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Numerical Analysis of the Pedestrian Head Injury in
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Abstract: The objective of this study was to investigate the effect of the vehicle impact speed on the severe
pedestrian head injury risks associated with car-to-pedestrian crashes for the road speed limits. Multi-body
models for two family vehicle and two vans were developed based on the measurement of vehicle front-end
shapes; and multi-body models for a 50 percentile Chinese male pedestrian and a six-years old pedestrian
scaled from a previous developed and validated pedestrian model. Car-to-pedestrian impact simulations were
performed with vehicle impact speed varied from 15 km/h to 60 km/h, while the pedestrian models were
assigned with different walking posture before the impacts. Pedestrian head injury risks were evaluated with
respect to the Head Injury Criteria (HIC). Simulations demonstrate that, the possibility for the adult pedestrian
sustained severe head injury will exceed 50% if the impact speeds of the family vehicle and vans are higher
than 42 km/h and 46.8 km/h, respectively; for the child pedestrian, the corresponding vehicle impact speeds
are 49.3 km/h and 41.2 km/h, respectively. Road speed limits are suggested as 35 km/h - 40 km/h for the areas
where pedestrian accidents are likely to happen. Furthermore, a speed restriction of 30 km/h is proposed for
the van in the areas where child pedestrian are appeared frequently.
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Figure 1. Multi-body vehicle models
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Figure 2. Walking posture of pedestrian models
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Figure 3. Samples of the kinematic responses of pedestrian models

34T ANER)F M B 7 B

.o 50
= 2 SR
= £ 40 - - FERtE

40 —
% B 30
H30 el
e

=

% 20 &z 20
S = 10
5 10 E?E \mmmmmmm— =
+H FE \

0 0

0 150 200 0 20 80 100

100 40 60
B8 (ms) BFA] (ms)
a AT ASKRBR L ERHEE b JLEFT AR HEXHERE
Figure 4. Samples of the resultant relative velocities between the pedestrian head and car
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Figure 5. Regression curves of impact velocities of the family car vs. mean HIC15 values
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Figure 6. Regression cureves of the impact velocity of the van of the van vs. mean HIC15 values
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Figure 7. Regression curves of the vehicle impact velocity vs. AIS3+ head injury risk
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Table 1. AIS3+ head injury risks at different vehicle impact velocities

R 1 ORERMIEEE S RFIT MG AIS3+HR{5E KK

P RIS BEXT B2 (AT N ATS 3+ 4597 XU
50%FR) ATS3+ 55457 £ 356 X 87 PRV 20 R il ok P52

30 km/h 40 km/h 50 km/h

Peng 5.8% 16.2% 37.7% 54.39 km/h
Mizuno 20% 36% 58% 46km/h
Kendall 47% 89% 93% 32km/h
-G 6.15% 39.06% 97.5% 42 km/h

AR 2.23% 18.02% 68.04% 46.8 km/h

X EE 50% 1) ATS 375 i 453 19 PRUSET EF0V3 2Rl 4 T, AR 9045 SR 5 Mizuno (145 SRAHIE ; T Kendall A1 Peng
(1) 235 SR 4 S0 %o 7 A R 265 v R R 488 B o AR S 5 Klendlall 485 5 7 47 N8 5% ATS 3+ i 452445 X\ 5 il 75 2 i e
W BT . E 50 km/h FOREREIEE R, AHEL Peng A1 Mizuno FUREFT, SR ER = HIAT N AIS3+/iK
5 XK. A0 5 Kendall #4157 FH T Prasad 1 Mertz (£ HIC15 18 5 M3 45 1056 R 2,  BARZ% i 2k =it )
JRSEIG B R HAG B, (R S HSUEHOH, SIS ARAR BON SR L, HIC EE RN, H ™
P15 HIC {8

