Calculations on stress, strain and the Young modulus

Question 45S: Short Answer

These are provided so that you become more confident with the quantities involved, and with the large and small numbers.

A strip of rubber originally 75 mm long is stretched until it is 100 mm long.

1. What is the tensile strain?
2. Why has the answer no units?
3. The greatest tensile stress that steel of a particular sort can withstand without breaking is about 109 N m-2. A wire of cross-sectional area 0.01 mm2 is made of this steel. What is the greatest force that it can withstand?
4. Find the minimum diameter of an alloy cable, tensile strength 75 MPa, needed to support a load of 15 kN.
5. Calculate the tensile stress in a suspension bridge supporting cable, of diameter of 50 mm, that pulls up on the roadway with a force of 4 kN.
6. Calculate the tensile stress in a nylon fishing line of diameter 3.6 mm which a fish is pulling with a force of 20 N.
7. Compare your answers to questions 5 and 6. Suggest one reason why nylon is not suitable for the supporting cables of a suspension bridge.
8.
A large crane has a steel lifting cable of diameter 36 mm. The steel used has a Young modulus of 200 GPa. When the crane is used to lift 20 kN, the unstretched cable length is 25.0 m. Calculate the extension of the cable.

Question 50S: Short Answer

Stretching copper wire

1.
The copper wire used has a diameter of 0.24 mm. What is its cross-sectional area in mm2 ? What is this in m2?

2.
A load of 10 N is applied to the wire. What tensile stress does this cause? Remember to include the units in your answer.

3.
The load caused the wire to stretch by 3.5 mm from its original length of 1.6m. What is the tensile strain?

4.
Calculate the Young modulus of copper.

Using thinner wire

Suppose this sample of wire was replaced with one of half the diameter.

5.
What would be the new value of the stress?

6.
What extension would be produced?

Using steel wire

The copper wire was replaced with a 1.6 m sample of steel wire of diameter 0.24 mm. Steel is stiffer than copper. Assume that the Young modulus of the steel used is twice that of copper.

7.
What value of extension would you expect for the same load of 10 N?

8.
What length of wire would be needed to give an extension of 3.5 mm?

