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Results of the GDV research project

1 Results of the high-speed crash tests

• 1.1 Basic facts regarding passenger safety
• 1.2 Frontal crash according to  ECE R-94

• 1.3 Side crash according to  ECE R-95

2 Conclusions
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Passive Safety

Self-Protection
Counterparty 

Protection

Safety devices and measures 
protecting the driver himself

Test form: wall impact

Protection of the counterparty in a 
collision

Test form: car-to-car collision

1.1 Basic facts regarding passenger safety
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1.1 Basic facts regarding passenger safety

(Source: Kramer, 2006)

consequences for car2car-collision 
(counterparty protection)

layout of cars with different curb weight
according to wall impact
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• All standardised test procedures are concerned with self-protection

- The wall impact always  reflects an accident where vehicles with identical 

weight and identical speed are involved

• Car-to-car collisions (counterparty protection) are not standardised

• EuroNCAP: Consumer test, not legally binding

- Frontal crash (64 km/h), side crash (50 km/h), pole test (29 km/h)

• FMVSS: US American approval standard

- 208: Frontal / rear-end crash (48 km/h), 214: side crash (54 km/h)

• ECE: Reflects the European minimum standard, releva nt for approval

- R-94: Frontal crash (56 km/h), R-95: side crash (50 km/h)

1.1 Standardised test procedures regarding 
passenger safety
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1.1 Basic facts regarding counterparty 
protection

6001900MB S-class

4501400VW Golf

150800Smart

250425LWMV

deformation distance

[mm]

mass 

[kg]

• Assessment of the risk of injury occurring in a car-to-car collision at 45 

km/h by means of numerical simulation:
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• Change of speed is in inverse proportion to the mass of vehicles

1.1 Basic facts regarding counterparty 
protection

45 km/h

58 km/h

32 km/h

67 km/h

22 km/h

73 km/h

17 km/h
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1.2 Frontal crash according to ECE R-94

Test setup

driver and front-seat
passenger dummy
Hybrid III 50 %
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1.2 Frontal crash according to ECE R-94

Test setup
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1.2 Frontal crash according to ECE R-94

Test procedure
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1.2 Frontal crash according to ECE R-94

Test procedure
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1,41 kN1,54 kN9,07 kNRight femur force

1,64 kN1,33 kN9,07 kNLeft femur force

0,2 m/s0,4 m/s1 m/sThorax injury criterion (VC) 

42,7 mm36,9 mm50 mmThoracic compression

61,3 Nm33 Nm57 NmNeck moment

2033411000Head injury criterion (HIC)

front-seatdriverlimit valueTest criterion

Microcar MC1

1.2 Frontal crash according to ECE R-94

Passenger performance values (selected)

passenger
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1.2 Frontal crash according to ECE R-94

State of the vehicle after the crash

• Steering wheel shifted in 

z-direction to an extent 

exceeding the limit value
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1.2 Frontal crash according to ECE R-94

State of the vehicle after the crash

• Crash-induced rotation by 

more than 180°, as a result:

• Secondary collision likely 

(e.g. tree impacting the side 

of the vehicle)

• Hard contact between 

passengers
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1.2 Frontal crash according to ECE R-94

State of the vehicle after the crash

• Front part nearly 

completely destroyed

• Only a minor risk of injury 

caused by intrusions into 

the foot space
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• Test provided good results as far as passenger performance values are 

concerned, only the front-seat passenger neck moment exceeds the limit 

value

• Steering wheel shifting  in z-direction exceeds the limit value

• ECE R-94 reflects a car-to-car collision involving two vehicles with 

identical weight; this scenario is rather  unlikely for lightweight vehicles

• It is to be expected that the risk of injury will increase to a dramatic 

degree in real car-to-car collisions and that the level of protection 

provided by modern passenger cars will not be reached

1.2 Frontal crash according to ECE R-94

Discussion of results
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Boundary conditions:

• Barrier speed 50 km/h

• Barrier height 300 mm (bottom 

clearance)

• Mass of deformable barrier 950 kg

• EuroSid II dummy on the driver‘s seat

1.3 Side crash according to ECE R-95

Test setup
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1.3 Side crash according to ECE R-95

Test setup

• Sill height Ligier (Microcar):

front 350 mm (245 mm)

rear-end: 370 mm (260 mm)
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1.3 Side crash according to ECE R-95

Test procedure



���������	�
������
�������
�����������
�������������� ���� ��

1.3 Side crash according to ECE R-95

Test procedure
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0,89 kN2,5 kNAbdomen force

4,26 kN6 kNPubic symphysis force

0,8 m/s1 m/sLower thorax injury criterion (VC)

44,8 mm42 mmLower rib deflection

0,42 m/s1 m/sMiddle thorax injury criterion (VC)

34 mm42 mmMiddle rib deflection

0,21 m/s1 m/sUpper thorax injury criterion (VC)

23,4 mm42 mmUpper rib deflection

2391000Head performance criterion (HPC)

driver limit valueTest criterion

1.3 Side crash according to ECE R-95
Passenger performance values (selected)
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1.3 Side crash according to ECE R-95

Passenger performance values

• Head swings very strongly 

and leaves the passenger 

compartment – very high 

risk of injury
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1.3 Side crash according to ECE R-95

• Both doors are torn out

State of the vehicle after the crash
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1.3 Side crash according to ECE R-95

State of the vehicle after the crash

• Both longitudinal beams 

are separated from the A-

column 
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• Passenger performance values in compliance with limit values with the 

exception of the lower rib deflection

• Vehicle structure not stiff enough; passenger compartment breaks

• Both longitudinal beams are separated from the A-column

• Barrier intrudes nearly completely into the interior

• In reality more severe consequences likely, as barrier is lighter than an 

ordinary passenger car

• Dummy is shifted from the seat, therefore hard contact with front-seat 

passenger most likely

1.3 Side crash according to ECE R-95

Discussion of results
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• No permit to drive multi-wheeled vehicles for persons under age 18

• From the point of view of road safety there can`t be any arguments  

justifying the approval of vehicles which are far from complying with up-

to-date safety technology

2  Conclusions
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This being said, the following statements are made:

• The legal restriction of mass to 350 kg generates considerable safety 

problems

• The 45 km/h speed limit creates dangers for passengers resulting from 

rear-end collisions and provokes following road users to make risky 

manoeuvres

• Two-wheeled vehicles approved for circulation on public roads must be 

liable for technical check-up at regular intervals in the same way as 

ordinary passenger cars

2  Conclusions


