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Head injuries as a consequence of accidents are often assessed in fo-

rensic medical practice. Recreating the circumstances of the injury is crucial for the 
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judicial authorities. This study analyzes the stresses and deformations of the hu-

man skull as a result of a blunt tool impact. The research was based on a model of 

the skull obtained as a result of an examination with the use of a computer tomo-

graph, processed with t

numerical analyzes, non-linear in the time domain, with the use of the LS-Dyna 

software, allowed to visualize the changes taking place in the human skull during 

the impact and to evaluate its effects. The study showed that a relatively small 

impact force can lead to significant bodily injuries. As a result of the impact, nu-

merous fractures are formed, and the stress and deformation propagate across the 

bones of the skull radially from the place of impact. This can lead to the displace-

ment of organs inside the skull, which, as a result of the impact, bump into its 

walls, which leads to secondary injuries. 
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n

niem 

2. 

sunku 1.

analizy numerycznej o charakterze nieliniowym z zastosowaniem solvera LS-Dyna.

1. [

. Algorithm of preparing a numerical model of the skull bone [own study]
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2.1. Model numeryczny 
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Rys. 2.  

Fig. 2     
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a , zastosowano algoryt-

z  

, 

modelu.  

tosowano model 

Johnsona-   10

 [4]. 

u 

zastosowanie : 

 = + 1 + (1 )   

gdzie: A –  B –  n – wy-

mocnienia postaciowego,  – 

stycznego, C –  – 

quasi-statycznej, m – nia termicznego, =  – tem-

peratura homologiczna,  – temperatura pokojowa,  – temperatura top-

nienia. 

  

 The values of material constants [own study]  

 
 

 

 

 

 

Wsp. 

Poissona 
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Istota zbita 1900 122000 0.21 90 0.1 0.1 -03 

Istota  1500 1000 0.05 28 0.1 0.1 -03 

A365 2700 69000 0.32 270 266 0.28 0.2 

 

r  

 

- , 

aluminium A356. Wymiary kija baseballowego  

840 mm,  g

t   

, co wy
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Utwierdzenie w przestrzeni 

. Fixing in space [own study]

Model numeryczny 

. Numerical model [own study]

. 

W wyniku uderzenia czaszki kijem baseballowym dochodzi do uszkodzenia 

5

przedziale 

czasowym od 43. do 59. sekundy czasu symulacji.

, a po przekroczeniu granicy pl

a 

. 

tkanki kostnej. Istota

Na rysunku 7

.

5. –59

5. –59 [own study]
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6. 46 s

6. 46 s [own study]

7.

7. [own study]

Ob ,

sunku 8 widoczne jest umiejscowienie wspomnianego punktu w czasie 51 i 56 s 

. sekundzie

w 56. sekundzie

8. – s; 56

8. Stress distribution during impact – s; 56 [own study]
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.  

W przypadku zadawania , przekazywana 

jest tkankom, . S

 W przypadku 

tego, aby 

,  Na 

8 punkt  

, , 

 miejscu, w kt  a,   

modelu pozyskanym z zastosowaniem tomografii 

 ej 

przyczyny  [12]
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 w  strukturze kostnej.  

 

 [1] Berny, W., Rudnicki, J., Zub, W.L., „ – Urazy czaszko-

wo-  twarzowo-czaszkowe”, 1., .  

 [2] Bochenek, A., Reicher, , PZWL War-

szawa, 2014. s. 99–135. 

 [3] , R., “Mechanics of swinging bat”, American Journal of Physics, Vol. 77, No. 1, s. 36–43, 

2009, doi: 10.1119/1.2983146. 

 [4] Deck, , S., Willinger, 

ometry and brain consisutive laws”, nference –  

 [5] , J., Marek, , KWM, 

 

 [6] Mahinda, H.A.M., Murty, O.P., “Variability in thickness of human skull bones and sternum 

– an autopsy experience”, Indian Journal of Forensic Medicine & Technology, Vol 126, No. 2, 

2019, s. 26–31. 

 [7] Raszeja, , W., Markiewicz,  

. 

 [8] , M., Turek, T., Hendrich, 

szkowo-  W. Berny, J. Rudnicki, W. L. Zub, „Urazy czaszkowo-  

i twarzowo-czaszkowe”, ,  

 [9] Sahoo, D., Deck, , N., Willinger, R., “Anisotropic composite human skull model 

and skull fracture validation against temporo-parietal skull fracture”, Journal of the Mechanical 

Behavior of Biomedical Materials, Vol. 28, 2013, s. 340–353, doi: 10.1016/j.jmbbm.2013.08.010. 

[10] Stopel, 

dzenia Johnsona- , UTP Bydgoszcz 2020. 



72

[11] , „ ”,

i Kryminologii, Vol. 52, No. 2, 2002, s. 65–83.

[12] Urbaniak, A., , R., „

”, , Vol. 70, No. 5, 2013, s. 229–242.

© 2020 by the authors. Submitted for possible open access publication under 


