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INTRODUCTION

Why Do We Have To Learn This Stuff, It Has No Real Use In Life?

The most important lesson I learned in physics happened in the Down Stairs John at McMaster University.  My first year physics professor sent us all off to the bar to find out a very important lesson.

Who Wants A Beer?  (use an alcohol free beer)

Materials:
A conical shaped glass, a regular round glass, dealcoholized beer.



Measuring tape, calculator

Volume formula for a cone:  Volume = ( r2 h
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Where “h” is the height of the cone and

Where “r” is the radius of the top of the cone or liquid.

Volume formula for a cylinder:
Volume = ( r2 h

Where “h” is the height of the cylinder (or liquid) and

Where “r” is the radius of the circle

Have a student measure the cone’s radius and height, then pour in the beer and have the height of the liquid measured and the height of the liquid and foam.

Have someone do the calculations on the board.

Moral of the exercise is to learn that knowledge protects you from being taken advantage of.

Quickly show the difference between a large glass and a small glass of pop at a restaurant using the cylinder formula.  Which one is bigger?  Are you being taken advantage of?  Do you want ice in your large glass of pop?

SKID TO STOP FORMULA

If there is time, derive the formula.


Speed = 15.9   d x f +-e 

Speed will be in Kilometers per hour

Where d = the distance of the skid, f is the drag factor (coefficient of kinetic friction) and e is the elevation (grade) of the road.

The value of e is determined by the formula   e = rise

                                                     Run

The value e can be positive if the skid is uphill and negative if the skid is downhill.

The value of f can be measured or an approximation taken from the Accident Reconstruction Manual.

Question 1:  
A car is travelling on a highway when a deer runs out in front of it.  The driver locks up all four wheels and skids to a stop.  The grade of the road is -2 percent (downhill), the coefficient of kinetic friction is 0.7 and the length of the skid is 49 meters.  What was the driver’s speed before he hit the brakes?

Answer:
f = 0.7
e = -2% which equals –0.02
d = 49


Speed = 15.9   d x f +-e 

Speed = 15.9   49 x 0.7-0.02

Speed = 15.9   49 x 0.68


Speed = 15.9   33.32

Speed = 15.9  x  5.77

Speed = 91 km/hr

Question 2:
If only the front brakes of a four-tired vehicle are functioning, then the braking ability is only 70 percent of a four wheel skid to stop.  When just one front brake works, the braking power is 35 percent.  If only the back tire’s brakes are working, then the vehicle has only 30 percent braking power.  Therefore, if only one back brake works, then the braking power would be 15 percent.  Calculate how far a vehicle would skid with just the front brakes, only one front brake, just the back brakes, and only one back brake? 

f = 0.75

e = 0.0

speed = 80 km/hr


Formula  Speed = 15.9     d x f +-e x braking power

Answer:



Speed = 15.9   d x f +-e x braking power


80 = 15.9   d x 0.75 x 0.70


80/15.9 =    d x 0.525


5.03 =     d x 0.525

Squaring

25.3 =  d x 0.525

Therefore stopping distance at 80 km/hr with only the front brakes is d = 25.3/0.525 = 48 meters

Speed = 15.9   d x f +-e x braking power

(Have students do these calculations on the chalk board)

One front Brake


Both Back Brakes


One Back Brake


80 = 15.9     d x 0.75 x 0.35

80 = 15.9      d x 0.75 x 0.3

80 = 15.9      d x 0.75 x 0.15


80/15.9 =     d x 0.262


80/15.9 =      d x  0.225

80/15.9 =      d x 0.112


5.03 =          d x 0.262


5.03 =           d x 0.225

5.03 =           d x 0.112

squaring

25.3 = d x 0.262


25.3 =  d x 0.225


25.3 = d x 0.112

25.3/0.262 = d



25.3/0.225 = d



25.3/0.112 = d

Therefore the stopping distances for the reduced braking powers would be;

d = 96 meters


d = 112 meters


d = 225 meters

Combined Speed Formula


Speed  =     S12  +  S22  + S32 etc


Speed =      15.9   d x f +-e 

Question 3:
A vehicle is travelling on a level surface.  The road is under construction and the asphalt runs out.  The driver goes by the barricades then realizes he has reached the end of the road.  He skids 22 meters on the asphalt and then 31 meters on the cement base.  What was his original speed before braking?

f = 0.7 for asphalt
f = 0.9 for cement

e = 0.0

Skid to stop formula for both surfaces




Asphalt





Cement


Speeda  =  15.9     d x 0.7





Speedc  =  15.9     d x 0.9


Speeda  = 15.9      22 x 0.7




Speedc  =  15.9    31 x 0.9


Speeda  =  15.9     15.4





Speedc  = 15.9       27.9

Therefore

Speeda  =   15.9  x  3.92





Speedc  =  15.9   5.28

Speeda  =  62 km/hr





Speedc  =  83 km/hr


Combined Speed:

Speed =   
Speeda2  +   Speedc2






Speed = 
622    +    832










Speed = 
3844  +   6889






Speed =   
10733

=  103 km/hr 

Yaw Marks and Absolute Speed

Yaw marks are not skid marks.  They are long curving tire scuffs left by a vehicle that is turning at the limit of adhesion for the road surface.

CHARACTERISTICS OF YAW MARKS:  

· tires are rotating and slipping

· the slipping is towards the outside of the curve

· marks have angular striations

· outside tires leave the most significant marks

· the rear tires are out-tracking

· the yaw marks have a descending radius

Make sure there isn’t any pre-yaw impact.

