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Learning Objectives 

• After completing this Lecture, you should be 
able to: 

1. calculate the hydrostatic pressure force on a 
plane or curved submerged surface. 



Outline 

• Hydrostatic Force on a Plane Surface 

• Hydrostatic Force on a Curved Surface 

• Example Problems 



Hydrostatic Force on a Plane Surface: Tank Bottom 

Simplest Case: Tank bottom with a uniform pressure distribution 

atmpatmphp - = - 

hp 

Now, the resultant Force: 

RF = p A 

Acts through the Centroid 

A = area of the Tank Bottom 
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Hydrostatic Force on a Plane Surface: General Case 

General Shape: Planar 

View, in the x-y plane 

q is the angle the plane makes 

with the free surface. 

y is directed along the plane 

surface. 

The origin O is at the Free 

Surface. 

A is the area of the surface. 

dA is a differential element 

of the surface. 

dF is the force acting on 

the differential element. 

C is the centroid. 

CP is the center of Pressure 

FR is the resultant force 

acting through CP 



Hydrostatic Force on a Plane Surface: General Case 

Then the force acting on the differential element: 

Then the resultant force acting on the entire surface: 

With   and q taken as constant: 

We note,  the integral part is the first moment of area about the x-axis 

Where yc is the y coordinate to the centroid of the object.  

We  note h = ysinq 

hc 



Hydrostatic Force on a Plane Surface: Location 

Now, we must find the location of the center of Pressure where the Resultant Force Acts:   

“The Moments of the Resultant Force must Equal the Moment of the Distributed Pressure Force” 

We note,  

Moments about the x-axis: 

Then, 

Second moment of Intertia, Ix 

Parallel Axis Thereom: 

Ixc is the second moment of inertia through the centroid 

Substituting the parallel Axis thereom, and rearranging: 

We, note that for a submerged plane, the resultant force always acts below the centroid of the 

plane. 

And,  note h = ysinq 



Hydrostatic Force on a Plane Surface: Location 

Moments about the y-axis: 
A

RR xdFxF

And,  note h = ysinq 

We note,  

Then, 

Second moment of Intertia, Ixy 

Parallel Axis Thereom: 

Ixc is the second moment of inertia through the centroid 
ccxycxy yAxII 

Substituting the parallel Axis thereom, and rearranging: 



Hydrostatic Force on a Plane Surface: Geometric Properties 

Centroid Coordinates 

Areas 

Moments of Inertia 



Hydrostatic Force:  Vertical Wall 
Find the Pressure on a Vertical Wall using Hydrostatic Force Method 

Pressure varies linearly with depth by  the hydrostatic equation: 

The magnitude of pressure at the bottom is p = h  

The width of the wall is “b” into the board 

The depth of the fluid is “h” into the board 

By inspection, the average pressure 

occurs at h/2, pav = h/2 

The resultant force act through the center of pressure, CP:  
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Hydrostatic Force:  Vertical Wall 

x-coordinate: 
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Center of Pressure: 
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The pressure prism is  a second way of analyzing the forces on a vertical wall. 

Now, we have both the resultant force and its location. 



Hydrostatic Force on a Curved Surface 
• General theory of plane surfaces does not apply to curved surfaces 

• Many surfaces in dams, pumps, pipes or tanks are curved 

• No simple formulas by integration similar to those for plane surfaces 

• A new method must be used 

Isolated Volume 

Bounded by AB an AC 

and BC 

Then we mark a F.B.D. for the volume: 

F1 and F2 is the hydrostatic force on 

each planar face 

FH and FV is the component of the 

resultant force on the curved surface.  

W is the weight of the fluid volume. 



Hydrostatic Force on a Curved Surface 

Now, balancing the forces for the Equilibrium condition: 

Horizontal Force: 

Vertical Force: 

Resultant Force: 

The location of the Resultant Force is through O by sum of Moments: 

HH

VVc

xFxF

xFWxxF
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Chapter Summary 














