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Establishment and verification of a head finite element model
based on explosion injury

LI Tao, CHANG Lijun, CHEN Taiwei, LIU Junyuan, XIAO Songming, CAI Zhihua
(Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment,

Hunan University of Science and Technology, Xiangtan 411201, Hunan, China)

Abstract: In order to better understand the mechanical response and injury mechanism of the head under the action of
explosive shock wave, the geometric information of the head was obtained through computerized tomography and magnetic
resonance imaging, and a finite element model of the head with fine cranial bone and brain tissue was developed. Based on the
existing blast tube cadaver experiments, forward, side, and backward explosive shock numerical simulations were conducted,
and the cranial pressure-time history curves and peak cranial pressure were compared to validate the finite element model. The
results show that the peak pressures of the four regions in the cranium under the three impact directions are in good agreement
with the experimental and simulated data in the literature; there is obvious stress concentration at the suture line of the cranial
bone in the simulated blast simulation; the head has a greater risk of injury at the suture line; and the front and back impacts
cause more serious head injuries than the side impact under the same explosive shock intensity. The head model established
can be used in the study of head injury under explosive loading, and the influence of suture on the biomechanical response of
the head can be explored, which has important research significance for blast injury research.
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Fig. 1 Head models
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Table 1 Skull tissue material parameters''>"*!
Cowper-Symondst# 7l
45 pl(g-em™) E/GPa v o/MPa G/GPa n c - &/% Sk
T 2 115 0.3 90 1.15 0.1 25 7.0 0.02 SCHK[16]
W 2 11.5 0.3 90 1.15 0.1 2.5 7.0 0.02 SCHR[16]
s 2 11.5 0.3 90 1.15 0.1 2.5 7.0 0.02 SCHk(16]
L/ NES 2 11.5 0.3 90 1.15 0.1 2.5 7.0 0.02 SCHK[16]
A 2 1.5 0.3 90 1.15 0.1 2.5 7.0 0.02 SCH[16]
L3 2 11.5 0.3 90 1.15 0.1 2.5 7.0 0.02 SCHR[16]
[y 1.71 537 0.19 - - - - - - SCHR[15]
AR 2 11.5 0.3 145 1.15 0.1 2.5 7.0 - SCHR[16]
F2 RALAMRISHNS S
Table 2 Material parameters of brain tissue>'*""!
I pl(g-em™) E/MPa v Go/kPa Goo/kPa Bls™! K/MPa Al
S 12 16.7 0.42 - - - - SCHR[18]
ke Rli 1.04 - - 100 20 100 1050 SCHR[19]
i i L 113 315 0.45 - - - - SCHR[15]
AL 113 315 045 - - - - 3CHRI15]
PN} 1.06 1.66 0.928 16.95 557 SCHR[18]
/NG 1.06 1.16 0.928 16.95 557 SCHR[18]
i+ 1.04 1.66 0.928 16.95 557 SCHR[18]

RSB P B2 B KE 24O 100 g TNT K2, BEABLZM: 24 78 25 sk o ke, DA BRI B A R A 1
o fE LS-Dyna 5k fFHh, X723 3% F MATL_009 #HRHE RS, HOR A J5 fE R 2k 22 100X 0
1

Pa=Co+ Cip+Co’ +Cspt’ + (Co+Csu+Cop’ ) ey = 7! 2

K p, WETT, e, WIETRNEE, V, WAXHERR, C,. C\. C,. Cy. Cy. Cs il Co M Z WA R KL, =M I
RETTFES B 390 R p,=1.225 kg/m®, C=C,=C,=C,=0, C,=C=0.4, C;=0, e,,~2.58x10° J/m’,

TERUERAL Y, X TNT $E252k 1] MATL_008 #4, 31 FIH JWL (Jones-Wilkins-Lee) JRA 77 F2P S 4fi
RHERIE AR . TWLORZS Ty B 3d % H T = RE AR B B ER L, HIE R

_ W RV, W ) RV, , Wee
pe—A<l ) e)e +B(1 RV, e + 7 3)

