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FLUID MECHANICS  

THE FORCES APPLIED TO SUBMERGED PLANE SURFACES 
 

Pressure Force: A force will affect the surface that in a static fluid. 

This force will vary depending on the distribution of pressure. This 

force is called Pressure Force (Hydrostatic Force) and the point of 

application is called Pressure Center.  

Let’s find the formula; 

P=F/A => F=P A 

dF = ƍ g h dA   

{P= ƍ g h} {h=z Sinθ} After writing places then  

   both sides can be integrated 

ʃ dF= ʃ ƍ g z Sinθ dA 

F= ʃ ƍ g z Sinθ dA 

F= ƍ g Sinθ ʃ z dA 

There is no connection between the variables z and dA. According to 

lets find another way to save from integrals 

 

Referring to the figure on the left side, write the balance of torque based on the y-axis. 

ZG A = ʃ z dA 

This expression is typed instead of the above formula  

F= ƍ g Sinθ ZG A 

         F= ƍ g Sinθ ZG A  {hG = Sinθ ZG } 

         F= ƍ g hG A 

Accordingly, the pressure force is equal to multiplication of the presure in the center of gravity and surface area. 

Pressure Center: Although, pressure force has been computed by using the gravity center, this center is a point below the 

center of gravity, due to the increasing pressure as the depth increases. 

To find the center of pressure, the y-axis torque of distributed pressure load on the plane should be equal to the torque based 

on the same axis of the center of pressure in E point.  

 

{ Pressure Force Torque } = {Distributed Pressure Force Torque } 

F zE = ʃ dF z 

F zE = ʃ [(ƍ g z Sinθ dA)  z] 

F zE = ʃ ƍ g z
2
 Sinθ dA 

F zE = ƍ g Sinθ ʃ z
2
 dA  { moment of inertia formula  Iy = ʃ z

2
 dA }  

 

F zE = ƍ g Sinθ Iy 

(ƍ g hG A) zE = ƍ g Sinθ Iy  

(ƍ g hG A) zE = ƍ g Sinθ Iy   {hG = zG Sinθ} 

ƍ g zG Sinθ A zE = ƍ g Sinθ Iy 

 

   
  

   
   {According to any axis Iy = IG + zG

2
 A} 
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e= zE – zG = (IG + zG
2
 A) /     )  - zG   

  
  

   
  

  
  

    
  

 

Attention: ZG  

Example: The gate in Fig. is 5 m wide. It is hinged at point B, and rests against a smooth wall at point A. Compute  

(a) the Force on the gate due to seawater pressure 

(b) the horizontal force P exerted by the wall at point A and  

(c) the reaction forces at the hinge B. 

 

 

a) By geometry the gate is 10 m  long from A to B, and its centroid is halfway between, or elevation 3m above point 

B. The depth hG is thus 15-3 =12 m. The gate area is 5m x10m = 50 m
2 

. Neglect Pa as acting on both sides of the 

gate. The hydrostatic force on the gate is 

 

 F = PG A = ƍ g hG A = 1020 kg/m
3
 9.81 m/s

2
 12 m 50 m

2
 

 F =6,003,720 N = 6003 kN. 

 

b) First we must find the center of pressure of F. A free body diagram of the gate is shown Figure. The gate is 

rectangle hence, 

 

IG = (b L
3
) /12 = 5m 10

3
 m

3
 /12 = 417 m

4
 

 

The distance e  from G to E is given Equation before. 

 

  
  

   
 = 417 / [(hG/Sinθ) 50] = 417 / [(12m/(3/5)) 50] =0.417 m 

The distance from point B to Force F is thus 10-e-5 =4.583 m. 

Summing moments counter clock wise about B gives; 

P  L Sinθ – F (5-e) =0 

P 6m -6003720 N 4.583m 

P = 4585 kN. 

 

c) With F and P known. The reactions Bx and Bz are found by summing 

forces on the Gate. 

 

ƩFx =0 => Bx + F Sinθ –P =0 => Bx = -6003720 N (3/5) + 4585000 N => Bx = 982768 N (towards right) 

ƩFz =0 => Bz - F Cosθ =0 => Bz = 6003720 N (4/5) = 4802976 N (towards up) 
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THE FORCES APPLIED TO CURVED SUBMERGED SURFACES 
The calculation of the pressure force on a curved surface, the horizontal and vertical components are considered separately.  

 

Elemental force dF to the elemental area dA is; 

dF=P dA 

It can be written as y component; 

dFy = P dA Cosθ 

dFy = (ƍ g h) dA Cosθ   

Here, dACosθ expression is the horizontal projection of the dA area.  

Accordingly (h dA Cosθ) expression is the volume of column for this area.  

Then we found the weight of the column by multiplying with (ƍg). 

In this way, Is taken the sum of all the infinitesimal areas on AB area (in other words, by getting integral), it is found the 

weight of fluid on the AB area.  

Briefly, the y component of the force action on a curved surface, equal to the weight of fluid on this surface. 

 

Let now found x component of the dF force. If we write the same way; 

dFx = P dA Sinθ 

Here, dASinθ expression is the vertical projection of the dA area.  

Thus, the horizontal force of the dA area is equal to the force of the pressure acting to perpendicular projection of this field.  

In this way, the AB surface is scanned complete, the horizontal force of acting on AB is found.  

Briefly, the horizontal force to the AB is equal to the hydrostatic force acting to vertical projection to this AB surface. 

 

It is generally not possible, to represent the forces acting on a curved 

surface by the force action on a particular point on a curved surface. In 

other words, It is not searched the center of pressure on curved surfaces. 

So there is no Pressure Center in curved surfaces. 

Example: Find the vertical force and horizontal force on the quarter 

circular door AB, shown in Figure.  Water acting on one side and air on 

the other. The door is 2 m in widht . 

Solution: For the horizontal force Fx, we project the surface of the curved 

door onto a plane paralled to the xy plane. This projected area is a 1 by 2 

m rectangle shown on edge as OB in Figure. We may now use 

formulation for a plane surface to determine Fx. The atmospheric pressure 

on the fee surface clearly develops a horizontal force on the left side of 

the door AB that is canceled completely by the horizontal force from the 
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atmospheric on the right side of the door. We need worry only about the gravitational effect on the water.  

We then have 

Fx = P A = (ƍ g h) A = 1000kg/m
3
  9.81m/s

2
  2.5m  1m  2m = 49,030 N = 49 kN. 

As for the vertical component, we need only consider the weight of the column of water directly above the door AB, We thus 

have (see figure); 

Fy = ƍ g (V) = 1000kg/m
3
 9.81m/s

2
 [(3m 1m 2m)-(πr

2
/4m

2
 2m)] =43,400 N = 43.4 kN 

The resultant force is then  

F =                       

Because the pressure forces are at all times perpendular to the circular AB, it should be clear the simplest resultant has a line 

of action passing throuh point O.  

SOLVED QUESTIONS 

Example 
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