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Passenger injury assessment method for freight vehicles roadside
accidents on low grade highway
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Abstract; To quantitatively evaluate the risk of roadside accidents for low-grade highway trucks and reduce
roadside accident losses, simulation experiments were conducted using PC Crash software to study the accidental
severity of light and heavy trucks entering the roadside under different circular curve radius, slope gradient, exit
speeds, and roadbed heights. The acceleration damage index ASI is used as the evaluation index of passenger
injury, and the calculation models of passenger injury degree of truck side accidents in linear and curved sections of
low grade highway are established respectively. By using Fisher’s optimal segmentation method and ASI ordered
data samples. The roadside accident severity grade of low-grade highway trucks is divided and the ASI threshold of
acceleration damage index is calculated. and the severity evaluation criteria of truck side accidents on low grade
highway were put forward. The results show that the acceleration damage index ASI exhibits a similar positive linear
trend with vehicle speed and roadbed height. The change trend between acceleration damage index ASI and slope
gradient is similar to that of Exponential function. The change trend between the acceleration damage index ASI and
the radius of the circular curve is similar to that of the power function. Compared with vehicle speed and roadbed
height, the increase of slope gradient is more likely to lead to roadside accidents when vehicles rush out of the road
and increase the severity of roadside accidents. However, although increasing the radius of circular curves can
reduce the severity of roadside accidents, its impact is relatively small.
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Fig.2 The relationship between acceleration damage index ( ASI) and various test variables in the model of third-class highway with a

design speed of 40 km/h
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Fig.3 The relationship between acceleration damage index ( ASI) and various test variables in the two lane fourth-class highway model
with a design speed of 30 km/h
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Fig.4 The relationship between acceleration damage index ( ASI) and various test variables in the single lane fourth-class highway
model with a design speed of 20 km/h
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Tab.2  Occupant damage degree calculation model for truck roadside accidents on third-class highway with design speed of 40 km/h

T8 B Fek WA
BB ASI = (0. 0070 +0. 09h +4. 319 x 10 2™ * —0.31) 0.975
i £k Bt ASI = (0. 0090 +0. 15k +0. 568> * +13.749 6R -9 _13.46) 0.982
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Tab.3  Occupant damage degree calculation model for truck roadside accidents on two lane fourth-class highway with a design speed of

30 km/h

TE AR B STE AR
HE&B ASI = (0. 008y +0. 078K +3.953 x 10 ~%e*>* +0.29) 0.953
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Tab.4  Occupant damage degree calculation model for truck roadside accidents on single lane fourth-class highway with design speed of

20 km/h
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Tab.5 Classification results of third-class highway with design speed of 40 km/h

k /N2 REUE et B1H
2 86.752 {1~169},{170 ~362} —
3 30.870 11~169},1170 ~3021 , {303 ~362 | 1.69
4 18.267 {1~83},{84~169},{170 ~302}, {303 ~362} 1.28
5 14.319 {1~83],{84~169},{170 ~228},1{229 ~302}, {303 ~362} —

&6 RITHE N 30 km/h KIWNEFEMR LB ASI BFHAS KER
Tab.6 Classification results of two lane fourth-class highway with design speed of 30 km/h

k R/ MR ZE RREE Syl B1H
2 108.481 i1~161},1{162 ~357} —
3 50.728 {1~161},1162 ~3051, {306 ~357 | 1.86
4 27.273 11~89),{90~161},{162 ~305} , {306 ~357| 1.21

5 22.539 {1~891,1{90 ~161},{162 ~249},{250 ~305}, {306 ~357} —




- 138 - ok Tk R %l 5 56 %
7 EVHEES 20 km/h HREE RN AS| BFHAS KSR
Tab.7 Classification results of single lane fourth-class highway with design speed of 20 km/h
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Tab. 8 Evaluation standard of truck roadside accident severity

for third-class highway with design speed of 40 km/h
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Tab.9 Evaluation standard of truck roadside accident severity

for two lane fourth-class highway with design speed of

30 km/h
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Tab. 10  Evaluation standard of truck roadside accident severity

for single lane fourth-class highway with design speed

of 20 km/h
TR AR ASI BI{H ofe G F R
1% (0,1] KM
I 4 (1,1.51] T2
% (1.51,2.06] 2
IV >2.06 T
4 % #

