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Auxiliary Decision-making Method on Risky Sharp Turn Section in

Mountain Area Based on Fuzzy Comprehensive Evaluation
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(1. CCCC First Highway Consultants Co. » Ltd, Xi’an 710075, Shaanxi. China; 2. Key Laboratory
of Highway Engineering in Special Area, Ministry of Education.
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Abstract; In order to sort the risk of passenger cars moving on sharp turn sections, assist the
decision-makers to find out the risky section which was in urgent need of improvement and
improve road safety management level and capital utilization efficiency, the critical adhesion
coefficient and road adhesion coefficient as evaluation indices and 25 selected groups of test
sections as the research object, they were divided into 8 levels based on risks. With the theories
of mathematical statistics and fuzzy comprehensive evaluation, the single factor evaluation matrix
and the weight of each effect factor can be determined, and then the comprehensive evaluation
result was obtained. Combining the corresponding weights of different risk levels, the
comprehensive evaluation coefficient was obtained. Based on the coefficients, 25 groups of test
sections were sorted according to the risks, which were verified by examples. The results show

that the driving speed and circular curve radius are the leading factors which lead to the risk of
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passenger cars moving on sharp turn sections. The results obtained by fuzzy comprehensive

evaluation agree with the actual accident data.

Key words: traffic engineering; sorting of dangerous section; fuzzy comprehensive evaluation;

passenger car; horizontal curve section
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Fig. 1 Results of Data Output
1 [
Tab.1 Deviation and Variance Analysis Results Based on
Critical Adhesion Coefficient p
F
R 0.241 805 2 2121.11
v 0.269 906 2 2 367.60
a 0.025 730 4 112. 86
0.014 449° .
0.093 561,7*=0.96 (1D
v s R s a
s’ .
1 ,v R F 1,

v« F 20, , v

Fig.2 Schematic of Slope Length
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Tab.2 Table of Factors and Levels
v/(km+ | ¢/(mm «
h™b min~1) ¢
1 60 0.05 4.12%(C 1%, 41%)
2 80 0.50 6.71%¢( 3%, 6%)
3 100 1.00 9. 43%¢( 5%, 8%)
3 2o q v a F

100 171 57, ,
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Tab.3 Deviation and Variance Analysis Results Based on

Road Adhesion Coefficient

F
v 0.078 452 2 30 367.56
q 0. 000 259 2 302.73
a 0. 000 005 2 1.77
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Tab.4 Factor Value Strategy
v/(km+ h™1) R/m
60 250,255,+++,495
70 250,255, 195
80 250,255, 195
90 250,255, 195
100 250,255, 195
56,57,++-,105 250
56,57,++-,105 300
56,57,++-,105 350
56,57,+--,105 400
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Tab.5 Occurrence Probabilities of Each Risk Level

at Different Driving Speeds

7

( )

Tab.7 Normalized Comprehensive Evaluation

Results (Test Sections)

v/(km+ h™1) 1~8
60 0.82,0.18,0,0,0,0,0,0
70 0.18,0.74,0.08,0,0,0,0,0
80 0,0.40,0.46,0.14,0,0,0,0
90 0,0,0.34,0.38,0.24,0.04,0,0
100 0,0,0,0.14,0.36,0.24,0.18,0.08
6

Tab. 6 Occurrence Probabilities of Each Risk Level Under

Different Radiuses of Circular Curves

R/m 1~8
250 0.02,0.24,0.18,0. 12,0. 12,0, 10,0. 08,0. 14
300 0.10,0. 24.0. 18,0. 14,0. 12,0. 08,0. 10,0. 04
350 0.18.0.24.0.18.0.14.0.12.0.10,0. 04,0
400 0.24,0.26.,0.18.0.14,0.10,0. 08,0.0
450 0.28,0. 26,0. 20,0. 14,0.12,0,0,0
1, . D) ,
7 o
4.3
7 , v
R ,
R Y= (0.03,0.06,0. 08,
0.11,0.14,0.17,0.19,0.22)T, , 25
Y (10), 25
8,
8 :1~5,6~10,11~15,16~
20,21~25 5 s
; 21,5,
100 km « h™!
250 m .60 km « h™! 450 m
, o 8 ,