K p, WEEETE ST, V, HVIIEAIRHRTR, e, WIKFURERER, 4. B, w . RIFIR, ¥ h Z 00X # R4
TNT #2519 BARSEY 4350 p=1.63 g/em?, J&H D=6 930 m/s, 4=371 GPa, B=3.23 GPa, R,=4.15, R,=0.9,
w=0.35, e ;=6 GJ/m’,
1.3 {RBUIEHIE

R 1AL SE PR AR e Sk s, S ERAERY s SRR, A T —> 320 mm=320 mmx 1500 mm
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(a) Air domain explosion model (b) Numerical simulation model
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Fig.2 Model and experimental diagram
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o I E A TS BB, nT RE S S AR T, (A5 whl ol LA R A R 3 A R AR T 4 2122
Sharma™ PEAT T 5 ZHSZG, {H /T S2 50 A0 (8 SR PE RN Z2 2 A R2 IR, Be 2N 7R 4 RN S (1 SE 6 250 nT
IR i L A TTo W 1e eR C  STTRU L ol N T DA DA i = o S B T [ TR S AT TR
o ARSCrPOREE T ST A B O R EA T ELTIN, 43 BT F P - B ) D R R R PN I, 36 IE T
A 2 11 Sk AT R TR 78 7 Sk 0 A SR K S I o b S M . DR R, TR E SR ATAE T, B b 45
PRI 0 4 7 g A o, S BOE TE 5  A i AT, TRD R U RT i 1 A2 T R A 4
2.1 FREFRIERBLEIE

T o ST A KRR R A T RO B, 43 AR AR O BE R 0.75. 0.80., 0.85. 0.90 Fl1 0.95 m B 11 i )
Ak AR R AR I AN 1] 3 TR o AR BB AR UL 3 AT ST AR AT A A (L, 5 o R A 2 o i U
WA F R R A XY HEA T B, SR RS SR AN 35 3 Frvs o AR 4G SR nT i, R I (E B AL 45 SR 5 2 0 A =0t
RS R IR — 3, MXTIRZEEHITE 10% DA, /MR ZEN 0.18%. 33k & B iy 37 1) 25 A AR R A5 280 345
TFARIEA B EF ST

350 \
=3 ARG CELBEIEEMIIEL
—=— (.75 m
300 —-0.80m Table 3 Comparison of overpressure peaks at different
distances away from explosion center
& 250
Ag Ap./kPa
£ 200 dm —— FARHR22/%
2 BB A ERL /N
—
150 0.75 307 298.7 2.78
100 0.80 258 256.7 0.51
0.85 223 223.4 0.18
50 - - - -
0 1 2 3 4 5 0.90 202 196.2 2.96
Time/ms 0.95 190 173.8 9.32

(&3 IR [E) RO BEAL g B ] A8 Ak
Fig. 3 Variation of pressure with time at different
distances away from explosion center
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BT L& 4~7 e, nT DA AR B o ol 28 T fn 28 Sk AR, AR S ki 2 A T000 Ao N R ) RS SR 5
Sharma" (1) S50 45 R A7 ARV & R A7 S8 SCI A AE — 8 A7 AT Jl i 52 22 AR SR vk, W] el T3k
PRI 1) 2 S B I ) A 25, A ) TN 245 SR 5 S IR 25 SRAFAE —E 25 8E, {H 5 Sharma"” 19 {7 FLAL i UL
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Fig. 4 Comparison of frontal intracranial pressures under forward impact by different-strength shock waves
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Fig. 5 Comparison of ventricle intracranial pressures under forward impact by different-strength shock waves
120 + —e— Present study 120 | —e— Present study
—4— Experiment!'” —4— Experiment!!”)
80 | —=— Simulation!'”! 80 —=— Simulation!'”
2 S
o 401 o 40r
2 2
5 5
= 0 £ 0
—40 —40 |
—80 —80

Time/ms

(a) Low strength (75 kPa)

Time/ms
(b) High strength (102 kPa)

