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Abstract : In general, the crash reduction effect of the rumble strip is reported to be about 30% in Korea, while it is about 40-60% in the
United States. However, the effect is erroneously overestimated because the simple comparison was only made before and after the
installation. Accordingly, this study will reassess the crash reduction effect of the rumble strip. The study will also examine the former’s
geometric characteristics as well as its effect on the causes of the crash. This study analyzed the crash effect while taking into
consideration the changes in the horizontal and vertical alignment, including the width of pavement shoulders, using the crash data for
two years before and after the installation of the rumble strip. The types of crash caused by the rumble strip were identified using the
classification discriminant function. The crash effect on the rumble strip is estimated to be 28.3%, but the pure effect, with the exception
of the effect by other elements, was analyzed to be 7.4%. For each expressway design element, the downhill section (2.0-3.0%), the
section with less than 3,000 m and more than 10,000 m of the curve radius, and the section with less than 3.0 m of the pavement shoulder
width were found to be effective in crash reduction. For each cause of crash, the rumble strip was analyzed to be effective in the reduction
of crash caused by “not keeping the safe distance”, “sleeping”,

LRI

negligence in keeping eyes forward”, and “excessive handle operation”.
In particular, the rumble strip was analyzed and seen to be especially effective in preventing crash caused by “not keeping a safe
distance,” and “sleeping”. The installation of the rumble strip was found to be effective in the prevention of crash caused by “not keeping
the safe distance” and “sleeping”. The results of this study may thus be used in deciding the causes of crash and the installation location
of the tailored rumble strip that would be suitable for the geometric characteristics of the roads. This study will also be helpful in the
establishment of future traffic safety measures.
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Route name Direction (number of section) Route name Direction (number of section)
Busan 44359 m(39) Eonyang 800 m( 2)
Gyeongbu Ulsan
Seoul 43,267 m(52) Ulsan 600 m( 1)
Sanin 2,600 m( 2) Masan 13,244 m(23)
Nam hae feeder Jung bunaeryuk
Cheongwon 600 m( 1) Yang pyeong 28,071 m(33)
Pusan 4,750 m( 9) Tong yeong 13,866 m(17)
Nam hae Jungbu
Suncheon 6,970 m(12) Ha nam 23,697 m(20)
Sannae 670 m( 4) Busan 34,260 m(61)
Dae nam Jungang
Seodagjeon 800 m( 4) Chun cheon 29,459 m(47)
Donghae 9,020 m(11) ) Dae jeon 24,610 m(44)
Donghae Tongyeong-dae jeon
Sok cho 9,075 m(11) Tongyeong 38,495 m(51)
) Ilsan 3,650 m( 3) ) Je cheon 20,628 m(37)
Seoul ring Pyeongtaek-jecheon
Pan gyo 6,740 m( 6) Pyeontaek 19,004 m(38)
Mokpok 56,155 m(74) Sun cheon 24,200 m( 9)
Seo haean Honam
Seoul 65,003 m(96) Non san 800 m( 1)
Gang neung 27,580 m(35) Cheonan 3,700 m( 4)
Yeongdong Honam feeder
In cheon 28,380 m(33) Non san 2,700 m( 3)
B ) Dang jin 43,075 m(45) Go chang 1,820 m( 6)
Dangjin-daejeon - Gochang-damyang
Dae jeon 46,855 m(46) Dam yang 1,510 m( 6)
Daegu 974 m( 3) ) Kwagju 26,673 m(52)
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Daejeon 5,648 m(15) Seo cheon 19,537 m(47)
. Sun cheon 14,659 m(24) . Iksan 25,800 m( 8)
Sun cheon-wanju - Iksan-jangsu
Wanju 14,380 m(24) Jang su 22,300 m(10)
Dangjin-sangju Sangju 13,300 m(27) Daegu-pohang Daegu 32,623 m( 4)
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Table 2, Rumble strip guideline(Korea) (unit : cm)

Milled-in typ
L | W|D 1 L|W|D I

Rolled-in type

Division

Ministry of land,
infrastructure and 40 | 18 | 1.3 | 12 | 40 5125115
transport(2011. 7)

Korea expressway
corporation 40 | 18 | 13 | 12 [ 25 | 10 | 1.0 | 10
(concrete pavement)

Korea expressway
corporation 30 | 18 | 13| 12 | 40 | 5 | 1.5 ] 25
(asphalt pavement)

