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Abstract; To optimize vehicle design and improve road safety, the effect of the NBLEH on pedestrians

head injuries during ground contact was investigated. The impact with the ground AIS 1+ pedestrian
landing injury cases was selected, and data analysis along with multicollinearity tests was conducted. The
results show that as the NBLEH increases, the severity of pedestrian head injuries exhibits a corresponding
upward trend. Through Logistic regression analysis, it is further revealed that for AIS 2+ head injuries in
adult pedestrians can be jointly predicted by vehicle speed, age, and NBLEH. Specifically, the risk of
injuries is increased with higher values of NBLEH , faster speeds, and older ages. Analysis of real accident
videos demonstrates that a smaller NBLEH results in increased full-body rotation angles of pedestrians.
However, once NBLEH surpasses 0.9, the rotation angle notably diminishes. The collision force
transmission and the pedestrian’s landing posture are altered by different values of NBLEH. Additionally,
cadaver crash tests were conducted using two types of vehicles with different front-end heights to establish
test conditions with different NBLEH values. The results indicate that NBLEH not only influences the
timing of head contact with the ground, but also that there is an interaction between head landing posture
and collision speed, further complicating head injuries. Parametric simulation studies reinforced that
NBLEH significantly influences factors such as posture, angle, timing, and speed during pedestrian head-to-
ground contact, thereby increasing the complexity and uncertainty of surrounding injury mechanisms. The

simulation results show that both vehicle speed and NBLEH influence the pedestrian flip angle, with NBLEH

values less than 1 producing larger pedestrian flip angles than values greater than 1.

Keywords: normalized bonnet leading edge height ( NBLEH); pedestrian strucks;  pedestrian-
ground contact injuries; abbreviated injury scale (AIS); road traffic; head injury
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Table 1 Logistic regression results of collision speed,

age and NBLEH on adult (age 18+) head injuries of

AIS 2+ head injuries at ground impact

24 NFHE EIEEY Pia OR (95% CI)
WAL — -9. 665 — —
B/ (km - h™h) 3~116 0. 029 0.019 1.029(1.005~1. 055)
WS, % 18~96 0. 025 0.030 1.026(1.002~1.050)
NBLEH/ % 67~133 4.963 0.011 109. 234( 2. 910~4 100. 470)
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Table 2 Basic information of cadaver impact tests
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Fig.5 Pre-impact scenario
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Table 3 Assessment of head injuries at ground impact
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different groups of cadaver impact tests
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Kl 11 iy Madymo 4/ 545 i %9 NBLEH 517 A%
BIE 2B MNAKEHR, NBLEH /M 1B A7 AR
B ZF NBLEH KXF 1 158, H 30 km/h 42
B35 180 ~270° B4 K Bl F% f s NBLEH KF 1 i),
K B AL M AR B 40,50 km/h B G
20 km/h I, 17 N BEE M358 900, A UL 42k

55 NBLEH St [ml2mafr AW s 2 5 SOk /e . K
JE SEBEPE AT S8 7% L 4 TS L AR SR BEE R 0. 76,
500
x® # * * * ® 20 km/h
o 30 km/h
400 b * 40 km/h
e #* 50 km/h
S 300} o
& * ok k@ x K * * *
gﬂ% R
H 200 o o o ® %
100 - e ece @ O ¢ O ° . ° o
0.6 Of7 078 019 l,IO 171 172 1j3 174
NBLEH

B 11 AREZFFEAES NBLEH 31T A £ 58 A0 #m
Fig. 11 Influence of NBLEH on the whole-body
rotation angle of pedestrians after collisions at

different vehicle speeds

NBLEH 5 8% i SCHE R 0. 58, ¥ KT 70 B R %K
o AT 5 N e AR OG  H 4
Efﬂﬂﬁﬁﬁo TE—E L H N, 43 F1 NBLEH

iﬁtﬁt,ﬁz%ﬁagi’azigki%o

5 & it

1) NBLEH 545 {75/ 55 % A5 1F 1] K i 34,
BUAEAT N ALS 2+ 2 53] 3k #4658 405 T AR 4 38 A7 0% I
NBLEH Uil , 5 NBLEH | i 4= 380 5 42 A7 A 45 45 XL

2) NBLEH 5217 A B 1A JE i 1 B, AV {38 5
SECERER S HBIE M LA 5 Rl 2 A A7 A
A& H AR, HXF Sk A3 1 L R e A v AN B A

3) NBLEH A] 2284 A Sk b filf 18 3 55 £ FE | Aill
fii 07 B A ORI I 2 S LR 2 2 AN A2
{H NBLEH 5% # X117 N & B ma e EH, £
—EJLFEN ,{K NBLEH # NBLEH £ S:847 A
K4 B less f B

4) NBLEH 53k #8451 15 XU 8 25 AH G, I G &R
FEAE RS D RIVE A R 158 . RS R ] & 4
T it S 2T AR B AR

5) B TEE 550 A A B oA TR 5 T A



11 3

T T A5« N TS e B XA T AU I A5 3 1) 52 ) - 179 -

WO 5 S PRI 1 R A2 2 P S AR TR, ME LIS e . AR R A U 5 2578 1 ik
P RR S AR 5 B RE E REAUAEY LLR AR T

(1]
(2]

(3]

(4]

(5]
(6]
(7]

(8]

(9]
(10]
(11]

[12]
[13]

[14]
[15]
(16]
(17]
(18]
(19]
(20]

(21]

2 % x

World Health Orgamzatlon Global status report on road safety 2023[ R], 2023.

