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Prerequisiti Basics of vector, matrix and tensor algebra.
Mathematical foundations: vector and tensor fields; differential operators;
differential of a scalar valued function of vector variable.
Integral theorems of Stokes and Gauss.

Obiettivi formativi The course will provide the fundamental theoretical concepts and
mathematical tools for the analysis of Continuum Mechanics problems.
These concepts and tools will be applied for computer analysis and
solution of basic problems, involving: heat conduction and thermal
induced stresses in massive concrete structures; filtration flow in porous
medium and static equilibrium of hydraulic structures; viscous fluid
damper as structural passive control device.

Programma e contenuti Review of vector, tensor and matrix algebra; coordinate systems;
fundamental integral theorems. The continuum postulate.



Analysis of stress: Cauchy stress principle; normal and shear stress
components; static equilibrium of finite continuum, static equilibrium
equation and symmetry of stress tensor; deviator and spherical stress
tensors. Outline of Mohr’s representation for the state of stress.
Local deformation and strain: material and spatial coordinate systems;
displacement gradient tensor, small deformation theory, linear strain
and rotation tensors; Saint-Venant compatibility equations; Lagrangian
and Eulerian description of flow, material derivative; velocity gradient
tensor, rate of deformation tensor and vorticity tensor.
Reynolds transport theorem. Fundamental laws of Continuum
Mechanics: mass conservation principle, continuity equation; linear
momentum conservation principle, Cauchy equation of motion; angular
momentum conservation principle; mechanical energy conservation
principle; first principle of Thermodynamics, energy equation.
Constitutive equations: generalized Hooke’s law for the linear elastic
solid continuum; Newtonian fluid, Stokes assumption.
Governing equations of Fluid Mechanics: Navier-Stokes equation; Euler
and Bernoulli equations; Laplace equation. Kelvin theorem.
Viscosity of Newtonian fluids: basic concepts; flow curve.
Non-Newtonian rheological models: apparent viscosity, shear thinning
and shear thickening fluids.
Applications to engineering problems: finite difference solution of 1D
heat eq. for the analysis of thermal induced stresses in massive
concrete; filtration flow in porous media; analytical and numerical
modelling of annular viscous fluid damper as a passive energy
dissipation system.

Metodi didattici Lectures on: basics of vector, tensor and matrix algebra; fundamental
concepts of Continuum Mechanics; compatibility equations;
development and applications of general balance equations, constitutive
equations for linear elastic solid and Newtonian fluid.
Practical classes on: analytical/numerical solution of partial differential
governing equations for practical problems in the field of fluid and solid
mechanics.
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Lecture notes downloadable from
https://elearning2.unipv.it/ingegneria/?lang=en.

Modalità verifica The final examination will consist of an oral discussion, with the



apprendimento possibility for each student to carry out in-depth analysis about a
peculiar topic within the course contents

Altre informazioni Lecture notes can be downloaded from the course page on the platform
KIRO (https://elearning2.unipv.it/ingegneria/)
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