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Pavement Markings for Improving Visibility

ABSTRACT

Visibility of lane marking is impaired at night or in the rain, which thereby threatens traffic safety. Recently, various studies and
technologies 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 productivity, improvement of lane marking visibility by applying phosphorescent
material mixed paint. Cost-benefit analysis was performed with considering various benefit items that can be expected. About 45% of
traffic accidents would be prevented by improving lane marking visibility. Additionally, accident reduction benefit and traffic
congestion reduction benefit were calculated as much as 246 billion KRW per year and 12 billion KRW per year, respectively, by
reducing repaint cycle due to enhanced durability. 45 billion KRW per year is expected to reduced with improved lane detection
performance of autonomous vehicle. Meanwhile, total increased cost when introducing phosphorescent material mixed paint to
91,195km of nationwide road is identified as 1922 billion KRW per year. However, economic feasibility could not be secured with 0.16
of cost-benefit ratio when applied to the road network as a whole. In case of “ Accident Hot Spot” analyzing section window (400m),
one or more fatality or two or more injured (one or more injured in case of less than 2 lanes per direction) per year were caused by
pavement marking related accident, economic feasibility was secured. In detail, 3.91 of cost-benefit ratio is estimated with comparison
of the installation cost for 5,697 of accident hot spot and accident reduction benefit. Some limitations and future research agenda have
also been discussed.
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Table 1. Traffic Accidents Statistics in 2015

Night time
Cause Total (20:00~06:00)

Accidents| Ratio |Accidents| Ratio

Intrusion of median lane 21,161 1.9% 5,361 2.5%
Violation of traffic signal| 43,325 3.8% 14,588 6.7%
107,889 9.4% | 16,796 7.7%
Illegal U-turn 2,414 0.2% 634 0.3%
Speed limit violation 647 0.1% 309 0.1%
283,829 | 24.9% | 68,810 | 31.7%

Disobey safe distance

Failure of safe driving

Violation of intersection

.. 21,006 1.8% 4,479 2.1%
driving rules

Violation of passenger |5 3e0 |y sor | 3757 |  17%
protection obligation

Line violation 4,879 0.4% 1,218 0.6%
Interruption of straight - | 3 1 6os | 1505 | 0.7%
right turn

Other 371,045 | 32.5% | 60946 | 28.0%
Unclassified 261,018| 22.9% | 38946 | 17.9%
Total 1,141,925| 100.0% | 217,349 | 100.0%

Data: Korea Road Traffic Authority (2017), Traffic Accident Analysis
System (http://taas.koroad.or.kr)

Table 2. Night Time Traffic Accidents by Time Slot Caused by Poor

Lane Visibility

Time Slot Accidents |  Ratio Fatality Injured
20:00 to 22:00 2,259 39.7% 4 3,639
22:00 to 00:00 1,579 27.7% 7 2,663
00:00 to 02:00 968 17.0% 2 1,697
02:00 to 04:00 440 7.7% 0 799
04:00 to 06:00 451 7.9% 2 720
Total 5,697 100.0% 15 9,518

Data: Korea Road Traffic Authority (2017), Traffic Accident Analysis
System (http://taas.koroad.or.kr)
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Table 3. Road Traffic Accident Unit Cost (As of 2007)
(Unit: 10,000 KRW)

24 -

™
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Table 5. Durability Test Results for General and Phosphorescent
Pavement Markings (Unit: mcd/m?/lux)

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)+Traftic police cost+Insurance admini-
strative cost

Table 4. Accident Reduction Benefit Followed by Improving
Visibility of Pavement Markings (Unit: 10,000 KRW)

Accident Accident

Classification Reduced Unit Cost | Reduction | Reduction

Amount | (PGS Incl.) | Benefit Benefit

(As of 2007)| (As of 2015)

Number of 7 52,741 369,187 | 444.870
Fatality

Number of |, 5, 2156 | 9316076 | 11,225.872
Injured

Number of | so¢ 4159 | 10,755,174 | 12,959,985
Accident

Total - - 20,440,437 | 24,630,727

* Consumer Price Index (2007=100, 2015=120.5)
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Fig. 1. New Vehicle Market Share of Fully Autonomous Vehicles (Source: McKinsey & Company (2016))
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Table 6. Annual Maintenance Cost of Existing and Phosphorescent Pavement Markings

WA - #71%

(Unit: KRW per meter (width: 15cm))

.. . Phosphorescent pavement markings with new
Existing pavement markings .
marking technology

Installation Unit Cost (A) 4,121 2,885

Phosphorescent Paint Cost (B) 12,000

Total Cost (C=A+B) 4,121 14,885

Cycle (D) 12 month 18 month

Annual Cost (C/(12/D)) 4,121 9,923

Table 7. Road Statistics by Road Category and the Number of Lanes

(As of 2015, Unit: km)

