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Abstract

Bones can be considered as composite material in marco to micro-scale level
having unidirectional fiber orientating parallel to the longitudinal direction of collagen
fibrils. Energy release rates in human tibia and bovine femur cortical bone were
experimentally and computationally examined. An explicit finite element analysis was
implemented with an energy release rate calculation for evaluating this important
fracture property of bones. In human cortical bones under quasi static loading, (7, was
found to be approximately 820-1150 J/m”. The R-curve resulting from the finite

element models during slow crack growth shows slight ductility of the bone specimen
that indicates an ability to resist crack propagation. Crack propagations in compact
bovine bones subjected to different level of strain rate were investigated using
compact tension specimens. A variety of cross-head speeds ranging from quasi-static
to quasi-dynamic loading were employed to the specimens. Orthotropic material was
considered and viscoelastic property was found on the effective elastic moduli. In
slow loading rate, the energy release rates are gradually increasing with the crack
extension and thus indicate crack resistance ability in the bones. Rising of the R-
curves were also found in bones with rapid loading rate at small crack extension
following with declining of the curve as the transformation to brittle and merely
unstable crack growth was observed in large crack extension. The critical energy
release rates were found to be approximately 350 to 750 J/m’ and the energy release
rate at the transitions were found at approximately 1200 to 1950 J/m®. These results
elucidate failure mechanism in bones, as with the implication of crack resistance mn
low frequency loading, microcracks are formed but can not extend into large speedily
crack, while without this ability in impact loading, unstable crack growth can cause
catastrophic failure and leads to severe injury. Results from finite element models
were consistence with the experimental results with the deviation within 10% for the
energy release raie comparison. The effective elastic moduli in the models were
adjusted i order to account for the plane stress condition assumed in the experiments
and the occurrence of the plane strain condition due to the relatively thick specimens
used in the tests, thereby more accurate R-curves were obtained from the models.
Oscillations were found at the onset of the crack growth due to the nodal releasing
application in the models. In this study light mass-proportional damping was used to
suppress the noises. Although this technique was found to be effictent for slow crack
growth simulation, other methods to continuously release nodes during rapid crack
growih would be recommended. This hybrid method of experimental and finite
element modeling techniques can be beneficially applied for energy release rate
investigation, especially in material that cannot be made to meet the experimental
standard.