v/ (km *
1y R/m
1 60 250 10.35,0.16,0.12,0.08,0.08,0.07,0.05,0.09
2 60 300 |0.36,0.17,0.13,0.10,0.08,0.06,0.07,0.03
3 60 350 0.39,0.18,0.13,0.10,0.09,0.07,0.03,0
4 60 400 0.41,0.20,0.14,0.11.,0.08,0.06,0,0
5 60 450 0.42,0.21,0.16,0.11,0.10,0,0,0
6 70 250 10.12,0.36,0.12,0.08,0.08,0.07,0.06,0.10
7 70 300 10.13.,0.39,0.13,0.10,0.09,0.06,0.07,0.03
8 70 350 0.14,0.41,0.14,0.11,0.09,0.08,0.03,0
9 70 400 0.19,0.42,0.14,0.11,0.08,0.06,0,0
10 70 450 0.22,0.42,0.16,0.11,0.09,0,0,0
11 80 250 10.01,0.27,0.32,0.10,0.08,0.07,0.05,0. 10
12 80 300 |0.06,0.28,0.32,0.10,0.08,0.06,0.07,0.03
13 80 350 0.13,0.28,0.32,0.10,0.08,0.07,0.03,0
14 80 400 0.17,0.28,0.32,0.10,0.07,0.06,0,0
15 80 450 0.20,0.28,0.33,0.10,0.09,0,0,0
16 90 250 10.01,0.16,0.22,0.25,0.16,0.06,0.05,0.09
17 90 300 |0.06,0.16,0.22,0.25,0.16,0.05,0.07,0.03
18 90 350 | 0.12,0.15,0.22,0.25,0.16,0.07,0.03,0
19 90 400 0.16,0.16,0.22,0.25,0.16,0.05,0,0
20 90 450 0.18,0.17,0.22,0.24.0.16,0.03,0,0
21 100 250 10.01,0.17,0.12,0.09,0.24,0.16,0.12,0.09
22 100 300 10.07,0.16,0.12,0.09,0.24,0.15,0.12,0.05
23 100 350 10.11,0.15,0.11,0.09,0.23,0.15,0.11,0.05
24 100 400 |0.14,0.15,0.11,0.08,0.21,0.15.,0.11,0.05
25 100 450 10.16,0.15,0.11,0.08,0.21,0.14,0.10,0. 05
5
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Tab. 8 Sorting of Dangerous Sections (Test Sections)
21 0.134 0 25 0.114 0 12 0.095 4 13 0.085 4 3 0.075 3
22 0.1251 11 0.107 3 7 0.091 4 8 0.084 1 15 0.072 4
23 0.120 4 17 0.106 2 1 0.091 3 2 0.082 8 10 0.069 6
16 0.117 3 6 0.099 8 19 0.090 3 14 0.078 2 4 0.069 0
24 0.116 4 18 0.096 7 20 0.086 6 9 0.0759 5 0.063 8
9 11
Tab.9 Sharp Turn Section Conditions and Tab. 11  Sorting of Dangerous Sections
Situations of Accident Loss
v/(km + h™) R/m 6 0.120 4 10 0.095 0
1 80 260 33 090 3 0.107 8 9 0.086 6
2 75 260 26 714 1 0.104 7 5 0.075 3
3 90 290 41 580 2 0.102 1 8 0.069 0
4 75 290 21 240 4 0.095 5 7 0.068 9
5 60 350 1 600 (2) 5,6,7. 5.6
6 100 350 53 695 s ,
7 60 400 900
s s
8 62 400 1 300 0. 898, 5,7 ;
9 90 450 2 000
10 93 450 18 050 ’
s s
10 0.728, :
Tab. 10 Normalized Comprehensive Evaluation Results
N s H
v/ (km * ) ,
T
1 80 | 260 |0.03.0.27,0.32,0.10,0.08,0.07.0.05,0. 08 ’ ’
2 75 260 10.03,0.35,0.26,0.08,0.08,0.07,0.05,0.08 °
3 90 290 10.05,0.17,0.22,0.25,0.16,0.06,0. 05,0. 04 ’ ’
4 75 290 10.05,0.35,0.26,0.09,0.08,0.07,0.05,0.05 N °
5 60 350 10.39,0.19,0.13,0.10,0.09,0.07,0. 03,0.00 6
6 100 350 10.11,0.15,0.11,0.09,0.23,0.15,0.11,0.05
7 60 | 400 [0.41,0.20,0.14,0. 11,0, 08,0. 06,0. 00,0. 00 (D )
8 62 400 |0.40,0.21,0.14,0.11,0.08,0.06,0.00,0. 00 2 .
9 90 450 10.17,0.17,0.22,0. 25,0.16,0. 03,0. 00,0. 00 R
10 93 450 10.17,0.16,0.13,0. 28,0.16,0.10,0. 00,0. 00 R
, s (2) , F
11, 11 : s H
QD) ) )
) ( 8 .
):6,3,1,2,4,10,9,5,8,7, 9 (3) 60,70,80,90,100 km « h™',
s ( ):6, 250,300,350,400,450 m s
3,1,2,4,10,9,5,8,7, s 2 50 s
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