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Safety evaluation method of freeway segment based on accident
data and safety service level

MENG Xiang-hai, LI Xin, ZHENG Lai
(School of Transportation Science and Engineering, Harbin Institute of Technology.

Harbin 150090, Heilongjiang, China)

Abstract; The basic division method of freeway segment was analyzed, the unequal-length
division method of dynamic clustering segment based on the concentration and dispersion degrees
of accident point was put forward. The accident prediction model was calibrated based on negative
binomial distribution, the safety evaluation method of freeway segment based on negative
binomial distribution was proposed. The concept of safety service level was introduced, the
classification standard was determined, the safety evaluation method of freeway segment based on
safety service level was proposed, and the example verification was carried out. Verification
result indicates that when the 109 segments of Jingzhu Freeway are evaluated by using the two
methods respectively, the 57. 8% of segments have the same results, the segment amounts of
safety conditions in great, good, normal, poor are 5, 63, 36 and 5 respectively by using the
safety evaluation method based on negative binomial distribution, while the segment amounts of
safety conditions in great, good, normal, poor are 1, 64, 26 and 18 respectively by using the

safety evaluation method bassed on safety service level. The evaluation result of safety evaluation
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method based on negative binomial distribution is more in line with freeway actual safety
situation. The safety evaluation method based on negative binomial distribution considers traffic
volume and geometric alignment, and is more suitable for the freeway with complex geometric
alignment conditions. The safety evaluation method based on safety service level considers traffic

volume and accident frequency, and is more suitable for the freeway with better geometric
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alignment conditions. 8 tabs, 5 figs, 20 refs.
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Fig. 1 Division result of basic segments
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Tab.1 Geometric alignment indexes
o T i = A B SRR A
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/N B2 /m 712 500
B KA/ 70 100
RIS/ % 4 5
Fo/N BRI £ 242/ m 10 000 8 000
e/ MR il 28 2F 42/ m 8 000 7 000
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Tab. 2 Traffic accident data

o N T N AUER L B

Ay 2007(2008{2009(2010(2011(2012{2010|2011|2012

R 533 | 253 | 151 | 356 | 263 | 191 | 488 | 571 | 505

L AP 24 | 23 | 11 | 14 | 12 4 53 | 49 | 25

Z A NEL 131 21 | 21 | 19 | 10 4 96 | 104 | 28
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Tab.3 Segment division result of Yuegan Freeway

i '5| REP LMD | BB E /m | FHORE RS | REPONES | BBKE/m| SRS |45 | RETONS | BB /m | dilk %

1 K0+730 910 4 47 K33-+768 1020 5 93 K844950 975 7

2 K1+197 565 9 48 K34+-866 830 12 94 K85+957 865

3 K1-+900 675 22 49 K35+4371 825 13 95 K86+856 1010 9

4 K2-+410 775 20 50 K36+ 354 850 5 96 K87+4764 875 7

5 K3+383 1025 6 51 K37+4248 835 12 97 K88+650 825 4

6 K4+376 825 11 52 K384017 865 13 98 K89+393 600 3

7 K5+186 750 7 53 K394065 840 20 99 K89+985 825 13

8 K5+771 460 7 54 K39+4583 535 9 100 K90+896 875

9 K6+294 615 ) 55 K40+ 304 900 39 101 K91-+550 375 1
10 K6+910 1075 ) 56 K41-+258 1025 22 102 K91+4963 500 4
11 K8+075 1055 2 57 K424-240 825 19 103 K92+550 850 6
12 K9-+340 820 4 58 K424-983 810 35 104 K934410 610 2
13 K9-+800 500 3 59 K434894 965 12 105 K94+4100 765 2
14 K10+250 450 4 60 K44+4752 800 16 106 K94+638 850 4
15 K10+807 600 7 61 K454659 885 13 107 K95+700 575 1
16 K11+356 738 4 62 K46+4471 815 16 108 K96+4202 1115

