
 
 

Parma, 7 Marzo 2019 

Avviso di Seminario 

Nell’ambito delle attività formative del Dottorato di Ricerca in Ingegneria Industriale dell’Università di Parma, Il giorno 

Mercoledì 27 Marzo 2019, alle ore 14:00, presso la Sala Riunioni della Palazzina 10 del plesso scientifico di Ingegneria, 

Parco Area delle Scienze 43126 Parma, il Prof. Lorenzo Bardella, dell’Università di Brescia, terrà un seminario dal titolo: 

Studies of micron scale size effects in metals through higher-order gradient 
plasticity based on plastic distortion incompatibility 

We first provide the basis for both crystal and isotropic work-conjugate gradient plasticity theories whose main feature 

is the choice of Nye’s dislocation density tensor as primal higher-order kinematic variable [1, 2]. Nye’s tensor, that is the 

curl of the plastic distortion (thus involving the plastic spin), may constitutively enter the theory through a contribution 

to the Helmholtz free energy density called the defect energy, whose form characterises the predicted size effect [3, 4]. 

This framework is characterised by kinematic higher-order boundary conditions which allow for discontinuity in some 

components of the plastic distortion tensor. Hence, by focusing on the isotropic theory, we present a specific H(curl) 

finite element implementation for plane strain boundary value problems [5]. With focus on both size effect and limit 

load capacity, we investigate the simple shear of a strip constrained between bodies impenetrable to dislocations, the 

bending of thin foils, and a composite problem approximating a polycrystal, whose main feature consists of internal 

grain boundaries in which we impose higher-order boundary conditions prescribing dislocations blockage. This last 

benchmark shows a collapse mechanism, characterised by non-uniqueness of solution, that cannot be predicted by 

simpler strain gradient plasticity theories based on the choice of the plastic strain gradient as primal higher-order 

kinematic variable. 

We finally focus on the torsion of thin metal wires, that is one of the most relevant examples of the “smaller being 

stronger” size effect in metal plasticity [6]. In the torsion problem the importance of the plastic spin (disregarded in 

most strain gradient plasticity theories) readily emerges from the structure of Nye’s tensor, which suggests to write the 

defect energy as a function of two invariants of Nye’s tensor. This feature alone allows the prediction, with diminishing 

sample size, of both strengthening (increase in yield point) and strain hardening increase, by adopting a quadratic defect 

energy. Furthermore, we demonstrate that a properly regularised logarithmic defect energy allows us to match the 

experimental results of Fleck et al. [6]. 

Moreover, we assess the considered theories on the basis of their predictions under non-proportional loading. 
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