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ABSTRACT

When designing a constructicacivil engineer must takenio account a multitude of external actions that

act on it. One of these actions is the earthqu&eicularly h the Greek area (which is very often faced

with earthquakes) the stresses developed in the members of the structure due to the seismic waves
propagating through the ground and reaching the structurey kreof times the most critical design
parameters. From this point of view, the propagation of seismic waves and their accurate simulation are a
matter of major interest for geotechnical atrdctural engineers.

Historically, the study of wave propagation dates back to the 18th century and the vibrating string problem,
which was solved by D'Alembert. Over time, the necessary theoretical background was developed to solve
a wide range of wave pblems. In modern times, with the |éag progresof computer science, the
computer is used as the most useful tool to solve such problems. Thus, various numerical solution methods
have been developed for its utilization.

This thesis is an attempt to déme code in MATLAB programming environment, in ordembodeland

solve ground wave propagation problems. In particular, a relatively new technique is used, the Spectral
Finite Element Method (SFEM), which allows the simulation of the-$yadice without th use of large

finite element meshes. SFEM is essentially a subclass of the classical finite element method. In this method
polynomials derived from high degree Legendre type interpolation aéquidistant pointsre used as

basis functionsThe integrtion points are such that the register is diagonal from its construction. For these
reasons many advantages are presented, such as extremely high accuracy, requirement of few degrees of
freedom and therefore loweomputationalcost andhigh efficiency in dealing with norreflective

absorptive boundary conditior(svhich we face in thground semspacé.

Keywords

spectral finite element method, finite element method, wave propagation, Legendre polynomials, Gauss
Lobatto Legendre points, diagonal mass masiifnessmatrix, discretizationmesh CFL convergence
condition, Runge effect, Newmark methodmnlethod p-method isoparametric finite elementSaussian
quadrature rule
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