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Abstract

The rear-end collision accidents are closely related to the speed and the following distance.
In this paper, to solve this problem, we studied the relationship between the speed and the follow-
ing distance, and then we tried to find out the Minimum Safety Following Distance. More
details are described in the following articles.

Introduction

The rear-end collision accidents occupy about 30% of the total traffic accidents on
the arterial highways. It is mainly caused by the lack of the following distance. And
we surveyed and analyzed the relationship between the speed and the following distance
of the bunching, and compare its result with the theoretical minimum safety following
distance, and we found out that the actual traffic has been serious danger.

The survey of the speed and the following distance were performed on the straight
part of the Route 2, the Route 190 and the urban street.

Minimum safety distance

The process of the driver stopping time is shown in Fig. 11, and this process
is performed in the following three steps, that is, the first step is the perception-reaction
time, the second step is the braking lag time and the third step is braking time.

The first step is determined by the limit of the human ability, the second and the
third steps, that is vehicle stopping time, is determined by the ability of the car and the
condition of the road. The driver stopping time is determined by these three elements.

Perception-reaction time Braking lag time 8raking ~ time
[

Vehicle stopping time

Driver stopping time

Fig. 1 Driver stopping time.

The most part of drivers have a knowledge of the vehicle stopping time but have
not a knowledge of the perception-reaction time. They think that they can react
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momentarily, but it is a mistake. Generally this perception-reaction time is from about

0.7 sec. to about 2.5 sec.. ‘
The vehicle stopping distance is given by the following equation (1).

Vv
L= 27 @

where L: vehicle stopping distance

V: speed of the vehicle

g: acceleration of gravity

f: Dbraking force coefficient

From the equation (1) the safety following time is given by the equation (2) and the

equation (3)?).

1 v
Ty=—b +r 3)

where T,, T,: following time

1: allowance at the stopping

r: perception-reaction time
Here, T, is the most safety following time at the emergency braking of the former
car, and T, is the most dangerous following time, because in this case, drivers expect,
according to their experience, that the former car cannot stop as long as theirs.

In actual traffic stream, there are many bunches following T,. And it is reasonable

that we adopt T, by way of minimum following time. Fig. 2 shows the relationship
between the following time and the speed.

Following time

Fig. 2 The relationship between the speed and the following time.



On the Minimum Safety Following Distance of the Traffic Stream 451

The speed and the following time

The speed distribution is shown in Fig. 3. It is recognized there is some difference
between the speed distribution and we studied some reason why this difference is caused.

The Graph 1 shows the speed distribution on the Route 190. On this highway
traffic stream flows almost by the free speed, and permitted the overtaking. Therefore
the speed distribution is situated comparatively higher situation and the average speed
is over the limit speed.

The Graph 2 shows the speed distribution on the Route 2. On this highway,
the limit speed is 60 km/h as same as Route 190. But speed is slowed down by the
influence of the higher mixing ratio of the commercial vehicle, the overtaking limit
and the higher traffic volume.

The Graph 3 shows the speed distribution on the urban street. On this street,
the limit speed is 40 km/h and the traffic volume is comparatively higher. And the
average speed is under the limit speed and this point is the lowest speed distribution in
these three points.
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Fig. 3 Speed distribution.

The relationship between the speed and the following distance are shown in Fig. 4.
By this result it is known that the following distance increase according to the increase
of the speed on the respective cases.

The relationship between the speed and the following time is shown in Fig. 5. By
this result it is known that contrary to the following distance, the following time has a
tendency to decrease within a certain range according to the increase of the speed.
It is satisfactory, from the former discussion, to consider that if the speed is over a
certain limit, the following time increase according to the increase of the speed.

Table 1 shows the average speed and the average following distance and the average
following time on the each highways.
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Fig. 4 Following distance distribution.
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Fig. 5 Following time distribution.
Table 1. The average values of the speed, the following distance and the following time.
Average speed Average following | Average following
distance time
(m/sec.) (km/h) (m) (sec.)
Route 190 20.1 72.4 31.8 1.6
Route 2 12.8 46.2 25.9 2.1
Urban street. 9.4 34.0 18.2 1.9

Fig. 6 shows the comparison of the following time with T, and T, (the reader should
refer to previous article). We compute T; and T,, under the supposition, that is r
=1.0 sec., [=2.0 meters and f=0.63)4). A good many drivers drive with the following
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time under T, and a great many drivers drive under 7,. It is known that the more the
speed, more the increase of dangerous vehicles. If the following time is less than
0.7 sec., so very small impact shall cause the rear-end collision accidents. And more-
over the dangerous vehicle have a tendency to increase with the increase of the speed.
This tendency is according to that the drivers don’t know the danger on the high-speed
driving. From this investigation it is necessary to re-educate the drivers, and to offer
the exact information for the safety driving.
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Fig. 6 The relationship between the speed and the following time.

Conclusion

In order to solve the problem of the traffic accidents, especially the rear-end collision
accident, we investigated the relationship between the speed and the following distance,
and the following conclusion are obtained.

(1) The following distance increase according to the increase of the speed.

(2) The following time has a tendency to decrease according to the increase of the
speed within a certain range of the speed, but it is necessary to make more traffic stream
survey for this problem.

(3) In the actual traffic stream, there is a good many dangerous vehicles, and the
more the speed, the more the dangerous vehicles.

It seems to be probable that very small impact shall cause the serious rear-end
collision accidents or other accidents. It is necessary to re-educate the drivers, and to
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offer the exact information for the safety driving.
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