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Table 1 Road parameters of continuous slope
/km 1% /%
1 33.97 -2.35 -3.90
2
2 26.09 -2.56 -4.00
2.1 3 51.00 -2.96 -4.95
G5 240 km 55
80km/h o )
3
25km 51km
o 3 °
G5 2013 -
2018 6 (3512 ).
o 3 °
1 1, °
3 “«
”»
256 2,
1 (1),
Fig. 1 Map of road network in the study region with the sche— CR = N x 10° (1)
matic diagram of vertical alignments of study sections " nx365 x AADT x S x L
2
Table 2 Examples of truck—related accident accounts
2012-12-28 9: 36 K1969 +300 1
2013-02-19 15: 30 K1970 +100 1
2013-10-18 11: 37 K2017 +650 2
2013-11-06 9. 37 K2103 +200 3
CR. o
Tekm N _— 2%
; AADT veh; S 2 GSRS
;L kmo %
2.3

2.3.1
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o m’; m, o kg ¢,
200°C J/ (kg*C) .
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Table 3 Comparison between model calculated slope length and

code—defined slope length

1% /m
/km /km
3.0 11.8 14.8 450
3.5 8.0 9.3 330 .
4.0 6.1 6.8 270 2 000 r/min
4.5 4.9 5.4 240
5.0 4.1 4.4 220
5.5 3.6 3.8 210
6.0 3.2 3.3 200
n+l1
(2) (3) *
Zhe? 1
i<ipT = (T, -T)era? +7,  (2) -3
1>, T, =
(T 0.95V(BF.r, - N, - N,) + TwhcA) 3
-t 7.2rh A - )
ety 0.95 WBFry -N,-N,) +ThA
e maa Vo4
7.2r,h A
(3) 3
Matlab
o (4) °
T, - T, .
- 12 12 4
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Fig. 2 Quantified process of risk factor
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Fig. 3 Depth distribution of crash accident
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Table 4 Regression analysis of surface function
R'Z
CR =4+ Bexp{ - exp{ u}}+ Eexp{ - exp{ m}}+ A=-419; B=-1138
D G C=157, D=62
0.739
Hexp{ - exp{ c-r T}— exP{ L _ CT}} E=4200 F=-151
D G G =23, H=1140
. 1 1 = : =
B CR = A+B — - A=0.18; B=2.305
Logistic L+e D) [ 4o (T C=152.54; D=59.74 0.732
E=6.43;, F=7.90
) , A=0.0364;, B=0.0058
CR = A4 + BT + CGy + Dx” + Ey” + Fxy s
C=-0.0091; D=-1.1x10 0.729
E=-1.57x10"% F=2.42x107"
" ) n A=0.1236; B, =0.0359
= T G
CR =4+ ;BIT * ,2‘ €6 B, =0.4883; €, = —0.1229 0.727
C, =0.0165
A=-0.711, B=0.0087
CR = A + BT + CGy + Da* + Ey? C=-0.0668;
i, 0. 650
D=-1.062x10""
E=-1.15x107%;
T o,
CR = A + Bel @ el D) A= -0.325; B=0.518 0.610
C=-301.7, D= -41.8 ’
(6) -
( AIC) . AIC ( 6) F
(n) . (K) ( RSS) 3015 P 0 .
AIC Prob > | ¢ | 0.05
3031 o
2n(K +1 _ 1 1
AIC =n ln(RSS) + ( ) (5) CR =0.18 +2.305 (Il 54, Gp-6.43
n n-K-2 1 +e ™1 | 4 o (770
(n/K = 40) . (6)
Al ?
C R 6
Table 6 Variance analysis results
5o DF SS MS F p
5 ne K. RSS. AIC R 6 145. 08 24.18 301.5 0.000
Table 5 n. K. RSS. AIC R’ of different surface function n 6.25 0.08
83 151. 34
n K RSS AIC R
82 23.27
83 8 6.01 -197.4 0.739
Logistic 83 6 6.05 -201.9 0.732 3.2
83 6 6.24 -199.3 0.729
83 5 6.33 -200.5 0.727
83 5 8.14 -179.6 0. 650
83 4 9.08 -172.9 0.610 °
5 Logistic AIC o 32
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(3) 1.5=CR
( 7 ) Dangerous »
35%
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Table 7 Standard of accident rate in Thailand
HRIGE -(AAE - km)™)
/ /
AADT/ ( AADT/ ( ; !0-29
veh + ! veh + d ! 0.71
R T TR R B 110
=)
<15000 5.00 50000 ~ 70000 1 B
15000 ~ 30000 1.50 >70000 0.75 %R‘]‘
30000 ~ 50000 1.25 im
i
=
=]
4
° Fig. 4 Three dimensional simulation of truck downhill accident
33
risk
0.8~1.2 / ( * km)
( \ \ )
L5 / * km ’
( ) v
( )
20000 ~30000 /
o 35 ~150C
CR,.=15 /
( . km) . Dangerous . 150 ~250 C
Danger—
34 ous
15 7 ( « km) o 250 ~ 350 °C
1km 20
359 Potential ~ Dangerous
359 ) o 250C
CR=0.975 / ( * km) °
0.975 / ( * km)
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o 10 km 3.62%
4.7% ; 20 ~
24.5m 60 ~80km/h.
8 o
8
Table 8 Comparison of accident risk evaluation results
1% /km T/C Gy/ (C +km™) !/ ( ( + km) 1)
K25 +097 -3.81 350 45.13 28.98 Stable 0.352
K24 +747 -5.00 750 77.18 42.73 Stable 0. 631
K23 +997 -3.00 350 82. 88 16.29 Stable 0.421
K23 +647 -4.70 500 101. 62 37.48 Stable 0.812
K23 +147 -2.80 350 105.92 12.29 Potential 0.532
K22 +797 -4.30 650 126. 30 31.35 Potential 0.924
K22 +147 -2.80 350 130. 16 11.03 Stable 0.722
K21 +797 -4.50 650 151.33 32.57 Dangerous 1.028
K21 + 147 -3.00 410 156. 46 12.51 Potential 0. 883
K20 +737 -4.50 790 181. 06 31.14 Dangerous 1.642
K19 +947 -2.60 300 182. 68 5.40 Stable 1.015
K19 +647 -4.50 580 200. 07 29.98 Dangerous 1.752
K19 +067 -2.58 1120 204. 66 4.10 Stable 0. 949
K17 +947 -1.95 600 201. 13 -5.88 Stable 0. 651
K17 +347 -4.23 820 222. 15 25.63 Dangerous 1.452
K16 +527 -2.50 780 223.59 1.85 Stable 1.010
K15 +747 -2.13 1000 219.78 -3.81 Stable 0.576
b
0. 288 19. 134% EOEM e e o
’ ’ ¢ = P e g amew L LA
80. 866% 3 A e -l T
B } ;gg %&";‘E e o Taagenia ] igg &
g oof T lis0 32
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DS1—2017) ) Fig. 5 Road alignment and safety measures laid out
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(2)
Logistic AIC

