
M E 320   Professor John M. Cimbala Lecture 06  
 

Today, we will: 
 

• Discuss hydrostatic forces on submerged surfaces 
• Do some example problems – hydrostatic forces on submerged surfaces  

 

E. Hydrostatic Forces on Submerged Surfaces  
1. Plane (flat) surfaces 

Recall our fluid statics equation: below aboveP P g zρ= + ∆ . 
 
Example – the vertical wall of a rectangular container with a liquid in it. 
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However, the resultant pressure force acts not at C, but 
at CP, the center of pressure. 
 

Liquid surface, open 
to air pressure P0 
(P0  is usually Patm) 

The centroid C is the 
mathematical center of 
the plate’s area. 
We calculate the 
average pressure at the 
centroid. 

Because pressure 
increases as you go 
down in the liquid, the 
“pressure prism” is 
thicker towards the 
bottom, and therefore, 
the center of pressure 
CP is located below 
the centroid C. 
 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 

Average pressure Pave is 
easy to find – it is simply 
the pressure at the 
centroid C of the plate’s 
surface area. 
 

The line of action of the 
resultant hydrostatic 
force passes through the 
center of pressure CP 
and acts perpendicular 
to the plate. 
 

The magnitude of resultant 
force FR on the face of the 
plate is equal to the pressure 
PC at the centroid C times 
the area of the plate, 
  

FR = PC A 

But, FR does not act at 
the centroid! It acts at 
the center of pressure! 

See the text, Fig. 3-31, for centroids and centroidal 
moments of inertia for some common shapes. 
 
Example, for a rectangle, C is in the middle and 
 Ixx,C = ab3/12 
 



Example: Force on a submerged gate 
Given: A rectangular gate of height b 
and width a (into the page) holds back water 
in a reservoir. (The gate can swing open to let 
some water out when necessary.) The height 
from the water surface to the hinge is s. 
 

To do: Calculate the resultant force on the 
gate and its location. 
 

Solution: 
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Figure 3-31. Centroids and centroidal moments of inertia for some common geometries. 
 
 
 
 
 



Example Problem – Hydrostatic Pressure Force on Curved Surfaces 
(Example Problem 3-9, Çengel and Cimbala) 

  

  
 
 
 

 
 
 

 

Draw a free body diagram 
around this volume of water, 
as shown to the right. 
 

Calculate the horizontal 
force Fx acting on the 
projected vertical face. 
 

Calculate the vertical 
force Fy acting on the 
projected horizontal face. 
 

W is the weight of the water in the 
shaded volume. 
 

Projected vertical 
face 
 

Projected horizontal 
face 
 



 
 
 
 
 
 

The centroid of the projected horizontal 
surface is located at a depth of hbottom from 
the water surface. (P is constant along this 
surface since it is at a constant depth.) 
 

The centroid of the projected vertical 
surface is located at a depth of s + R/2 
from the water surface. 
 

We subtract weight W since the shaded volume is below the curved surface. 
 

It turns out that for cylindrical surfaces (a circular arc shape), the resultant hydrostatic 
force acting on the surface always passes through the center of the circular arc. 
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We take the moment about point A, 
using counterclockwise as positive. As 
shown in the sketch to the right, there 
are only two moments acting about point 
A: 
  

(1) The net hydrostatic force acting on 
the portion of the cylinder that is in 
contact with the water times its moment 
arm. Its force is FR and its moment arm 
is Rsinθ which is the perpendicular 
distance from A to the line of action of 
the force. (This moment is positive.) 
  

(2) The weight of the cylinder times its 
moment arm, which is the radius of the 
cylinder. (This moment is negative.) 
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