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Tutorial Questions 2003

Question 1
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The sketch plan above shows two straight and parallel locked wheel tyre marks produced by a car being driven towards the rear of the parked car. At the last moment, the driver says that he was suddenly confronted by an unlit parked car and that he swerved to his right and braked as hard as he could. A witness says that the car was being driven erratically and that it was actually being driven on the footpath.

How fast was the car travelling ?

Could the witness have been mistaken about the car being driven on the footpath?

The following information is available:

Using the nearside kerb edge as a datum line and the lamp post LP as a reference point, point A is 4.0 metres from the lamp post LP and 1.0 metres from the datum line.  Point B is 24.0 metres from LP and 6.0 metres from the datum line.

Deceleration tests found that the maximum achievable deceleration at the time of the accident was 7.2 ms-2.

The car is known to have come to a halt with its front wheels over the end of the tyre marks.

________________________________________________________________ 

Hints:  

The diagram below, not drawn to scale, shows the geometry associated with this question.
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The sharpest possible swerve where the car just misses going on to the footpath is the circular arc that is tangential to the kerb and meets the start of the tyre mark tangentially at A. There is only one circular arc that can do this. If the speed of the car is greater than the critical speed that enables the car to follow this arc, then the car must have been on the footpath. 

Use pythagoras to calculate the length of the tyre marks.                










        (20.62 metres)

Calculate the speed of the car at the start of the tyre marks.   

                                                                                        (17.23 ms-1 or 38.55 mph)

Calculate the radius of curvature R. 


                     (33.5 metres)

To calculate R: 

Find the angle Φ from the right angled triangle with AB as the hypothenus.

                                                                                                       (14.04 degrees)

Now look at the right angled triangle AQP.  In this triangle cos(Φ) is given by 




cos(Φ) = (R -1.0)/R

Use this to find R.






                (33.5 m)

The critical speed is given by 
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                       (15.5 ms-1)

If the speed of the car calculated from its tyre marks is greater than the critical speed Vc then the car must have been driven on the footpath.






 

________________________________________________________________

Question 2

A trailer has flat sides. It is 12 metres long and stands 3.5 metres from the ground. The bed of the trailer is 1.2 metres above the ground. The track width of the trailer is 2.4 metres. The trailer has a mass of 3000 kilograms.

The trailer is being pulled by a tractor unit which is travelling south. The wind is blowing from the west. Suddenly, the trailer overturns and falls on to its nearside. The driver claims that the wind was so strong that it caused the trailer to overturn. Weather racords for the area indicate that the wind was gusting from west at speeds up to 60 miles per hour. 

Could the driver's explanation be correct ?

The density of air 1.29 kg m-3.

1 mph = 0.447 ms-1
________________________________________________________________

Solution:

60 miles per hour = 26.8 ms-1.

Force = rate of change of momentum.

Mass of air striking each square metre of trailer side each second  = 1.29 x 26.8 kg.

If all the air  is stopped by the trailer side, the change in momentum per second = mv  =  1.29 x 26.8 x 26.8 = 926.5 newtons.

Area of trailer side = 12 x (3.5 - 1.2) = 27.6 m2.

Total force of the wind = 926.5 x 27.6 = 25572 newtons

The force is effectively applied to the centre of the trailer side's area and that point will lie 1.2 + (3.5/2) = 2.95 metres above the ground.
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Taking moments about point P:

If the trailer is stable, the clockwise moments about point P will be less than the anticlockwise moments about P.

Clockwise moments = Force x distance = 25572 x 2.95 = 75438 nm

Anticlockwise moments = mg x (half track width) = 3000 x 9.81 x 1.2 = 35316 nm
The wind force will easily overturn the trailer even if the efficiency of the process is quite low.

Question 3:
In the circumstances of question 2, if the coefficient of friction between the trailer tyres and the road surface is 0.70, would the trailer slide sideways before it overturned ?

Hints:

Calculate the frictional force.        



((mg = 20601 newtons)

Compare the frictional force with the wind force.   

(20601 < 25572)   

The wind force is greater than the maximum frictional force available at the tyres. This means that the trailer will be blown sideways and will not overturn until nearside wheels come up against some obstacle like a kerb edge or when the tyres go on to the verge and "dig" into the ground.

________________________________________________________________

Question 4:

At about 8.00 pm Mrs Angela Ashes was driving a VW Polo along the High Street, Redcar, when her car struck a pedestrian. She panicked and drove away from the scene of the accident. After a while, she decided to go back to the scene. Police officers were still in attendance and she explained that she had been the driver of the car that had hit the pedestrian. At 10.00 pm she was breathalysed. The instrument indicated an alcohol level of 32 μg of alcohol in 100 ml of breath.

When asked about her drinking that evening, she stated that she had visited the Spotted Dick Public House in Corporation Road at 5.30 pm. She drank two pints of ZAP lager and left the public house at 6.00 pm. That was the only alcohol she had consumed that day.
(1) 
Estimate Mrs Ashes's blood alcohol level at the time of the accident.

(2)
Is her claim that she drank two pints only likely to be correct ?
The following information is available:
Mrs Ashes weighs 60 kg. 

Her Widmark factor is 65 per cent. 

1 pint = 568 ml.

Specific gravity of alcohol = 0.85

Alcohol content of ZAP lager is 6% v/v.

Time to absorb alcohol into bloood stream is about 45 minutes.

Alcohol elimination rate from blood is roughly 15 mg/100ml/hour.

Legal limit for alcohol is 80 mg/100 ml of blood = 35 μg/100 ml of breath.

________________________________________________________________

Hints:

Calculate the blood alcohol level at 11.00 pm.                              (73.1mg/100 ml)

Calculate Mrs Ashes's water content



                 (39 litres)
Calculate her total alcohol content at 11.00 pm


         (28.51 grams)
Calculate total acohol eliminated since 8.00 pm:


2 hours at 15 mg/100 ml/hour                                       (11.7 grams)

Calculate total alcohol in her body at 8.00 pm                                   (40.2 grams)

Calculate blood alcohol level at 8.00 pm



 (103.1 mg/100 ml)

Assume all alcohol drunk to have been absorbed by 

6.00 pm + 45 minutes. Alcohol eliminated between 

6.45 pm and 8.00 pm (1.25 hours) is 7.3 grams.

Calculate blood alcohol level at 6.45 pm



(121.8 mg/100 ml)

How many pints of ZAP lager would give that blood 

alcohol level ? (Don't forget the specific gravity !)

           (1.64 pints)






________________________________________________________________
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