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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  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

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



HYDROSTATIC FORCE ON PLANE SURFACES

Pressure on the walls of the tank is not uniformly distributed.
�ℎ=Vertical distance from the fluid 
surface to the centroid of the area
γ= Specific weight of the fluid
A= Area of the surface



HYDROSTATIC FORCES ON FLAT SURFACES
• The actual force is distributed over the entire 

surface.

• 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 ?

h

h/2 Pavg

Center of 
pressure 

Ptop=0

Pbottom= γh



HYDROSTATIC FORCES ON FLAT 
SURFACES
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HYDROSTATIC FORCES ON FLAT 
SURFACES
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HYDROSTATIC FORCES ON FLAT 
SURFACES



Centroid, center of gravity & center 
of pressure 

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



centroid or center of gravity



centroid or center of gravity
Table 2.1   Surface Area, Centroid, and Moment of Inertia of Certain Simple Geometrical Plates



centroid or center of gravity



centroid or center of gravity



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.



HYDROSTATIC FORCES ON FLAT 
SURFACES
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Center of pressure



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., 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.

a= 1 m
b = 3 m



• 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.

a= 1 m
b = 3 m







PROCEDURE FOR COMPUTING THE FORCE ON A 
SUBMERGED PLANE AREA









HYDROSTATIC FORCES ON CURVED 
SURFACES
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HYDROSTATIC FORCES ON CURVED 
SURFACES
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HYDROSTATIC FORCES ON CURVED 
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HYDROSTATIC FORCES ON CURVED 
SURFACES

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 m long, 2 m 
high quadrant gate.

2 m 

Area of the projected 
plane : 2 x 5 = 10m2 



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

2 m 



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.

d1= 3.0 m
d2 = 4.50 m
w=2.5 m
R= 1.5 m
Liquid is water



4.5 m

3 m

R=1.5 m

3 m

Calculate the forces on 
curved surface

Isolated volume 
above the curved 

surface 

1.5 m

2.5 m
Vertical projection of 
the curved surface

HYDROSTATIC FORCES ON CURVED SURFACE



HYDROSTATIC FORCES ON CURVED SURFACE

A1

A2

Volume = Area ×h=6.267 m2×2.5m



HYDROSTATIC FORCES ON CURVED SURFACE

X1 = 0.75 m

Centroid of the area A1 

1.5 m

X2 = 0.636m

Centroid of the area A2 
Centroid of the quadrant



HYDROSTATIC FORCES ON CURVED SURFACE

X1 = 0.75 m

1.5 m

X2 = 0.636m

FV



HYDROSTATIC FORCES ON CURVED SURFACE
1.5 m

FH

3.80 m



HYDROSTATIC FORCES ON CURVED SURFACE
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