
INTRODUCTION

In the preliminary design stage of offshore structures there is a
requirement to understand the relationships between the site-spe-
cific metocean environment and the global structural response.
With this understanding, a structure’s main geometric configura-
tion may be optimised to achieve an acceptable design; for exam-
ple, limiting responses may be maximum overturning moment for
a rigid steel jacket or maximum static and dynamic offset for a
compliant structure. This process may be relatively simple if the
response is governed by a single environmental parameter, or may
be quite complex for a structure sensitive to a multidimensional
metocean input. This paper concerns the latter case and is directed
towards a formulation of response surface prediction for a TLP
(Fig. 1) situated in a deepwater cyclonic environment.  This work
aims to develop a model which could enable a designer to imple-
ment a 6 degrees-of-freedom (6 DOF) response model to predict
the response to specified metocean criteria.  The model is to be
used in a procedure for screening preliminary designs, and hence
must be capable of producing results rapidly without a significant
loss of accuracy.

Offshore oil and gas production is frequently located in regions
of intense cyclonic (or hurricane) activity such as the Gulf of
Mexico or Australia’s North West Shelf (NWS). A tropical
cyclone is characterised by an intense atmospheric low-pressure
system on the order of 950 hPa or less and wind speeds of up to
and sometimes exceeding 50 m/s. These atmospheric conditions
may extend over 100 km in diameter. The moving cyclone causes
rapidly changing fetch lengths and directions due to the spatially

and temporally changing wind strength. This mechanism creates a
wave field which could be multidirectional, fetch-limited, and
uncorrelated in direction with the instantaneous local wind.

Few in-situ data exist for cyclones in the NWS and so hindcast
studies are usually undertaken to predict wind, wave and current
time series. This research uses results of a hindcast study from a
series of cyclones during the period 1960-90. The model used in
the hindcast provides simultaneous values of wind speed, wave
conditions and current velocity, and relative headings.  Any
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ABSTRACT

A 6 degrees-of-freedom frequency domain model of a Tension Leg Platform (TLP), which includes the effects of non-
collinear wind, wave and current, is developed to determine the response and sensitivities to environmental input.  The
model includes the steady forcing effects due to currents and waves, wind and wave drift. The dynamic effects include Mori-
son-type forces due to inertia and drag, spatially correlated wind and slowly varying wave drift effects. Attention is given to
the position-dependent mooring stiffness incorporating an iterative procedure for the determination of mean static offset
position as well as the linearised mooring stiffness at the displaced location. The linearised effects of body motion, current
and wave particle velocities are considered for drag determination. This model is applied to predict the response of a TLP to
a sample hindcast cyclonic storm off the North West Shelf of Australia.  Storm parameters used in the response model
include significant wave height, spectral peak period, wave direction, storm current and direction, wind speed and direction.
Results show that peak response does not necessarily coincide with the maximum sea state, but rather, that different motions
have different phasing with the input condition.
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