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Abstract: In order to investigate the effect of different collision modes of cars and bicycles on the risk of
head injury to cyclists, a combination of multi-rigid body accident reconstruction and finite element analysis
was employed based on typical traffic accident cases. Firstly, a multi-body dynamics model of car and
bicycle collision was established to analyze the relationship between the dynamic response of the rider's head
and the collision speed and angle between the vehicle and the head in typical collision modes. Secondly, a
50th percentile human head finite element model with detailed anatomical structures was established and
validated for its effectiveness. Finally, the collision parameters obtained from accident reconstruction were
used as boundary conditions to conduct finite element analysis of typical collisions between cyclists' heads
and cars, and the distribution rules of biomechanical response parameters such as intracranial pressure (ICP),
von Mises equivalent stress, shear stress, and strain were obtained. The results showed that collision stress
waves would propagate within the skull, causing stress concentration in the skull and brain tissue to varying
degrees. When the stress exceeds the injury threshold, different degrees of brain tissue damage would occur.
The research results can provide a theoretical basis for the biomechanical study of head injury in vehicle
collision accidents and the development of corresponding safety protection devices.
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Figure 1. Map of the final locations of the parties involved in the accident
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Figure 2. Monitoring screen of typical accident
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Figure 5. Comparison of real accident process and PC-Crash simulation accident reproduction process
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Figure 6. Cyclist head acceleration
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Figure 7. Cranial finite element model
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Figure 8. schematic of temporal collision simulation Figure 9 Temporal collision brain tissue pressure curves
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Figure 10. Cranial stress wave propagation intemporal collisions
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Figure 11. Stress wave propagation in temporal brain tissue
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Figure 12. Intracranial stress wave propagation in temporal collisions

12. BRAPHEEIFIAIRL IR AR RS

[, 55— BRI I B A R 7 IR L R A AR Rl P A, (ER, BT R A AR 2 I 5
8, DRI AT R 7 421 von Mises 77 B A T30 Fl- i 11 von Mises 8277, H1IE 11 nfDAE Y, (EREET
B t=1.0 ms i, MNZH LA MBI A7AE N e, TERERE IFRad fErh, N 08 b LA sh A 2 m) B B8, 048
DX I, IR HEPR VY Y . t=1.6 ms B, FER AR 440 AT X 5 TS s B,
HH N B T gy X R A b e[l T bR s B R B2k BE R [ECRTE R R A t=2.0 ms
P t=2.6 ms Z[A], N7yt a) AT RE, FEATIHELRE A S i AL B A EET AR /N, TR B A N g
TR X 4. AR B R R, RIS 0] )~ i AT o 0 A g 5 fi A 2B e, SRS XIS Ay g — e 7t
T, EE R i vl R tE 2 R A I, RN v 4L 2 AT g 2 & 2B P S A 05 . SR AN, DRI P- i T
FIEE S, TEFTURT S frh o AP 5 DA S5 AU U AN I 5 M AL EB A B 18R X . t=2.6 ms B, 2471 von
Mises J7 /7 BREREN], /70648 J9 24.23 kPa. HE4 Newman 535 G5 HEN], 4fixiZH 2% von Mises 5 733 20
kPa B, EATHERATHE LIAFTERE TBI, RN BT ER AT R R ARG . XGRS Pid BT
BT E B E LRI, A PR 2 MU A7 AR N 4R 5 AT RS AT 3 Sk A2 A A A B, BT A L 45
R5 HAT TR AT TR H B SERR G T A

Wi 13 Fow, BATERT LA EE ] =AN T 18 LIETIR 7y, 75 XZ P r=A4 T R8I 77, (H A BY
NI SZBREE . 540, M 14 FTCAE Y, SR S AR B B BAE A 8 X 3, WA AR K294 0.091, #R4E Galbraith
SRS T RAR TN SZ PR, 24 AR/N T 0.10 I, BRZHZUR AR (4505 2 7T LA 1K)

5,512

FH: 759 S, 513 S, 523

i éaﬂgé 03 (T4 75%) (F4: 75%)
153508 +7.6308-03

+1,0408-02

13'33?3,83 +7.0848-03 +0:2895-03
3022203 +4.0488-03 i 506403
B0 4 13.1308-03 4 e54a.03
relleh 8 +2.1922-03 +2.634503
Hlabiens ey +1.2652-03 +1a35e0:
1iz3eDs “1.518e-03 1h1ze
-1.3520-03 | 3146003 21se=0
-2.781a-03 3371603 337z=03
2.040e-03 3.3745-03 4577003
-3610e-03 4.3016-03 57820 03
-4.430e-03 5.2206-03 6.387¢-03
5.260e-03 5.0068-03 7.4746-03

