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Learning Objectives:

* calculate the hydrostatic pressure force on a plane or
curved submerged surface.



Forces due to Static Fluids
F=P.A

This equation is applied directly only when the pressure is uniform

over the entire area of interest.

1) when the fluid is a gas =2 the pressure to be equal throughout
the gas because of its low specific weight

2) If the area of the surface is small =» reasonable to ignore the
variation of the pressure over the face of the piston

3) If the surface is flat, horizontal surface as on the bottom of the

tanks.

In other cases; when the surface is vertical, inclined, or
curved, the variation of pressure with depth and special
analysis approaches should be taken into account.



HYDROSTATIC FORCE ON PLANE SURFACES

Free surface

Specific weight =y

h Fp

RN 2NRRNEY.
A_ P = Patm A_

Pressure is constant & uniformly distributed over the bottom: so the resultant force
acts through the centroid of the area



HYDROSTATIC FORCE ON PLANE SURFACES

Free surface
p=0

p=0

(b) Pressure on tank ends

Pressure on the walls of the tank is not uniformly distributed.

h=Vertical distance from the fluid _
surface to the centroid of the area _

1= Specific weight of the fluid F= YhA
A= Area of the surface



HYDROSTATIC FORCES ON FLAT SURFACES

e The actual force is distributed over the entire
surface.

Pavg

Center of pressure

Center of
pressure

ey

Z

* For the purpose of the analysis, it is desirable to determine
the resultant force and the place where it acts, called «center

of pressure».

* If the entire force were concentrated at a single point, where
would that point be and what would the magnitude of the

force be ?
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HYDROSTATIC FORCES ON FLAT
SURFACES
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HYDROSTATIC FORCES ON FLAT
SURFACES

* The total force on the strip is the pressure
times the area

dF=yy SinOdA

* The total pressure force over the entire AB
plane surface is the sum of pressure on all
strips.

F:fA dF:fA yysinGdA=ysinE)fA ydA

F= vy sin OAy
—>



Centroid, center of gravity & center
of pressure

y = distance measured from the x-axis to the
centroid ( or the center of gravity ) of the AB
plane.

F=y sin OAy F = YHA

Total Hydrostatic Pressure Force on any submerged plane surface is equal to the product
of the surface area and the pressure acting at the centroid of the plane surface

h=vertical distance measured from the water
surface to the centroid of the AB plane.



HYDROSTATIC FORCES ON FLAT SURFACES

Free surface

Centroid, ¢

s Location of

s resultant force
. (center of nreaalire CP)



centroid or center of gravity

centroid : In physics, the word centroid means the geometric
center of the object's shape, as above, but barycenter may also
mean its physical center of mass or the center of gravity,
depending on the context.

Informally, the center of mass (and center of gravity in a uniform
gravitational field) is the average of all points, weighted by the
local density or specific weight. If a physical object has

uniform density, then its center of mass is the same as the

centroid of its shape.



centroid or center of gravity

Table 2.1 Surface Area, Centroid, and Moment of Inertia of Certain Simple Geometrical Plates

TABLE 2.1 Surface Area, Centroid, and Moment of Inertia of Certain
Simple Geometrical Plates
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Rectangle bh oy | 3
¥ X—jf? f{}— Ijbh
) —| -i— ) y = Th
CG. = =
B
Triangle I b _ b+ec I I b
. —bh X = = —bh
j—*l o 2 3 7 36
h 8 LA :;
.. ¥
B — T B
‘ b 1




centroid or center of gravity
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centroid or center of gravity

Moment of Inertia Aboul

Shape Area Centroid the Neutral x-Axis
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Center of pressure

Pressure forces acting on a plane are distributed over
every part of the surface

They are parallel and acts normal to the surface

These parallel forces can be analytically repplaced by
a single «single resultant force F»

The resultant force acts normal to the surface

The point on the plane surface at which the resultant
force acts is known as the center of pressure.
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HYDROSTATIC FORCES ON FLAT
SURFACES




Center of pressure

* yp: distance measured from the x-axis to the center of
pressure

Fyp = [, ydF=Fyp = [, yyhdA
dF

_J, ydF_ [, y(yySinBdA)
yPp F YSin@Ay

_J, yyySin8dA [, y*dA
YP = T sineay Ay

fA y*dA = I,=» Moment of inertia with respect to x-axis

A Xy = M, =» static moment of the plane are with respect to x-axis

Ix

YP=M—X |

Io+AY> 1o  —, . :
= o8 _ 0, 7 (with respect to the centroid of the plane)

PTTN Ty




Centroid & center of pressure

The center of pressure of any submerged plane
surface is always below the centroid of the
surface area.



