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Expressway Accident Hot Spots

ABSTRACT

Visibility of lane marking is impaired at night, or in case of rain, and thereby threatens traffic safety. Recently, various studies and
technology have been developed to improve lane marking visibility, such as the extension of lane marking life expectancy (up to 1.5
times), improvement of lane marking equipment, improvement of lane marking visibility (32.7%) by applying phosphorescent material
mixed paint, and expressway lane design standards alternative (length 6m, gap 12m, width 13cm: 27.8% of painted surface are reduced)
adoption with ergonomic analysis. In this study, a set of cost-benefit analyses was performed for the cases where such techniques were
applied. Based on the literature review, 26.9% of traffic accidents would be prevented by improving lane marking visibility by 32.7%;
accident reduction benefit was calculated as much as 12.5 billion KRW. Meanwhile, total increased cost when introducing
phosphorescent material mixed paint and lane design standards alternative is calculated as 30.6 billion KRW. However, economic
feasibility could not be secured with 0.41 of cost-benefit ratio when applied to the expressway network as a whole. Additionally,
cost-benefit (B/C) analysis was applied to each of the top 20 night accident hot spots and the results of B/C ratios were between 0.67
and 4.20, showing that 11 out of 20 spot sections of expressway can have economic feasibility. This results indicate, with this kind of
pavement marking applied to accident hot spots in rural expressway, better visibility and economic feasibility can be guaranteed
through traffic accident reduction. Some limitations and future research agenda have also been discussed.

Key words : Pavement marking, Phosphorescent lane paint, Lane marking, Visibility, Lane design standard, Accident hot spot
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Fig. 1. Elements of Lane Line
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Table 1. Highway Lane Installation Standard of Each Country

Country Length | Gap Ratio | Width
(Li,m) | (L,m) | (LizLy) | (cm)
Korea 8 12 1:1.5 15
Turkey 6 9 1:1.5 -
Italy 4.5 7.5 1:1.67 -
Canada 3 6 1:2 10
Portugal 4 8 1:2 -
Ireland 4 8 1:2 10
Denmark, Germany, Swiss 6 12 1:2 15
USA 3 9 1:3 10~15
Bulgaria, Israel, Luxembourg 3 9 1:3 -
Australia, Sweden 3 9 1:3 10
Netherlands 3 9 1:3 15
Finland 3 9 1:3 20
Tunisia 3 10 1:3.33 -
France 3 10 1:3.33 10
UK 2 7 1:3.5 10
Belgium 2.5 10 1:4 20
Singapore 2 10 1:5 10

Data: Transportation Research Board (2002) (Re-quoted from Korea
Expressway Corp. (2014))
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Table 2. Road Traffic Accident Unit Cost (As of 2007) (Unit: 10,000

KRW)
Classification Fatality Injured
PGS Excl. 41,944 519
Per Person

PGS Incl. 52,741 2,156
PGS Excl. 2,595

Per Accident
PGS Incl. 4,159

Source: Korea Development Institute (2008)

*PGS Excl. Cost = Net Average Cost (Such as compensation, funeral,
production loss, and medical)+Traffic police costHnsurance administrative
cost

Table 3. Accident Reduction Benefit Followed by Improving Visibility
of Expressway Pavement Markings (Unit: 10,000 KRW)

Accident Accident
Classification Reduced | Unit Cost Reduction Reduction
Amount (PGS Incl.) Benefit Benefit
(As 0f2007) | (As of 2015)
Numberof | )| 5 74y 632,892 762,473
Fatality
Number of |, 2,156 88,396 106,495
Injured
Numberof | = 0|y 159 316,084 380,800
Accident
Total ] ; 1,037.372 1,249,767

*Consumer Price Index (2007=100, 2015=120.5)
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Table 4. Accident Reduction Benefit Followed by Expressway Pavement Markings Design Alternatives

Al Length Gap Width Painted Surf?ce per km Simulation Score Accident Reduction Benefit
(m) (m) (cm) (m") (10,000 KRW)
1 (Current) 8 12 15 60 - 1,249,767
2 8 12 10 40 0.151 392,338
3 6 9 10 40 0.448 1,164,024
5 4 8 10 333 0.173 449,500
6 6 12 15 50 0.141 366,356
7 6 12 13 433 0.481 1,249,767
12 5 10 15 50 0.409 1,062,692
13 3 9 15 37.5 0.112 291,006
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Table 5. Increased Painting Cost followed by Expressway Pavement Markings Design Alternatives

Al Length | Gap | Width | Painted Surfzace per Increaseq Material Cost | Saved C.ost by Lif.e Expectancy Total Increa.se.d Painting Cost
(m) (m) | (cm) km (m") (0.1 Billion KRW) Extension (0.1 Billion KRW) (0.1 Billion KRW)

