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An Experimental Study for the Transient Brake time

on the Road surface a Pavement classified by Vehicle

Chang-Sik Lim

Department of Automotive Engineering
Graduate School of Industry

Pukyong National University

ABSTRACT

The vclocity analysis of the vehicle is the one of the most important
factors to find out the reason of the traffic accident, and it needs the
information about the average friction coefficient.

In this paper, the proper average friction coefficient of the road surface
was determined and the initial braking velocity of the vehicle under the
emergency brake was calculated. At first, the braking test computer was
set on the vehicle for the test, and then the drag factor between the tire
and the road that was dried and flat was measured in the both cases of
on-road and off-road. As the result of the test, it was found that the drag
factor has the low value as the initial brake velocity is high on the same
road and as the road surface is rough, The result of the test was applied

to the case on the flat and mixed with generality asphalt and speciality



asphalt.

The conventional equation for the velocity analysis using only skid mark
on the road does not consider the invisible braking distance. With those
facts, the new velocity analysis method considered the braking time before
the skid-mark was showed. And the initial braking velocity that was
calculated by the new velocity analysis method and conventional method

was compared with the result measured in the test.
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Fig. 1 The nose down of vehicle
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Table 1 Various factor for different mixture design

Mixture design | Asphalt volume |Aggregate mixture

Factor Many Little Density g(I)'le)ggd
Stability X O O X
Flexibility O X O x
Durability O X X O
Skid resistance O x O x
Fatigue resistance X O - -
Permeability impervious O X O X
Tensile strength O X O X
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Table 2 The specifications of Vericom VC2000PC

Factors

Specifications

Power input

12V ~16V DC(negative ground)

Momentary surge

24V DC(10 seconds)

Nominal current draw 160 mA
Temp. Range -20°F ~160°F
13V ~16V DC

Charging voltage

Nominal battery life : 5 hours

Accelerometer dynamic range 5g(-2g~3g)
Minimum resolution 0.00156¢
Sample rate 100 Hz
Computer clock speed 11.0592 MHz
RAM 128.3 Kbytes
ROM 32 Kbytes
Dimensions 235 cm long, 5.38cm high,
11.43cm deep
Manufacturer Vericom computer, Inc. 6008 Culligan

Way Minnetonka, MN 55345
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Table 3 Specifications of Nubira 2

Manufacturer

Daewoo

Model

Nubira 2(1999)

Transmission type

4-speed Auto manual

Overall length(mm) 4,495
Overall width(mm) 1,700
Overall height{mm) 1,430
front i,466
Track (mm)
rear 1,450
Wheelbase(mm) 165
Total weight(kg) 1,500
Parking brake Manual
Fuel Gasoline
Ti Kumho 195/55R15 85V
re Steel belted radial tubeless
front Disk-brake
Brake(hydraulic)
rear Drum-brake
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Table 4 Various test conditions

Busan

Test . .

1 (Nam-Gu Daeyeon/Yongho, Yeonje Gu Yangjeong,

ace

P National-read 7line etc.)

Road

surface Dry Wet
condition

Road Shippi

€| Generality | Speciality PPIE | Generality | Speciality
surface prevention

asphalt asphalt asphalt asphalt

sort pavement

Test

speed 90 |60 [70 15016070 (50|60 |70150160|7050|60] 70
{(km/h)
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Photo. 4 The main screen of Vericom VC2000PC
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Photo. 5 Out put data and externally activated graph

Photo. 6 Externally activated real time meters
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Fig. 9 The relationship acceleration and time on dry asphalt under 50km/h

Table 5 The experimental results on dry asphalt under 50km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 483 44.3 47.8
Stop time(sec) 1.93 1.73 1.81

Average speed reduction(m/s%) -0.708¢ -0.725¢ -0.705g

Stop distance(m) 119 9.8 11.3

Actual survey distance(m) 8.7 6.2 79

Braking marks generation before 39 36 34
transient brake distance{(m) ) ' '

Braking marks generation before 0.27 0.35 0.32

transient brake time(sec)
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Fig. 10 The relationship acceleration and time on dry asphalt under 60km/h

Table 6 The experimental results on dry asphalt under 60km/h

transient brake time(sec)

