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The Importance of the Weight Distribution of a Vehicle During
Braking
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by Bruno Schmidt, Ph.D.

Introduction

Many accident reconstructionists assume that a braking automobile has approximately 60%
of its weight supported by the front tires, and 40% by the back tires[1]. If, then, there
is evidence that only the front tires are not rotating (either because of faulty rear
brakes or if collision damage has pinned only the front wheels), the effective drag
factor is taken as 60% times the coefficient of friction (assuming a level roadway),
while in fact, the actual value depends on the height of the center of gravity, the
location of the center of gravity between the front and rear tires, and the coefficient
of friction. Vehicles with a high center of gravity or with a large weight distribution
at the front (as with many front-wheel drive cars) can depart significantly from the

60-40 rule.

Another analysis[2] assigns 70% loading to the front wheels for a vehicle that has 50%
loading in the static case, which may be an overestimate. In [2], this 70% loading is
applied to an example where a second car, with all wheels sliding, moves with the first
as one unit. The added drag of the second car reduces the effect of the 70% loading on
the first car, which can lead the reader to believe that different loading on the front
tires of a single vehicle doesn't make much difference, even though an exact derivation

is found in this reference[3].

PNS-T CO.,Ltd. 1



http://www.goodpns.com ZNEN =R

A third analysis[4] gives the loading shift for changing decelerations of a single car
with a static weight distribution of 52-48 (front-back). This treatment does incorporate
the various factors mentioned above. It does not, however, calculate the effective drag
factor with changing loading, so it is of limited value to the accident reconstructionist

unless additional calculations are done.

The purpose of this present paper is to apply laws of physics to a braking vehicle to
determine the actual weight distribution, and to examine the validity of the 60-40 rule
for a number of actual vehicles. The results will be displayed in a format that can
readily be used by a reconstructionist without a lot of extra work. An alternate

derivation can be found in the literature[5].

Theoretical Analysis

For a level roadway, a braking vehicle experiences only a horizontal acceleration.
Therefore, according to Newton's laws of motion, the sum of the vertical forces acting on
the vehicle must be zero. The vertical forces on an automobile are the normal forces of
the roadway pushing up on the tires to counteract the effect of gravity pulling down.
Gravity effectively acts at the vehicle's center of gravity (CG). The two normal forces,
gravity, and the braking forces, along with the horizontal braking forces of the roadway

on the tires, are displayed in Figure 1.
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Figure 1. The Forces Acting on a Braking Vehicle

If one labels the normal forces acting on the front and rear tires as Ny and Ny
respectively, and lets W represent the weight, or force of gravity, then Newton's law

equation is:

NJ"I‘N}—WZH

Since there is no appreciable forward rotation for a vehicle, Newton's laws require that
the sum of the torques (lever arm times force) must also add to zero. If the CG is used
as the point of rotation, then the roadway's vertical, or normal, force on the front

tires produces a clockwise torque with lever arm b; as shown in the figure, while the
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normal force on the rear tires produces a counterclockwise torque with lever arm by (note
that b; + by, = B, the wheel base). The braking forces on both the front and rear tires
produce counterclockwise torques with lever arm h, the height of the CG from the roadway.
Adding clockwise torques and subtracting counterclockwise torques (where f; and f, are

coefficients of friction):

BN = b Ny= NN~ N,= 0

Those two equations can be solved for Ny and Ny, with the following results:

(by+ Wy W
by+ byt A f- 1))

Nf:

(b — B W
bi+ by+ b fa—fi)

2 =

The percentages of weight on the front and back can be obtained by dividing by W and
multiplying by 100%. If that is done along with dividing the numerator and the

denominator by B, the wheel base, then the front and rear percentages can be expressed

as:
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Numerical Results and Discussion

Data that are required to calculate FRONT and REAR can be found for a number of vehicles
in the May/June 1989 issue of Accident Reconstruction Journall6]. Some of that data have
been used in the accompanying tables. Several different values of f; and f, have then been
used to determine the results for FRONT and REAR from the equations above. Those entries
with f,=0 correspond to the rear wheels being free-wheeling. Table 1 is for numerous

automobiles; Table 2 is for several light trucks and vans.

