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A field theory of the elasto-plasticity of crystalline solids based on the continuous 
representation of crystal defects -dislocations and disclinations- is presented [1,2]. The 
theory accounts for the elastic/plastic displacement/rotation discontinuities, i.e., the 
Burgers and Frank vectors respectively, associated with the presence of dislocation/ 
disclination density tensors and incompatible elastic/plastic strain/curvature tensors. The 
evolution of dislocation and disclination densities is described by transport equations. 
Thermodynamic guidance provides the driving forces conjugate to dislocation and 
disclination velocity, as well as admissible (dissipative) constitutive relations. The 
proposed free energy density depends on the compatible/incompatible elastic strain and 
curvature tensors. When dislocation and disclination velocities vanish, the model 
reduces to deWit’s elasto-static theory of crystal defects [3] (in turn reducing to 
Kröner’s elasto-static theory of dislocations [4] when disclinations are ignored). It also 
reduces to Acharya’s elasto-plastic theory of dislocation fields [5] when disclinations 
are overlooked.  
 
The theory is used for continuous modeling of the structure of grain boundaries and 
their motion in a stress field. Linear arrays of periodic wedge disclination dipoles based 
on elementary atomic structural units are set-up to model symmetric [100] tilt 
boundaries in copper and olivine. Relaxation of these disclination arrays by transport in 
their self-stress/couple stress fields leads to self-organized disclination/dislocation 
structures localized in a thin but non singular nanometric layer, with elastic energy 
levels and distributions comparing extremely well with the data obtained from 
experiments and molecular statics simulations at all tilt angles. Shear loading of this 
disclination/dislocation structure results in its normal migration. The coupling factor 
between the velocities in normal/shearing motions shows an abrupt switch from one 
linear branch to another at a tilt angle of about 35° in copper, as shown earlier in 
molecular dynamics modeling. The shear strain results from the motion and annihilation 
of partial edge dislocations nucleated in the migration of the disclination dipoles arrays. 
Such a phenomenon may provide mechanisms for plasticity in media, such as 
nanocrystalline solids or slip-system deprived materials, where dislocation glide is 
inoperant. 
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