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Chapter 3 Forces on Immersed Surfaces  
In the design of submerged devices and objects, surfaces, dams, surfaces on 
ships, and holding tanks, it is necessary to calculate the magnitude and 
location of forces that act on both plane and curved surfaces. This subject 
will be divided into two titles; plane and curved surfaces. 
1- Plane Surfaces 
 
  
  

h 
ℎത 

 ݕ

 ௣ݕ തݕ

O Free surface 

Cp: Center of pressure force 
CG: center of geometry 
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The total force of the liquid on the plane surface is found by integrating the 
pressure over area.  

ܨ = න ܣ݀ ܲ
஺

 

Using gauge pressure, the local pressure is 
ܲ = ℎߛ  =  ߠ݊݅ݏ ݕ ߛ

∴ ܨ = ׬ ஺ܣ݀ ߠ݊݅ݏ ݕ ߛ   

∴ ܨ = ߠ݊݅ݏ ߛ න ܣ݀ ݕ
஺

 

h is measured vertically down from the free surface and y is measured from 
point O on the free surface. 
We know that the distance to a centroid is defined as: 

തݕ = 1
ܣ න ܣ݀ ݕ

஺
 

∴ ܨ = ܣതݕ ߠ݊݅ݏ ߛ = ܣ ℎത ߛ  = ௖ܲܣ 
Where Pc is the pressure at the centroid.  
 
How to find the location of the resultant force F? 
Generally, we termed to the location of the resultant force by yp. Firstly, we 
should defined the well known rule that says: the sum of the moments of all 
the infinitesimal forces acting on the area A must equal the moment of the 
resultant force. 
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ܨ௣ݕ = න ܣ݀ܲ  ݕ = 
஺

න ܣ݀ ݕ ߠ݊݅ݏ ߛ  ݕ = ߠ݊݅ݏ ߛ න  ܣ݀ ଶ ݕ
஺

 
஺

 

But, ܫ௫ = ׬ ஺ ܣ݀ ଶ ݕ  is the second moment of area about x-axis 
ܨ௣ݕ =  ௫ܫ ߠ ݊݅ݏ ߛ

∴ ௣ݕ = ௫ܫ ߠ݊݅ݏ ߛ
 ߠ݊݅ݏ ܣ തݕ ߛ

௫ܫ = ௫௖ܫ ൅  ,തଶ (Parallel axis theorem)ݕܣ
Where Ixc is the second moment of area about the centroid axis.  

∴ ௣ݕ = ௫௖ܫ ൅ തଶݕܣ
  ܣ തݕ 

∴ ௣ݕ = തݕ ൅ ௫௖ܫ
  ܣ തݕ 

This equation clearly shows that the resultant force F doesn’t pass through 
the centroid but it always below it.  
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Example: A 60 x 80 cm 
window on a submersible 
lake. If it is on a 45o angle 
with horizontal, what force 
applied normal to the 
window at the bottom edge 
in needed to just open the 
window, if is hinged at the 
top edge when the top edge 
is 10 m below the surface? 
 
 
 

F 

Fopen 

10 m 
45o 

60 cm 
80 cm 

Hinge 
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Example: find the force necessary 
to hold the gate in the position 
shown in figure.  
  

F Fhold 

53o 

2 m 
3 m Hinge 

5m 
Water 
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Example: find the force 
necessary to hold the 
gate in the position 
shown in figure. 
  F Fhold 

53o 

2 m 
3 m Hinge 

4m 
Water 
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2- Curved Surfaces 
We know that the pressure force is normal on each element of the surface. 
For curved surfaces, we calculate the components (horizontal and vertical) 
rather than the resultant, this for simplicity. 
2-1 The horizontal component 

௛ܨ = න ௛ܨ݀
஺

=  න ܣ݀ ܲ
஺

ߠݏ݋ܿ =  න ܣ݀ ݕ ߛ
஺

 ߠݏ݋ܿ

௛ܨ = ߛ  න ௛ܣ݀ ݕ
஺

 

∴ ௛ܨ =  ௛ܣ തݕ ߛ 
Where Ah is the vertical projection of the curved area and ݕത is the centroid of 
the projected area.  
 
  y 

Fh 

dFh 

dFv dF 

dA dAh 
C 



Chapter three                                   Forces on Immersed Surfaces 
 

33  

2-2 The vertical component 
௏ܨ = න ௏ܨ݀ =  න ߠ݊݅ݏ ܣ݀ ܲ =  න  ߠ݊݅ݏ ܣ݀ ݕ ߛ

௏ܨ = ߛ න  ௏ܣ݀ ݕ
The last integral represents the fluid volume over the curved surface until the 
free surface (at which the pressure is atmospheric), hence we can say that the 
vertical component is the fluid weight over the curved surface.   

௏ܨ =  ܸ ߛ
 The fluid volume V is found by extending the curved surface to the 

free surface level (P = Patm = 0). 
 When the liquid is below the curved surface, an imaginary or 

equivalent free surface can be constructed. The weight of the 
imaginary volume of liquid vertically above the curved surface is then 
the vertical component of pressure force on the curved surface. 

  The imaginary liquid must be of the same specific weight as the 
liquid in contact with curved surface.  

 
  Liquid Veff 

Fv 
Veff 

Liquid 

Fv 

Liquid below the curved surface Liquid above the curved surface 
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Note: the location of the vertical component action must pass through the 
centroid of the effective volume.  
Example: Find the force F required to hold the gate in the position shown in 
figure. The gate is 5 m wide.   
 
  

Wate
r Hinge 5 m 

0.8 m 
F 
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Example: Find the force F needed to just open the gate shown. The gate is 4 
m wide.  
 

6 m 

2m 

Water 

F 

Hinge 
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