17 K12+ 342 737 6 63 K47+4447 950 23 109 K97+4-978 1865 19
18 K12+781 475 8 64 K48+4158 725 22 110 K99+743 1910 35
19 K13+-238 500 8 65 K49+008 885 11 111 | K101+624 2 060 28
20 K13+816 605 10 66 K49+-892 1105 5 112 | K104+023 2 050 18
21 K144501 595 23 67 K514120 760 4 113 | K105+608 1450 37
22 K15+4036 600 35 68 K51+4489 650 7 114 | K106+918 1 350 13
23 K15+633 1075 15 69 K52+4433 675 3 115 | K108+536 1750 16
24 K16+800 1075 1 70 K524900 450 2 116 | K109+825 850 2
25 K18+-275 1130 2 71 K534-392 563 6 117 | Kll1+121 1600 12
26 K19+4005 620 2 72 K544013 592 6 118 | K112+589 1300 10
27 K19-+450 600 2 73 K54+4576 745 8 119 | K113+681 1200 8
28 K20+381 775 7 74 K55+ 346 975 25 120 | K114-+810 1075 3
29 K20+810 325 5 75 K56+4808 2 000 23 121 | K115+800 750 1
30 K21+137 590 7 76 K594320 2075 47 122 | K116+878 1450 5
31 K21+4987 860 6 77 K60+761 1265 28 123 | K118+325 1100 2
32 K22+710 550 5 78 K61+4839 1545 19 124 | K119+000 675 1
33 K23+4-243 600 13 79 K63+4773 1920 29 125 | K119+933 1150 3
34 K23+4-839 800 12 80 K65+822 1975 36 126 | K121+360 1210 2
35 K24+4768 630 5 81 K67+717 1845 29 127 | K122+094 1215 13
36 K25+4140 420 2 82 K69+623 2 110 32 128 | K123+620 1025 5
37 K25+4600 420 2 83 K71+3881 2 140 35 129 | K124+4200 450 1
38 K26+205 580 4 84 K734783 1 840 43 130 | K124+830 1050 5
39 K26+4600 425 2 85 K754497 1625 24 131 | K126+490 1 800 18
40 K27+135 610 11 86 K774013 1635 26 132 | K128+232 1965 13
41 K27+617 615 3 87 K78+4912 1750 26 133 | K130+606 1 860 16
42 K29+4019 1575 17 88 K80+339 1150 7 134 | K131+519 990 7
43 K30+4205 1125 32 89 K81+-284 1050 5 135 | K133+061 1935 15
44 K31+4205 975 20 90 K82+4650 1100 6 136 | K134+836 2 052 7
45 K32+140 925 5 91 K83+4420 750 5

46 K32+900 625 2 92 K84+4088 725 4
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Tab.4 Segment division result of Jingzhu Freeway

Gi S| RAHOHES | BEBORBE/m | FHORE | S5 | RO | BEBCREE /m | FHORE (A5 | RAEHFOHES | BB B /m | RS
1] Ko+205 420 2 38 | K274956 600 6 75 | K60+070 970 15
2| Ko+725 740 9 39 | K28+794 730 4 76 | K60+754 930 10
3| K1+579 1132 5 40 | K29+4340 520 8 77| K62+008 716 8
4| K3+082 1106 9 41 | K304012 700 7 78| K62+679 940 16
5| Ka+220 852 6 42 | K30+966 1300 10 79 | K63+413 644 9
6| Ki+864 1110 9 43 | K32+216 1000 13 80 | K64+382 845 5
7| K5+583 490 7 44 | K32+924 850 14 81| K65+337 855 11
8| K6+259 705 6 45 | K33+734 950 18 82| K65+850 384 5
9| K6-+778 445 4 46 | K34+4733 825 20 83| K66+332 618 7
10| K7-+494 1000 9 47 | K35+661 998 17 84| K674265 1018 5
11| K8+355 553 4 48 | K36+363 807 20 85| K68+794 1097 10
12| K8+732 737 9 49 | K374087 497 12 86 | K694405 901 28
13| Ko+221 760 6 50 | K38-+054 940 9 87 | K70+327 1166 6
14| K10+022 563 12 51 | K38+712 533 2 88 | K71+4509 1316 5
15| K1o+638 468 7 52 | K39+227 435 4 89 | K72+4937 1361 13
16 | K114596 626 7 53 | K39+747 774 3 90 | K74+115 1310 12
17| Ki2+445 768 5 54 | K40+707 791 2 91| K754149 829 12
18 | K12+906 875 11 55 | K41+4325 685 3 92 | K76+291 884 8
19| K13+750 495 4 56 | K41+872 427 2 93 | K774890 1596 24
20 | K14+209 530 5 57 | K42+274 755 8 94 | K79+163 1480 48
21| Kl4+558 625 12 58 | Ka2+944 733 8 95 | K80+562 2 040 35
22| K15+333 12 41 59 | K43+912 791 13 96 | K82+458 2 200 51
23| K15+4987 710 27 60 | Ka5+721 1284 4 97 | K84+4635 2100 36
24| K16+644 499 15 61 | K474055 2004 21 98 | K85+733 1316 14
25| K17+4044 681 29 62 | K48+4409 1546 41 99 | K87+282 684 11
26 | K17+756 1015 11 63 | K49-+887 1225 61 100 | K88+394 1,000 18
27 | K18+642 975 11 64 | K50+902 972 98 101 | K89+598 2 000 17
28| K19+800 1050 24 65 | K514913 978 11 102 | K91+4759 2 000 31
29 | K20+877 1057 34 66 | K52-+848 845 9 103 | K94+527 3270 23
30| K214709 761 21 67 | K53+720 755 24 104 | K97+971 2 890 38
31| K22+709 877 4 68 | K54+4396 1,000 19 105 | K100+893 2 937 42
32| K23+685 725 8 69 | K554186 510 8 106 | K103+4165 2 307 20
33| K24+385 840 11 70 | K55+957 1030 8 107 | K104-+936 2 396 22
34| K25+4299 760 8 71| K57+042 948 5 108 | K106+181 1610 8
35| K25+840 400 11 72 | K57+922 1030 5 109 | K108+399 882 8
36| K26+4329 647 13 73 | K58+4943 600 2
37| K27+003 1103 19 74 | K59+4356 682 8
RS @IS PR 2, Nk BRSO I E s o D
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Tab. 6 Model calibration result of Yuegan Freeway
% ES P | P>z 959 7 X [f]
¥ 0.1159 | 0.052 8 2.1910.028 0.012 4 0.219 4
i | —0.7658| 0.1322 [—5.79|0.000 | —1.024 9 | —0.506 7
BRELKE | 1.354 8| 0.1416 9.571 0.000 1.077 3 1.632 3
R 2.773 1] 0.3428 8.091 0.000 2.101 2 3.4450
MSrAER | 0.319 5] 0.0509 0.001 0.000 0.2338 0.436 6
£7 RHBEABBDEELR

