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Background:

• PhD & Post-Doctoral in Biomedical Engineering (Biomechanics)

• MSc and BSc in Mechanical Engineering

• Professional Mechanical Engineer (PE) in California, Nevada and Colorado

• Accident Reconstructionist and Biomechanical Engineer

• Several peer-reviewed publications and conference presentations

• Several professional affiliations: SAE, ISB, ASME, CA2RS

• 150+ vehicle collision cases per year
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• Accident Reconstruction (AR): 

 The study of vehicle motions and forces

 Delta-V, PDOF, Impact Duration, etc.

• Injury Biomechanics: Bio + Mechanics

 The study of body motions and forces

 Occupant Kinematics and Dynamics

 Injury Mechanisms
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PMHS (Cadavers)

Crash Dummies (ATDs)
Human Volunteers

Injury Tolerance:

Cadavers < Humans < ATDs



Injury Biomechanist vs. Medical Doctor:

• Two distinct and complementary perspectives on injury:

 Injuries Biomechanist: Motions, forces, injury tolerance, injury mechanisms

 Medical Doctor: Diagnosis (physical exams, radiology, etc.) AND Treatment (pain medication, 
PT, injections, surgery, etc)
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(Siegmund, 2008)





Passenger Vehicle Rear Underride 



Passenger Vehicle Underride 

• A total of N=35 IIHS crash tests were evaluated

• Full-width (n = 9), 50% overlap (n = 11), and 30% 
overlap (n = 15)

• 2010 Chevrolet Malibu vs. rear underride guard of 
a stationary trailer 

• Impact speed of 35 mph

• Vehicle: Accelerations, Delta-Vs, Occupant 
Compartment Intrusions

• Occupant: head, neck, chest, femurs, knee, tibia, 
foot 

7

(IIHS test CF10009, 50% overlap)



Passenger Vehicle Underride 

• Pre-crash measurements of the Malibu front structure and the rear underride guard
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Passenger Vehicle Underride 

• Intrusion of the Driver and Passenger A-Pillars and Roof Headers:
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(IIHS test CF13003, 30% overlap)



Passenger Vehicle Underride: Injury Criteria 
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Passenger Vehicle Underride 

• Head Injury Biomechanics:
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Passenger Vehicle Underride 

• Neck Injury Biomechanics:
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Passenger Vehicle Underride 

• Chest Injury Biomechanics:
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Passenger Vehicle Underride 

• Lower Extremity Injury Biomechanics:



Passenger Vehicle Underride 

Conclusions:

• Percent overlap, guard deformation, vehicle excursion and occupant compartment 
intrusion should also be taken into consideration in underride crashes. 

• The 30% overlap crashes showed significantly higher intrusion and head and neck injury 
values than the 50% and full-width crashes.

• Head and neck injury parameters were positively correlated with driver A-pillar 
rearward intrusion.

• In underride crashes there is a higher chance of head/neck injuries than other body 
regions.
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Passenger Vehicle Side Underride 



Questions
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