Example 15.1.(Hwang et al., 4'" Edition) A vertical trapezoidal gate with its
upper edge located 5 m below the free surface of water is shown in Figure
15.1. Determine the total pressure force and center of pressure on the
gate.

I g — Trapezoid
S |*i“_L
J/ -
CG ¥
Sm - 0 ‘ b + =
h=15.83m =
h(2a + b)
| < - v =
Y I om - 2 3(a + b)
A
o m @ Y a=1m
l b=3m
~—

y=10.83m



* Example 15.1.(Hwang et al., 4th Edition) A vertical trapezoidal gate with its
upper edge located 5 m below the free surface of water is shown in Figure
15.1. Determine the total pressure force and center of pressure on the

gate.
- g — Trapezoid
[
s B .0, ; =
h=5.83m %
n(a* + 4ab + b*)
} -t 3m = | I[} ==
Y 36(a + b)
A a=1lm
b v b=3
le ° '} yp=588m "
|~ Iy - 122 _
I m yp = A—?+ Y=o +5.83=5.88 m
h=h+Yy

Note: since the gate 5 m below the free surface, total submergence depth
is taken into consideration



Example 15.2 (Hwang et al., 4th Edition): An inverted semicircular gate is
installed at 45 °C with respect to the free water surface (Figure 15.2).The top
of the gate is 5 ft below the water surface in the vertical direction. Determine

the hydrostatic force and the center of pressure on the gate.

Semicircle

¥

&.& ' 7 = 1.698 m
B BT

(Centroid)

ft

Sin(as) ~ 877 It

y=1.698m+5



Example 15.2 (Hwang et al., 4th Edition): An inverted semicircular gate is
installed at 45 °C with respect to the free water surface (Figure 15.2).The top
of the gate is 5 ft below the water surface in the vertical direction. Determine

the hydrostatic force and the center of pressure on the gate.

5 ft
Sin(45)

v =1.698m + = 8.77 ft

Total pressure force=yysin 9 A

F= (623 =3) (8.77 ft) (sin 45)(25.1 ft2) = 9700 Ibs

yp = I—"_+§7 =281 +8.77 =8.90 ft (inclined distance from the water surface to the
Ay 25.1x8.77

center of pressure

2__ 4
[p = =80 _ 981 fit
72 1T
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PROCEDURE FOR COMPUTING THE FORCE ON A
SUBMERGED PLANE AREA

Identify the point where the angle of inclination of the area of interest
intersects the level of the free surface of the fluid.

Locate the centroid of the area from its geometry

Determine h as the vertical distance from the level of the free surface
down to the centroid of the area.

Determine the y as the inclined distance from the level of the free

surface down to the centroid of the area. h=ysin6
Calculate the total area A on which the force is to be determined

Calculate the resultant force from, Fg = vhA
Calculate I,, moment of inertia of the area about its centroidal axis.
calculate the location of the center of pressure,

yp = A_?+37



4.15 A vat has a sloped side, as shown in Fig. 4.27. Compute
the resultant force on this side if the vat contains 4.7 m of
glycerine. Also compute the location of the center of pres-

__--sure and show it-on-a sketch with theresultant force. .

FIGURE 4.27 Vat for Problem

4.15.

Fluid
depth

3.0m
Side view

35m
Front view



4.16 The wall shown in Fig. 4.28 is 6.1 m long. (a) Calculate
the total force on the wall due to water pressure and locate
the center of pressure; (b) calculate the moment due to this
force at the base of the wall.

FIGURE 4.28 Problem 4.16.

|



4.17 If the wall in Fig. 4.29 is 4 m long, calculate the total force
on the wall due to the oil pressure. Also determine the loca-
tion of the center of pressure and show the resultant force
on the wall.

FIGURE 4.29 Problem 4.17.