Test | pest 1| Test 2 | Test 3
Item
Early stage speed(km/h) 54.3 589 55.3
Stop time(sec) 219 2.37 2.23
Average speed reduction(m/s?) | -0.702g | -0.703g | -0684g
Stop distance(m) 15.3 182 14.7
Actual survey distance(m) 11.3 125 10.1
Braking marks generation before 40 57 46
transient brake distance(m) | ‘ :
Braking marks generation before 0.30 0.40 0.35
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Fig. 11 The relationship acceleration and time on dry asphalt under 70km/h

Table 7 The experimental results on dry asphalt under 70km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 66.6 66.9 67.5
Stop time(sec) 2.99 2.96 2.98

Average speed reduction(m/s?) -0.630g ~0.639¢ -0.654¢g

Stop distance(m) 23.9 24.7 25.5

Actual survey distance{m) 18.8 18.4 19.1

Braking marks generation before
transient brake distance(m)
Braking marks generation before
transient brake time(sec)

ol 6.3 6.4

0.32 0.39 0.41
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Fig. 12 The relationship acceleration and time on wet asphalt under 50km/h

Table 8 The experimental results on wet asphalt under 50km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 439 45.0 44.8
Stop time(sec) 2.09 2.37 2.37
Average speed reduction(m/s*) | -0593g | -0536g | -0534g
Stop distance(m) 125 14.1 15.0
Actual survey distance(m) 8.8 10.1 11.3
Braking marks generation before 37 40 27
transient brake distance(m) ' ] )
Braking marks generation before 0.34 0.36 0.33

transient brake time(sec)
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Fig. 13 The relationship acceleration and time on wet asphalt under 60km/h

Table 9 The experimental results on wet asphalt under 60km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 53.1 57.0 53.8
Stop time(sec) 2.80 2.72 2.63

Average speed reduction(m/s?) -0.536g¢ ~-0.593g -0.579

Stop distance(m) 23.2 221 19.6

Actual survey distance(m) 17.8 159 14.1

Braking marks generation before 5.4 6.2 55
transient brake distance(m) ) ' ’

Braking marks generation before 0.33 0.43 0.41

transient brake time(sec)
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Fig. 14 The relationship acceleration and time on wet asphalt under 70km/h

Table 10 The experimental results on wet asphalt under 70km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 65.4 66.1 67.3
Stop time(sec) 3.25 3.27 3.29

Average speed reduction(m/s?) -0.569¢g -0.572g -0.579¢g

Stop distance(m) 305 30.1 31.4

Actual survey distance(m) 23.6 22.6 22.8

Braking marks generation before
transient brake distance(m)
Braking marks generation before
transient brake time(sec)

6.9 7.5 8.6

041 0.45 0.52
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Fig. 16 The relationship acceleration and time on rutting free asphalt under

50km/h
Table 11 The experimental results on rutting free asphalt under 50km/h
Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 47.2 46.3 46.0
Stop time(sec) 2.05 1.83 1.77
Average speed reduction(m/s’) | -0651g | -0716g | -0.715g
Stop distance(m) 12.2 10.8 10.5
Actual survey distance(m) 94 75 74
Braking marks generation before 23 33 11
transient brake distance(m) ) ) ]
Braking marks generation before
transient brake time(sec) 024 0-29 027
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Fig. 17 The relationship acceleration and time on rutting free asphalt under

60km/h

Table 12 The experimental results on rutting free asphalt under 60km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 554 56.6 57.1
Stop time(sec) 2.69 2.28 2.30
Average speed reduction(m/s?) -0.582g -0.642g -0.633g
Stop distance{m) 18.8 17.0 15.8
Actual survey distance(m) 149 12.9 11.6
Braking marks generation before 39 41 49
transient brake distance(m) ) ' )
Braking marks generation before
transient brake time(sec) 0.28 0.29 0.30
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Fig. 18 The relationship acceleration and time on rutting free asphalt under

70km/h

Table 13 The experimental results on rutting free asphalt under 70km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 67.4 67.0 67.2
Stop time(sec) 3.40 3.19 3.18

Average speed reduction(m/s?%) -0561g -0.59%¢g -0.607g

Stop distance(m) 209 269 27.3

Actual survey distance(m) 24.1 21.8 21.9

Braking marks generation before
transient brake distance(m)
Braking marks generation before
transient brake time(sec)

