








surface on which to locate the onset of impending skid
marks.  Locating impending skid marks on traveled
asphalt was more difficult.  Locating the impending skid
marks on new chip-sealed surfaces was the most
difficult.  The minimum transient brake time on new
asphalt was approximately 0.11 seconds.  The test
vehicle had a minimum transient brake time of
approximately 0.18 seconds on a traveled asphalt
surface.  On a new chip-sealed surface, the test vehicle
had the largest transient brake time of approximately
0.25 seconds.

The minimum transient braking times are
fixed/constant values for each roadway surface type.
When a minimum transient braking time is used in the
new equations, the velocity change that is determined to
have occurred during the transient braking process also
will be a fixed/constant amount for the given type of
roadway surface.  This can be seen in Figure A2 where
the velocity change during the transient braking process
is equal to the area of the triangle bounded by the onset
of braking, t0 , and the point in time, tS , where the
transient braking process ends.

As indicated earlier, the brake system of the test
vehicle was inspected and adjusted for optimal
performance.  Any under adjustment of the brakes of a
vehicle would tend to lengthen the transient braking
process.  The use of a minimum transient brake time, in
a reconstruction where the subject vehicle’s brake were
not performing at optimum, will result in an under
estimation of the speed of the subject vehicle.  The
magnitude of the under estimation will be proportional to
the difference in the actual transient braking time and the
minimum transient braking time.

A test vehicle was configured with a G-Analyst
accelerometer during a portion of the test runs.  The G-
Analyst measurements of deceleration were found to be
over-damped as shown in Figure A7.  The G-Analyst,
however, was found to accurately measure the
deceleration during the quasi-steady state portion of the
braking process when the test speed was 40 miles per
hour or greater.  At test speeds less than 40 miles per
hour, the over-damped G-analyst was not able to
consistently respond quickly enough to accurately
measure the relatively short-lived quasi-steady state
deceleration.

DISCUSSION

METHOD COMPARISON

Figures A8, A9, and A10 display the results of a
comparison of the new method and the traditional
method.  Each method was used to estimate the speed,
braking distance and braking time of the test vehicle.
The results were then compared to the measured test
data.  From the figures, we can see that the new method
consistently calculates speed, distance, and time values
with a smaller percentage difference from the measured
test values than the traditional method.  The new method
more accurately determines the speed of the vehicle, the
braking distance and the braking time than the traditional
approach.

An example reconstruction and avoidability study
was performed to illustrate the difference between the
traditional method and the new method (see appendix).
A hypothetical accident involving a pedestrian and a
1989 Toyota Camry was reconstructed.  The pedestrian
enters the roadway, sees the oncoming car and
becomes paralyzed with fear.  The driver of the car sees
the stopped pedestrian and applies the vehicle’s brakes
in an emergency braking maneuver.  The car, however,
collides with the pedestrian while traveling at a speed of
37 miles per hour.  Prior to the collision, the car left 59
feet of skid marks on the dry surface of a traveled
asphalt roadway.  The dynamic coefficient of friction was
0.78 and the transient braking time was 0.18 seconds.
The driver of the car is assumed to have experienced a
perception-decision-reaction (PDR) process of 1.5
seconds in duration.  The speed limit for the roadway is
45 miles per hour.

Using the traditional approach, the speed of the
car at the onset of the skid marks was determined to
have been approximately 52 miles per hour.  The new
method resulted in a speed at the onset of braking of 54
miles per hour.  The car was determined, by the
traditional method, to have been located approximately
173 feet from the point of impact (POI) at the onset of
the PDR process of the driver.  The new method placed
the car approximately 192 feet from the POI at the onset
of the PDR process.  Now the question has been asked,
“If the car had been traveling at the speed limit, would
the collision still have occurred?”.  The traditional
approach indicated that the car would have skidded to a
stop approximately 13 feet beyond the POI and the



collision still would have occurred.  The new method
more accurately indicated that the car would have braked
to a stop at the POI and the collision would not have
occurred.