4.3 RBRE

IR P SCHRBIE T R AR 7R s AE VPR -AT AR 550 R J 0 3 55 A A P 453 7 DU RS2 e e
1 Parasad Al Mertz ] HIC15 &5 PR3 13 1 5% 2 i 2 5 A 45 21 1O 25 SR mb A 8 vt L 3 30 2l a5k P 0
el v U XURG. D T BERS B BT YR AR AT AR R U 45 O XU, 75 RS JA BT T SR A T
AT NI AR . AR AR A 7 VN HICTS 8 s K A A5 5 DU 5 P45 093 1) R D6 R AT . 245 L, R
SFRERM T S HE A A S HE, Y T 2 AT NSO X AR 5 B P e, AR T A%
T VR DU 5 U 453 03 ) TET VA5G R o (ELRE P T < b ELCA AT U 40473 £ 23 ST 9T, T ARH SR 0T 7 AR 7%
BRBRN

5 &g

A SCE T B STVR AT NRESE (5 FARRY, AT T B ENE R A T R B . R =04 (R IR o S e
T ANFLEAT N E IR R . iR BN, FKHBEHE-RET N ZHBESE-)LET N B E-RE
TN R JLEAT N 4 A5 E AR T 50%A947 N ATS 3+ v 153495 JXURG: Pt /3 4 Al 483 P52 43 731 F 42 km/h,, 49.3
km/h, 46.8 km/h, 41.2 kivhe [R5 3545 5 s 8 FH AL 4 2R3 R R RGAEAT N ATS 3+ i 453 49 AU v T I 20
X FILEAT N, SRR ETATMIFALER, REMERRESEZERN: E7ANBOVERIEILX ., %
1 8320 DA K R IX B, 5% FH B3 26 DA A X 28 1) e v A T I P 3 R PR S8 7E 35 km/h-40kmvh 2475 T 2% FE R 5K
ZE3XoF L A e () LB AT N P 453 1 AU, 78 JLBEAT N B 4R X 30% 25 8 1) e v A7 3330 B AR T 30km/he

&5

[1] AZHZWER. PENRINEERESEHE WA FR010 FE)R]. b5 ARG, 2011.

[2] YANG J, OTTE D. A Comparison Study on Vehicle Traffic Accident and Injuries of vulnerable Road Users in China and Germany[C]//The 20th
ESV conference Proceedings. 2007: 07—0417.

[3] ZHAO H, YIN Z, CHEN R, et al. Investigation of 184 Passenger Car—Pedestrian Accidents[J]. International Journal of Crashworthiness, 2010,
15(3): 313-320.

[4] N, WIFE. 2T EM-A7 NBEE SN B RSB ). S E UL, 2007, 18(9): 1125-1130.

[51 E%, &5k, skbex. NFEfHEFS AT PERmPT ). RELRE, 2012, 34(3): 217-221.

[6] ELLIOTT J R, SIMMS C K, WOOD D P. Pedestrian Head Translation, Rotation and Impact Velocity: The Influence of Vehicle Speed,
Pedestrian Speed and Pedestrian Gait[J]. Accident Analysis & Prevention, 2012, 45: 342-353.

[7] PENGY, CHENY, YANG J, et al. A Study of Pedestrian and Bicyclist Exposure to Head Injury in Passenger Car Collisions Based on Accident

INFATS Conference in Xiamen, December 4-5, 2015 77



Data and Simulations[J]. Safety Science, 2012, 50(9): 1749-1759.

[8] YAO J, YANG J, OTTE D. Head Injuries in Child Pedestrian Accidents—In-Depth Case Analysis and Reconstructions[J]. Traffic Injury
Prevention, 2007, 8(1): 94-100.

[9] MIZUNO Y. Summary of IHRA Pedestrian Safety WG Activities ( 2003 ) — Proposed Test Methods to Evaluate Pedestrian Protection Afforded
by Passenger Cars[C]//The 18th ESV Conference Proceedings. Nagoya, Japan: 2003: 580.

[10] PENG Y, DECK C, YANG J, et al. Effects of Pedestrian Gait, Vehicle-Front Geometry and Impact Velocity on Kinematics of Adult and Child
Pedestrian Head[J]. International Journal of Crashworthiness, 2012, 17(5): 553-561.

