
CHAPTER 3 

3.1 INTRODUCTION 

When a static mass of fluid comes in contact with a plane or curved surface, the fluid exerts a 

force on the surface. This force is called total pressure. What is the direction in which this total 

pressure exerted by the fluid acts on the surface? When a fluid is at rest, no tangential force 

exists on the fluid. That is, when a fluid is at rest, it cannot sustain any shear forces. Hence, the 

fluid at rest exerts a force in a direction normal to the surface with which it comes in contact.  

 

3.2 Hydrostatic pressure force on surface of any shape 

In everyday life, a liquid such as water, for example, needs to be contained in a container 

(container). This container must then be able to contain this liquid without cracking or 

dislocating. Knowledge of the pressure forces that are applied to the walls of the container is 

therefore necessary for its dimensioning. 

Total pressure/hydrostatic pressure is defined as the force exerted by a static fluid on a surface 

either plane or curved due to its weight. -this force always acts normal to the surface. 

 
Expression of hydrostatic force/total pressure 

 
 



3.2.1 Hydrostatic pressure force on an inclined plane surface of any shape 

Consider a wall of surface A and center of gravity c, immersed in a liquid and inclined at an 

angle θ to the horizontal. Let us divide surface A into a sufficiently small element dA. The 

pressure force on the element is determined using the following formula: 

 
 

dF = P.dA = ρ.g.h.dA = ρ.g.y.sin(θ).dA   

The intensity of the pressure force acting on surface A is: 

 𝐹𝑅 = ∫ 𝑑𝐹 𝐴 = 𝑃. 𝑑𝐴 = 𝜌. 𝑔 ∫ ℎ. 𝑑𝐴 = 𝐴 𝜌. 𝑔 ∫ 𝑦. 𝑠𝑖𝑛𝜃. 𝑑𝐴  

 This integral represents the static moment 

which is defined as follows: 

 ∫ ℎ. 𝑑𝐴 = ℎ𝑐 . 𝐴 = 𝐴 𝑦𝑐 . 𝑠𝑖𝑛𝜃. 𝐴   

 From which the equation is written: 

𝐹𝑅 = 𝜌. 𝑔. ℎ𝑐 . 𝐴  

The pressure force on a flat surface of arbitrary orientation is equal to the product of the surface 

area of the wall times the pressure on its center of gravity. 

                                𝑭 = 𝝆𝒈𝒉̅𝑨  

F = Total Pressure, N  

ρ = Density of fluid, kg/m3  

A = Area of given surface, m2  

ℎ̅= Distance of CG of given surface from free surface, m 

3.2.2 Centre of Pressure 

The force 𝐹𝑅 is not exerted at the center of gravity but at a point called the center of thrust CP = 

(xR, yR).  

The point of application of total pressure on the surface is called centre of pressure.  

To determine the coordinates of the center of pressure, we consider the moment of the force 

relative to the x and then y axis and we write as follows: 

𝐹𝑅. 𝑦𝑅 = ∫𝐴 𝑦. 𝑑𝐹  

ρ.g. 𝑦𝑐 .sin(θ). A. 𝑦𝑅 = ρ.g.sin(θ). ∫A 𝑦 2 . 𝑑𝐴  

𝑦𝑅 = 
∫A y2.dA

A.yc
 



 
 

h∗  is defined as the point of application of the total pressure on the surface.  

h∗ = h̅ + 
IG sin2θ

Ah̅  
 

 IG = MI about centroidal axis parallel to free surface of water i.e X-X, m4  

ℎ̅ = Distance of CG of given surface from free surface, m  

A = Area of given surface, m2  

θ=Angle of inclination =900 (For vertical plane)  

                                     =00 (For horizontal plane) 

 



3.2.3 Surface area and moment of inertia of some particular figures 

 

 
 

3.3 Case of vertical submerged surfaces (vertical plane rectangular wall) 

It will be the same reasoning as for the Inclined surface but with  

ϴ = 90° → sinα = 1 

Let us therefore consider a vertical plane rectangular wall immersed vertically  

SO :          

𝐹𝑅 = 𝜌. 𝑔. ℎ𝑐 . 𝐴 = 𝜌. 𝑔.
h1+h2

2
 . A 

𝐹𝑅 =  
ρ. g.h1+ρ. g.h2

2
 . A 

 

 



 

3.3.1 Hydrostatic pressure force on a vertical plane surface 
Pressure force on a partially submerged vertical plane surface𝐹𝑅 = 𝜌. 𝑔. ℎ𝑐. 𝐴 (A is the yellow 

surface)  

𝐹𝑅 = 𝜌. 𝑔. ℎ𝑐. 𝐴  

(A is the yellow surface) 

                            Pressure force on a partially submerged vertical plane surface 

 
 

3.4 Case of horizontal submerged surfaces (horizontal plane wall) 

Consider a wall of unit width and surface A immersed horizontally at a depth h.  

The force of the hydrostatic pressure on the horizontal wall A is: 

F = P.S = ρghcA with hc= h → F = ρ.g.h.A  

This means that the pressure force on a horizontal wall corresponds to the weight of the column 

of liquid of height h. 

The depth of the point of application is: hD = hc = h 

3.5 Case of pressure forces exerted by fluids on curved surfaces 

The resultant of the pressure forces on a curved surface is easier to calculate by dividing the 

force into its vertical and horizontal components. 

Consider the diagram in Figure representing a block of liquid and subjected to various forces: 

 

 
3.5.1 Hydrostatic pressure force 

Horizontal component 
dFx = dF sinθ= ρ.g.h.d.A sinθ= ρ.g.h.d.Az 

∫ 𝑑𝐹𝑥 = 𝐹𝐻 = 𝜌. 𝑔 ∫𝐴 ℎ. 𝑑𝐴𝑧 

From where : 𝐹𝐻 = 𝜌. 𝑔ℎ𝑐𝐴𝑧 

with Az: Vertical projection of the curved surface AB 

hc: Depth of the center of gravity of Az 

The calculation of the horizontal component FH is reduced to the calculation of a pressure force 

on a vertical plane surface. 



Vertical component 
dFz = dF cosθ= ρ.g.h.d.A cosθ 

= ρ.g.h.d.Ax  

∫ 𝑑𝐹𝑧 = 𝐹𝑉 = 𝜌. 𝑔 ∫𝑊𝑑𝑊 = 𝜌. 𝑔. 𝑊  

From where : 𝐹𝑉 = 𝜌. 𝑔. 𝑊  

With W: Volume delimited by: 

• The curved surface AB 

• The free surface of the fluid 

• The 2 verticals drawn from the 2 ends A and B of the surface. 

The calculation of the vertical component FV is therefore summed up by the calculation of the 

Weight of the fluid represented by the volume displaced by the surface AB. 

 
Calculation of the resulting pressure force 

The calculation of the 2 components FH and FV then allows the resultant F to be determined by 

the expression: 𝐹= √FH
2 +FV

2  

 
3.5.2 Position of the point of application of the Pressure Force 

The point of application of the resultant F is obtained if the components FH and FV  are known. 

In the general case, it will be necessary to establish the equation of the curve AB and that of the 

segment representing the force F (equation of a straight line) taking into account that the angle of 

inclination of the resulting force F relative to the horizontal is obtained by the following formula: 

𝜃 = 𝑎𝑟𝑐𝑡𝑔 
FV

FH 
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