5.8 5.1 54

0.34 0.30 0.32
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4.3.2 SMA(Stone Mastic Asphalt)
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Fig. 19 The relationship acceleration and time on SMA asphalt under S0km/h

Table 14 The experimental results on SMA asphalt under 50km/h

Test | pest 1 | Test 2 | Test 3
Item
Early stage speed(km/h) 49.8 459 478
Stop time(sec) 219 2.24 2.21

Average speed reduction(m/s”) | -0643g | -0580g | -06llg

Stop distance(m) 14.0 13.0 135

Actual survey distance(m) 9.7 10.0 9.9
Braking marks generation before 43 30 26
transient brake distance(m) : ' )

Braking marks generation before 0.36 0.9 0.32

transient brake time(sec)

_42_



Time 0.560

-0.09 Nubira 2 2003-03-12 60
® -1.085
0.1 O 48216

O 7241

Acceleration (G)

Time {Sec)

Fig. 20 The relationship acceleration and time on SMA asphalt under 60km/h

Table 15 The experimental results on SMA asphalt under 60km/h

Test | fest1 | Test 2 | Test 3
Item
Early stage speed(km/h) 597 55.7 57.7
Stop time(sec) 2.70 2.18 2.44

Average speed reduction(m/s?%) ~0.625g -0.623g ~-0.624g

Stop distance(m) 20.6 155 18.1

Actual survey distance(m) 15.2 11.1 13.4

Braking marks generation before
transient brake distance(m)
Braking marks generation before
transient brake time(sec)

0.4 44 4.7

0.36 0.32 0.35
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Fig. 21 The relationship acceleration and time on SMA asphalt under 70km/h

Table 16 The experimental results on SMA asphalt under 70km/h

Test | pest 1 | Test 2 | Test 3
Item
Early stage speed(km/h) 63.2 675 66.8
Stop time(sec) 331 3.29 3.27

Average speed reduction(m/s?) -0.581g -0.588¢g -0.601g

Stop distance(m) 289 283 28.1

Actual survey distance(m) 235 226 21.2

Braking marks generation before
transient brake distance(m)
Braking marks generation before
transient brake time(sec)

5.4 57 6.9

0.31 0.33 0.40

~ 44 -



4.3.3 EA(Ecological Asphalt : ECOPHALT)
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Fig. 22 The relationship acceleration and time on ECOPHALT under 50km/h

Table 17 The experimental results on ECOPHALT under 50km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 459 472 47.3
Stop time(sec) 1.9 2.05 2.03
Average speed reduction(m/s?) -0.680g ~0.651g -0.659g
Stop distance(m) 11.1 12.2 12.0
Actual survey distance(m) 8.6 9.1 8.7
Braking marks generation before 95 31 13
transient brake distance(m) ' ) )
Braking marks generation before
transient brake time(sec) 021 0.27 0.28
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Fig. 23 The relationship acceleration and time on ECOPHALT under 60km/h

Table 18 The experimental results on ECOPHALT under 60km/h

transient brake time(sec)

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 54.9 554 55.4
Stop time(sec) 2.57 2.69 2.65
Average speed reduction(m/s?) -0.603¢g -0.582g -0.592¢g
Stop distance(m) 18.1 188 18.7
Actual survey distance(m) 14.3 158 14.6
Braking marks generation before 38 30 41
transient brake distance(m) ' ) '
Braking marks generation before 0.27 030 0.22
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Fig. 24 The relationship acceleration and time on ECOPHALT under 70km/h

Table 19 The experimental results on ECOPHALT under 70km/h

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 67.4 68.5 67.9
Stop time(sec) 3.40 3.29 3.34

Average speed reduction(m/s?) ~-0.561g -0.588g -0.574g

Stop distance(m) 299 29.3 29.6

Actual survey distance(m) 25.1 23.8 24.9

Braking marks generation before 48 5 47
transient brake distance(m) ’ ) ‘

Braking marks generation before 0.28 0.31 027

transient brake time(sec)
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Fig. 26 The relationship acceleration and time on sliding prevention

pavement(1:3 formula) under 50km/h

Table 20 The experimental results on sliding prevention pavement

(1:3 formula)

