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ABSTRACT 

Plastic deformation of metallic alloys is controlled by dislocation motion and the strategies to increase the flow 

stress are always based in the introduction of obstacles to dislocation slip, such as grain boundaries. From the 

physical viewpoint, the presence of grain boundaries influences the dislocation motion and dislocation storage 

because slip transfer is not possible across most grain boundaries due to the misorientation of the slip planes. 

This leads to the formation of dislocation pile-ups and to the hardening of the polycrystals, the Hall-Petch effect. 

A detailed analysis of the effect of grain boundaries on the strength of polycrystals is presented in this talk. From 

the experimental viewpoint, the influence of misorientation between the slip systems across the grain boundary 

(as given by the Luster-Morris parameter or the residual Burgers vector) was analysed in FCC materials. It was 

found that grain boundaries are strong barriers to dislocation motion in most cases and that either the Luster-

Morris parameter or the residual Burgers vector can be used to decide whether slip transfer is possible. 

From the simulation viewpoint, the effect of grain size on the flow stress of FCC polycrystals is analysed by 

means of computational homogenization. The mechanical behaviour of each grain is dictated by a dislocation-

based, rate-dependent crystal plasticity model in the context of finite strain plasticity. Two different approaches 

were used to introduce the effect of grain boundaries in the simulations. In the first one, the hardening of each 

slip system is dictated by a generalized Taylor model and the evolution of dislocation density in each slip system 

was governed by a Kocks–Mecking law in which the multiplication term, inversely proportional to the 

dislocation mean free-path, depends on the distance of the material point to the grain boundary. In the second 

one, the hardening of each slip system depends on the density of statistically-stored dislocations (SSD) and of 

geometrically-necessary dislocations (GND). The density of GND is determined from the Nye tensor, which was 

computed as the curl of the plastic deformation gradient tensor. 

The effect of grain size on the flow stress of various FCC metals (Al, Cu, Ni and Ag) was determined by means 

of the numerical simulation of a representative volume element of the polycrystals with different average grain 

size and random texture for both models. The model parameters have a clear physical meaning and were 

obtained for each metal for experimental observations or dislocation dynamics simulations. The simulation 

results were in reasonable good agreement with the experimental data for the different metals and provided 

support for a new Hall-Petch law, which related the increase in strength due to the presence of grain boundaries 

with the non-dimensional parameter dg√where dg stands for the average grain size and  for the initial 

dislocation density. Overall, the combination of experiments and simulations provides a clearer understanding of 

the mechanisms controlling the grain boundary strengthening of polycrystals. 

 

 

 


