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Abstract. It is well known that crack propagation features depend strongly upon the distinct characteristics 
of the microstructure morphology of the material. For instance, it has been amply experimentally 
demonstrated that in complex coarse-grained materials the resistance to fracture is directly related to their 
microstructural features, such as grain boundaries, size of grains, inclusions, and porosity. Of special 
importance in dynamic fracture mechanics is the estimation of the maximum (limit) velocity that a crack can 
propagate and how it is affected by the material microstructure. In fact, experimental data indicate that the 
limiting crack speed in brittle microstructured materials may be less than the classical Rayleigh wave speed.  
The basic reason for this is that dynamic instabilities produce surface roughness and micro-cracks that 
branch from the main propagating crack. The presence of these micro-cracks leads eventually to increased 
dissipation that limits the propagation speed of the main crack. 

In the present work, we study the dynamic problem of a mode II semi-infinite crack propagating in an 
infinite solid governed by the generalized continuum theory of couple stress elasticity. The standard couple-
stress theory (or Cosserat theory with constrained rotations) is the simplest theory of elasticity in which 
couple-stresses arise. The significance of generalized continuum theories is that they enrich the classical 
continuum with additional material characteristic length scales in order to describe the scale effects that 
emerge from the underlying microstructure. In this way, size effects can be incorporated in the stress analysis 
in a manner that the classical theory cannot afford. Our aim is to investigate the effects of inertia, micro-
inertia and crack-tip speed on the stress and deformation fields, as well as the variation of the fracture 
toughness due to the presence of the microstructure. It is worth noting that due to the complexity of the 
equations of motion provided by the couple stress elasticity theory with rotational micro-inertia, only a few 
crack propagation problems have been considered in the literature, most of them have been solved 
numerically and very few closed form solutions have been worked out.  

In our study, the crack propagates at a constant sub-Rayleigh speed and the problem is treated as a 
steady-state one. An exact solution is then obtained by making use of the Fourier transform and the Wiener–
Hopf technique. A closed-form expression for the dynamic Stress Intensity Factor (SIF) and the dynamic 
Energy Release Rate (ERR) is derived. In this way, the present analysis confirms and extends earlier results 
on the static case by including the effects of crack velocity and rotational micro-inertia.  
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