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1. (15%) A 100N force acts along line AB. Please determine the moment of this force about
the line CD. Write the moment as a Cartesian vector. (Point D is 6m above the x-y
plane.)
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2. (15%) Find the reaction forces at positions A, B, and C necessary for ABC to be in
equilibrium.
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3. (25%) There is a rectangular tank. It has a level of 40 cm from the bottom of the tank when
filled with water. Now we want to design a Water-blocking device. The design parameters
and the sections of the Water-blocking device are given below.
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y=-x*+15 {I>x>-1}
y=2 {I>x>-1} |
x=1 {2>y>15} :
x=-1 {2>y>15} ' 5
y=05 {1<x<3.5,-1>x>-3.5}
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x=4 {2>y>0} § i ; -
x=-4 {2>y>0} B - '

y=0 {3.5<x<4,-3.5>x>-4} f o (
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=35  {0<y<0.5}
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Dywater = 1000 kg/m3 -15 ’ 15

a. Showthe distributed force diagram of water pressure on the Water-blocking device.
Only show the force in y direction. (You can show it in 2-D.)

b. Whatis the total force of water pressure in y direction on the Water-blocking device?
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c. Now we have some material parameters. What is the best choice?

Hint : When the tank is empty, start adding water from the tank wall. It has to make sure
that the blocker will not open. (£ # X &2 K F3t4)

Material name density
Taiwon#1 800 kg/m3
Jepen#6 1000 kg/m3
Korae#19 1200 kg/m?
Chine#99 1400 kg/m?

" Do not get influenced by the names of the material! "

4. (10%) Determine the moment of inertia of the area about the y axis. Solve the problem in
two ways, using rectangular differential elements.
a. having a thickness of dx.
b. having a thickness of dy.

(RARAAEEREHFTURTHS)

y = —156x? + 1.83«

B A mm
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5.
a) (10%) Consider the structure as shown below with a spring attached at the center of rod

AB. Neglect the weight of all links and assume a frictionless pin connection among all
links. The angle 0 is zero at equivalent without the external force P. Determine the
value of angle 0 after P=2N is applied directly downward.

b) If friction force exists in all pin connections, please use engineering judgments with
verifications to describe

1. (5%) The friction effects on the angle 0 .
2. (10%) The friction effects on the equivalent spring constants of the entire structure

at point C.

k=60 N/m

0.2,,7

0 0.4m
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6. (10%) An athlete performs an acrobatic act on a plate with square cross section on the top
of a ball with radius R, as shown below. Agility and complete focus are required to
ensure a balanced result. Ignore all effects due to the athlete (assume a man with no
weight), please show that the plate-ball system can only be stable if H is small enough
compared with R.




