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Development of a Finite Element Model for the Pedestrian Lower Limb
— Model validation in car-pedestrian impacts —
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ABSTRACT

A finite element model for a human lower limb in
standing position has been validated against published
experiments simulating an impact between a pedestrian
lower limb and a car front. The results show that the
model can accurately reproduce the peak linear
acceleration during the impact at both the impact level
and the knee joint. The comparison of injuries to leg
bones and knee ligaments in the experiment and the
computer simulation showed that the model can precisely
predict different injury patterns observed in different
impact conditions. In addition, the upper part of the
human body modeled with rigid segments connected by
joint elements has been incorporated in order to simulate
the kinematics of the upper body as well as the response
of the lower limb. The neck model has been validated
against published experiments with human volunteers.
The full body model has been validated against
published full scale car-pedestrian impact tests. It was
found that the full body model can accurately simulate
both injuries to the lower limb and the kinematics of the
human body.
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Fig. 1 Model setup for lateral impact validation
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Fig. 2 External force applied to the lower limb
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Fig. 5 Structure of full body model

Table 1 Comparison of injury description between experiment and simulation in low bumper setup
Rigid bumper Compliant bumper
Experiment Ligament Bone Experiment Ligament Bone
No. ACL | PCL | LCL | MCL | Tibia | Fibula No. ACL | PCL | LCL | MCL | Tibia | Fibula
Simulation A Simulation |
11 | | A 16 |
12 A 17 |
13 A 18 | A
14 A 19 |
15 A 20 |

* W : Ligament rupture, A : Bone fracture, C_1: Experiment, [C_1: Simulation
ACL : Anterior Cruciate Ligament, PCL : Posterior Cruciate Ligament, LCL : Lateral Collateral Ligament,
MCL : Medial Collateral Ligament

Table 2 Comparison of injury description between experiment and simulation in high bumper setup

Rigid bumper Compliant bumper

Experiment Ligament Bone Experiment Ligament Bone

No. ACL | PCL | LCL | MCL | Tibia | Fibula No. ACL | PCL | LCL | MCL | Tibia | Fibula
Simulation | W | Simulation |

1 | | 6 A A

2 | | 7

3 | | A 8 | |

4 | | | 9 | | |

5 | | 10 |

* W : Ligament rupture, A : Bone fracture, C_1: Experiment, [C_1: Simulation
ACL : Anterior Cruciate Ligament, PCL : Posterior Cruciate Ligament, LCL : Lateral Collateral Ligament,
MCL : Medial Collateral Ligament
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Fig. 6 Acceleration pulse applied to the first thoracic vertebra
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Fig. 8 Comparison of head trajectory between volunteer corridor and simulation result in lateral bending and flection
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Fig. 10 Comparison of head linear and angular acceleration between volunteer corridor and simulation result in flection
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Table 3 Test condition (Schroeder et al., 2000)

Geometry of car front Anthropometry of human subject
Bumper height (mm) 446 Height (cm) 177
Bumper protrusion (mm) 141 Weight (kg) 84
Hood leading edge (mm) 641 Gender Male
Hood length (mm) 1110 Age (years) 66
Hood inclination (degree) 10
Windshield inclination (degree) 35
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Fig. 11 Kinematics of the lower limb in car-pedestrian impact simulation
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