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Abstract:

Bone is a multifunctional biological tissue, which among its other functions, serves as a structural support for other tissues in the body. As a structural material it has an ideal combination of properties: high stiffness, strength, and fracture toughness, and light weight. These superior properties are due to its complex composite and hierarchical structure ranging from nanoscale to macroscale levels.  In this presentation we study cortical bone as a hierarchical composite material and distinguish the following structural scales: nanoscale (1nm -1m, apatite crystal and collagen fibril level), sub-microscale (1-10m, single lamella level), microscale (10 -500 m, single osteon level), and mesoscale (1–10 cm, random arrangement of osteons).


We first study bone’s structure at different scales using scanning electron microscopy and microtomography. Measurements of mechanical properties at mesoscale are done using tensile test or bending test while a nanoindentation technique is used to determine bone’s properties at lower scales. Then, multiscale mechanics analysis of bone is conducted. We find the effective elastic properties of bone at each scale and use the results from a lower level as inputs for calculations at  higher scale. We determine elastic material responses, at each structural level, either analytically (using micromechanics theories) or numerically (using finite element, spring network, or beam network approaches). Mechanical properties, calculated at each structural level, are compared with those measured experimentally. This study provides structure-property relations for bone. Also, this study sets a framework for the analysis of other biological or synthetic materials with hierarchical structures and can serve as a guideline for the design of synthetic biomimetic materials. 
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