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Abstract

The wave loads on complex ocean structures typically vary nonlinearly with the wave
elevation. For these nonlinear ocean structures, time-domain simulation remains one
of the few general techniques for estimating response statistics under random wave
loads. The major drawback of time-domain simulation lies in its computational ex-
pense. We here critically evaluate strategies to identify minimal portions of stochastic
wave input'to form reliable extreme response estimates of nonlinear ocean structures.

Recently a “Guideline for site-specific assessment of mobile jackup units” (SNAME,
1993) has been developed. This guideline represents state-of-the-art industry practice
for jackup analyses. Motivated by the recommended use of time-domain analysis for
flexible jackups in this guideline, we consider first the nonlinear dynamic response of
a jackup structure under random wave loads. For a simplified jackup model, average
behavior and variability in extreme forces and responses are found from simulation
over many 6-hour seastates. Weibull and Hermite analytical models of response ex-
tremes are also presented and evaluated. These models use shorter, less expensive
simulations to estimate a limited number of response statistics, such as moments or
parameters of the response peak distribution, and fit analytical models to estimate

global extremes. We therefore refer to them as hybrid simulation-analytical methods.



Necessary simulation lengths are established both for direct simulation of extremes,
and for analytical extreme models.

Next, we consider how the use of “design seastate histories” reduces the cost of
time-domain response analysis. This is motivated by the fact that the inherent vari-
ability in the response process leads to rather long simulations aimed at achieving
reliable estimates of the extreme response. However, the computationally expensive
part of time-domain simulation lies not in the simulation of multiple wave histories,
but rather in the propagation of each through the hydrodynamical and structural
model to obtain forces and responses. If we could exclude wave histories when their
wave characteristics differ too much from their theoretical ensemble average values
and only simulate response in a few most representative “design seastate histories”,
this would be a promising means of reducing the variability in the response estimates
without need for an increase in the number of simulations. Such a procedure has been
suggested for jackups (SNAME, 1993). We undertake here a careful study of which
wave characteristic are most informative in describing extreme jackup response. In
quasi-static cases, the maximum wave crest height, 7,2, is shown to best explain ex-
treme deck sway. For more flexible structures, we introduce 2 new wave characteristic,
Sp, based on response spectral concepts from earthquake engineering (Newmark and
Rosenblueth, 1971). We conclude that for stiff jackup structures, design wave meth-
ods —based on hourly maximum crest heights— accurately predict mean response.
The need for simulation and analysis of an entire sea-state history is then avoided.

Motivated by the success of these single wave cycle analyses for the fixed jackup
structure we study the nonlinear extreme response of a flared container ship through

short time-domain analyses. The study is also motivated by the recent development
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of computer intensive tools for fully nonlinear analysis of 3-D (fluid-structure) ship
problems. Examples include the multi-phase projects behind the codes LAMP from
SAIC Inc. (Lin et al, 1994, Lin and Yue, 1990), SWAN from MIT (Kring, 1994, Nakos
et al, 1994) and USAERO from the University of Michigan (Beck and Magee, 1991).
We focus on the use of “critical wave episodes”, which are short wave segments which
are likely candidates to produce extreme response in the hour-long history. We hence
leave the lengthy hourly simulations and concentrate on propagating through the
structure only a few critical wave episodes (each critical wave episode is only a few
wave éycles long) per hourly simulation. We discuss how we can identify the location
of critical wave histories within a longer wave history. Once a location is identified
we discuss how long (how many cycles) a critical wave episode must be to ensure

accurate results.
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Chapter 1

Introduction

1.1 Objectives of Work

In this work we critically evaluate strategies to identify minimal portions of stochastic
wave input to form reliable estimates of extreme response statistics for nonlinear
ocean structures under random wave loads. Specifically, we consider the extreme
structural response from nonlinear wave loads (the wave to load relation is nonlinear)
of selected ocean structures, the fixed offshore jackup structure and the moving ship
under random wave actions. We present methodologies and strategies that are general
and the strategies can be used to estimate any statistics of the extreme response. We
have chosen to concentrate on the mean extreme response of the fixed jackup structure
in Chapters 2 and 3. Efficient strategies for estimating the mean extreme response
within a severe storm are useful for design calculations where the main goal is to
estimate accurately the mean extreme value corresponding to a given return period

(typically 100 years). An accurate estimate of the mean extreme response within a



CHAPTER 1. INTRODUCTION 2

seastate is also useful as input to the long-term analysis given that, from experience,
we have knowledge about the conditional short-term response variability.

In Chapter 4 we focus on forming reliable estimates of not only the mean but also
the variability of the extreme response of the moving ship. For these various applica-
tions and strategies we also study the uncertainty in extreme response estimates due

to limited-duration wave input. Adequate durations are suggested.

1.2 Background

Ocean structures are exposed to wave, wind and current processes that define the en-
vironment that the structures have to withstand over their entire design life, typically
20-30 years. Waves, winds and currents are all meteorological phenomena combining
the effects of gravity and those of temperature and pressure in the air and in the sea.
Because of the random nature of the ocean environment, we are not able to estimate
with certainty the most severe weather conditions an ocean structure will experience
during its design life. We can only estimate the probability that a certain weather
condition will occur within a given period of time. To predict the future of a structure
exposed to forces from the ocean environment we are left, therefore, with the tools of
probabilistic modeling.

We find it beneficial for reasons of analysis to separate the random nature of the en-
vironmental processes into variability over long-term and short-term time scales. We
model the continuously-evolving environment as a series of statistically-independent
and stationary “seastates”. Seastate durations are commonly taken to be on the order

of one to six hours. Over these durations, we can consider environmental effects such
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as the wave elevation, wind speed, etc., as realizations of stationary random processes.
The analysis of structural responses within a seastate is what we commonly refer to
as short-term analysis.

The waves are the primary loading source for many ocean structures. We typically
describe the wave elevation within a seastate by its power spectrum, representing the
energy in the waves due to different frequencies. The wave spectrum models are
commonly parameterized in terms of significant wave height, H,, and peak spectral
period, T,. H; is a measure of the energy in the waves and is equal to four times the
standard deviation of the wave elevation. T, measures the location of the spectral
peak, indicating the primary frequency content in the waves.

The long-term evolution of the stationary seastates is what we refer to as long-
term uncertainty. By integrating the structural response results from the short-term
analysis— which are conditional on the short-term environment—over the long-term
environmental variability, we achieve the long-term distribution of structural re-
sponses. From this long-term distribution of structural responses we can, for example,
derive the response with a 100 year return period.

Linear analysis of ocean structures exposed to Gaussian waves efficiently takes
place in the frequency domain where the fesponse to any time trace of the ocean
surface will be the superimposed response from each of the Fourier components of
the same time trace. Once a transfer-function from wave to response is established,
we can efficiently estimate the power spectrum for the response within each seastate.
From the response power spectrum we can achieve both short-term distributions of
the structural peak response and estimates of response mean up-crossing rates. The

sets of results are computationally cheap to estimate, and can be achieved under






