TAP 203- 5: Moments questions

1)
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The plank is set up as shown and the balance zeroed. When the student lies on the plank the reading is 600 N. The balance is 2 m from the student’s feet and the centre of gravity of the student is 1.5 m from their feet. What is the student’s weight?

2) 
A rigid beam is hinged to a wall and held horizontally by a string as shown in the diagrams below.  

Calculate the tension in the string T in each of the following situations.

In all calculations ignore the mass of the beam.

  (a) 
A weight of 200 N is hung from the beam as shown in diagram (a).


 (b) 
The 200 N weight is moved to the midpoint of the beam.


 (c) 
A second 200 N weight is added as shown in diagram (c). 

 
(d) 
The string is shortened and tied to the middle of the beam. 

The 200 N weights remain in position and the string remains tied to the same point on the wall so the angle between string and the beam is 50°.  (Diagram d)


3)

A van and trailer cross the bridge above, the axel loads and the position of the vehicles are shown.  The single span bridge is supported at points 21m apart.  

(a) 
Calculate the vertical forces at each of the supports caused by the van and trailer on the bridge.

 (b) 
The support forces are higher than you calculated, explain why.

4)

Walls can be used to hold back earth banks, for example in railway and motorway cuttings. Walls are also sometimes are used in gardens to provide different soil levels. Sometimes walls can tip over. 

IN this example the soil provides an average thrust T of 2.0 x 106 N and acts about a third of the way up the wall.  The weight acts 1.0 m from the right hand corner of the wall.

Calculate the weight of wall just needed for the wall to be stable and not topple over.

(b) 
It is suggested that a toe might reduce the quantity of concrete needed.  
The average soil thrust remains as in part (a).

The weight of the toe is 1.6 X 105 N.

What weight W would be required to stop the wall

 tipping over?

 (c)  
Would you expect a wall half the size of that in part (a) to have the weight you calculated in (b)?

Answers and worked solutions

1 
Taking moments about the feet.

600 x 2 = W x 1.5 so W = 800 N

2 
Taking moments around the left hand edge of the beam near the wall

(a)
T sin 30° x 0.5 = 200 x 0.5 so T sin 30° = 200 and T = 400N

(b) 
T sin 30° x 0.5 = 200 x 0.25 so T x 0.5 = 50 and T = 200N

(c) 
T sin 30° x 0.5 = (200 x 0.5) + (200 x 0.25) = 150 so T = 600N

(d) 
T sin 50° x 0.25 = (200 x 0.5) + (200 x 0.25) =150 so T = 783N

3 
Taking moments about the LHS and working in kN.

(7 x 4 kN) + (10.5 x 10 kN) + (15.75 x 8 kN) = vertical force x 21

28 + 105 + 126 = 259.  So vertical force = 259/21 = 12.3 kN

A similar calculation can be performed by taking moments around the RHS of the bridge.

Alternatively In equilibrium upward force = Downward force 

So 22 kN = 12.3 kN + force on RHS of bridge.  Force = 9.7 kN

(b) 
The weight of the bridge has been ignored so upward forces will be larger.

4 
Taking moments about corner A

(a)
T x 3 = W x 1 so 2.0 x 106 x 3.0 = W   so W = 6 x 106 N

Taking moments about corner B.

(b) 
T x 3 = (W x 1.5) + (1.6 X 105 x 0.5) so 6 x 106 = 1.5 W + 8 x 104 and W = 3.95 x 106 N

(c) 
Not if it were the same type of concrete

External references

Questions 2 and 3 are based on Revised Nuffield Advanced Physics Chapter A questions 41 and 43.

Question 4 is based on an idea from Physics in Engineering 16-19 Mechanics and Heat by G Rait
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