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Abstract

This paper presents three-dimensional free vibration behavior of a catenary riser in deep water. The
work-energy principle can be developed by the variational model formulation of the riser. The bending
and axial deformation were considered as virtual strain energy. The external virtual work done consists
of the work originated by effective riser weight, internal fluid motion, ocean current, and force caused by
riser-soil interaction. The nonlinear finite element method with iterative procedure is utilized to calculate
the in-plane static equilibrium configuration, which is used further as the initial state for three-dimensional
free vibration analysis. The governing dynamic equilibrium equation written in matrix form is rearranged
as the eigenvalue problem, which is used to calculate the natural frequencies and their corresponding
mode shapes of the catenary risers. This study focuses on identifying both in-plane and out-of-plane
natural frequencies of free vibration as well as their corresponding mode shapes of the catenary marine
riser. The numerical results show that the effect of geometric stiffness causes the riser to vibrate in
in-plane direction before out-of-plane direction. The maximum amplitude of vibration is located near the
seabed and the number of inflection points on the vibration curve increases according to the increasing

order of vibration mode.

Keywords: Catenary Riser, Finite Element Method, Three-Dimensional Free Vibration, Modal Vibration,

Natural Frequency
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