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Risk Assessment Method for Trucks on Continuous Downhill Section Based on
Synthetic Slope

ZHANG Chi"' XIANG Yudie’ LAN Fu-an® WANG Bo' BAI Hao'
(1. School of Highway Chang’ an University Xi’ an Shaanxi 710064 China;
2. Jiujiang Transportation Information Net Jiujiang Jiangxi 332000 China;
3. Sichuan Lexi Expressway Co. Ltd. Chengdu Sichuan 610000 China;
4. Sichuan Expressway Construction and Development Group Co. Ltd. Chengdu Sichuan 610000 China)

Abstract: In order to analyze the factors of truck driving risk and their influence on the continuous downhill
section of the expressway the synthetic slope and brake hub temperature risk factors are put forward the
truck accident rate is used to quantify the truck driving risk and the interaction of risk factors is studied.
First the angle of braking efficiency is represented based on the braking distance through the dynamic
simulation test it is found that there is a certain interaction between the degradation of braking and the
synthetic slope on the road. Then based on the original traffic data processing and analysis of three
continuous downhill sections of Yaan—Xichang Expressway from 2013 to 2020 based on the actual accident
data through clustering and correlation analysis the inherent exponential growth correlation of synthetic

slope-brake hub temperature4reight car accident rate is revealed. Finally the correlation surface function is
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(2022YFG0048) ; (2019-ZL-12 2021-ZL-15)
(" ) (1981-) . ( zhangchi@ chd. edu. cn)
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fitted by the nonlinear regression method and the risk assessment equation of truck accident is constructed
combined with the risk classification standard the evaluation method of freight car running risk in the
continuous downhill section of expressway is put forward and the example verification is carried out. The
result shows that the binary nonlinear exponential function can well explain the change rule of accident risk of
freight cars on the straight and vertical combination road sections of continuous downhill the interaction
between the synthetic gradient and the temperature of the brake hub is mainly embodied in the road sections
with the synthetic gradient above 5% and the temperature of the brake hub above 200 C. The research result
can provide an effective reference for the optimization of expressway alignment the layout of safety measures
especially the layout of the refuge lane.

Key words: road engineering; risk assessment method; multiple nonlinear regression method; continuous

downhill road section; synthetic slope; brake hub temperature
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Fig. 2 Temperature rise of studied road sections
3
Fig. 3 Accident distributions
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5
Tab.5 Result of ANOVA
F p
5 4.93 0.99 24.20 0
46 1. 87 0.04 — —
52 29.55 — — —
51 6. 80 — — —

4

Fig.4 Accident distribution in cluster intervals

3
Tab.3 Regression analysis on surface functions
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52 2 1.87 -144.21 -129.35 0.724
52 2 1.93 -154.77 -143.65 0.716
52 2 2.33 -144.78 -133.67 0.656
32-33
4 AIC  BIC
(4) -
5 p

o

i T
CR =0.37 + 0.006e™7 + 3.9 x 107™%e5% + 5.2 x

i T
s o T
10 7er7e51.93

(4)

3.3
34
6 o
6
Tab. 6 Classification standard of accident rate in Thailand
AADT/( veh + d7") (. e km™)
<15 000 5.00
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5

Fig. 5 Accident risk numerical simulation of trucks in

continuous downhill horizontal and vertical combined

road section
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Tab.7 Comparison of accident risk evaluation results
/% /C ! /% /C !
« - e km™) « - e km™)
2~3 120~ 150 0.428 Stable 5~6 120~ 150 0.26 Stable
2~3 180~210 0.414 Stable 5~6 150~ 180 0.51 Stable
3~4 30~60 0.58 Stable 5~6 180~210 0.339 Stable
3~4 90~120 0.238 Stable 5~6 210~240 0.582 Stable
3~4 120~ 150 0.263 Stable 5~6 240~270 1.033 Stable
3~4 180~210 0 Stable 5~6 270~300 0. 675 Stable
3~4 210~240 0.415 Stable 6~7 30~60 0. 505 Stable
4~5 30~60 0.24 Stable 6~7 60~90 0.671 Stable
4~5 90~120 0.493 Stable 6~7 120~150 0.357 Stable
4~5 120~150 0. 385 Stable 6~7 150~ 180 0. 854 Stable
4~5 150~ 180 0 Stable 6~7 180~210 0.672 Stable
4~5 180~210 0.262 Stable 6~7 210~240 1.231 Stable
4~5 210~240 0.784 Stable 6~7 270~300 1. 401 Potential
4~5 240~270 0.174 Stable 7~8 90~120 0.534 Stable
4~5 270~300 1.016 Stable 7~8 120~150 0.937 Stable
5~6 60~90 0. 867 Stable 7~8 240~270 1.973 Dangerous
5~6 90~120 0.49 Stable 7~8 270~300 2. 026 Dangerous
1% 30 C
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. @ o
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