Figure 13. Shear stress in temporal brain tissue

13. FEPRIE LA RIBTIN

S, Max. Principal

(F#: 75%)
+9.118e-02
+5.2618-02

Figure 14. Strain in temporal brain tissue

14. FARMLHLREIRITE

INFATS Conference in Beijing, November 16-18, 2023 7



4 % R

MG R P 2 A% Sk L REPT LARCIL, I g8 A 3o AR XSO a3, 3280 ) F) T 1, 7 X3
LA LA 00 P PR A2 28, L i A e R X SN Ty SR ) o, B A I AL A O (K S A o A L g 8 A
IERE,  NLJT o MR AR 1% 7 REAT A3k, BRI S MR e LAk, NJTE e thElE
flf At DX 3, DRI S0 2 el 000 ) L P 7, el T ORI, AR IR IR 4 R 2 LR, AR
F5 HIREAE T, DRI g 1) b AR R AN BT, T T B K ARG A It . TR, DR g £ T
FRALH R LN IR, X —BLRAEAR RSO T A SR 25 28] 5 TR g e AL P 0 P M LR
EE T B = 2 S5 B BEAE T, N A% 4k R 5 A I 4 Y BT 0, DRI U e A A i 2H 23 F) von Mises [ izt
IR TRl B AL T AR F von Mises N 7). X5 He ZEPIRIBT T4 R — B, REALIKNAH I BN b, H R )L
SURF 2[RI J2 000 S 2L 230 Bl B, AR I B L R P A A, e 28 2 7 S v B Al 3 00 A 4L 2R

FERER R G 00T, B TRl AOVE B B, i AR ) B A P S g X, 30 E B3R . e AN
AR TR, TR T INAEEA, Ny oA v B K, B g i A B T AN S5 4b, il 2 e A
BT £h AT E AT — S s SR R A R SR ESCRE A GRS S R ThEE . LR EEROR, BN Z A
A ESEMBCE HATIERE, XA TT DR ) 73 O AR PRy L e, 3 G AR LT R

54 it

AT VA i S 1A SR, RS B AT AT SRR S, RS B AT IR AT SR Sk
TSN EEATARRT L, FEAE ARG 2% P ROINAE BAT AW SRS A i A R TR EBEAT O Eo i, AT TE B
AT AT 3 S R N (B DL, RO 2 e MR RS AT E B B SR AR ey, FARZE R R

(LD Ry AR AN 7™ A= X N 77 S B AR PR 63 DX, H Hh 38 XA, NTREY L ARG RN TR A,
T T B ZE ARSI . TR, BRI A T AL tH BN J 0B

(2) XFrvE AL, AR A 082 7 DARE A 38 (R M A 0% 3 B REARE XN, (ISt 2 1 DU R 371
AP &S ORI IR RS NN i b2 B2 2 A RS R 21 G 2 e TG Y VAVAE S L e i = A= e I VA U 6
(IR B R AL R AL SR AR o XTSI N IR A T B AR AR A RS

(3) Jid g A S ST AL £ 0 70 A, RS PP s 3 AT R AT L8 A 1 (R 3h F0 2 R, A9 PR 4
AN AT AAS N, 3 I T SRR R U AR AN NS SR, IR 35 A AR PS5 XU

BB

X, mlE. REEMBEN AT TTEAAR, FHEEEAEE. AMAFBERERRAIE S (it
5:12372079) VT 7548 B SR B2 54 GifE S : BK20201470. BK20220687) Fl 58 1t T F& 2 Fe ke i 4x (CKJIB202205)
HIBBh.

SE#k (References)

[1] World Health Organization. Global status report on road safety. Geneva: WHO Press, 2022.

[2] Arregui-daimasesc, Lopez-valdes, F. J., Segui-gomez, M., Pedestrian Injuries in Eight European Countries: An Analysis of Hospital Discharge
Data. Accident Analysis & Prevention, 2010. 42(4): 1164-1171.

[3] Liu, D, Li, Y. D., Zhao, H., et al. Correlation Analysis of Pedestrian Head Injury and Head Impact Test Methods. Journal of Highway Traffic
Science and Technology, 2004. 21(1): 98-101, 105.
XML ZEN R, . A7 NSk 340 5 SRR VR AR S b, A RSl RH, 2004, 21(1): 98-101,105.

[4] Tse, K. M., Lim, S. P, Tan, V. B. C., and Lee, H. P., A Review of Head Injury and Finite Element Head Models. American Journal of
Engineering, Technology and Society, 2014. 1(5): p. 28-52.

[5] Teresa, E., Carlos, J., and Holly, V. R., Effects of mild traumatic brain injury in animal models of motor neuron pathology. J Neurotrau, 2013,
30(15): p. 107-108.

[6] Xiong, Y., Mahmood, A., and Chopp, M., Animal models of traumatic brain injury. Nat Rev Neurosci, 2013, 14(2): p. 128-142.

[7] Hardy, W. N., Foster, C. D., and Mason, M. J., Investigation of head injury mechanisms using neutral density technology and high-speed
biplanar X-ray. Stapp Car Crash Journal, 2001. 45: p. 337-368.

[8] Yoganandan, N., Maiman, D. J., Guan, Y. B., and Pintar, F., Importance of physical properties of the human head on head-neck injury metrics.
Traffic Injury Prev, 2009. 10(5): p. 488-496.

