:
Consider a vertical water-gate AB of height 2 m hinged at ‘O’, the center of the gate. Determine the

horizontal force ﬁ required to hold the gate in place. The gate is 1 m wide.
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(Fig. 8c)
Consider the section AO (above the hinge). The hydrostatic pressure-force acting horizontally will
make the gate rotate in the clockwise direction, whereas that below the hinge ‘O’ will make the gate
rotate in the anti-clockwise direction. Take moment about ‘O’ of these forces and equate to that of F:

(Fig. 8d)

1 2
EE,E (1—h) dh.1— f pgh(h—1)dh.1+Fx1=0

o presgure distance area 1

h? hE 1 hE R?
e (T -5, —re(5 -3,
t000x98(Y, -1/ -8/ +2+1/ -1/ )+F=0

F=6533 N

+F=0
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Example 3:

See the figure below. On one-side of the wall, AB, are filled two immiscible liquids, oil and water.
Calculate the horizontal force acting on the wall. Plot pressure-distribution. Assume the width of the
wall = 0.5 m

oil  1m | Wall

P, =800 kg/m’ J o | g=9.8m/5’
T
Water 1m
z
P, =1000 kg/m’ e

A A A A A A A A A A A
(Fig. 8e)

Horizontal force acting on AO
= (pressure at the centroid of AQ) X area of AD

= (0.5 X 800 % 9.8) X (1m X 0.5m)
= 1960 N
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Horizontal force acting on OB

= (pressure at the centroid of OB) X area of OB

= ((hpgjni.latﬂl + (hpgj:enu"nld DFGB] X (11]’1 X 051]’1]
= (1 ¥ 800 X958+ 05x 1000 x 9.5] #* 0.5

=6370N
Pressure-distribution is linear
A h
—t
L% Poil BN
B00X98X1
=7840 N 0 Y
- —1
/ \‘--..__.'r {pnil E{ADi + F"l.».'al:izrg".'i
/ ’

- B
(__» (800X9.8X1+1000X9.8X1)
=17640 N
(Fig. 8f)
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