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Midterm Problem (Fall 2019)

Water (p=998 kg/m?3) is contained i
behind a rigid L-shaped gate (ABC).
The gate has a depth of 0.5 m (into
the page). The gate rotates about a Water
hinge at point A. Neglect the weight of
the gate.

|

(a) Draw a fully-labelled free body
diagram of the gate

(b) Calculate the minimum vertical
force (F3) applied at point B
required to keep the gate from —
opening | -




Solution
(a) Free body diagram of the gate ABC
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Don’t forget the hinge forces!

FBC
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1 F.=0 (at “lift off”)
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Solution B /

(a) Free body diagram of the gate ABC e j Fy=?

7 B -

. 1,=08m
H20m mge\ [
A & T
Single Rigid Gate L=09m
e
- -t
| C

Do not put forces on problem
diagram. Not a FBD!

Answer (a)




Depth d=0.5 m

Solution
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(b) Calculate the minimum vertical force (F) |
heg=1.55m
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Hinge \ : v

* Force on horizontal surface AB: F g = YuwhccAup

N
Fip = 9790— (2.0 — 0.9)m(0.4m?) = 4308 N 1

(at centre of AB)
* Force on vertical surface BC: Fgr = YywhccApc

N 0.9
Fgc = 9790—5 (2.0 - — m(0.45m?) = 6828 N —
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SOIUtion ¥ B Depth d=0.5 m
. L,=0.9m «x I =X
(b) Location of force Fy- ’ iR
Centre of
Pressure
_ Ixxsiné6 3 C
Yer = " hegane osm
CGABC d=0.5m
dL3>  0.5m(0.9m)3
o= Y2 05mOIm” 13037 m*
12 12
Vertical gate
Iy Sin 0.03037 m*(sin 900§/ cC T
= —="—=— — = —0.04355m =
Yep hecApc (2.0—0.45)m(0.45 m?2) Ig=C

e We have all the forces and their locations

Indicates below centroid of BC
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Solution

(a) Take moments about hinge at A:

Fgly — FAB — Fpc (22 + |pr|) =

Fp = [FAB + Fpc (22 + |ycp|)] / Ly

Minimum vertical force at B:

4308 N (0.4 m)+ 6828 N(0.4935m)
0.8m

FB:

=6370N |

L,=0.8 m

L,/2=0.4m

Fp=6828 N

Answer (b)

F,;=4308 N

L,/2=0.45 m

|

Ve, =0.0435 m
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