The speed formula is based on Newtonian Physics.  It stems from balancing the lateral friction force at the tires with the centripetal force resulting from following a curved path at the limit of adhesion.


Speed =       254 x (f ( e) x R/2

Speed =       127 x (f ( e) x R

Speed =      11.27       R x (f ( e)

Speed = speed at the beginning of the yaw marks

f 
= the coefficient of friction at the scene

e 
= the superelevation of the roadway across the mark (define this)
R 
= the radius of curvature of the yaw mark

Radius is determined by measuring the Chord and Middle Ordinate of the mark.

(Define Chord and Middle Ordinate if the class is not aware)

Always take two Chords and Middle Ordinates to see if the radius is descending (getting smaller).

R =  C2   +   M
       8M         2

Where C is the length of the chord, M is the middle ordinate 

Question 4:  A long curving mark approximately 90 meters long is identified as being a yaw mark.  The middle ordinates were measured to be 0.95m and 1.05 m with the two chords being 30 m each.  The f value is 0.75 and the road superelevation was 5%.

R1 = C2  +  M



R2 =  C2  +  M
        8M      2                                 8M      2

R1 =     302  +   0.95


R2 =    302  +  1.05
       8 x 0.95       2



  8 x 1.05     2

R1 =  900   +    0.475

R2 =   900  +  0.525

7.6 8.4

R1 = 118.42 + 0.475


R2 =   107.14 + 0.525

R1 = 118.895 = 118m

R2 = 107.665 = 107m

Radius is descending therefore it is a yaw mark.

Speed at the beginning of the yaw mark is:


Speed = 11.27    R x (f  (  e)


Speed = 11.27      118 x (0.75 + 0.05)


Speed = 11.27       118 x 0.8

Speed = 11.27        94.4

Speed = 11.27 x 9.71

Speed = 109 km/hr at the beginning of the yaw mark
Imagine you are an engineer working for the County Highways Department.  You are building a new highway and you have to calculate how much of a radius a curve must have to be safely negotiated at 80 km/hr.  Engineers build roads to have a “Critical Curve Speed” at 40 percent over the posted limit for safety reasons.  Engineers use the Critical Curve speed to calculate how much superelevation is required to keep the vehicles safely on the roadway when rounding a curve.

Exact Trajectory Equation for all Angles

S =               7.97d
           dsin( x cos( ( hcos2(
· Where the angle, theta, is measured up from the horizontal in degrees

· The horizontal distance, d, and the vertical elevation difference, h, are measured in meters in the usual way

· The result will be in km/hr
· The terms under the square root sign are added if the landing is lower than the takeoff point

· The terms under the square root sign are subtracted if the landing is higher than the takeoff point.

Question 5:  A vehicle is traveling towards a “T” intersection.  It goes through the stop sign and climbs the shoulder.  The shoulder has a +5.2 percent angle.  The vehicle is airborne a distance of 49 meters and lands in a field that is 2 meters lower than the takeoff point.  What was the vehicle’s speed when it left the road?

The first calculation is to change the 5.2 percent elevation of the shoulder to degrees.

( (degrees) =  INVTAN of % grade expressed as a decimal fraction   

5.2 % = 0.052

0.052 Tan-1 = 2.97 degrees = 3 degrees

% grade expressed as a decimal = Tan of  ( degrees

S =               7.97d
           dsin( x cos( ( hcos2(
S =            7.97 x 49
                49sin3 x cos3 + 2cos23

S =                390.53
             2.56 x 0.99 + 1.99

S =               390.53
                         4.52

S =                390.53
                       2.12

S =     184 km/hr

He was motoring!!!!

Time Distance Analysis

The universally accepted time for a normal person to see a hazard, recognize the hazard, decide on a response then put that response into action is 1.5 seconds.  Age, driving experience and states of intoxication all affect this time.

Average velocity   V=d/t     d=distance, t=time     Velocity is expressed in m/s.

Speed is expressed in km/hr.

Question 6:  A car is approaching a blind intersection where the driver cannot see the traffic intersecting his roadway.  The first point of possible perception of traffic on the other highway is 50meters from the intersecting highway.  A pickup truck fails to stop on the intersecting highway and is struck broadside by the car.  The car leaves no skid marks.  If the car driver saw the truck at the first point of perception but wasn’t quite able to take evasive action, what would his speed have to be to travel the 50 meters in 1.5 seconds. 

V = d/t

V = 50m/1.5s

V = 33.33 m/s

Converting to km/hr using the constant 0.279

33.33m/s 

   0.279

Speed = 119km/hr

Speed = 33.33m/s x 3600s/hr / 1000m/km = 119km/hr

Newton’s Three Laws of Motion

1. A body at rest or in motion will remain in rest or in motion unless an outside force is applied to it.

2. The acceleration of a body is proportional to the force applied to it and inversely proportional to the mass of the body.  Hence F = ma.

3. When a force is applied to a body, the body applies an equal force in the opposite direction of the first force.  I.e. for every action there is an equal and opposite reaction.

In physics, the units of measurement are an integral part of the calculations.  In Traffic Collision Reconstruction, the courts accept the fact that the answers include the appropriate inclusion and/or elimination of the units of measurement.  This reduces the requirement of scientific and mathematical expertise of the Judge and/or the Jury.  The “Court” relies on the expertise of the Technical Traffic Collision Investigator and/or the Reconstructionist. 
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