Abstract:

The "isotropic, homogeneous" assumptions commonly considered in the macroscopic modeling of
materials break down across multiple length scales for a wide range of realistic scenarios. Atomistic
flaws like Schottky defects (missing atoms) or Stone-Wales defects (rotated bonds) in ordered
crystalline materials like Graphene affect the far field Cauchy stress evolution and the local energy
release rate. Multi-scale predictions of the mechanical strength and energy release using molecular
dynamics (MD) are observed to deviate from the linear elastic fracture mechanics (LEFM) below a
certain length scale. The deviations will be highlighted in the presentation for Graphene
nanoplatelets subjected to isotropic, uniaxial straining at room temperature. Similarly, polycrystals
are composed of grains appearing in different sizes, shapes, and orientations. The assumption of
macroscopic homogeneity is associated with considering an effective elastic stiffness for the bulk
medium. On the other hand, the macroscopic isotropy corresponds to a random grain orientation
distribution in the respective microstructure. However, this spatial variation in the grain orientations
results in microscopic heterogeneities that scatter the propagating elastic waves, resulting in
attenuation in energy and a change in wavespeed (phase velocity). The existing analytical models
consider first-order correlations between grain boundaries. These models can provide reasonably
accurate estimates of attenuation and wave speed for elastic wave propagation in metals with a low
degree of heterogeneity, for example, aluminum. However, these estimates break down with an
increase in the crystallite anisotropy. This presentation will highlight the frequency-dependent
effects on the attenuation and wavespeed estimates for elastic wave propagation in common metals
through the development of an analytical model, including the higher-order statistical correlations
between grain boundaries. Lastly, the microscopic heterogeneities also influence the macroscopic
crack speed divergence (Paris law) in metals subjected to fatigue fracture. The presentation will
include finite element cohesive zone models (FE-CZM) toward validation through the acoustic
emission experiments and the analytical crack speed divergence at criticality.
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