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Calculate the net horizontal and vertical forces acting on the planar surface shown below.  The surface 
has a width w into the page. 
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SOLUTION: 
 
One approach to finding the net force on the wall is to integrate the pressure force along the wall, 

,  (1)  

where, 
, (2) 

 
and, 

. (3) 
 

Note that since we’ll be integrating in the y direction (since the pressure varies in that direction), we should 
express dx in terms of dy, 

 . (4)  

 
Substituting and integrating as y goes from zero to H, 

 , (5) 

, (6) 

. (7) 
 

We could have also solved the integral by splitting it into two parts, 

 , (8) 

  Same answer as before! (9) 

Note that in the 2nd integral in Eq. (8), the y dependence on x needed to be made explicit in order to 
integrate properly with respect to x.  An approach similar to what was used to derive Eq. (4) was utilized. 
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An alternate approach to solving this problem is to balance forces on the dashed volume of fluid shown 
below. 
 
 
 
 
 
 
 
 

  The same answer as before! (10) 

    The same answer as before! (11) 
Note that from Newton’s 3rd Law, the force the wall exerts on the fluid is equal and opposite to the force 
the fluid exerts on the wall. 
 
To find the center of pressure, balance moments about the origin, 

∑𝑴# = 𝟎 = 𝒓'( × 𝑭+ + 𝒓'- ×𝑾+ ∫ 𝑦1̂ × 𝑑𝐹56̂
789
78: , (12) 

where, 
𝒓'( = 𝑥'(6̂ + 𝑦'(1̂, (13) 
𝑭+ = −𝐹=6̂ − 𝐹71̂ = − >

?
𝜌𝑔𝑤𝐻?6̂ − >

?
𝜌𝑔𝐿𝐻1̂, (14) 

𝑾 = >
?
𝜌𝑔𝑤𝐿𝐻1̂, (15) 

𝒓'- =
>
E
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E
𝐻1̂, (16) 

∫ 𝑦1̂ × 𝑑𝐹56̂
789
78: = ∫ 𝑦1̂ × 𝜌𝑔𝑦𝑤𝑑𝑦6̂9

: = −𝒌G𝜌𝑔𝑤∫ 𝑦?𝑑𝑦9
: = −>

E
𝜌𝑔𝑤𝐻E𝒌G (17) 

 
Substitute and simplify, 
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E
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𝟎 = 𝑦'(
>
?
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𝜌𝑔𝑤𝐿?𝐻𝒌G − >

E
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E
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E
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9
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E
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Note that xCP and yCP are related since they are located somewhere along the wall, 

𝑦'( = −9
M
𝑥'( + 𝐻. (22) 

Substituting Eq. (22) into Eq. (21) and continuing to simplify, 
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M
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9
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Thus, 
𝑥'( =

>
E
𝐿, (27) 

and from Eq. (22), 
𝑦'( =

?
E
𝐻. (27) 
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