( Curlrent) 8 12 15 60 442.00 86.67 35533

2 8 12 10 40 368.33 7222 296.11

3 6 9 10 40 368.33 7222 296.11

5 4 10 333 343.66 67.38 276.28

6 6 12 15 50 405.17 79.44 325.73

7 6 12 13 433 380.49 74.61 305.88

12 5 10 15 50 405.17 79.44 325.73

13 3 9 15 37.5 359.13 70.42 288.71
Table 6. Benefit-Cost (B/C) Ratio followed by Expressway Pavement Markings Design Alternatives

Alt Length | Gap | Width | Painted Surfzace per Accident R.e(%uction Benefit Total Increa.se.d Painting Cost B/C Ratio
(m) (m) | (cm) km (m”) (0.1 Billion KRW) (0.1 Billion KRW)

(Cu:rent) 8 12 15 60 124.98 355.33 0.35

2 8 12 10 40 39.23 296.11 0.13

3 6 9 10 40 116.40 296.11 0.39

5 4 8 10 333 4495 276.28 0.16

6 6 12 15 50 36.64 325.73 0.11

7 6 12 13 433 124.98 305.88 0.41

12 5 10 15 50 106.27 325.73 0.33

13 3 9 15 37.5 29.10 288.71 0.10
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Rank | BpyName | Miesoneamy | 27 TORR K | BOCET Ny | ved | 01 bilion KRW
1 Gyeongbu 340-350 8.0 21 12 13 18.5
2 Jungbu 290-300 4.0 13 11 28 16.3
3 Seoul Ring 100-110 8.0 28 5 7 15.2
4 Gyeongbu 350-360 8.0 17 7 20 13.9
5 Seoul Ring 20-30 9.0 29 2 11 13.7
6 Seohaean 330-340 52 27 4 2 13.5
7 Seoul Ring 70-80 8.1 28 1 7 12.2
8 Seoul Ring 10-20 8.0 26 2 4 11.9
9 Gyeongbu 150-160 8.0 16 5 12 11.2
10 Gyeongin 10-20 7.9 15 6 8 11.1
11 Gyeongbu 390-400 8.5 23 1 13 10.9
12 Honam 70-80 49 17 5 4 10.7
13 Gyeongbu 130-140 8.0 18 3 10 10.2
14 Seoul Ring 120-128.1 8.0 22 1 10 10.2
15 Honam 180-190 8.0 17 2 20 10.1
16 Seohaean 320-330 7.2 20 1 13 9.8
17 Gyeongbu 330-340 7.3 15 4 9 9.7
18 Seoul Ring 80-90 8.0 20 2 4 9.6
19 Gyeongbu 140-150 8.0 17 3 7 9.5
20 Gyeongbu 120-130 8.0 12 4 11 8.8

Vol.36 No4 August 2016 691



Table 8. Accident Reduction Benefit followed by Expressway Pavement Markings Design Alternatives (Top 20 Accident Sections)