% L:length, W:width, D:depth, L:interval
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Table 3. Rumble strip guideline(Foreign) (unit : cm)
Division Milled-in type Rolled-in type
L w D 1 L W D 1
California | 30 |12.7 [ 0.8 | 30 | 30 |12.7| 0.8 30
U New York | 40 | 18 | 1.2 | 30 | 30 | 4.0 [1.2~1.9/20~30
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Finland 175 2 1.5 | 30 - - - -
Japan 35 8 |09 | 23
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Table 4. Analysis section of rumble strip
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v Accidents(Accident/2year) Percentage Statistical
ear b o .
Before After change(%) testing
2003 7,595 6,122 -19.4
2004 7,542 5,412 -28.2
2005 6,827 5,082 -25.6 t-value
15.162
2006 6,122 4,668 -23.8
p-value
2007 5,412 4,492 -17.0 0.000%*
2008 5,082 4742 -6.7
Total 38,580 30,518 -20.9

** 99% level of confidence
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Table 6. Effects of rumble strip

Year | Number Accidents(Accident/2year) Percentage | Statistical

Before After change(%) testing
2003 36 28 26 7.1
2004 69 115 63 -45.2

] t-value

2005 15 15 9 40.0 21153
2006 93 72 60 -16.7

p-value

2007 15 13 7 -46.2 0.000%*
2008 140 121 96 -20.7
Total 368 364 261 -28.3

** 99% level of confidence
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Table 8. Installation effects by vertical alignment

Accidents(Accident/2year) Statistical testing
Division(%)

Before After (%) t-value p-value
$<-3.0 37 26 -29.7 -3.666 0.000%*
-3.0<8<-2.0 41 20 512 -4.065 0.000%*
-2.0<8<-1.0 62 43 -30.6 -3.552 0.001%*
-1.0<8< 0.0 40 30 -25.0 -2.877 0.005%*
0.0<S< 1.0 78 47 -39.7 -5.150 0.000%*
1.0<8< 2.0 29 23 -20.7 -2.855 0.005%*

2.0<8< 3.0 60 58 3.3 -1.371 0.177

3.0<S 17 14 -17.6 -1.800 0.083

** 99% level of confidence
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Table 9. Installation effects by horizontal alignment

Accidents(Accident/2year) Statistical testing
Division(m)

Before | After (%) t-value p-value
R<1,000 112 67 -40.2 -6.222 | 0.000%*
1,000<R < 2,000 89 65 -27.0 -4.456 | 0.000%*
2,000<R < 3,000 45 32 -28.9 -3.262 | 0.002%*

3,000<R <10,000 14 13 -7.1 -1.783 | 0.088
10,000<R 104 84 -19.2 -4.376 | 0.000%*

** 99% level of confidence
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Table 10. Installation effects by shoulder width

Accidents(Accident/2year) Statistical testing
Division(m)
Before After (%) t-value | p-value
25 53 33 - 377 4.100 | 0.000%*
3.0 307 222 - 277 8.397 | 0.000%*
4.0 3 6 +100.0 N/A N/A

** 99% level of confidence

Table 11. Reduction effect analysis by cause

Accidents(Accident/2year) | Statistical testing

Division
Before | After (%) t-value | p-value
Speeding 68 72 +5.9 0.337 0.737
Safety distance 18 7 -61.1 | -3.491 | 0.002%*
Drunk 3 3 0.0 N/A N/A
Drowsy 124 59 =524 | -8.012 | 0.000%*
Negligence in keeping| ) 29 | 310 | -3.260 | 0.002%*
eyes forward
Improper passing 3 7 +133.3 | 0.655 0.529
Tire defect 32 19 -40.6 | -3.327 | 0.002%*
Excessive'handling of ) 39 250 3286 | 0.001%*
a steering wheel
Vehicle defect 7 9 +28.6 | -0.293 | 0.774
Others 15 17 +133 | 0.767 | 0.449

** 99% level of confidence
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Table 12, Canonical discriminant function

prn | Sttt el e
Accident severity -0.086 0.091
Horizontal alignment -0.362 -0.260
Vertical alignment -0.404 -0.331
Shoulder width -0.189 -0.164
Safety distance 0.408 0.297
Drowsy 0.961 0.653
Negligence in keeping 0330 0.037
eyes forward
Excessive'handling of 0271 0,045
a steering wheel
Box's M 69.929
F-value 3.315(0.001)
Wilk's Lambda 0.964(0.004)
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Table 13. Fishe's discriminant function

Division Before After
Accident severity 1.657 1.745
Curve radius 1.116 1.193
Vertical alignment 9.738 9.838
Shoulder 3.165 2.350
Safety distance 0.598 -0.233

Drowsy 0.163 -0.243
Negligence in keeping eyes forward 2.926 2.627
Excessive handling of a steering wheel 14.292 14.493

Constant -24.845 -25.590
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