B, %, PBR, 5. BRZEBEEDS DI‘]E'JEFW%E/\EREMHB_L.%# RLJ]. PEZERZFR, 2024,
34(5). 214-222.

JI Xiaofeng, LI Jin, LU Mengyuan, et al. Identification of risk factors for through-village highway accidents considering
influence of township falrs[]] China Safety Science Journal , 2024, 34(5). 214-222.

(%, REE, ME=E, & BOROEMENTASRZEEENTTAN]. PELENZZR, 2024,
34(7). 170-1717.

XIANG Wei, WU Shaobin, LIN Xuze, et al. Generation method of unmanned driving scenario library for complex campus
environment[ J]. China Safety Science Journal, 2024, 34(7). 170-177.

HUSSAIN Q, FENG Hanqin, GRZEBIETA R, et al. The relationship between impact speed and the probability of
pedestrian fatality during a vehicle-pedestrian crash: a systematic review and meta-analysis[ J]. Accident Analysis &
Prevention, 2019, 129. 241-249.

SHI Liangliang, HAN Yong, HUANG Hongwu, et al. Analysis of pedestrian-to-ground impact injury risk in vehicle-to-
pedestrian collisions based on rotation angles[ J]. Journal of Safety Research, 2018, 64. 37-47.

SHANG Shi, OTTE D, LI Guibing, et al. Detailed assessment of pedestrian ground contact injuries observed from in-
depth accident datal J]. Accident Analysis and Prevention, 2018, 110. 9-17.

GUILLAUME A, HERMITTE T, HERVé V, et al. Car or ground: which causes more pedestrian injuries? [ CJ.
Proceedings of the 24" International Technical Conference on the Enhanced Safety of Vehicles (ESV) National Highway
Traffic Safety Administration 2015.

NES, 537, NE, F. ERRESUWIZLR=—4BERANRI]. PEZERNFZFIR, 2023, 33048 1):
138-144.

ZHENG Jinzi, YANG Qi, LIU Jun, et al. Research on 3D real scene reconstruction for road traffic accidents[ J]. China
Safety Science Journal, 2023, 33(S1). 138-144.

WDOWICZ D, PTAK M. Numerical approaches to pedestrian impact simulation with human body models: a review[ J].
Archives of Computational Methods in Engineering, 2023, 30(8) . 4 687-4 709.

YIN Sha, LI Jiani, XU Jun. Exploring the mechanisms of vehicle front-end shape on pedestrian head injuries caused by
ground impact[ J]. Accident Analysis & Prevention, 2017, 106. 285-296.

Pk, DU, £ISE, 5. BT AT AL B RGP 5], PEARKSIR, 205,
38(3). 165-176.

70U Tiefang, LUO Pengchen, PENG Peineng, et al. Pedestrian-ground collision injury protection method based on
pedestrian landing mechanism prediction[ J]. China Journal of Highway and Transport, 2025, 38(3). 165-176.
GENNARELLI T A, WODZIN E. AIS 2005 a contemporary injury scale[ J]. Injury, 2006, 37(12). 1083-1091.
European Enhanced Vehicle-Safety Committee. Improved test methods to evaluate pedestrian protection afforded by
passenger cars[ R], 1998.

PHEASANT S, HASLEGRAVE C. Bodyspace: anthropometry, ergonomics and the design of work, third edition[ M].
Boca Raton; CRC Press, 2016.239-242.

CROCETTA G, PIANTINI S, PIERINI M, et al. The influence of vehicle front-end design on pedestrian ground
impact[ J]. Accident Analysis & Prevention, 2015, 79. 56-69.

MONFORT S, HU Wen, MUELLER B. Vehicle front-end geometry and in-depth pedestrian injury outcomes[ J]. Traffic
Injury Prevention, 2024, 25(4) . 631-639.

SHANG Shi, MASSON C, TEELING D, et al. Kinematics and dynamics of pedestrian head ground contact: a cadaver
study[ J]. Safety Science, 2020, 127.DOI . 10. 1016/]. ssci. 2020. 104684.

TAKHOUNTS E G, CRAIG M J, MOORHOUSE K, et al. Development of brain injury criteria ( BrIC)[J]. Stapp Car
Crash Journal, 2013, 57. 243-266.

BENEA B, SOICA A. The contact phase in vehicle—pedestrian accident reconstruction[ J]. Applied Sciences, 2023,
13(16) . DOI . 10. 3390/ app13169404.

HU Jingwen, FLANNAGAN C, GANESAN S, et al. Understanding the new trends in pedestrian injury distribution and
mechanism through data linkage and modeling[ JJ. Accident Analysis & Prevention, 2023, 188.DOI. 10. 1016/j. aap.
2023. 107095.

MARTINEZ L, GUERRA L, FERICHOLA G, et al. Stiffness corridors of the FEuropean fleet for pedestrian
simulation[ C]]. Proceedings of the Experimental Safety Vehicles Conference, 2007.

EE®N: & F  (1990—) 55 WP REA T P, 3228 DA 18 B% A8 38 22 4 323l
Z 5#FAARR B EY 1555 )T T IESE . E-mail : sshang@ bjfu. edu. en,



