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ABSTRACT 
 

Structure-fluid interactions, including vortex-induced vibration (VIV), are studied for 
ultra-deepwater composite risers for offshore petroleum exploration and production 
(E&P) operations.  The riser dynamics with VIV is recognized to be associated with 
transverse lift force, which is dynamic and hydroelastic in nature.  The hydrodynamic 
force, caused by periodical shedding of vortices, is governed by riser structural stiffness 
and geometry.  As the vortex-shedding frequency approaches, or is coincident with, the 
riser structural natural frequency, significant transverse oscillations of the risers may 
occur.  Reduced top tension is expected on a composite riser due to its weight reduction; 
thus the lateral structural stiffness of the riser string may also be reduced.  This could 
result in large transverse and vertical motions as well as bending stresses in the composite 
riser under platform motion and hydrodynamic loading to cause seriously fatigue damage 
and failure of the risers. 
 

Polymer-matrix composites generally have an inherent damping capacity, which is 
significantly higher than that of conventional steel.  Thus the complex composite riser 
dynamics may be controlled by introducing high damping materials in the composite, and 
also by selecting the suitable polymer matrix and liner for the riser-body structure.  
Energy dissipation in a composite riser is expected to actively offset the dynamic motion 
and bending stress caused by current, waves and vortex-induced loading, and at the same 
time, alter the basic dynamic characteristics of the riser. 

 
In this report, theoretical and numerical models and analyses have been conducted on 

structural dynamics of composite risers with VIV motion.  The time-dependent composite 
riser stiffness properties with structural damping have been formulated by the use of 
polymer viscoelasticity, composite micromechanics and cylindrical laminate shell 
structure theory.  Composite structural dynamic analysis methods are then developed to 
investigate the basic nature of composite riser dynamics subject to combined ocean 
current, wave and VIV loading.  Numerical results for various cases are given to illustrate 
the fundamental characteristics of the structure-fluid interaction of the composite risers in 
ultra-deepwater environments.  The effects of resin matrix material, damping factor, 
lamination lay-up parameters, waves, and lifting and drag coefficients on the VIV 
dynamics are investigated. 
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1. INTRODUCTION          

 

Recent advances of lightweight, high-strength, corrosion-resistant composite riser 

technology [1, 2] provide attractive enabling capability and significant potential of cost 

savings for ultra-deepwater exploration and production (E & P) operations.  At present 

most research and development work on composite risers have focused on manufacturing 

and material issues [3, 4], static design and failure evaluation [5, 6], and riser connector 

integrity [7].  However, fundamental, but also critical, issues on structure-fluid 

interactions and dynamic responses of deepwater composite risers, especially the vortex-

induced vibration (VIV), in ultra-deepwater E & P environments remain unexplored.  

The critical issue of structure-fluid dynamic interactions, especially the VIV, of 

offshore marine risers has received a significant amount of attention [8, 9] in the last few 

years.  The VIV is recognized [10, 11] to be associated with transverse lift force on the 

risers, which is dynamic and hydroelastic in nature.  The hydrodynamic force, caused by 

periodical shedding of vortices, is governed by riser structural stiffness and geometry.  As 

the vortex-shedding frequency approaches, or is coincident with, the riser structural 

natural frequency, significant transverse oscillations of the risers may occur.  Reduced 

top tension is expected on a composite riser due to its weight reduction; thus the lateral 

structural stiffness of the riser string may also be reduced.  This could result in large 

transverse and vertical motions as well as bending stresses in the composite riser under 

platform motion and hydrodynamic loading.  The VIV may increase fluid-structure drag 

forces, affect static equilibrium and dynamic motions, and cause seriously fatigue 

damage and failure of the risers. 
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Polymer-matrix composites generally have an inherent damping capacity, which is 

significantly higher [12] than that of conventional steel.  Thus the complex composite 

riser dynamics may be controlled by introducing high damping materials in the 

composite, and also by selecting a suitable polymer liner for the riser body structure.  

Energy dissipation in a composite riser is expected to actively offset the dynamic motion 

and bending stress caused by current, waves and vortex-induced loading, and at the same 

time, alter the basic dynamic motion characteristics of the riser.  Equally important, 

proper introduction of the inherent composite damping together with suitable anisotropic 

material, structural and lamination tailoring will present the most unique opportunities in 

optimal design and construction of large composite riser structures to meet the stringent 

dynamics and strength requirements for advanced riser systems in ultra-deepwater 

environments. 

The objective of this research is to conduct a combined theoretical and numerical 

study on structure-fluid interactions and structural dynamic behavior of ultra-deepwater 

composite risers with VIV motion.  In the analytical model development, time-

temperature dependent material behavior of composite riser joints is considered.  The 

time-dependent viscoelastic composite riser stiffness properties with structural damping 

are formulated by the use of polymer viscoelasticity, composite micromechanics, and 

cylindrical laminate shell structure theory, as discussed in Section 2.1.  Composite 

structure-fluid dynamic analysis methods are then developed in Sections 2.2 and 2.3 to 

investigate the basic nature of composite riser dynamics subject to combined ocean 

current, wave and VIV loading.  Computational mechanics models and algorithms are 

presented in Section 3.  Numerical results for various cases are given in Section 4 to 
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illustrate the fundamental characteristics of the structure-fluid interactions and dynamic 

response of the composite risers in ultra-deepwater environments.  The effects of resin 

matrix material, damping factor, lamination lay-up parameters and liner materials of 

composite risers on vortex-induced vibration of deepwater composite risers are 

investigated.  The effects of ultra-deepwater environments, such as ocean waves, lifting 

and drag coefficients, on the composite riser dynamics are also studied in Section 4. 
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