(3

i1t PC-Crash {i LA B AN [R) 2270 (A2 4%
B EAVMRE) GRS R B2 AR Y
JEE R 6 v AT IS OABE DL 5 o B 3 1 4
b ASTAE R 3 53 43 35 PEAG 78 b , X %) = e )™ o
ST R A3 MR I BE 5 P An ASE I, 45 1D
BN O™ R AR, BARSSIS T

1) A5 FER G HE bR ( AST) 15 47 1 0 % 35 v B 2
I AT IE AR AR AR 3, 5 300 Il e R 2R
LT e B R BUE a3 TEh e B B, i B 4 3 4
T (AST) Bt 25 (5] 1 2 2248 1 18 m 222 B 32 8 e 1)
B H T RRR IR B EE N, o 2 RS 2T
RS,

2) AH LY T 2 SR B e B R I R A o
P55 FECE P AN R AR BRI E [B] h £2
AR A BT SR T LA /0 B A = ey P AR R (HL
HEZ AT AN,

3) JE 3 3 BN R R A AR AR ASL 5 &I 2
ISR, A T AR A5 RN [ B2 BN h 4% Bt
BT 2R BN O B B 0 AR B TR A

4) i ] Fisher fe L5 F09% , AR 2 SCA% i ik
Pt bs ASL A IFBRFEA , 45 1 TIRE R BT
T A g™ R AR SR B HR bR AST 1 [
B, Hl A T AR A A B 2 B ) 5™ T
Yt , SC ARG B B 2 00 = 0™ o J32 7 o
VA WF 5T S T A 5 0 T A 7 % o = s XL s ™
FHIE LA —E S5 M EISARE



1

FRIERE, 45 RARZA O 42 U S BT 5 000 5 DA D5 v - 139 -

%% ik

[ 1]Federal Highway Administration( FHWA). Roadway departure safety
[R]. Washington DC: FHWA, 2018

(2] A EHAEERR. BB RGHEMR(M]. b AR
i AL, 2020
Traffic Management Bureau of the Ministry of Public Security.
Annual report on road traffic accident statistics[ M ]. Beijing: China
Communications Press, 2020

[3]AYATI E, NEGHAB M A P, SADEGHI A A, et al. Introducing
roadside hazard severity indicator based on evidential reasoning
approach[ J ]. Safety Science, 2012, 50 (7). 1618. DOI; 10.
1016/j. ssci. 2012. 03. 023

[4]ROQUE C, MOURA F, CARDOSO J A O L. Detecting unforgiving
roadside contributors through the severity analysis of ran-off-road
crashes[ J]. Accident Analysis & Prevention, 2015, 80(7) : 262.
DOI: 10.1016/j. aap.2015.02.012

[5]CHEN F, CHEN S. Injury severities of truck drivers in single-and
multi-vehicle accidents on rural highways[ J]. Accident Analysis &
Prevention, 2011, 43(5) : 1677. DOI. 10.1016/j. aap.2011.03.026

[6] LI Z, CHEN C, WU Q, et al. Exploring driver injury severity
patterns and causes in low visibility related single-vehicle crashes
using a finite mixture random parametersmodel[ J]. Analytic Methods
in Accident Research, 2018, 20(12) . 1. DOI. 10. 1016/j. amar.
2018.08.001

[7]LIZ, CI1 Y, CHEN C, et al. Investigation of driver injury severities
in rural single-vehicle crashes under rain conditions using mixedlogit
and latent class models[ J]. Accident Analysis & Prevention, 2019,
124(3) . 219. DOIL: 10. 1016/j. aap. 2018. 12. 020

(817755, WRILEN, ZEaR 0. UA-IH 2 % 5 N B 058 20 WL 22 A P VA
BERIT). FIPF R (ARBEIR) |, 2013, 41(7) : 1025
FANG Yong, GUO Zhongyin, LI Zhiyong. Objective safety
assessment model for roadside environment of two-lane highways|[ J].
Journal of Tongji University ( Natural Science Edition ), 2013,
41(7) . 1025. DOI: 10.3969/j. issn. 0253 —374x.2013.07.011

