Mechanics I

Introduction to Mechanics
Basic concepts. Vectors. Coordinate systems. Position. Velocity. Acceleration. Work. Power.

Statics
Mechanical systems, forces and moments. Systems of parallel forces. Static equivalence and reduction of systems where forces and moments are applied. 
First order static moment. Geometrical centers. Second order static moment. 
Elements of hydro​statics.  Forces on submerged surfaces. 
Equilibrium. 
Principle of virtual work and power. 
Trusses. Frames. 

Stress Resultants, M, Q, N, T diagrams. 
Flexible cables. 
Friction. 
Mechanics II (Mechanics of deformable bodies)
Introduction

The concept of continuous media. The displacement field. The stress and strain tensors.  
The fundamental equations of Mechanics of the deformable body: Equations of equilibrium, Compatibility equations. Constitutive equations. 
Plane stress and plane strain. 
Applications: 

Axial load. Statically determinate and statically indeterminate problems. Thermal strains. 

Pure elastoplastic bending. 

Elastoplastic torsion of rods with cylindrical cross section. 
Shear flow and shear center. 
Failure criteria. Thin walled pressure vessels. 
Elastic energy and work due to deformation. 
Fundamental energy considerations and theorems.  
Mechanics III (Kinematics – Dynamics) 
Particle kinematics. 
Path, Frenet trihedron, velocity, acceleration, areal velocity. 
Rigid body kinematics. 
Translation, rotation about a fixed axis, general plane motion, rotation about a fixed point, angular velocity, angular acceleration, mechanisms, relative motion of a particle, Coriolis Theorem, relative motion of a rigid body, composition of rotations, Euler’s angles. 
Particle dynamics. 
Differential equations of motion, linear and angular momentum and impulse, kinetic energy, principles of impulse and momentum (linear and angular), of work and energy, conservative forces, potential energy, inertia forces, D’Alembert’s principle.

Dynamics of a System of Particles, of a Rigid body. 
The motion of the center of mass, principles of impulse and momentum (linear and angular), of work and energy, moments of inertia of a rigid body, equations of motion of a rigid body, Euler’s equations of motion.

Introduction to Analytical Dynamics. 
Mechanical systems, constraints (holonomic, rheonomic, scleronomic, nonholonomic), degrees of freedom, generalized coordinates, virtual work, principle of virtual displacements, generalized forces, Lagrange’s equations, Lagrangian. 
Mechanical Vibrations. 
One degree of freedom systems, eigenfrequecy, damping, free and forced vibrations, motion of the support, vibration control, systems of many degrees of freedom, the eigen value problem, eigenfrequencies, natural modes, orthogonality conditions. 
mechanics IV (STRUCTURAL MECHANICS)
Linear Elasticity
Elastic line, torsion of shafts, bending of linear beams, beam on elastic foundation, bending of curved plane beams. 
2nd order buckling
Linear and plane curved rods, NonLinear Elassticity: The problem of Elastica for linear bars with concentrated and distributed co-planar loading. Large elastic deformations of planar curved rods.
Linear Dynamics
Linear dynamical analysis of linear and planar curved beams. Free and forced vibrations. Eigen-values, eigen-functions and their properties.



