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Fig. 2. Skull and cervix(right), brain tissue and brain root (left) after
separation in MIMICS17
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Fig. 3. Skull (right), brain tissue t (left) after final process in 3SMATICS
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Fig. 1. Input MRI images for MIMICS17 software
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6 Green-Lagrangian deformation tensor
7 The second order Piola-Kirchoff stress tensor
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Fig. 4. Intercut of space between brain and skull (right) and assembled
model of human head

53,5 13 1y 520 g dosron Cyt (GL2B &S Fo D34y 8D y5 (piy 1€ S
G J0 s Jolid ] g 80l g Jibo g (Sl y Coonw) Conwl
(wm))aog)ma:fcw

Swolad o gl 390 1381 Juo dlow! -Y

IS iy il i oo 53 95 oS g 00 g b
w2 9y JoS Cyge s baduen g 43y oyl SIS sl Y-
sgiona T3] o 5l 3 s o]l g ol 53 555,53
Bl Sygo a4 plSia laJae 5 g ond edlitwl 1 AF Y ugSU
g & o 4 g 0l Jlow jw Jae Bame g 00 13l 5 5y
2,5 o plol Seolisd

el SulSe ol =) ¥

o)lgen o il alox I pladl a 08j slacdly (Sele ol
bl 5l 3g Silsag 0jn 3 Jle y Sliios godse S
Oligxe ul 039y (oo e Mos Ll jao 056 cdl 4 pbcws o«
5 o wlo llgs 5 sl aSiislofl slusl oo 03y slacdly
Sy F Sl pola Hldy (508 aw (JS jsb 4 led S ealatel Sgs
S Jaipd jhe <l gl TSVl pplagSiny )18y 5 TS IsSiny
g0

cpl ol WISl jr0 ol sy 5 yiales] plosl 4 ol liiona
03 33 &y | (g 308 (S50 4o SlSagy adlllae > ldice

Abaqus 6.14.3
Hyperelastic
Viscoeelastic
Visco-Hyperelastic

R R R



VoV BAY oo YAV Lo o) ojleds D+ 093 ¢S ol Sl wigo &y i

03 T T
Fitted Ogden Model "’

#  Experimental [22] +

|
1] 015 03
Strain

Fig. 5. Experimental 1D tension test data and Ogden model result
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Table 1. Hyperelastic coefficient of brain tissue due to Ogden model

G, Pa v a

; u,, Pa a, u,,Pa

AY/5 < I¥Y —£/.Y AYEIYD VV/EY VXY

[YY] 550 g 5550 032 chodmon (SBCEL (Sl yolgd g U3, 1Y Jgoa

Table 2. Mechanical properties of skull, meninges and brain tissue [22]
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Fig. 7. Configuration of projectile and head in FE model of Nahum’s
test (left), Location for measurement of brain pressure
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Fig. 8. Brain pressure obtained in present study and Nahum’s test [24]
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Table 3. Number and type of element used in each submodel
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Fig. 6. Generated mesh for model of skull, meninges, brain
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Fig. 10. Time history of linear acceleration applied on head during
crash time [26]
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Fig. 11. Time history of rotational acceleration applied on head during
crash time [26]
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Fig. 9. Dummy model for crash simulation
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Table 5. Maximum value of injury criteria during test time
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Fig. 13. Maximum of pressure in meninges during crash
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Fig. 14. Maximum of effective strain in meninges during crash

Bilai yloj Job 45 e 53 o0l D3 g Ay yih0 Ly S A 1V € UKW

A

B ;3 1, SDH 5 DAL (5530 B! Elgil 039050 1€ Joua
[FAls 50 JLid 9 (g3 (55 9 5

Table 4. Limits of SDH and DAI criteria based on stress, strain and
brain pressure [28]
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Fig. 12. Maximum of Von-Mises stress in brain during crash
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Fig. 15. Distributions of Von-Moses stress, effective strain and pressure in meninges in critical times
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