P 6 AT 5 R it L AT vl T TOURR A T L

Fig. 6 Comparison of parietal intracranial pressures under forward impact by different-strength shock waves
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Fig. 7 Comparison of occipital intracranial pressure under forward impact by different-strength shock waves
A4 TR T AR S o s T A F4 TR SR E E o T AP UG R
SCRERY TSI A it P9 T W {5 Sharmal'™ (1% 5256 %4 Table4 Comparison of peak intracranial pressures under
¥t (cad4. cad5. cadd 5 cads FI{H) 5 B AR forward impact by different-strength shock waves
PR SO0 . i T SRS A 2 M, Sharma' U FE (T /kPa .
S — NN T+
—H P RS EE G S5 ME, XM RBUS  wEkra i ws W W (
i%?fﬂﬂﬁ%ﬂ%ﬁ%%?@? cad 5 cad5 %Bﬁj\ﬁ 102 32 30 Sy cadal'”)
Pa> ot 3% 4 v LUE Y FEAG R B R 5 o 162 46 53 S Krcads!”
i vy T, BRSO (% 51 A R 0 (1 345 Ay 4 132 39 cadd 5 cadS ) (0T
%@IV\]E”‘%@>W%§J@W\]E@{E>EE%@V\]E s 103 55 55 36 =
UG, LA Rl 38 1 it P P (R 1 T o FEAIGE BE 155 52 62 —-59 BUEA L
et T, S cadd 45 cad ST AT N I (L 451% 5.77% 1129% 38.98% TNV e
EiZj;/}j{Eﬂ\j 132 kPa, ﬁi*ﬁﬂ%ﬁyﬂ” E/‘J%ﬁ%ﬁ)gﬁﬁ‘]}f 142 47 —40 S cad4l!'”!
m%ﬁﬂ‘j 155 kPa, H%I%Aﬂ:gggﬁxlz‘f‘jﬁ, {Bﬁﬂ:igﬁ 220 63 83 S8 cads!”
cadd AY AR A N G 5 S0 cadS FAETES 15N 181 55 cad4-5cadSHyFH(E!T
PRV 2 ], ASCROBBON RO % g R ' o1 a5 s P
h 52 kPa, = AN B 5255 cad4 (Y45 SR A SE 4R 292 84 104 -112 B AT,
cads M5 K 19T E)fH, R T Sharma'” 24.66% 833% 8.65% 50.89% YN

P45 FLTIUIIE o A SCRSE Y F3 0] %) To 3 fot Ay s i
{EHN 62 kPa, f& T Sharmal'™ #5256 45 RA7 HME, HIRZEAE 20% LAN o fi o B il b iy T,
ST A s D L 1) T 45 2R 5 Sharmal 7 (8 BCHE A7 7R AR A 22, EL MG 28 TS R 38 07 5 1 5 A s 0 {1 93
M 2555 Sharma' ™ AR FE T . Horby, A< SCRCA T 49 figi = 0 P e W6 (B4 84 kPa, =5 T° Sharmal'”! it 52
Y SE-2(H 55 kPa, (B T Sharmal'” (945 BB 91 kPa, %% b AR, 7R R B Al o i ol i /E T, Al
FHAR SCrbv e Sy i AR T 73 31 (4 /5 A {5 Sharma'”! (14 52 50 235 SR A AR AR &
2.3 (UmERLE

&5 JBoR T opf T, AR SCBRY B A 5N HR W 5 Sharmal'” (19 52 55 404 (cad4 . cadS. cad4 5
cad5 WV ME) A7 45 R A9 s &0 o 7o B2 o P b T, A0 it A T ) A AR o {5 S 6 4
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Table S Comparison of peak intracranial pressure under
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Table 6 Comparison of peak intracranial pressures under
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Fig. 8 Maximum stress cloud map of skull

200 300
I Forward I Forward

155 I Sideways 250 I Sideways
I Backward I Backward

200

160 |

120 |
150
80

Pressure/kPa
Pressure/kPa

100

40 50

0
Front Ventricle Parietal ~ Occipital Front Ventricle ~ Parietal ~ Occipital
(a) Low strength (75 kPa) (b) High strength (102 kPa)

B9 IR EEAN Ry 1) b ol 9 A P D EDA L

Fig. 9 Comparison of intracranial pressure peak values under different intensity and direction impact wave shocks.
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