    Calculations for the crash scene  involving cars A and B

In all serious collisions where Collision investigation is carried out ‘Skid Testing’ is carried out to ascertain the coefficient of sliding friction between in this case the road surface and the tyres.
Skid Testing  is carried out in ideal conditions using  the actual  vehicle involved in the collision, but more normally  a similar vehicle (normally a Police ‘Panda’ car), due to the damage sustained to the vehicles involved.

Skid testing is then carried out using a vehicle fitted with a ‘Skidman’ (brand name) accelerometer.  The test vehicle is driven at a speed of approximately 40mph in the same direction as that travelled by the collision vehicle and in the same road and weather conditions.

The test is then carried out and the driver applies the brakes fully and quickly (like an emergency stop) with a view to locking all 4 road wheels and bringing the vehicle to a stop.  If the vehicle is fitted with an Anti Lock braking system then it is disabled prior to the skid test.
Two of these tests are carried out and if the results are within 10% of each other they are considered suitable for carrying forward for further calculations.

The lowest result is used for any subsequent calculations as this gives the lowest resultant speed for any calculations made. This is done in fairness to the driver involved.

The ‘Skidman’ provides a deceleration figure in ms-2.

The results for this scenario are as follows







(1)  -6.87 ms-2







(2)  -6.99 ms-2
The other values that are required that are not on the plan drawing are as follows

Weight of Car A = 1200 kg

Weight of Car B = 1400 kg

The formula for the tyre skid marks is     v² = u² +2as  

Where  v = Final velocity


       u= Initial velocity


       a= acceleration

             s =displacement



RESULTS
The final resting positions of the vehicles are the starting point for calculations, as it has some known values.  The length of the skid mark post impact is calculated first and therefore its values are as follows:-
u = ?
v = 0 ms-1
a = acceleration = -6.87 ms-2 (it’s a minus due to it being a deceleration)
s = 10.6m

Using  v² = u² +2as   


0 = u² +(2 x -6.87 x 10.6)

               u² = 145.64    so u  = 12.07 ms-1.

This is the velocity of both the vehicles just after they collided and skidded along the roadway.

Conservation of Linear Momentum

When two or more bodies act upon one another, their total momentum remains constant, providing no external forces are acting upon them.

mAuA + mBuB = mAvA + mBvB

i.e Total momentum before the collision = Total momentum after the collision.

For the purposes of the following calculations we are considering the momentum in the direction as travelled by car A, hence the reason the momentum for Car B below is zero.
Mass of car A = 1200 kg

Mass of car B = 1400 kg
Velocity of Both vehicles post collision = 12.07 ms-1
1200 x uA  + 0 = (1200 +1400) x 12.07

1200uA = 31382

uA  = 31382

         1200       
uA =  26.15 ms-1
It is now known that the velocity of car A was 26.15 ms-1 when it collided with Car B.

Therefore again using the formula for the tyre skid mark v² = u² +2as for the Initial skid marks made by car A its initial velocity can be calculated.

v² = u² +2as

26.15² = u² + (2 x -6.87 x 17.69)

u²= 683.82 +243.06 

u = √926.88    =   30.44 ms-1    or 68mph.
This speed calculated is a MINIMUM speed due to the 4 stages of braking which are explained below:- 
STAGES OF BRAKING (NON ABS SYSTEM)

When the driver of a vehicle applies the brakes in an 'emergency' situation, the wheels, although under maximum braking effort, do not lock immediately.  Hence tyre marks are not visible on the surface of the road in the initial stages.  Braking under these conditions should be considered in four stages:-

1. Driver's foot strikes the brake pedal and pressurises the braking system causing maximum braking effort to the rotating wheels.  Peak braking efficiency is obtained, the speed of the vehicle begins to reduce without tyre marks being left on the road surface.

2. Braking system is still pressurised and the vehicle continues to reduce speed.  Maximum braking effort is maintained but the friction material in the brake linings brings the wheel to a state approaching 'lock-up'.  Tyre marks are still not visible on the road surface at this stage.

3. Braking system is still pressurised.  The brake linings have succeeded in preventing the wheel from revolving.  It is now locked and the tyre is sliding over the road surface.  Due to the friction between the surfaces, heat begins to be generated which begins to melt the surface of the road resulting in 'shadow' marks being left on the road surface.  Vehicle speed continues to decrease.

4. Braking system is still pressurised and the wheel continues to be locked, sliding over the road surface.

The frictional temperature increases to a point, where depending on the composition of the road surface, bold, dark tyre marks will be left.  As the vehicle continues to slide the speed will decrease and tyre marks will continue to be left until either the vehicle slides to a stop or the driver releases/reduces pressure on the brake pedal.
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The composition of the road surface will determine at which point the tyre marks become visible.  For example some road surfaces have a high bitumen content.  Bitumen has a relatively low melting point, considerably lower than that of tyre rubber compounds and therefore marks will be left earlier on a bituminous surface than on a concrete one.

The start of the tyre mark, in particular 'shadow' marks, can be difficult to establish.  Therefore it is necessary to look closely at the road surface from various angles - on hands and knees if necessary - in order to determine the point at which they start.

In a collision scenario where a vehicle has skidded to a halt, and the start and finish of the tyre marks have been established by the Collision Investigator, any speed calculated from these marks will be a MINIMUM speed, as it is based solely on stages 3 and 4 of the 'Stages of Braking'.

The amount of speed lost by a vehicle in Stages 1 and 2 varies with the type and efficiency of the braking system and the type and condition of the road surface.

