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Lecture 7

Hydrostatic Forces on Surface

In the last class we discussed about the

e Hydrostatic Pressure
e Hydrostatic condition, etc.

To retain water or other liquids, you need appropriate solid container or retaining structure like

e \Water tanks
e Dams
e Oreven vessels, bottles, etc.

In static condition, forces due to hydrostatic pressure from water will act on the walls of the
retaining structure. You have to design the walls appropriately so that it can withstand the
hydrostatic forces.

To derive hydrostatic force on one side of a plane

Consider a purely arbitrary body shaped plane surface submerged in water.

Arbitrary shaped
plane surface

This plane surface is normal to the plain of this paper and is kept inclined at an angle of 6 from
the horizontal water surface.

Our objective is to find the hydrostatic force on one side of the plane surface that is submerged.



Free surface P=p,

- A
by - 5
i s
Resultant - »
force:
F=pega

Plan view of arbitrary plane surface

(Source: Fluid Mechanics by F.M. White)

Let ‘h’ be the depth from the free surface to any arbitrary element area ‘dA’ on the plane.
Pressure at h(x,y) will be

P =pa+ pgh where, pa = atmospheric pressure.

For our convenience to make various points on the plane, we have taken the x-y coordinates
accordingly.

We also introduce a dummy variable & that show the inclined distance of the arbitrary element
area dA from the free surface.

The total hydrostatic force on one side of the plane is

F :I pdA where, ‘A’ is the total area of the plane surface.
A

This hydrostatic force is similar to application of continuously varying load on the plane surface
(recall solid mechanics).

We can find the resultant of hydrostatic force on the one side of the plane as such:

F :f(pa+ pgh )dA
= PaA + pg,[hdA



Now from the fig, we can see that h=¢ sin 6. From the theory of first moment of inertia
[hdA =sin® [E£dA %fédA:&G

where Ece is centroid slant distance.

As the plate is inclined and not moving, the angle 6 will be contact:
F=paA+ pg*sin 0] EdA
= PaA + (pg*sin 6 )* Ecc *A

Again &cc sin 8 =hce = the depth straight down from the surface to the plate centroid.

F=(pa+ pghce)A
F= pccA

The resultant force will be hydrostatic pressure at the area’s centroid multiplied by the area.
As studied in the solid mechanics the equivalent force of the varying load will be applied at a
distance ‘I’ from joint B
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In a similar way the equivalent hydrostatic force on the one side of the plane will be acting at a
point is called center of pressure.
The magnitude of equivalent force, however, will be

F= pcc A

(Note that area centroid hc and the center of pressure are not the same.)

To find the location of center of pressure we can find them through the plane coordinate (X,y)
and assuming the origin of the coordinate at the centroid of the area. Let (xcp , ycp) be the point
of center of pressure,

Taking moment about centroid

Fyen = | ypdA =] y(pa+ pgx Esin 0)dA
= pgsin 0] yxedA + [ yxp.dA



As pa is constant, Pal ydA = pax0 = 0
(since, | ydA = 0; the first moment about centroid)

Fyep= pg sin 0 | yxEdA

Also, {=&cc—-Yy and
Esin®=h

Fyep= pg Sin 0 [Ecc | ydA - [ y?dA]
chp: - pg sin 0 J ysz

chp: - pPg Sin 0 Ixx
where, Ixx= second moment of inertia of the plane area about its centroid x-axis.

Ixx
p

Yep = - pg sin 0 -~

The negative sign indicate that the center of pressure usually lies below the centroid of the area.
Similarly, to determine the x-coordinate of the center of pressure.

Fxep = [ xpdA =[x(pa+ pg*( &ce — y )sin 6)dA
(since [ xdA =0, | ydA = 0; the first moment about centroid)

Fxep= - pg sin 0 [ xydA

Fch: - pPg Sin 0 Ixy
where, lxy = product of inertia of the plane.

. Ixy
Xep = - pg SIN  ——
cp Pg -



