
ENGINEERING SCIENCE C103  
EXAM SOLUTIONS 2004 

Q6 
The hydraulic gate shown is designed to open by turning about a hinge at P when the water level 
exceeds depth d2
 
a) Show that the resultant torque on the on the gate is given by  
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where ρ is the density and B the width of the gate. 
 
(b) Determine the depth of water d2 at which the gate opens if x = 2 m, B = 10m and d = 5 m. 
 
R = ρgA y  A = B x L     
L = (d2 – d1)/sin θ 
A = B (d2 – d1)/sin θ   
y = (d2 + d1)/2  
R = (ρgB) (d2 – d1) (d2 + d1)/2sin θ  
R = (ρgB) (d2

2 + d1
2)/2sin θ 

G

O
cp Ay

I y =   

Using the parallel axis theorem IO = IG + AyG
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IG = BL3/12 yG= (d2 + d1)/2sin θ 
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The vertical distance from the hinge to the centre of pressure is h - (d2 - x) = h - d2 + x 
The moment arm is hence ( h - d2 + x)/sin θ 
M = R ( h  - d2 + x)/sin θ 
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(b) The gate opens when M =0 
 
( ) ( ) 0d3x2d   3dd2x 2 =−+−  
( ) ( d3x2d-   3dd2x 2 −=− )  
x = 2 m, B = 10m and d = 5 m.  
( ) ( ) -205601-   3d54 2 =−=−  
d2=20/3 = 6.67 m 
 
 
 


