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Evaluation of Highway Traffic Safety using Reliability Theory

ABSTRACT

Oh, Heung-Un ‘ M| - QI|tHstn BAtHst T A| - nEFZSHE W4 - W AKX} (E-mail : ohheung@ gmail.com)

PURPOSES : This paper proposes a reliability index for the safety evaluation of freeway sections. It establishes a reliability index as a safety

surrogate on freeways considering speeds and speed dispersions.

METHODS : We collated values of design elements including radii, curve lengths, vertical slopes (absolute values), superelevations, and

vertical slopes from seven freeway sections in Korea. We also collected data about driving speeds, traffic accidents, and their deviations. We

established a reliability index using these variables.

RESULTS : The average radii, curve lengths, and superelevations are highly correlated with the incidence of traffic accidents. Deviations in
radius and curve lengths show an especially high correlation. The reliability index, derived from speed and speed dispersions of the seven
freeway sections, also correlated highly with accidents with a correlation index of 0.63.

CONCLUSIONS : Since the reliability index obtained from speed and speed dispersions are highly correlated with traffic accidents, we
conclude that a reliability index can be a safety surrogate on freeways considering speeds and speed dispersions together in terms of design and

operational levels.
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Table 1. Data of Freeway Elements Over 7 Sections of Freeway
| Curve | Slope | Superel | Curve | Slope | Superel
gljr\?; Station R?g]l;J s length | (ABS) | evation (?(pnffrg Accidents gﬁr\?; Station RTS:)U s length | (ABS) | evation (Skprjzg Accidents
(km) (%) (%) (km) (%) (%)
1| 01620938 | 480 | 0776 | 150% | 6% | 88 | 6 28 | 270033587 | 902 | 0867 | 150% | 5% | 93 | 4
2| 09314k | 460 | 0507 | 120% | 6% | O | 29 | 3481035104 | 400 | 0204 | 080% | 6% | 86 | 20
3| 1740k244 | 605 | 0704 | 240% | 6% | 93 | 2 30 | B0k-3B42k | 590 | 032 | 190% | 6% | 91 | 15
4 | 438553k | 70 | 1149 | 260% | 5% | 9 | 6 | Lengh 10402 822 | 065 | 0055 | 0049 | 916 | 7
5 | 5375700k | 2750 | 0323 | 070% | 2% | 103 | 2 g‘:‘::j‘;: 3019 | 029 | 0006 | 0008 | 327 | 68
6 | 60%6k-679% | 70 | 0736 | 150% | 5% | % | 4 31 | 36404k-36684 | 1050 | 028 | 200% | 5% | 102 | 9
7 | 670778k | 710 | 1048 [ 200% | 5% | 88 | 7 2 | 368IK-37I64 | 1420 | 0352 | 150% | 4% | 108 |
8 | 7946k-9360k | 760 | 1414 | 240% | 5% | 90 | 10 | 33 | 3776838330k | 710 | 0562 | 220% | 6% | @ | 5
Length 93 8812 083 | 001 | 005 | 93 | 38 | 34 |38468-30348 | 710 | 088 | 130% | 6% | 9 2
gf;:ﬁ;i 75662| 035 | 0006 | 001 | 53 | 408 | 35 |40040k-41020k | 710 | 098 | 130% | 6% | 88 | 5
9 | 95251026k | 740 | 0701 | 330% | 5% | & | 3 3% | 41820k-43248k | 890 | 1428 | 080% | 5% | 93 | 3
10 | 10458k-11186k | 2400 | 0728 | 220% | 3% | 101 | 5 3| 452344587k | 990 | 0638 | 220% | 5% | 9% | 5
| 1526k-12425 | 740 | 0899 | 270% | 5% | 88 | 10 | 38 |46300k-46810k | 1050 | 051 | 150% | 5% | 100 | 0
| 12440k-13055K | 740 | 0615 | 130% | 5% | % | 3 | Length 10406 | 94125 | 0703 | 0016 | 00525 | 96375 | 30
13| 14250k-14752 | 750 | 0502 | 220% | 5% | % | 2 g‘:vr:gjéi 2u844| 0377 | 00049 | 0007 | 656 | 2883
14 | 14815k-1557% | 520 | 0757 | 320% | 6% | & | 2 39 [121630k-122230k | 1000 | 06 | 070% | 5% | 103 | 1
15 | 107917660k | 1010 | 0581 | 200% | 5% | 9 | 0 40 | 1474%-106624 | 2100 | 1882 [ 230% | 3% | 2 | 2
Length 808 98571| 068 | 0024 | 0048 | 9314 | 25 | 41 |12603-129574| 800 | 354 | 120% | 6% | % | 6
ﬁfﬁgﬁéi 63057 01 | 0007 | 0008 | 558 | 300 | 42 |1275i2k-127978k | 3500 | 0466 | 250% | 2% | 110 | 0
16 | 17660k-18500k | 1100 | 084 | 160% | 4% | % | 2 43 |127.988k-129200k| 2800 | 1212 | 130% | 2% | 106 | 3
7| 2250k-21580k | 970 | 033 | 120% | 5% | % | 1 4 [128282-131040k | 1800 | 2758 | 070% | 3% | 101 | 7
18 | 21642798 | 710 | 0634 | 210% | 5% | & | 5 45 [132632-133250k | 1500 | 0618 | 120% | 4% | 103 | 0
19 | 2308223750k | 810 | 0668 | 140% | 5% | 97 | 4 46| 134112134528 [ 53002 | 0416 [ 190% | 2% | 15 | 0
20 | 23750k-24406k | 900 | 0656 | 230% | 5% | 90 | 7 47 [134.940k-135.900k| 1500 | 096 | 240% | 4% | 108 | 2
Length 674 898 | 06256 | 00772 | 0048 | 934 | 19 | 48 |137740k-138400k| 3100 | 066 | 190% | 2% | 107 | 0
[S)fvr::s;i 14923 | 0184 | 0004 | 0004 | 364 | 281 | Lengh 757 |234002| 131 | 00161 | 0033 | 106 | 2
Standard
2| BOZCETIO | TI0 | 088 | 200% | S | % | 4 | T 196728| 107 | 00067 | 0014 | 5792 | 119
2 | 624027140k | 100 | 09 | 150% | 4% | o7 | 5 49 [139900k-140.640k| 3500 | 074 | 060% | 2% | 105 | 3
23 | 27408k-28040k | 710 | 0636 | 060% | 5% | 88 | 3 50 |140640k-140860k| 3000 | 022 [ 050% | 2% | 109 | 0
24| 2947k-29946k | 1487 | 0474 [090% | 3% | 94 | 0 51 |142900k-143950k| 1200 | 105 | 120% | 4% | 101 | 4
25 | 300483069 | 710 | 064 | 250% | 5% | 90 | 9 | Length 405 | 256666 067 | 00076 | 0026 | 105 | 7
%6 | 30710k-31978 | 993 | 1268 | 200% | 5% | 91 | 6 gfv”g;’;i 12009 | 0419 | 00037 | 001 | 4 | 178
27| 31986k-32458k | 820 | 0472 | 220% | 5% | 91 | 5
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Table 2. Correlations between Freeway Elements and
Accidents

