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Abstract 

Outline of the problem 
In 2012, side impacts accounted for 38% of car accident fatalities in the US, with nearly 

60% of severe to fatal injuries to thorax. Contact with the door was identified as the most 
common source of thoracic injuries. Passive safety in side impacts remains a challenge due to the 
limited crush zone and crash databases analyses published in 2015 (NHTSA, GIDAS) indicated 
that side airbags did not achieve the expected reduction of injuries compared to other safety 
systems. Previous studies identified that the effectiveness of restraint systems in side impacts 
was sensitive to the occupant pre-crash position. Understanding occupant response and the 
potential for injury in side impact scenarios is necessary to improve occupant safety and Finite 
Element (FE) Human Body Models (HBMs) enable parametric studies through controlled 
boundary conditions to address these challenges. Although HBMs can predict occupant response 
at a global level through measurement of accelerations, velocities, and displacements, a primary 
benefit is tissue-level injury prediction.  
 
Study objective 

This study aims to identify the kinematic response and the potential for thorax injury in 
side impact using tissue level injury metrics, in addition to standardized injury criteria, and 
demonstrate the benefits of detailed HBMs in a crash environment.  
 
Methodology 

A FE HBM with detailed thoracic section [1] was integrated with a side sled model 
representing a mid-sized sedan and Moving Deformable Barrier (MDB) lateral impact. The 
model included simplified vehicle door and seat models validated previously [2,3], a seatbelt, 
and a configurable side airbag. The HBM was positioned in a standard driving position, and 
other non-standard configurations including varying arm position. Simulations were run with the 
airbag varying the inflation and venting parameters, and without the airbag.  
 
Data to be included 

The injury response was assessed using chest deflection and Viscous Criterion (VC) 
evaluated at three chest band levels, and through analysis of potential for pulmonary contusion 
[4,5].  
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Summary of results and current conclusions 

The pre-crash position was observed to have an effect on the HBM response with the arm 
position being the most significant. Positioning the arm in the load path increased the injury 
metrics: chest deflection was more than two times higher, VC almost five times higher than for 
the case with arm positioned away from the load path. The predicted contused lung volume 
pattern was in agreement with the chest deflection and VC metrics, demonstrating more contused 
volume when the arm was located in the load path. The extent of the change in injury metrics 
when the airbag was present was affected by the occupant pre-crash position. In next steps, the 
airbag will be integrated with an existing full vehicle-MDB-HBM model [6,7] to investigate side 
impact response.  
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