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Adaptability Analysis of Different Failure Criteria on Hollow
Cortical Bone Structure under Tensile and Compressive Fracture
Simulation
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(1. Jiangsu Automotive Lightweight Engineering Technology Research and Development Center, Yangzhou
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Abstract: Objective To explore the failure criterion that can accurately simulate the tensile and compressive
fracture of hollow cortical bone structure. Methods Based on the previous compression and bending
experimental data, the predicted results using different failure criteria were compared to determine the simulation
accuracy. Results Under the compressive load, the differences in the fracture load between the simulations
using the equivalent and invariant strain failure criteria and the experiment were less than 5% , indicating that
these two failure criteria were suitable for predicting the cortical bone failure; under the bending load, the
differences in the fracture load between the simulations using the equivalent and invariant strain failure criteria and
the experiment were less than 5% , indicating that these two failure criteria could accurately predict the failure
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process. Conclusions

The prediction accuracy using different failure criteria mainly depends on whether the

strain growth rate conforms to the actual bone deformation. Too fast or too low strain growth rate will lead to

premature or delayed structural fracture. The fracture simulation adopted in this study is suitable for most cortical

bone structures, and can be used to determine the suitable failure criterion under different loads, so as to assist

in obtaining the strength limit of cortical bone in various parts and provide data support for improving the simulation

accuracy and grasping the condition of fracture occurrence in clinical practice.

Key words: failure criterion; cortical bone; compression; three-point bending; fracture simulation accuracy
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Fig. 1  Schematic diagram of the boundary conditions under
three-point bending condition (a) Previous experiment,

(b) Fracture simulation
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(b) Fracture simulation
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Fig.5 Fracture patterns simulated by different failure criteria in the same cortical bone model under compression

condition (a) Unaxial strain failure, (b) Equivalent strain failure, (c¢) Principal strain failure, (d) Invariant

strain failure, (e) Fracture pattern in the experiment
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