Tyne Bridge, Newcastle

Worksheet 1
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Unless otherwise stated, give all answers to 1 decimal place and use g=9.81m/s2.

1. Above is a simplified diagram of one half of a cable-stay bridge under construction. If L1 is the same as L2 what is the angle θ?

2. Below is a free-body diagram of the arch from the above example. W represents the weight of the bridge and it acts at the centre of gravity, distance x from the pier. The distance x increases as the deck construction continues.




Using the angle found in the previous example, construct a general equation to find T in terms of W, x and L.

(Hint: take moments about the support at A)

3. If the Mass of the deck is 100g, what is the Weight in Newtons?

4. Using this weight and your equation from question 2, complete the following table. Take L = 30cm

Distance from support

x (cm)
Tension in cable

T (Newtons)

5/cosθ


10/cosθ


15/cosθ


20/cosθ


25/cosθ


4. Using an A4 piece of cardboard, create the bridge deck model as shown below. Using a Newton meter as the tension cable, set up the experiment as shown in the diagram.. 


To make the bridge deck: Fold the A4 card in half and then into thirds to make a prism shape. Make holes in the positions below.







     A





      


  B


Once you've made the holes, use sellotape to secure the prism shape (you'll probably need to re-make some of the holes through the sellotape).


Thread the shaft of a clamp through hole A in the bridge deck, ensuring the hole is large enough that the deck can rotate freely. Loop one end of the Newton meter over another clamp 20cm higher up the clamp stand. Use the hook at the other end of the Newton meter to hold the bridge deck in the middle through hole B. Record the initial reading on the Newton meter. Use the the mass hooks to add weight at different distances along the deck and record your results in the table below.

Initial reading on Newton meter:








Distance from support

x (cm)
Newton Meter Reading

(Newtons)
Corrected Reading

T (Newtons)

5/cosθ



10/cosθ



15/cosθ



20/cosθ



25/cosθ



5. To find the corrected reading, subtract the initial reading you recorded at the start from the results you recorded during the experiment. For this experiment, we are interested in the increase of tensions in the cable due to the added weight, not the tension already present.

6. How well do your recorded results agree with your calculations? 

7. What do you think may have caused any difference in results?

Extension Questions

8. Redo your calculations and experiment using an 80g mass.


Weight in Newtons: 

Distance from support

x (cm)
Tension in cable

T (Newtons)

5/cosθ


10/cosθ


15/cosθ


20/cosθ


25/cosθ



Initial reading on Newton Meter:

Distance from support

x
Newton Meter Reading

(Newtons)
Corrected Reading

T (Newtons)

5cm



10cm



15cm



20cm



25cm



9. For this experiment we ignored the initial tension in the cable when we calculated the corrected readings. Why might it be important to know the initial value when designing real bridges?

10. Calculate the difference in your recorded results compared to your calculations as a percentage of your calculated results. 
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