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                 Diagram 1

Introduction

The force of the wind can blow a lorry over or cause it to slide sideways. We have to decide whether the lorry will be blown over before it slides or whether it will slide before it is blown over. 

If the wind speed and direction is known, can we calculate whether it is safe to drive the lorry in such wind conditions?

Blowing over

For this part of the analysis, we shall assume an extremely high coefficient of friction so that the lorry will not slide. For simplicity we shall also assume that the wind is blowing at right angles to the side of the lorry and we shall only consider the trailer. Later, we shall discuss the effects of wind direction, vehicle shape and other vehicle componts. 

Let the force of the wind be denoted by F. The force will be uniform over the whole area of the side of the trailer but it can be regarded as equivalent to a single force acting at the centre of that area.
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Diagram 2

The wind force will tend to turn the trailer over. The pivot will be point P in Diagram 2. On the other hand, the weight of the trailer will tend to keep the trailer upright. The anti-clockwise turning moment of the wind force is F×h where h is the distance from the ground to the centre of the area of the side of the trailer. h is also given by  (c + ½a) 

The clock-wise turning moment due to the weight of the trailer is (mg × ½d)

The trailer will overturn if 


      (F×h) > (mg × ½d)

or when 
              F > mgd/(2h) 

Since force is defined as the rate of change of momentum, it follows that the wind force comes from the momentum of the wind which is destroyed in each second of time. Here, we assume that the wind simply hits the side of the trailer where the wind velocity at right angles to the side of the trailer is reduced to zero. In Diagram 1 the volume of air striking the side of the trailer each second is (Vab) cubic metres where V is the velocity of the wind.

If the density of the air is denoted by ( then the mass of air stopped by the side of the trailer will be (Vab() kilograms.

Since linear momentum is the product of mass and velocity, the momentum destroyed each second is (Vab() × V = V2ab( and that is also the wind force in newtons.

Thus, the trailer will turn over if    

                    V2ab( > mgd/(2h) 

or if 
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Blown sideways

Let the coefficient of friction between the tyres and the road surface be denoted by (.

The trailer will slide sideways if the wind force exceeds (mg or if 

                           V2ab( > (mg

or                         
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If  Vslide < Voverturn   then the trailer will slide rather than overturn.

If    Vslide > Voverturn   then the trailer will overturn rather than slide.

Thus, the condition for the trailer to overturn rather than slide is 

( > d/(2h) . . . . . . . . . . . . . . (3)

Example: Consider a vehicle of the size of an unladen Luton Box Van with the following properties:

m = 1800 kg (unladen mass) 

d =  1.90 metres

a = 2.18 metres 

b = 5.41 metres

c = 0.72 metres

we also have

( = 1.293 kg.m-3 (Density of air at stp)

g = 9.81 ms-2
( = 0.7

and 


h = c + ½a = (0.72 + ½ ×2.18)

   = 1.81 metres 

Substituting these values into equation (3) gives 0.7 > 0.525 which is true and means that the vehicle will overturn rather than slide. 

The wind speed at which the vehicle will start to overturn is given by equation (1). 

Substituting into equation (1) gives Voverturn =  24.7 ms-1 or 55.1 mph.

The windspeed at which the vehicle will start to slide is 28.5 ms-1 or 63.7 mph.

Thus, if the wind should suddenly gust to over 63.7 miles per hour the vehicle will slide and turn over.

Example: Consider a car with the following characteristics.

m = 1000 kg 

d =  1.7 metres

a = 1.3 metres 

b = 4.0 metres

c = 0.3 metres

we also have

( = 1.293 kg.m-3 (Density of air at stp)

g = 9.81 ms-2
( = 0.7

and 


h = c + ½a = 0.95 metres 

Substituting into equation (3) gives   0.7 > 0.895 which is not true and so the car will slide rather than overturn.

The wind speed at which the car will start to slide is 32.0 ms-1 or 71.5 mph.

The wind speed which would overturn the car is 36.1 ms-1 or 80.8 mph.

Note that the only variable in equation (3) is the frictional coefficient. If that should rise to some very high value, then the car will overturn rather than slide provided that the wind speed exceeds 80.8 miles per hour. A situation in which the value of that coefficient becomes effectively very high is where the car comes up against a kerb edge or some low level obstruction or where the wheels dig into the ground. 

Comments:

If the wind is not blowing at right angles to the side of the vehicle then the component of the wind velocity at right angles to the side of the vehicle should be used. For example, if the wind is blowing at ( degrees to the side of the vehicle instead of at 90 degrees, the value of Vslide and of Voverturn calculated from equations (1) and (2) should be divided by Sin(() to find the actual wind speeds necessary to cause the vehicle to slide sideways or to overturn.

If the wind speed is U at an angle of ( to the side of the vehicle, the value of V should be set to Usin(().

In practice, the air flows around the vehicle and so not all the wind blowing towards the vehicle will have its momentum destroyed. Thus, the wind force will not be as great as that calculated by the above method. On the other hand, the softness of the vehicle suspension will partially compensate for this effect.    

Vehicles are not just rectangular in shape. In order to account for more complex vehicle shapes, simply divide up the shape into a very small number of rectangles. For example, a particular rigid vehicle might be represented as two rectangles Q and R as shown in Diagram 3:
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 Diagram 3

Calculate the wind force on area Q and on area R. Let these forces be FQ and FR respectively.

Calculate the height above the road surface of the centre of rectangle Q and also of rectangle R. Let these heights be hQ and hR respectively.

These forces can be replaced by a single force F at a height h above the ground where


F = FQ + FR
and
h = (FQhQ + FRhR) / ( FQ + FR)
The force F will be the value to replace the quantity (V2ab() in the calculations leading to equation (1) and to equation (2).

Finally, the above calculations are based on a rigid vehicle, situated on a horizontal road surface and subjected to a steady wind force. In practice, the flow of air around a vehicle is far more complex than has been assumed here. The calculations will be more valid for box shaped vehicles than for stream-lined cars.
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