(9T TRERZE, REEfEf. L DX XUA G 2 i S Tn) 462 28 g ) 1 oz
HUBIER BT [J]. A, 2007(9) : 116
ZHANG Tiejun, TANG Zhengzheng. A study on the correction
coefficient of roadside hazard accident in the prediction model of two
lane highway accidents in mountain areas[ J]. Highway, 2007 (9) .
116. DOI: 10.3969/]. issn. 0451 - 0712.2007. 09. 028

[10]F&R, FREHA, BEE. AN 2 MMM 2 A R A

(1], KRR HARAM) , 2011, 31(3) : 1
XU Jinliang, ZHOU Yuming, YANG Hongzhi. Roadside safety

guarantee technology for rural roads in mountainous areas [ J].

Journal of Chang’an University ( Natural Science Edition), 2011,
31(3): 1. DOI: 10.3969/j. issn. 1671 —8879.2011. 03. 001

[11 ]CHENG G, CHENG R, ZHANG S, et al. Risk evaluation method
for highway roadside accidents [ J]. Advances in Mechanical
Engineering, 2019, 11(1): 1. DOI. 10.1177/1687814018821743

(2] EEAE, BEah, R, OB/ AR M4 BOAMU 42 1 i 0l e St
AWM. IR Tl R34, 2021, 53(3) : 178
CHENG Guozhu, CHENG Rui, XU Liang. Prediction of roadside
accident probability of the outside lane in small radius curve section
of highway[ J]. Journal of Harbin Institute of Technology, 2021,
53(3): 178. DOI: 10.11918/201912094

[13]BURBRIDGE A, TROUTBECK R. A model for predicting
acceleration severity index in impacts with road safety barriers[ J].
International Journal of Crashworthiness, 2019, 24(4) . 442. DOI.
10. 1080/13588265.2018. 1474621

[ 14 ] European Committee for Standardization. Roadrestraint systems—
part 2 ; performance classes, impact test acceptance criteria and test
methods for safety barriers[ S]. Brussels; European Committee for
Standardization, 1998

CIS]REMEAE, BAh, thoe. H T30 50555 00T At 2 i A0 S sl DXL
PN [I]. MR (LM |, 2021, 51(3) : 875
CHENG Guozhu, CHENG Rui, XU Liang. Risk assessment of
roadside accidents based on occupant injury analysis[ J]. Journal of
Jilin University ( Engineering Edition) , 2021, 51(3) : 875. DOI.
10. 13229/j. enki. jdxbgxb20200055

[16] s N RILHIE 2@ 8 s, 2 B L s L. JTG D20—
2017[S]. dbnt: AR, 2017
Ministry of Transport of the People’s Republic of China. Design
specification for highway alignment; JTG D20—2017[ S]. Beijing:
China Communications Press, 2017

[ 17]CONSORTIUM R. Guidelines for roadside infrastructure on new and
existing roads[ R]. Brussels: 5th Research Framework Programme
" Growth" , 2005

(18 SRR, A5k, JE T bk iy e DI 20 012 O AN [a) 38 Sl % YU 23
WEgmAREFE[1]. KA1 %, 2019, 45(11) : 19
XU Yumu, NIU Xiuling. Research on the impact of different
domains on flood season staging based on improved optimal
segmentation method [ J ]. Hydroelectric Power Generation, 2019,
45(11): 19. DOI; 10.3969/]. issn. 0559 —9342.2019. 11. 005

(191, A%, 7, 55 LT 2R b BE -G 1 A & N i
SRELT]. B SIE, 2019, 35(13) : 65
ZHOU Yuan, DU Junfei, WANG Zihong, et al. Adaptive optimal
segmentation method based on multiple function fitting [ J ].
Statistics & Decision, 2019, 35 (13). 65. DOI. 10. 13546/
J. enki. tjyje. 2019. 13.015