Road category The number of lanes Total (Ratio)
2 4 6 8 10
National Expressway 2 3,102 549 540 0 4,193 (4.6%)
National Highway 5,981 6,761 766 137 25 13,670 (15.0%)
Special/Metropolitan City Road 426 1,797 1,398 853 253 4,727 (5.2%)
Provincial Road 13,327 1,649 274 54 1 15,305 (16.8%)
City (“Si”’) Road 14,682 5,331 1,780 477 66 22,337 (24.5%)
County (“Gun”) Road 15,161 253 23 0 0 15,438 (16.9%)
Borough (“Gu”) Road 14,101 1,194 164 66 0 15,525 (17.0%)
Total (Ratio) 63,681 (69.8%) | 20,087 (22.0%) | 4,954 (5.4%) 2,127 (2.3%) 346 (0.4%) 91,195 (100.0%)

Source: MOLIT (Ministry of Land, Infrastructure and Transport) (2016)
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Table 8. Lane Division Line Estimation by Road Category and the Number of Lanes (Unit: km)
Road category The number of lane (s) Total
2 4 6 8 10
National Expressway 0 3,102 1,099 1,619 0 5,820
National Highway 0 5,201 1,178 316 78 6,773
Special/Metropolitan City Road 0 1,348 2,097 1,918 760 6,123
Provincial Road 0 1,268 421 126 3 1,818
City(“Si”) Road 0 4,101 2,739 1,101 204 8,145
County(“Gun”) Road 0 195 35 0 0 230
Borough(“Gu”) Road 0 896 246 149 1 1,291
Total 0 16,110 7,815 5,230 1,045 30,200
Table 9. Centerline and Edge Line Estimation by Road Category and the Number of Lanes (Unit: km)
The number of lane (s)
Road category Total
2 4 6 8 10
National Expressway 9 12,408 2,198 2,159 0 16,773
National Highway 17,944 27,044 3,062 549 102 48,700
Special/Metropolitan City Road 1,278 7,189 5,591 3,410 1,013 18,481
Provincial Road 39,982 6,594 1,095 218 3 47,893
City (“Si”’) Road 44,045 21,326 7,122 1,908 265 74,666
County (“Gun”) Road 45,484 1,013 92 0 0 46,590
Borough (“Gu”) Road 42,302 4,776 656 265 1 48,000
Total 191,044 80,350 19,817 8,509 1,384 301,103

Table 10. Benefit-Cost (B/C) Ra

tio of Phosphorescent Pavement Markings

(Unit: 100 million KRW)

Traffic accident reduction 2,463
Benefit Traffic congestion cost reduction caused by marking works 123
Autonomous vehicle production cost reduction caused by improved lane visibility 453
Cost 19,222
Benefit/Cost 0.158
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Table 11. Lane Division Line, Centerline and Edge Line Estimation for Accident Hot Spots (400m) (Unit: m)

Lane Division Line by the number of lanes Centerline and Edge line by the number of lanes

Road category
4 6 8 10 2 4 6 8 10

National Expressway 0 400 800 1,200 1,600 1,600 1,600 1,600 1,600 1,600
National Highway /Provincial Road /
City (“S7") Road / County (“‘Gun)Road|  ° 308 615 923 | 1231 | 1200 | 1,600 | 1,600 | 1,600 | 1,600
Special/Metropolitan City Road / 0 300 600 900 | 1200 | 1,200 | 1,600 | 1,600 | 1,600 | 1,600
Borough(“Gu”) Road

Table 12. Phosphorescent Pavement Markings Installation Cost Estimation for Accident Hot Spots (400m)

Total length of line (m) by the number of lanes

Increased Installation Costs by
Phosphorescent Pavement Markings

Road category (10,000 KRW) by the number of lanes
2 4 6 8 10 2 4 6 8 10
National Expressway 1600 | 2000 | 2400 | 2800 | 3200 | 9283 | 1,160.4 | 13925 | 1,6246 | 1.856.6
National Highway /Provincial Road /| -, 500 |1 908 | 5215 | 2523 | 2831 | 6962 | 1,1068 | 12854 | 14639 | 1.6424
City (“Si””) Road / County (“Gun”) Road
Special/Metropolitan City Road / 1200 | 1900 | 2200 | 2500 | 2,800 | 6962 | 1,024 | 12764 | 14505 | 1,624.6
Borough(“‘Gu”) Road

Table 13. Accident Reduction Benefit of Casualty Followed by Improving Visibility of Pavement Markings

(Unit: 10,000 KRW)

Classification Unit Cost Accident Reduction Rate Accident Reduction Benefit | Accident Reduction Benefit
(PGS Incl.) (As 0f 2007) (As of 2015)
Fatality 52,741 42.1% 22,204 26,756
Injured 2,156 42.1% 908 1,094
* Consumer Price Index (2007=100, 2015=120.5)
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