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Numerical Analysis of the Effect of a Dike on Wave-Structure Interaction (WSI) in Dam
Break Phenomena Using ALE and' SPH Methods

A. Rahmati Alaei

Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran

Abstract

In this study, a three-dimensional numerical model is developed to analyze fluid—structure interaction under a dam-break scenario
involving a coastal obstacle and a protective breakwater. Simulations are conducted using a coupled application of the Arbitrary
Lagrangian—Eulerian and Smoothed Particle Hydrodynamics methods within the nonlinear LS-DYNA framework, and the results are
validated through comparison of the time histories of hydrodynamic forces acting on the rigid obstacle with experimental data.
Owing to its mesh-free formulation and enhanced capability in capturing large deformations and sudden wave breaking, the SPH
method demonstrates more accurate physical and numerical predictions than the ALE approach. A comprehensive parametric
investigation is then performed to evaluate the influence of breakwater geometry, including height, distance from the obstacle, cross-
sectional shape, and longitudinal and transverse dimensions. The results show that increasing the breakwater height reduces the peak
impact force to 7.5 N,-which is more effective than reducing the longitudinal distance, yielding a peak force of 13.4 N. Furthermore,
the circular cross-section produces the maximum force of 27.1 N, whereas a rear-facing semicircular section results in the minimum
force of 9.4 N.

Keywords: Numerical analysis, Dike, Wave-structure interaction, Arbitrary lagrangian-eulerian, Smoothed particle

hydrodynamics, LS-DYNA code.
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