[11] MIZUNO K, KAJZER J. Head injuries in vehicle-pedestrian impact[C]//SAE. 2000: 2000-01-0157.

[12] YANG J K, LOVSUND P, CAVALLERO C, et al. A Human-Body 3D Mathematical Model for Simulation of Car-Pedestrian Impacts[J].
Journal of Crash Prevention and Injury Control, 2000, 2(2): 131-149.

[13] fLEFEE. AFE- L -FEMREEAT NS S SR T/ = M BT IT[D]. Wb Wik K22, 2010.

[14] MIZUNO Y. Summary of IHRA Pedestrian Safety WG Activities (2005) - Proposed Test Methods to Evaluate Pedestrian Protection Afforded by
Passenger Cars[C]//The 19th ESV Conference Proceedings. Wasington D.C., USA: 2005: 05-0138.

[15] S3C%, #1522, e, JLEAT NOBA FHRATRE R m R 2R [T]. hARimAT R 244 &, 2010, 31(1): 100-102.

[16] GB 10000-88, H[E pAE A A RH[S].

[17] LIU X J, YANG J K. Development of Child Pedestrian Mathematical Models and Evaluation with Accident Reconstruction[J]. Traffic Injury
Prevention, 2002, 3(4): 321-329.

[18] MARTINEZ L, GUERRA L J, FERICHOLA G, et al. Stiffness Corridors of the European Fleet for Pedestrian Simulation[C]//The 20th ESV
conference Proceedings. Lyon, France: 2007: 07-0267.

[19] %55, ZERRERE AT N I0B) 020 B 5 B AN R B LA 5E[D]. WIRgKvb: Wimg k27, 2011.

[20] KONG C, YANG J. Logistic Regression Analysis of Pedestrian Casualty Risk in Passenger Vehicle Collisions in China[J]. Accident Analysis &
Prevention, 2010, 42(4): 987-993.

[21] ZHAO H, YANG G, ZHU F, et al. An Investigation on the Head Injuries of Adult Pedestrians by Passenger Cars in China[J]. Traffic Injury
Prevention, 2012: 121212114151003.

[22] YANG J. Review of Injury Biomechanics in Car-Pedestrian Collisions[J]. International Journal of Vehicle Safety, 2005, 1(1): 100-117.

[23] fLFT, BIFE, it BT RLHEHOEE AT ARG T[], VR4 T, 2010, 32(11): 977-983.

[24] PRASAD P, MERTZ H J. The Position of the United States Delegation to the ISO Working Group 6 on the Use of HIC in the Automotive
Environment[C]//SAE. 1985: 851246.

[25] GB / T 24550-2009, VRZEXAT NHIRE RS [S].

[26] HAN'Y, YANG J, MIZUNO K, et al. Effects of Vehicle Impact Velocity, Vehicle Front-End Shapes on Pedestrian Injury Risk[J]. Traffic Injury
Prevention, 2012, 13(5): 507-518.

[27] KENDALL R, MEISSNER M, CRANDALL J. The Causes of Head Injury in Vehicle-Pedestrian Impacts: Comparing the Relative Danger of
Vehicle and Road Surface[C]//SAE. 2006: 2006—01-0462.

[28] MAKI T, KAJZER J, MIZUNO K, et al. Comparative Analysis of Vehicle-Bicyclist and Vehicle—Pedestrian Accidents in Japan[J]. Accident
Analysis & Prevention, 2003, 35(6): 927-940.

[29] L. JE T IS A1 NS S 0 Ui 153 05 AU, 20T F 7E[D]. TR b R R, 2000.

[30] BRES. 47 NI EAT Z 328 i b Sk AR 80 Ay 2w B A G HLBRWE FE[D]. Wi <7b: WIFE K2, 2010.

INFATS Conference in Xiamen, December 4-5, 2015 78