Test | fest 1 | Test2 | Test 3
Item
Early stage speed(km/h) 48.7 479 46.3
Stop time(sec) 1.87 1.96 1.83
Average speed reduction(m/s?) | 0738 | -0694g | -0.653¢
Stop distance(m) 12.2 11.2 10.8
Actual survey distance(m) 4.3 4.3 37
Braking marks generation before 7q 6.9 71
transient brake distance(m) ) ] '
Braking marks generation before 0.20 018 0.19

transient brake time(sec)
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Fig. 27 The relationship acceleration and time on sliding prevention

pavement(1:3 formula) under 60km/h

Table 21 The experimental results on sliding prevention pavement

(1:3 formula)

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 53.9 54.7 55.9
Stop time(sec) 2.54 2.61 2.64
Average speed reduction(m/s?) -0.600g -0.641¢g -0.652g
Stop distance(m) 179 18.3 187
Actual survey distance(m) 11.7 9.8 10.6
Braking marks generation before 6.2 85 31
transient brake distance(m) ' ' '
Braking marks generation before 0.14 0.19 018

transient brake time(sec)
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Fig. 28 The relationship acceleration and time on shiding prevention

pavement(3:6 formula) under 50km/h

Table 22 The experimental results on sliding prevention pavement

(3:6 formula)

Test Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 453 46.6 46.1
Stop time(sec) 1.67 1.81 1.78
Average speed reduction(m/s?) -0.767¢g -0.730g | -0.695g
Stop distance(m) 10.1 10.6 10.3
Actual survey distance(m) 56 5.3 a7
Braking marks generation before 45 53 56
transient brake distance(im) ) ' )
Braking marks generation before
{ransient brake time(sec) 0.13 0.15 0.16
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Fig. 29 The relationship acceleration and time on sliding prevention

pavement(3:6 formula) under 60km/h

Table 23 The experimental results on sliding prevention pavement

(3:6 formula)

Test

Test 1 Test 2 Test 3
Item
Early stage speed(km/h) 53.1 549 55.4
Stop time(sec) 2.20 2.34 2.44
Average speed reduction(m/s?) -0.684g -0.725g -0.704g
Stop distance(m) 15.1 175 16.3
Actual survey distance(m) 9.8 99 9.6
Braking marks generation before 53 76 6.7
transient brake distance(m) ' ] '
Braking marks generation before 0.12 0.18 015

transient brake time(sec)
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Table 24 Frictional coefficient of various roadway surface(Kcrea Police)

Condition Dry Wet Small wet | Freezing
Road kind
Asphalt 0.8 0.7 0.6 0.3
Concrete 0.8 0.6 04 0.3
Brick 0.7 0.4 0.3 0.2
Earth 0.5 0.4 0.3 0.2

Table 25 Frictional coefficient of various roadway surface(USA)

Condition Dry Wet Road
Road kind™ | ‘Below | ‘shove | ‘beigwr | ‘e | condition
0.80~1.20 | 0.70~1.00 | 0.50~0.80 | 0.40~0.75 New
Concrete | 0.60~0.80 | 0.60~0.75 | 0.45~0.70 | 0.45~0.65 Use
0.55~0.75 | 0.50~0.65 | 0.45~0.65 | 0.45~0.60 Wear
0.80~1.20 { 0.65~1.00 | 0.50~0.80 | 0.45~0.60 New
0.60~0.80 | 0.55~0.70 | 0.45~0.70 | 0.45~0.60 Use
Asphalt
0.55~0.75 | 0.45~0.65 | 0.45~0.65 | 0.40~0.60 Wear
0.50~0.60 | 0.35~0.60 | 0.30~0.60 | 0.25~0.55 Excess
Gravel 0.55~0.85]0.55~0.80 | 0.40~0.80 | 0.40~0.60 | Harden
road 0.50~0.70 | 0.35~0.60 | 0.45~0.75 | 0.45~0.75 | Not harden
Freezing |0.10~0.25|0.70~0.20 | 0.05~0.10 { 0.05~0.10 | Freezing
Snow 0.30~0.55 ] 0.35~0.55 [ 0.30~0.60 | 0.30~0.60 | Harden
road 0.10~0.25 | 0.10~0.20 | 0.30~0.60 | 0.30~0.60 | Not harden
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