Accidents
(per
kilometer)

Design Radius Curve | Slope [Superel
Section | speed m) length | (ABS) |evation
(km/h) (km) | (%) | (%)

Speed| Slope
(km/h)| (+/-)

Table 3. Correlations between Standard(STD) Deviation
of Freeway Design Elements and Accidents

iTD. o | gmgf | SO STlD ol | s °|f ST of | S of

Section esion radius curve Siope supgree speed | slope
Speed () length | (ABS) | vation kb | )
(km/h) (km) (%) (%)

Section 1| 75663 | 035 0.01 0.01 535 | 202 | 409

Section2| 63958 | 0.3 0.01 0.01 558 | 233 | 309

Section 3| 14923 | 0.18 0.00 0.00 365 | 157 | 282

Section 4| 30196 | 030 0.01 0.01 327 | 1719 | 683

Section 5| 24445 | 038 0.00 0.01 6.57 1 288

Section 6| 136728 | 108 0.01 0.01 579 | 182 120

Section 7| 120968 | 0.42 0.00 0.01 400 | 091 173

correlation
with -059 | -049 033 -024 | -044 | 03t NA
accidents

Section1 | 100 | 898 | 0.832(0.017| 0.05 | 93 0162 4.09

Section 2 | 100 | 985 | 0.683|0.024|0.048 | 931 | 127 | 3.09

Section 3 | 100 | 898 | 0.625|0.017| 0.048 | 934 |-1.08| 282

Section 4 | 100 | 842 | 0.656 | 0.015| 0.049 | 916 |-0.09] 683

Section 5 | 100 | 941 | 0.703|0.016| 0.052 | 96 |-0475] 288
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Table 4. Correlations between Reliability Index and

Section 6 | 120 | 2340 | 1.311 |0.016| 0.033 | 106 -0.110[ 120

Section 7 | 120 | 2566 | 0.67 |0.007| 0.026 | 105 |-0.366| 173

correlation
with NA |-067|-045] 022 | 060 [-0.76/0.090| NA
accidents
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Accidents
c-D C (=Capacity=Design D_(:Dem?”d o
, ) =operation (Relialoi| ,
Design| (Design speed) speed) | i Accidents
Section |speed| speed- y (per

COV | COV | Design | Operation | Index Kiometer)
(from |(based on| speed | speed | ©
rdius) | speed) |variation| variation

(km/h)|operation
speed)

Section 1] 100 | -1300 | 084 | 003 | 938 | 2857 |-211| 409

Section2| 100 | -1314 | 065 | 003 | 658 | 3114 [-214| 309

Section 3| 100 | -1340 | 047 | 001 | 18 | 1330 |[-344| 28

Section4| 100 | -1160 | 036 | 002 | 426 | 1071 |-300| 683

Section 5| 100 | -1638 | 026 | 002 | 276 | 4313 |-242| 288

Section 6| 120 | -600 | 058 | 002 | 360 | 3356 |-098| 120

Secton7{ 120 | -500 | 047 | 001 | 264 | 1600 |-116| 173

correlation
with NA | NA NA NA NA NA  [-063] NA
accidents
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