[9] Miyazaki, Y., Tachiya, H., and Anata, K., Measurement of pressure responses in a physical model of a human head with high shape fidelity
based on CT/MRI data. International Journal of Modern Physics B, 2008. 22(9): p. 1718-1723.

[10] Michael, F., Hagen, A., Christian, Z., Christian, K., & Frank, H. (2011). Experimental trauma models: an update. Journal of Biomedicine and
Biotechnology, 2011, 797383.

8 INFATS Conference in Beijing, November 16-18, 2023



[11] Carmai, J., Saiprasit, K., & Wasif, H. (2019). Analysis of rider and child pillion passenger kinematics along with injury mechanisms during
motorcycle crash. Traffic Injury Prevention, 20(1), 13-20.

[12] Santos, K., & Dias, J. P. (2020). Motorcycle accident reconstruction: Influence of structural deformation or failure. Engineering Failure Analysis,
115.

[13] Woering, M. H., Depreitere, B., and Vander Sloten, J., Estimated and underreported parameters in report-based vehicle-bicycle accident
reconstructions have a significant influence. Accident Analysis and Prevention, 2021. 150.

[14] Miao, Q., Study on head injury of cyclists based on reconstruction of real bicycle accidents (Master's thesis). South China University of
Technology. 2019.
BR BTRLETFFRERNR NSO (g0 . SR ITR%. 2019

[15] Fan, Y., Wang, C. M., Wang, J. M., Li, Z. D., Zhou, D. H., and Huang, J., Accurate reconstruction of traffic accident based on multiple
optimization algorithms and evaluation of craniocerebral injury risk. Journal of Medical Biomechanics, 2023, 38(02): 346-352.
VAR, TR, E4M, S T 2R ENE I A8 S HORS v 10 B S U B USSP . R A AR %, 2023, 38(02): 346-352.

[16] Wang, J., Li, Z., Ying, F., Zou, D., and Chen, Y., Reconstruction of a real-world car-to-pedestrian collision using geomatics techniques and
numerical simulations. Journal of Forensic and Legal Medicine, 2022, 91, 102433.

[17] Bain, A. C., Meaney, D. F., Tissue-level thresholds for axonal damage in an experimental model of central nervous system white matter injury.
Journal of Biomechanical Engineering, 2001, 122(6): 615-622.

[18] Nahum, A., Smith, R., and Ward, C., Intracranial pressure dynamics during head impact. Proceedings of the 21st Stapp Car
Crash Conference, Warrendale, PA. SAE Paper 770922. 1977: 339-366.

[19] Trosseille, X., Tarriere ,C., Lavaste, F., Guillon, F., and Domont, A., Development of a FEM of the human head according to a specific test
protocol. Proceedings of 36th Stapp Car Crash Conference. Seattle, USA, 1992.

[20] Hardy, W. N., Mason, M. J., Foster, C. D., Shah, C. S., and Tashman, S., A study of the response of the human cadaver head to
impact. Stapp Car Crash Journal, 51, 2007: 17-80.

[21] Ward, C. C., Chan, M., and Nahum, A. M., Intracranial pressure—a brain injury criterion. In Proceeding of 24th Stapp Car Crash Conference.
Warrendale: SAE International Society of Automotive Engineers. 1980: p. 347-360.

[22] McElhaney, J. H., Fogle, J. L., Melvin, J. W., Haynes, R. R., Roberts, V. L., and Alem, N. M., Mechanical properties on cranial bone. Journal of
Biomechanics, 1970. 3(5): p. 495-511.

[23] Newman, J., Barr, C., Beusenberg, M., Fournier, E., and Withnall, C., A new biomechanical assessment of mild traumatic brain injury. In
Proceeding of International IRCOBI Conference on the Biomechanics of Impact, 2000: p. 223-233.

[24] Galbraith, J. A., Thibault, L. E., and Matteson, D. R., Mechanical and electrical responses of the squid giant axon to simple elongation. Journal
of Biomechanical Engineering, 1993. 115(1): p. 13-22.

[25] Huempfner-Hierl, H., Schaller, A., and Hierl, T., Maxillofacial fractures and craniocerebral injuries—stress propagation from face to
neurocranium in a finite element analysis. Scandinavian journal of trauma, resuscitation and emergency medicine, 2015, 23: 35.

[26] Huempfner-Hierl, H., Schaller, A., & Hierl, T. (2014). Biomechanical investigation of the supraorbital arch-a transient FEA study on the impact
of physical blows. Head and Face Medicine, 10, 13.

[27] He, L. M., Lu, Y. C., Wu, J. G., Wang, W. M., Liu, P,, & Chen, X. Q. (2005). Mechanics study of brain contusion and laceration by direct head
impact on the frontal or occipital region. Chinese Journal of Neuromedicine, 4(9), 874-877.

INFATS Conference in Beijing, November 16-18, 2023 9



