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Thrust on partially and fully immersed surfaces 
 

The total thrust force that acts on an immersed surface is the product of the 
pressure at the centroid (centre of Mass) and the total area of surface in contact.  
 

Consider a vertical plate that is immersed in a fluid, such as water, with its top edge 
in line with the free surface of the water and a surface of area A in complete contact 
with the water, as shown below: - 

 
Plate with one surface immersed vertically in water 

 
The gauge pressure of the water at any depth is found by using the expression         
     

P =  g h 
 

Where, in this case, the height of the water varies from zero at the air-water interface 
(h1) to the depth of the plate (h2) – the pressure varies with the depth of water. 
 
 

Now since, 
force = pressureaverage X area  

 

the thrust force acting on the immersed surface is given by: - 
 

F =  g hav x A  where hav = h/2 
 
The pressure distribution here is triangular and the centre of this pressure (centroid) 
at which this thrust or force can be considered to act is one-third of the way up from 

its base (h  = h / 3 ).  
 

For vertical surfaces the centre of pressure acts at the centroid, where  
 

So when taking moments:  
moment = F x  h / 3   

 

This may be usefully applied to hydrostatic systems, such as lock gates, dams and 
storage lank separator plates. The horizontal forces acting on partially or totally immersed 
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surfaces can be calculated as well as determining the line of action of these forces. The 
out-of-balance moments must also be accounted for when designing these systems. 


