Solid mechanics (Prof. C. Majorana, University of Padova - frontal lessons, 30 h)

Elements of tensor calculus: tensor algebra; operations between tensor: sum / difference, tensor product,
tensor composition. General coordinates. Invariants of the trasformation, covariant and contravariant, or
mixed systems transformations; composition of indices. Representation of tensors in general coordinates.
Tensor algebra in general coordinates. The fundamental tensor; Definition and application of Ricci tensor.
Symmetric and skew-symmetric tensor. Isotropic tensor. Tensor fields in Euclidean spaces; derivative in
Cartesian and General coordinates, Christoffel symbols; second derivative tensor. Differential operations of
the first order: divergence of a vector, divergence of a tensor, rotor of a vector.

Geometry and kinematics of the body: rigid body motion, velocity and acceleration field. Deformation
gradient tensor, Green and Finger deformation tensor, with polar decomposition. Deformation tensor in
material and spatial framework.

Conservation of mass. Continuity equation. Equilibrium conditions. Energy balance: physical interpretation,
local and material form. Second Law of Thermodynamics. Constitutive theory (elastic): theorem Coleman
and Noll; The elastic tensor; hyperelasticity. Plasticity and viscoplasticity: classic rate-independent;
irreversibility; condition of loading / unloading; plastic flow. 1D model of perfect rate-independent
plasticity; plastic model with isotropic hardening; elastoplastic tangent modulus; hardening Kinematics
(Effect Bauschinger). 1D model of rate-independent plasticity with isotropic hardening. The elastic-plastic
problem of boundary values (BVP): local form of BVP, weak form of the BVP. Rate-independent plasticity:
integration algorithms; incremental form; return-mapping algorithms. Plastic dissipation plastic; Model
Duvant-generalized Lions. FEM formulation.
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