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ABSTRACT

The effects of uncertainties in the modelling of ocean waves is considered both with respect to fatigue and predicted ex
tremes. A tension leg platform (TLP) is adopted as the example structure and the platform is assumed to be located at Hal
tenbanken. A statistical model for the wave climate is presented and some uncertainties related to this model are identified.
Various models for the wave spectrum are also considered. The adequacy of these models with respect to the actual struc
tural quantity is indicated by also calculating the fatigue damage using mean measured spectra.

STOCHASTIC RESPONSE CALCULATION

where the long-term mean zero upcrossing frequency is given by

v(j = if f v(j(h,t, e)JHmoTpO(h,t, e)dh dt de (2)
h t 0

The stochastic long-term analysis is reviewed in some detail in
Haver (1989). It is therein shown that the long-term distribution of

the primary maxima Yx of a Gaussian process X(t) with slowly
varying properties reads:

(I)
Fyx(Y)= ~ iff v(j(h,t,e).

Vo h t 0

FYxlHmoTpO (y I h,t, e) fHmoTpO(h,t, e) dh dt de

fHmoTpO(h, t, e) is the joint probability densit function for sig
nificant wave height, spectral peak period and main wave direc

tion. The short-term distribution of Yx is considered a conditional
distribution given the sea state characteristics, and it is reasonably
well-modelled by the Rayleigh distribution, i.e.:

are related to the estimation of the joint distribution for the signifi
cant wave height and spectral peak period for a given number of
direction sectors. Additionally, uncertainties will of course be as

sociated with the adequacy of the Gaussian assumption. However,
this will essentially be a problem as we enter into more shallow
water, and it will not be considered herein.

The purpose of the present paper is to evaluate the sensitivity of
the predicted structural load effects to the uncertainties introduced
through the stochastic modelling of ocean waves. A tension leg
platform (TLP) is considered, and the actual response quantity is
the normal stress in the column-pontoon intersection. The effects
of these uncertainties both regarding the predicted fatigue life and
the predicted extremes are discussed. For further details on the
structure and the stress transfer function, reference is made to

Natvig (1989).

INTRODUCTION

The stochastic long-term method (Battjes, 1970, 1979; Moan et
al. 1977; Inglis et al. 1985) is a most convenient method for esti

mating the wave-induced response of linear/linearized structural
systems. The marginal (long-term) distribution function for a
given response quantity is then estimated as a weighted sum of the
short-term distributions for all possible sea states. Thus the proba
bilities of exceedance from the various sea states are properly ac
counted for, and the problem of selecting a consistent set of de
sign storms is avoided.

From the marginal distribution function, the fatigue life is easily
estimated using the Miner-Palmgren hypothesis. Extremes corre
sponding to a given return period are also conveniently estimated
from the distribution function assuming statistical independence
between the crest heights of adjacent zero-crossing cycles.

An adequate formulation of the long-term method requires that
the wave conditions are properly described both in a short- and
long-term sense. Concerning the short-term description, the waves

are in a statistical sense completely characterized by the spectral
density function, provided the sea surface elevation can be mod
elled as a Gaussian process. This hypothesis is assumed to be of
reasonable accuracy as far as deep water conditions are considered.

In practical applications, a standard model involving some

few characteristic parameters is most frequently adopted for the
wave spectrum. Accordingly, the long-term climate is described
by the joint probability distribution of the actual characteristics.

The significant wave height, the spectral peak period, and often
also the main wave direction are typically chosen as characteris
tic parameters.

Uncertainties will of course be introduced both by the short
and long-term description of ocean waves. Concerning the short

term description, uncertainties are introduced both through the
choice of spectral model and through the adopted expressions for
the spectral parameters in terms of the main sea state characteris
tics. With respect to long-term modelling, the main uncertainties

Received June 15, 1990: revised manuscript received by the editors Jan
uary 24, 1991.

KEY WORDS: Ocean waves, modelling, uncertainties, TLP response.
F"IH=T"(Y I h,I,9)= 1- ex{-lf2( aA:",9)J']

(3)

i