Rank| Expwy Name | Milestone (km) Number_ of Accident/Fatality/Injured Annu_al Average. Number of Accident Reéuction Benefit
during 7 years (2005-2011) Accident/Fatality/Injured (0.1 Billion KRW)
1 Gyeongbu 340-350 21/12/13 0.8/0.5/0.5 3.46
2 Jungbu 290-300 13/11/28 0.5/0.4/1.1 3.22
3 Seoul Ring 100-110 28/5/7 1.1/0.2/0.3 1.83
4 Gyeongbu 350-360 17/7/20 0.7/0.3/0.8 2.24
5 Seoul Ring 20-30 29/2/11 1.1/0.1/0.4 1.16
6 Seohaean 330-340 27/4/2 1.0/0.2/0.1 1.52
7 Seoul Ring 70-80 28/1/7 1.1/0.0/0.3 0.85
8 Seoul Ring 10-20 26/2/4 1.0/0.1/0.2 1.03
9 Gyeongbu 150-160 16/5/12 0.6/0.2/0.5 1.65
10 Gyeongin 10-20 15/6/8 0.6/0.2/0.3 1.83
11 Gyeongbu 390-400 23/1/13 0.9/0,0/0.5 0.82
12 Honam 70-80 17/5/4 0.7/0,2/0.2 1.59
13 Gyeongbu 130-140 18/3/10 0.7/0.1/0.4 1.18
14 Seoul Ring 120-128.1 22/1/10 0.8/0.0/0.4 0.77
15 Honam 180-190 17/2/20 0.7/0.1/0.8 1.02
16 Seohaean 320-330 20/1/13 0.8/0.0/0.5 0.76
17 Gyeongbu 330-340 15/4/9 0.6/0.2/0.3 1.36
18 Seoul Ring 80-90 20/2/4 0.8/0.1/0.2 0.91
19 Gyeongbu 140-150 17/3/7 0.7/0.1/0.3 1.13
20 Gyeongbu 120-130 12/4/11 0.5/0.2/0.4 1.32
Table 9. Increased Painting Cost followed by Expressway Pavement Markings Design Alternatives (Top 20 Accident Sections)
Avg. Number | Length of | Length of |Increased Material| Saved Cost by Life Total Increased
Rank | Expwy Name | Milestone (km) | of Lanes |LaneEdge| Broken | Cost(0.1Billion | Expectancy Extension Painting Cost
(two ways) | Lines (km) | Lines (km) KRW) (0.1 Billion KRW) (0.1 Billion KRW)
1 Gyeongbu 340-350 8.0 40.0 60.0 1.46 0.29 1.17
2 Jungbu 290-300 4.0 40.0 20.0 0.95 0.19 0.77
3 Seoul Ring 100-110 8.0 40.0 60.0 1.46 0.29 1.17
4 Gyeongbu 350-360 8.0 40.0 60.0 1.46 0.29 1.17
5 Seoul Ring 20-30 9.0 40.0 70.0 1.58 0.31 1.27
6 Seohaean 330-340 5.2 40.0 32.0 1.10 0.22 0.89
7 Seoul Ring 70-80 8.1 40.0 61.0 1.47 0.29 1.18
8 Seoul Ring 10-20 8.0 40.0 60.0 1.46 0.29 1.17
9 Gyeongbu 150-160 8.0 40.0 60.0 1.46 0.29 1.17
10 Gyeongin 10-20 7.9 40.0 59.0 1.45 0.28 1.16
11 Gyeongbu 390-400 8.5 40.0 65.0 1.52 0.30 1.22
12 Honam 70-80 49 40.0 29.0 1.07 0.21 0.86
13 Gyeongbu 130-140 8.0 40.0 60.0 1.46 0.29 1.17
14 Seoul Ring 120-128.1 8.0 324 48.6 1.18 0.23 0.95
15 Honam 180-190 8.0 40.0 60.0 1.46 0.29 1.17
16 Seohaean 320-330 7.2 40.0 52.0 1.36 0.27 1.09
17 Gyeongbu 330-340 7.3 40.0 53.0 1.37 0.27 1.10
18 Seoul Ring 80-90 8.0 40.0 60.0 1.46 0.29 1.17
19 Gyeongbu 140-150 8.0 40.0 60.0 1.46 0.29 1.17
20 Gyeongbu 120-130 8.0 40.0 60.0 1.46 0.29 1.17
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Table 10. Benefit-Cost(B/C) Ratio followed by Expressway Pavement Markings Design Alternatives (Top 20 Accident Sections)

Rank| Expwy Name | Milestone (km) Ave. Ttli:;b\?;as:) Lanes ACCi(d(i TtBRlTl? ;Jﬁt?;\]i;neﬁt Total gigﬁ?ﬁi:?g% Cost B/C Ratio
1 Gyeongbu 340-350 8.0 3.46 1.17 2.96
2 Jungbu 290-300 4.0 322 0.77 4.20
3 Seoul Ring 100-110 8.0 1.83 1.17 1.56
4 Gyeongbu 350-360 8.0 2.24 1.17 1.91
5 Seoul Ring 20-30 9.0 1.16 1.27 0.91
6 Seohaean 330-340 52 1.52 0.89 1.71
7 Seoul Ring 70-80 8.1 0.85 1.18 0.72
8 Seoul Ring 10-20 8.0 1.03 1.17 0.88
9 Gyeongbu 150-160 8.0 1.65 1.17 1.41
10 Gyeongin 10-20 7.9 1.83 1.16 1.58
11 Gyeongbu 390-400 8.5 0.82 1.22 0.67
12 Honam 70-80 49 1.59 0.86 1.85

13 Gyeongbu 130-140 8.0 1.18 1.17 1.01
14 Seoul Ring 120-128.1 8.0 0.77 0.95 0.81
15 Honam 180-190 8.0 1.02 1.17 0.87
16 Seohaean 320-330 7.2 0.76 1.09 0.70
17 Gyeongbu 330-340 7.3 1.36 1.10 1.23
18 Seoul Ring 80-90 8.0 0.91 1.17 0.78
19 Gyeongbu 140-150 8.0 1.13 1.17 0.96
20 Gyeongbu 120-130 8.0 1.32 1.17 1.12
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