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Research Objective ARL Facilities and Capabllities

 Deficiency: The fracture behavior of bones and Availlable to Support Collaborative
other tissues are not well understood, especially at

high rate Research
e Goal:  Experimental capabilities at ARL include:
- Understand deformation and failure mechanisms ~ ~ Quasi-static and high rate methods to measure the
of biological tissues subjected to mechanical fracture toughness of human cortical bone
loading - Methods to obtain the compressive response of

cortical bone and 3D printed bone simulant
materials

— Micro CT imaging capability to look at mineral
density, porosity, 3D microstructure and crack
growth patterns

— In situ digital image correlation to capture the full-
field strain behavior of cortical bone during
deformation

 Our results show that:

— Cortical bone is strain-rate dependent In

compression

— Investigate deformation and failure over a wide
range of length scales and loading rates

- Fracture toughness at quasi-static and high rates
In situ digital image correlation | |4-pt bend setup for quasi-static fall in a similar range, and fracture toughness
of the full field strain behavior and high strain rates reaches a peak at intermediate rates

— Critical initiation fracture toughness for animal and

Challen ges _hu.mirrl\ail)ifferat high Ioadilr:a rates |
- Anisotropic behavior of bones and other tissues is o[ T S o ¥ | F R —
not well understood -y i I I - | _
e Tissue and bone sample preparation is time "t ’ i N * ' ,
consuming Py TR R TR TR m )
« Studies must be conducted to quantify the effect of _ Semmeow ety Rt 0
mechanical loading on the sub-structural Compressn_/e fallure s_trength Fractl_Jre toughn_ess as a
as a function of strain rate function of loading rate

composition of biological tissues
Complementary Expertise /

Facilities / Capabilities Sought In
Collaboration

 Anisotropic constitutive modeling for human cortical
bone applicable to quasi-static and high rates

« Numerical simulation of cortical and skull bone
deformation and fracture at the microstructural scale

« A mixed-mode fracture criteria for human cortical
bone

« Complementary small scale experiments to study
transverse fracture response

« Model validation experiments at the macro scale

« Studies of mechanical behavior at tissue interfaces

« Experimental methods to study connective tissues

 Inverse computational methods to extract material

| ~ Brukermicro CT | response from measured responses of non-uniform
Micro CT reconstruction of the crack tip of a fracture specimen materials such as cranial bone
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