In examining the tables, it should be pointed out that the column heading b./Bx100%
represents the percentage of the weight that is supported by the front tires under static
conditions, i.e., no braking. The column heading FRONT % shows the percentage of the
weight that is supported by the front tires when braking occurs. The numbers in that
column should be multiplied by the coefficient of friction to obtain the effective drag
factor for purposes of calculating skid-to-stop speeds. For example, if a drag sled (or a
vehicle with all brakes functioning properly) were used to measure the coefficient of
friction and gave a value of 0.85, then a 1986 Buick Skylark with front wheel braking
only should have the 0.85 coefficient of friction multiplied by 0.777 in using the
skid-to-stop speed formula, since 77.7% of its weight 1is supported by the front tires.
This yields a value for the speed that 1is significantly higher than what would be
obtained by using a multiplier of 0.60 that is traditionally used——in fact, the correctly

calculated speed is 14% higher!
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By studying just those entries for front wheel braking only with a coefficient of
friction of 0.85, it can be seen that all of the front wheel weights are at least 19
percentage points higher than the static values. For vehicles not listed in the tables,
calculation of the exact value requires a knowledge of both h/B and b./B. Usually it is
not difficult to obtain bs/B from various sources, but h/B can be harder to come by. It
appears that a conservative value for the front weight distribution during braking can be
calculated by adding 19 percentage points to the percentage of the weight supported by
the front tires at rest. For a drag factor of 0.60, it appears that 13 percentage points
could be added to obtain a conservative estimate. Another approach is to use a value of h

that is 40% of the total vehicle height[7].

If both front and rear brakes are working, the weight shift to the front tires is even
greater. This is because there is more braking force producing more torque that tries to
make the vehicle rotate counterclockwise. The front tires, which produce the only
clockwise torque, must push up with a greater force to prevent that rotation from taking
place. For purposes of calculating speeds from skid formulas, however, this greater
weight shift doesn't matter. Between the front and the rear tires, the full weight of the
vehicle 1s being supported, and since both front and rear tires are braking, the full

drag factor can be used regardless of the weight distribution.

Graph 1 displays the weight shift for increasing coefficients of friction for a typical
automobile, using average values from Table 1, assuming all four wheels are locked.
Behavior for the same typical automobile with only front wheel braking is displayed in
Graph 2. Graphs 3 and 4 show front wheel braking behavior for the two most extreme
automobiles in Table 1. Graph 3 is for the 1985 Pontiac Grand Am, which has the highest
concentration of weight on its front tires under static conditions. Graph 4 is for the

1987 Yugo, which has the highest center of gravity.
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GRAPH 1. BOTH FRONT AND REAR BRAKING
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Front and Rear % Weight Distribution
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GRAPH 2. FRONT BRAKING ONLY
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GRAPH 3. FRONT BERAKING QNLY
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GRAPH 4. FRONT BRAKING ONLY
1987 YUGO GV
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General Application

GRAFH 5 FRONT TIRE WEIGHT CORRECTION

NLY
h/B = 0.250

h/B = 0.225
h/B = 0.200

Since the above examples address only a limited number of vehicles, it would be useful to

develop techniques for a more general application of the results. This can be done if one

limits the analysis to the weight shift with front wheel braking only. In this case, fy =

0, and the front weight percentage simplifies to
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FRONT = —=——— x{/00%

f1

This can be further simplified if it is recognized that the numerator represents the
fraction of the vehicle's weight that is supported by the front tires under static
conditions. By dividing the expression by that fraction (and eliminating the 100%
factor), what is left is the factor that is needed to multiply times the static front
weight fraction in order to obtain the fraction of the weight supported by the front

tires under dynamic conditions. That multiplicative factor is

FACTOR = ——

Normally, it is not difficult to obtain values on the static weight distribution of a
vehicle, either from the literature or by making measurements. Obtaining the height of
the center of gravity is not as straightforward. Fortunately, taking an average value for
that quantity will not greatly affect the accuracy of any resulting calculations. The
behavior of the multiplicative factor for different coefficients of friction is displayed

for several centers of gravity in Table 3 and Graph 5.

As an example of using this factor, assume that a 1988 Nissan Maxima has its front wheels
locked after a collision, and travels 88 feet on a roadway with coefficient of friction
0.85 before coming to rest. What was its speed immediately after impact? If one uses the

60% rule, the result is:
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8§ = J(30)¢0.60){0.85){88)

= 36.7 mph

On the other hand, applying a 70% factor yields

§= J(30)(070)(085)(88)

= 39.6 mph

If, however, the center of gravity ratio (h/B) of 0.207 for a 1988 Nissan Maximal[6] is

used, then the multiplicative factor becomes

f
A
j —
2 It
!
1= (0207 )(0.85)

FACTOR =

= 121

Applying this to the static front weight distribution of 64.3% for a 1988 Nissan

Maxima[4] means that the fraction of the weight on the front tires during skidding is
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(1.21)(643)= 078

resulting in a calculated post-impact speed of

S = \J(30)078){0.85)(88)

= 41.8 mph

This shows how to use the FACTOR formula. If a person did not know the height of the
center of gravity, using an intermediate value of 0.225 for h/B would introduce an error
of only 1% in the calculated speed——much less than the error produced by using a value of
60% for the weight distribution. Note that the true result exceeds the original
calculation by over 13%. At higher speeds, this can make a significant difference in
determining 1f speed limits were being obeyed, in obtaining time of skids, and ultimately

in assigning liabilities.
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