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Biomechanical Limits
for Vehicle Occupants
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Biomechanical criteria influenced by:

Biology: Age, body constitution, 
height, weight, sex

Mechanics: Direction and distribution of 
force

Tolerance:  Voluntarily
pain only

reversible
irreversible
fatal



G
D

V
, L

ei
ch

kr
af

tfa
hr

ze
ug

e 
20

07

© Prof. Dr. med. Felix Walz 3© Arbeitsgruppe für Unfallmechanik, 
Zürich 

• Pre-existing pathology (degeneration of 
tissue)

• Age, body constitution, height, weight, sex

• Seating position (relative to impact) 

• Geometry of belt

• Breraking condition (influences seating

position)

• Clothing

• Muscle tonus

Biomechanical pre-crash variables
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Basic approach in trauma 
biomechanics

Kramer, 2006

Probability of irreversible injuries
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Influence of age on injury threshold

Kramer, 

2006
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Delta-v and mean acceleration in rear end 
impacts, risc of cervical spine disorders
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Light weight vehicles of the 50‘s



G
D

V
, L

ei
ch

kr
af

tfa
hr

ze
ug

e 
20

07

© Prof. Dr. med. Felix Walz 8© Arbeitsgruppe für Unfallmechanik, 
Zürich 

Incompatibility, 1976
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Fiat 500, OriginalFiat 500, reinforced

50 km/h - 40% offset
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40 km/h

Improvements are possible (AGU 1991)
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„Crashy“ (dv = 55 km/h)   /  Audi 100, mass ration 2 :  1

Crash tests of leight weight vehicles
(AGU 1992)
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Crash tests of leight weight vehicles
(AGU 1992)
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Acceleration Audi 100 and Crashy
56 km/h, against 
deformable 214 barrier, 
100 % overlap50
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CRATCH (dv = 70 km/h) / Laguna (AGU 1996)
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„CRATCH“ after crash (70 km/h dv)
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Optimised parameters for restraint
systems

300 kPa300 kPa

100 kPa100 kPa

220 kPa220 kPa

4 kN4 kN

4 kN4 kN

66--8%8%

64 l64 l
2 x 2 x ØØ 44mm44mm

3.5 kN3.5 kN
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y

Short, steep front ends: changed 
dynamics
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Corbin Motors, USA
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People transport in India
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Swisslem Twike.ME (discontinued)
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Clever (TU Berlin)

56 km/h against concrete barrier
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PAC-Car II (ETH Zurich, 2005)

World record: 
minimal
energy
consumption
(fuel cell), 
1 L eq/5385 km

30 kg empty: No chance in a crash! 
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Conclusions I

1. Identical crash velocities as passenger cars

2. Very stiff structure, no vehicle cell collapse, 
sufficient ride-down distance

3. No „down scaled“ restraint systems

4. Different challenge pedestrian protection: 
front screen frame and secondary impact

on road surface
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Conclusions II

� Necessary collateral measures

1. Speed limits

2. No increase of frontal crash test velocity
(ENCAP) for passenger vehicles (stay to 64 
km/h

3. Particular measures against the
aggressivity of high, heavy and stiff SUVs
and Pick-ups
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Main prevention activities of NHTSA
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Envisaged limits for car occupants

IARV Injury Assessment Reference Values (NHTSA)
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Biomechanical limits for the head

Kramer, 2006
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Biomechanical limits for the cervical 
spine

Kramer, 2006
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„Final Draft“ 5/2006 for cervical
spine limits
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Biomechanical limits for the thorax

Kramer, 2006
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Kramer, 2006

Biomechanical limits for the 
abdomen
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Biomechanical limits for the 
extremities

Kramer, 2006


