SIMULATION OF RINGING IN OFFSHORE SYSTEMS
UNDER VIsScouUs LOADS
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ABSTRACT: In recent years, significant interest has been shown in identifying the nonlinear mechanisms that
induce ringing in complex offshore structural systems. This high-frequency transient-type response has been
observed in offshore systems, particularly in tension leg platforms (TLPs). Given the implications of this behavior
on the fatigue life of TLP tendons, it is essential that ringing be considered in the overall response evaluation.
This study uses a simplified structural model exposed to viscous-type loading to demonstrate several of the
salient features observed in higher-order potential-type wave-induced loads. Ringing response in pitching mode
caused by viscous-type loading is simulated on a cylinder piercing the water surface, and significant mechanisms
reponsible for inducing ringing are delineated. Results clearly indicate that, under certain conditions, ringing-
type response characteristics are captured under viscous-type loading. The cylinder characteristics are varied to
ameliorate the system performance by altering the conditions conducive to ringing.

INTRODUCTION

The observation and subsequent investigation of the ringing
phenomenon of offshore structural response is rather recent.
Therefore a need exists for clear identification of the system
characteristics and environmental conditions that lead to its
onset. To distinguish between the commonly misused and in-
terchanged terms “ringing’’ and “‘springing,’”’ some defini-
tions are appropriate (see Fig. 1).

Springing is a steady-state response in the vertical and/or
bending modes of tension leg platforms (TLPs) and gravity-
based structures (GBS) because of second-order wave effects
at the sum frequencies. This behavior is observed commonly
in both mild and severe sea states. Ringing is the strong tran-
sient response observed in these modes under severe loading
conditions triggered, presumably, by the passage of a high,
steep wave event. The transient response decays to steady state
at a logarithmic rate that depends on the system damping.
Ringing is a rare event and has been unaccounted for in stan-
dard response analysis codes until recent experimental and
full-scale observations brought it to light. This has been at-
tributed to the higher-order loading mechanisms leading to its
onset. Springing, unlike ringing, is accounted for by current
response analysis codes through improved modeling of the
second-order wave-structure interaction.

Studies reported in the literature [e.g., Davies et al. (1994),
Jefferys and Rainey (1994), Natvig (1994), Faltinsen et al.
(1995), Newman (1995)] have focused on large volume struc-
tures, which are dominated by wave diffraction inertial-type
loading and minimally affected by drag forces, These loads
are calculated by a slender body theory or diffraction/radia-
tion analysis. Full-scale and model test observations (e.g.,
wave profiles and model behavior and validation of numeri-
cal procedures) are utilized in these studies. Natvig (1994)
details a number of mechanisms that contribute to ringing
such as variable cylinder wetting, wave profile, wave slap-
ping, and added mass. With the use of a model based on
slender body theory with modified Wheeler stretching, Jef-
ferys and Rainey (1994) show encouraging agreement be-
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tween model tests and theory. Davies et al. (1994) highlight
the nature of loads that cause ringing based on model tests,
present a time domain simulation scheme for estimating ring-
ing response, and discuss simple guidelines for reducing the
ringing response. Newman (unpublished proceedings, 1995)
and Faltinsen et al. (1995) discuss second- and third-order
sum frequency wave loads and their effects on ringing.

We show that viscous loads are also capable of inducing
ringing response of members with large wavelength to di-
ameter ratios, where the instantaneous moment acting on the
cylinder is a quartic function of wave elevation. Ringing re-
sponse in pitching caused by viscous loading is simulated on
a simple pivoted cylinder that pierces the surface. The major
contributing mechanisms are identified, and the system char-
acteristics that influence the onset of ringing are delineated.
Ringing behavior is observed only under very specific non-
linear sea states and loading conditions combined with sys-
tem parameters conducive to large energy buildup under
these circumstances.

MODEL DESCRIPTION
System Model

A simple model is adopted to demonstrate ringing (Fig. 2).
The pivoted cylinder of diameter D oscillates about a fixed
center of rotation (cr). The draft (dr) is always positive, and
wave elevation 7 is positive above the mean water level. The
system inertia, damping, and restoring forces are first-order
functions of the system acceleration, velocity, and displace-
ment, respectively. The equation of pitching motion is

+1)0+CO+Kb=M, )

where I and I, = system and fluctuating added moment of

inertia; C = system damping; K = system stiffness; 6, 6, 6 =

rotational displacement, velocity and acceleration, respec-

tively; and M, = moment caused by hydrodynamic loads,

which is detailed later. Although the selected structural model
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FIG. 1. Ringing and Springing Events