It is apparent that the new method can have a
dramatic affect on the results of a reconstruction.  The
usefulness of this new method, however, is limited by the
availability of measured minimum transient brake times.
In order to expand the application of the new equations,
further work is needed to determine the minimum
transient brake times for other vehicles.  It is possible
that additional work could determine that a relationship
exists between various types of brake systems and the
minimum transient brake time.  Should such a
relationship exist, it may be possible to form a
generalization that will allow for the establishment of a
standardized minimum brake time that can be applied to
untested vehicles.

NEW METHOD APPLICATION

When the minimum transient braking time for a
given vehicle has been determined, then the
equations (7), (8) and (9) can be used to determine the
velocity at the onset of braking, the total braking distance
and total braking time more accurately that by the
traditional method.  The deceleration experienced by a
subject vehicle in a reconstruction can be either
determined by estimation or by measurement.  If
measured, an appropriate accelerometer should be used
to determine the deceleration curve.

It has been suggested previously that double
integration of a deceleration curve can be used to
determine the distance traveled by a test vehicle during a
maximum braking application [8].  Such a process is not
recommended due to the propagation of inaccuracy
associated with the instrumentation.  The location of tS

on the deceleration curve can be accurately determined
only with the use of additional distance measuring
equipment.  If this equipment is not available, then the
location of tS  can be estimated for the purposes of
determining the average deceleration of the quasi-steady
state.  Our testing of the 1989 Toyota Camry suggests
that the location of tS  can be estimated at the peak of
the initial rise in the deceleration curve.

These equations also should work well when
applied to vehicles equipped with air brake systems that

have a pneumatic lag time.  The longer the duration of
the transient brake time, the greater the accuracy
difference will be between the new method and the
traditional approach.

The authors also have observed that, some
vehicles that are equipped with anti-lock brake systems
(ABS) will leave skid marks on the surface of a roadway
during maximum braking.  Some of these vehicles leave
faint impending skid marks while others leave skid marks
nearly as dark as those from non-ABS equipped
vehicles.  The new equations should allow these skid
marks to be analyzed more accurately than with the
traditional approach, once these vehicles have been
tested to determine their transient braking times.

SUMMARY

1. A new speed from skids equation is set forth in this
paper.  The equation allows the reconstructing
engineer to determine the speed of a vehicle at the
onset of maximum braking.  In addition, new
equations for braking distance and braking time were
presented.

2. Minimum transient brake times were determined for
a 1989 Toyota Camry sedan.  The minimum
transient brake time was found to be a function of
the roadway surface.  The minimum transient brake
time was found to be approximately 0.11 seconds for
new asphalt, 0.18 seconds for traveled asphalt and
0.25 seconds for a new chip-sealed surface.

3. The brake system of the test vehicle was inspected
and adjusted for optimal performance.  Any under
adjustment of the brakes would tend to lengthen the
transient braking process.

4. On the surface, the traditional approach used to
determine the dynamic coefficient of friction of a
roadway surface seems to be relatively simple and
straight forward.  Improper application of the First
Law by the traditional method, however, results in a
false indication that the dynamic coefficient of friction
changes with vehicle speed.

5. The dynamic coefficient of friction was found to be
essentially independent of vehicle speed.  The
minimum transient brake times also were found to
be independent of vehicle speed and the coefficient
of friction.  This indicates that the new equations can
be used in a reconstruction without regard to the
speed of the vehicle or the dynamic coefficient of
friction of the roadway surface.







FIGURES

Figure A1.  Characteristic Deceleration Curve for Locked Wheel Braking.

Figure A2.  The New Model for Locked Wheel Braking.   
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Figure A3.  Characteristic Deceleration Curves for Locked Wheel Braking.

Figure A4.  Dynamic Coefficient of Friction vs Vehicle Speed.
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Figure A5.  Minimum Transient Brake Time vs Vehicle Speed.

Figure A6.  Minimum Transient Brake Time vs Coefficient of Friction.
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Figure A7.  Acceleration vs Time.

Figure A8.  Accuracy of Vehicle Speed Calculations, New Method vs Traditional Method.
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Figure A9.  Accuracy of Braking Distance Calculations, New Method vs Traditional Method.

Figure A10.  Accuracy of Braking Time Calculations, New Method vs Traditional Method.
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Figure A11.  Transient Braking Energy as a Percentage of Initial Kinetic Energy.

Figure A12.  Dynamic Coefficient of Friction vs Vehicle Speed.
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