45°

MIhaoanan




HYDROSTATIC FORCES ON CURVED
SURFACES
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The water body in the container is stationary, each of the force components must
the satisfy the equilibrium conditions=» » Fx = 0, > F, =0



HYDROSTATIC FORCES ON CURVED
SURFACES
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Fyg: Horizontal pressure exerted on the plane surface A'B
F, :Theforce that gate wall exerts on the fluid, ), Fx =0 = Fyg—Fy Fpyg =Fy
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HYDROSTATIC FORCES ON CURVED
SURFACES
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HYDROSTATIC FORCES ON CURVED
SURFACES

v é Free body
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1. The horizontal component of the total hydrostatic pressure force on any
surface is always equal to the total pressure on the vertical projection of the
surface. The resultant force of the horizontal component can be located
through the center of pressure of this projection.

2. The vertical component of the total hydrostatic pressure force on any surface is
always equal to the weight of the entire water column above the surface
extending vertically to the free surface. The resultant force of the vertical
component can be located through centroid of this column.



Example 2.5 (Hwang et al., 4th Edition): Determine the total
hydrostatic pressure and center of pressure on,the 5 mlong, 2 m
high quadrant gate.

Area of the projected
plane : 2 x 5 = 10m?

2m

Center of gravity of
the projected plane
(rectangular):

/4 37=‘/ix2=1m

y=h
Fy = yhA
= (9.79 KN/m?®)(1 m)(10 m?)
7 =97.9kN
A A
Location of the Fy =y, = l—0+)7 = 136—?13) +1=1.33m



Example 2.5 (Hwang et al., 4th Edition): Determine the total
hydrostatic pressure and center of pressure on,the 5 mlong, 2 m
high quadrant gate.

v 0
= A 2 m
Vertical pressure
2m force located at the
- 4r
0.85 centroid.y = ——
\ _ 4@m) _
=361 0.85m

/

Fg = JFZH + F%y

= A = 197.9% + 154°
Vertical component = weight of the waterin the volume AOB =182 kN
1
Fy = yV =yAh = (9.79) (> (2 m)?#) (5 m) = 154 kN o i(RN (154
e 0= ()= () -

57.6°



Example. Compute the horizontal and vertical components of

the resultant force on the curved surface and the resultant force
itself. Show these force vectors on a sketch.

Vent

Curved surface on
which force is to
be computed

Tank with a curved surface

® d1=3.0m

d2=450m
w=2.5m
R=15m
Liquid is water



HYDROSTATIC FORCES ON CURVED SURFACE

3m

A
V

3m 4.5m

R=1.5 1.5m

A

2.5m
Vertical projection of
the curved surface

Isolated volume
above the curved
Calculate the forces on surface
curved surface



HYDROSTATIC FORCES ON CURVED SURFACE

Area=A; + A = (3mx15) + (1 X 1 x (15)%)

Volume = Area xh=6.267 m2%x2.5m

Weight=y X V =(9.81) X
(15.67 m3) = 153.7 kN

Fv is acting downward
through the centroid of the
volume

Centroid of the volume is
found by composite area
technique



HYDROSTATIC FORCES ON CURVED SURFACE
1.5m

A

Centroid of the area A1=> T

X;=>b=2(15m)=075m [

Centroid of the quadrant
Centroid of the area A2=>»

Q636m x —4r_ 05

3n 3(3.14) =0.64m

T = AXXaHAsxXs (4.5)(0.75)+(1.767)(0.64)
T A+A, 4.5+1.767




HYDROSTATIC FORCES ON CURVED SURFACE
1.5m

A

1.5m

¥ 3
N

2.5m
Vertical projection of
the curved surface

Depth to the centroid of the projected area

h—3+15—m—375m

Fy = y(Area)h = (9.81)(2.5)(1.5)(3.75m) =138 kN




HYDROSTATIC FORCES ON CURVED SURFACE
1.5m

A

1.5m

¥ 3

2.5m
Vertical projection of
the curved surface

Fy = y(Area)h = (9.81)(2.5)(1.5)(3.75m) =138 kN

The depth of the line of action of the horizontal
compound
lp , —
Vp =5 1Y
_ 1431 3
I[h = > bh =7 (2.5)(1.5)
% x(2.5)%(1.5)3

P = (25)%x(L5)x(3.75) +3.75=3.80m




HYDROSTATIC FORCES ON CURVED SURFACE

r ' BT 1
3 Muid sarfece
FR=JF2V+F2H

4 =300 =,/(153.7)2+ (138)2  =206.5 kN

0 =tan! Fy tan ™! 153.7 48.1°
= — | =tan" | ——== | = 48.
W AF, 138

I=0718m
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