( AIC = -201.9)
AIC .

(3)
L5 -

Stable. Potential ~ Dangerous 3 o

(4) 80. 87%
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Crash Risk Evaluation Model Based on Brake Heating for Trucks
under Continuous Downhill Road Conditions

ZHANG Chi' > HU Tao'® HOU Yudi'* ZHAI Yiyang' XIANG Delong'"

(1. College of Highway Changan University Xian 710064 Shaanxi China; 2. CCCC First Highway Consultants Co.  Ltd.
Xian 710075 Shaanxi China; 3. Engineering Research Center of Highway Infrastructure Digitalization Ministry of Education
Xi‘an 710064 Shaanxi China; 4. Guangzhou Municipal Engineering Design and Research Institute Co. Ltd Guangzhou
510060 Guangdong China)

Abstract: An innovative model based on brake heating for crash risk evaluation was proposed to quantitatively e—
valuate the driving risk of trucks on continuous downhill. First considering the risk of chain accidents caused by
the continuous reduction of truck braking performance the brake heating of the brake hub was used to represent
the key risk cause of the crash accidents and the truck accident rate was used to represent the risk accident.

Then taking the continuous downhill in Ya‘an—Xichang section of BeijingKunming highway as the research sec—
tion the risk cause and risk accident were quantified by numerical simulation of the brake heating and the inner
connection between braking temperature temperature gradient and accident rate was revealed by correlation analy—
sis. Finally the crash risk measurement equation was constructed by using multiple nonlinear regression method to
fit the surface function and the crash risk evaluation model was established in combination with the risk classifica—
tion criteria. The results show that the Cumulative Logistic function can better explain the changing law of the truck
crash risk on downhill. The average error between the final model evaluation result and the actual accident is
0.288 and the accuracy rate is 80. 87% . The evaluation model shows high accuracy and can provide reference
for scientific decision-making in traffic safety management and control of continuous downhill sections.

Key words: crash risk; continuous downhill; brake heating; temperature gradient; multiple nonlinear regres—

sion