Tab.7 Model calibration result of Jingzhu Freeway

Ve EY i it 2 x| P>z 95 7% B A7 X [i]

i fA 0.008 5| 0.0031 | 2.73 | 0.006 0.002 4 0.014 5
g AR —0, 111 8| 0.043 4 | 2,58 [ 0.010 | —0.196 8 | —0.026 8

W B 0.243 9] 0.0510 | 4.78 [0.000| 0.1439 | 0.3438

38 9 0.202 6| 0.1986 | 1.02 [0.308 | —0.186 7 | 0.5919
PRECKEE | 0.7619] 0.1133 | 6.72 | 0.000 | 0.539 8 0.984 1
HEHE | 0.0580] 0.6565 | 0.09 |0.030 | —1.2288 1.344 8
AT | 0.2770] 0.0463 | 0.00 | 0.000 | 0.1996 | 0.384 4
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Fig. 2 Classification standard of safety service level for

Yuegan Freeway
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Fig. 3 Classification standard of safety service level for

Jingzhu Freeway
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Fig. 4 Evaluation result by using method 1
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Fig.5 Evaluation result by using method 2
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Tab.8 Comparison of evaluation results for two methods
BB S | PR | ik 2|(B BT | ik 1 | ik 2| BRBUR S | ek 1 | ik 2 (| BRBR S | ek 1 | ik 2 (| BRB S | ikl | k2
1 1 1 23 3 3 45 3 4 67 4 4 89 2 3
2 3 2 24 3 3 46 3 4 68 4 3 90 2 3
3 2 4 25 3 3 47 2 3 69 2 2 91 3 3
4 2 2 26 2 2 48 3 4 70 2 2 92 2 2
5 2 2 27 2 2 49 2 3 71 2 2 93 3 4
6 2 2 28 3 3 50 2 2 72 2 2 94 4 4
7 2 2 29 3 4 51 1 2 73 1 2 95 3 4
8 2 2 30 3 3 52 2 2 74 2 2 96 3 4
9 2 2 31 2 2 53 2 2 75 3 3 97 2 4
10 2 2 32 3 2 54 1 2 76 2 2 98 3 3
11 2 2 33 2 3 55 2 2 77 3 2 99 3 2
12 3 2 34 2 2 56 1 2 78 3 3 100 3 2
13 2 2 35 3 3 57 2 2 79 2 2 101 2 2
14 4 2 36 2 3 58 2 2 80 2 2 102 3 3
15 3 2 37 3 4 59 2 3 81 2 2 103 2 3
16 3 2 38 3 2 60 2 2 82 2 2 104 2 4
17 2 2 39 2 2 61 2 4 83 2 2 105 3 4
18 3 2 40 2 2 62 3 4 84 2 2 106 2 3
19 2 2 41 2 2 63 3 4 85 2 2 107 2 3
20 2 2 42 2 3 64 4 4 86 3 4 108 2 2
21 3 2 43 3 3 65 2 3 87 2 2 109 2 2
22 3 2 44 2 3 66 2 2 88 2 2
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