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Case Study: Crash Investigation Analysis


THE SKID MARK EQUATION

Scenario
· Suppose a car is travelling along a road at an unknown speed. The driver hits the brakes and the car skids. 
· It is possible to estimate the initial speed of car by measuring the length of the skid mark and determining the coefficient of friction between the tyre and the road. 
· We will assume that the car skids in a straight line and that it comes to a halt at the end of the skid. 
A car is moving down a straight line .The mass of car is 650Kg and its carrying two passengers each 70 Kgs, Together with driver their weight is 210 Kgs. The total mass of the vehicle is 870Kg. It’s on a winter and there is poor visibly. Suddenly the driver sees a block of wood cross the road and hits breaks with force F and the car decelerates at 5.60 m/s for 4.20 s. This results to a skid mark that is 64.2 m long and ends up at the tree.  We don’t know the initial speed..

ASSUMPTIONS MADE.

1. The car travels in a positive direction.
2. Assume Total weight of car is w
3. Assume that final velocity is 0 since the car comes to a stop
[bookmark: _GoBack]
DEFINITION OF VARIABLE SIMBLES
N is normal force of the vehicle
W weight of the car
Fx The force that brings car to a stop.
V directional velocity of the car
a deceleration
VfFinal velocity
is the skid mark distance


INTERPRETATION
For this scenario we will first draw a free body diagram. 
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DERIVING THE EQUATION
According to newtons second law, the acceleration of an object as produced by a net force is directly proportional to the magnitude of the net force, in the same direction as the net force, and inversely proportional to the mass of the object.

Our goal is find a formula for vi. 
· We are given that vf = 0. 
· Since we know nothing about the time taken for the skid, we start with kinematic equation 3:


Setting vf equal to zero, taking 2ax over to the other side, and then square rooting both sides gives:
                 (1)

· x is found by measuring the length of the skid mark. 
· ‘a’ represents the acceleration (in this case, the deceleration) of the car during the skid. 
· We need to find a formula for ‘a’ to substitute into (1). 
· Note: ‘a’ will be a negative number because the car is slowing down. This will cancel out the negative sign in (1). 

Now, our free body diagram tells that the net force (in the horizontal direction) is equal to the kinetic friction force. (The negative sign is because the friction force is pointing in the negative direction.)



But we know that, for a horizontal surface, the kinetic friction force is:



Substituting (4) into (3), and then into (2) gives:



Now substitute (5) into (1):




Equation (6) is the final formula. 

The principle of conservation of momentum states that when you have an isolated system with no external forces, the initial total momentum of objects before a collision equals the final total momentum of the objects after the collision. In other words



AN EXAMPLE CALCULATION,
a = -5.6 m/s2
ΔX = 62.4m
t = 4.2s
V0 =?
Vf =0

From kinematics
v = u + at


We need to get at and we subtract initial velocity from both sides 

v = u + at
-v0 = -v0

V-V0 = at

V-V0 = (-5.6) (9.2)
V-V0 =- 23.5
Another equation from displacement that we will use is 
ΔX = × t

We can isolate 
V-V0 by multiplying both sides by 2 and dividing by t to get

 = V - V0

 = V – V0

 Solving the equation gives

29.7 = V – V0

	Combining the two equations we get 
   V – V0 = 29.7
+
    V - V0 = - 23.5
       2V   = 6.2
 Dividing both sides by 2V, we get a velocity of 3.10 m/s

Initial speed will be 
                                   V0= 29.7+ 3.10
                                       = 32.80 m/s
Converting this to Km/hr
36 Km/h = 10 m/s
        ?       = 32.80 m/s    

32.80 × 36
10

Initial velocity = 118.03 Km/hr.


CONCLUSION
We can clearly see that the initial velocity was 118.03 K/m /hr. With a 5.6 m/s2 deceleration, the impact must have been quiet severe.  
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