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Development and validation for finite element model of human

thorax based on automotive impact injuries
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China)

Abstract: Objective To predict and evaluate the biomechanical responses and injury mechanisms of the chest
under the impact loads based on the finite element model of human thorax. Methods CT and MRI images were
used to construct the three-dimensional finite element model of skeleton and internal organs of the chest. The ma-
terial properties of biological tissues in the model were based on data of cadaver test and material test in the litera-
ture. Results The model was validated against the cadaver responses for both frontal and side impacts. Good
correlation was found for the force, displacement and force-displacement curve of the chest between the model
and the cadaver responses. Displacement and viscosity index of the chest were also used to evaluate injuries
during the simulation process. Conclusions The model can be used for studying chest injury mechanism and
protection in car crash safety test, and could meet the need for chest blunt injury simulation study.

Key words: Finite element analysis; Crash injury; CT images; Material parameter; Biomechanics; Automotive
impact
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Fig.2 Geometric model of the rib and spine
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Fig.3 Finite element model of organs in the chest (a) Rib, (b) Spine, (c¢) Heart and lung, (d) Skin and muscle, (e) Sternum and costal car-

tilage, (f) Intervertebral disc and vertebral, (g) Rib and vertebrae joints
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Fig.4 Finite element model of the chest
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Tab.1 Elastic-plastic material parameters of the rib, sternum and

vertebrae
M
IR /N
p/(g+em™?) 2 1
E/GPa 11.5 0.04
v 0.3 0.45
JiE % BR/ MPa 88 2.2
YIS R/ GPa 1.15 0.001
2% 0.1 0.1
Cowper- C 2.5 2.5
Sgmonds #5#! P 7 7
HRE ISR A/ Yo 2 3

23.59 kg HA%Z 15.24 cm B RFEIE vhife 45 00 4 2E
PR o 500 . SELL 6.7 m/s BYA)H RE R o
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Fig.6 Thoracic frontal impact simulation at different time
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Fig.7 Stress contours of the ribs and soft tissues for frontal impact
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Fig.10 Thoracic side impact simulation at different time

Fig.9 Thoracic side impact simulation
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Fig.11 Stress contours of the chest for side impact
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