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Simulation of dynamic tests on long bones of lower limbs based on
finite element model

LI Hai-yan, ZHAI Guang-feng, ZHAO Wei, HE Li-juan( Center for Injury Biomechanics and Vehi-

cle Safety Engineering, Tianjin University of Science and Technology, Tianjin 300222, China)

Abstract; Objective To study the failure tolerance in long bones of lower limbs under dynamic loads. Methods
Based on the finite element ( FE) model of lower limb for Chinese people, the dynamic three-point bending test
on the femur, tibia, leg and thigh was conducted , and the FE model was validated against the cadaveric experi-
ment. Results The force-displacement curves between FE simulation and cadaveric experimental results for
bending tests were correlated. The contact forces on femur, tibia, thigh and leg with failure tolerance were 4.29,
3.94, 4.81 and 4. 086 kN, respectively, and the displacements from the impactor were 17.78, 34, 52.1, and
47.06 mm, respectively. The simulation results were correlated well with those in dynamic cadaveric experi-
ments. Conclusions This study validated the effectiveness of the FE model, which would lay a good foundation
for the further research on validation of FE model of knee joint and whole lower limb, and provide the theoretical
references for the protection of pedestrians in crashes.
Key words. Lower limb; Long bone; Failure tolerance; Finite element analysis; Dynamic load
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Tab.1 Material properties of bones and skin in FE model of the lower limb

44 WE/ (kg m™) PRI/ CPa HIEE /N Jee IR 13 F1/ MPa 1 B 2%/ %o

TR A 2 000 17.3 0.3 89.3 1.6
L T 3 I 2 000 17.3 0.3 114 1.7
JBE A B AL O 861.5 0.16 0.45 29 13.4
J1 1A T 2 000 17.5 0.3 80.4 1.4
ok 85 I 2 000 17.5 0.3 67 1.2
JIekE T i A 8 i 2 O 2 000 17.6 0.3 66.8 2.8
Ik T i B A i O 861.5 0.16 0.45 32 20

N 1 600 1 0.45 . _
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Tab.2 Material properties of muscles in FE model of the lower limb

N R/ (kg - m™?) MU i/ MPa

JE Iy B YT/ MPa

Ko B Y14/ MPa FEE

ALA 1 600 19

0.134 0.086 100
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Fig.5 Comparison of force-displacement curves between FE simulation and experimental results for bending tests
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