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Vertical Response of Offshore Structures to Nonlinear Waves—A Review

C. H. Kim*
Texas A & M University, Zachry Department of Civil Engineering, College Station, Texas, USA

The effect of sea severity on the vertical response of structures is reviewed, and it is seen that the vertical responses
are consistently smaller in the higher seas than in the lower seas. The application and limits of the Volterra linear and
quadratic models are examined. A semi-empirical method like UNIOM is used to overcome some of the limitations of the
Volterra model. The Cummins impulse response function determines the lateral and vertical response motion. The developed
numerical tool is limited to the slow ship motion.

INTRODUCTION

Studies of the vertical response of offshore structures to nonlin-
ear waves are rare compared to studies of the lateral response. The
latter has been extensively studied because of its application for
the analysis of mooring offshore structures in waves. The Stokes
5th-order waves (large amplitude waves) and irregular (random)
waves of variable sea severity that are tank-generated are called
laboratory nonlinear waves. The only theoretical nonlinear wave
used in ocean engineering is the 2nd-order random wave (Sharma
and Dean, 1981). The digitization of the wave energy density
spectrum of high significant wave height cannot provide these
nonlinear waves. It gives a linear random wave.

St. Denis and Pierson (1953) assume all waves to be Gaussian
(linear) regardless of the sea severity. In other words, they assume
even the nonlinear waves in severe seas to be linear. Thus, there
exist significant differences between waves obtained from a model
test and those from the linear theory for severe sea states. In
his model tests, Dalzell (1963) observed that the pitch LTF of a
high-speed destroyer depends on the sea severity (Fig. 1). The
important finding here is that the vertical (pitching) motions in the
higher seas are smaller than in the lower seas; this observation is
counterintuitive. Consequently the limit of foregoing behavior is
reached by the linear theory. We regard the foregoing finding as
the most fundamental property of vertical ship motion affected by
sea severity. Cummins (1973) extended the analysis for the deck-
wetting (Fig. 2).

Because the number of deck-wetting per h determined experi-
mentally is much less than that predicted by linear theory predic-
tion, this result follows the same trend as Dalzell’s study.

The above studies are of destroyers at fast speed. Under the
circumstances, the destroyers are expected to have higher nonlin-
earity than ordinary commercial vessels, due to both wave and
body shape.

The vertical relative motion of the S175 containership estimated
by linear theory (Kim et al., 1980) gives much higher values than
the experiment conducted in large nonlinear regular waves (Bales,
1979). The comparison clearly illustrates that the vertical response
estimated by the linear theory gives a higher response than that
measured in steep regular waves. At the time of the research (Kim
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Fig. 1 Pitch LTF of destroyer running head seas of A, B, C (Hs=
6 m, 9 m, 11 m): dotted line= linear theory (Dalzell, 1963; also
available from Cummins, 1973)

et al., 1980; Bales, 1979), their discussions did not recognize the
results of Dalzell (1963) and Cummins (1973). Today we realize
the comparison of Kim et al. (1980) and Bales (1979) in fact
indicates behavior similar to the vertical motion LTF observed by
Dalzell (1963).

O’Dea et al. (1992) conducted an extensive experimental study
on the nonlinear vertical motion of the S175 containership in 3
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Fig. 2 Deck wettings per h of destroyer running at seas defined
by significant wave height (Cummins, 1973)




