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INTRODUCTION

Very large floating structures (VLFS) are categorized with the
configuration under the sea level into: (1) a pontoon type which
looks like a simple plate with very shallow draft, and (2) a col-
umn-supported type in which a thin upper deck is supported by a
large number of floating columns. It is said that the pontoon type
is advantageous in low costs for construction and maintenance,
but the wave-induced motions may be relatively large. On the
other hand, the column-supported type has reverse features; that
is, the motions in waves may be small relative to the pontoon
type, because incident waves will transmit through a gap between
columns.

The above position may not be the case, however. Recent
study, including experiments (Kashiwagi et al., 2000) on hydro-
dynamic interactions among many cylinders, reveals that near-
resonant modes occur at some critical frequencies and cause large
wave forces on each element of the array. According to Maniar
and Newman (1997), these critical frequencies are eigen-frequen-
cies in the diffraction problem, at which homogeneous solutions
exist, and their existence depends on the number of cylinders and
the ratio of cylinder diameter and separation distance between
adjacent cylinders. Since the waves amplified at these frequencies
have characteristics very similar to the trapped modes observed in
a long wave channel containing cylinders along the centerline of

the channel (e.g. Evans and Porter, 1997), these waves are called
near-trapping waves.

It is known that the reflection and transmission of incident
waves are related closely to the wave drift force through the
momentum-conservation principle. In the limit of very short
wavelength, the drift force will be of the same value irrespective
of the pontoon or column-supported types of structure, because
almost all of the wave will be reflected. Around frequencies of
near-trapping, however, no information is given concerning how
the wave drift force varies. Further, few studies have been carried
out on the drift yaw moment acting on a column-supported type
of VLFS.

The steady drift force and moment can be computed by either
the near-field or far-field methods. The near-field method based
on the direct pressure integration enables us to evaluate the forces
on each column, but it is not effective for a VLFS consisting of a
great number of columns. On the other hand, in the far-field
method, it is doubtful that reliable results can be given by a con-
ventional method using numerical integrations with respect to the
azimuth angle of the wave-maplitude function at a large distance
from the structure.

Recently, as an extension of existing interaction theories (e.g.
Kagemoto and Yue, 1986; Linton and Evans, 1990), a hierarchi-
cal interaction theory (Kashiwagi, 1998) was developed to com-
pute hydrodynamic interactions among a great number of floating
bodies. With this theory, the disturbance potential valid at a far
field may be given in a simpler form in terms of a cylindrical
coordinate system. In this case, all necessary integrations can be
analytically performed, hence accurate results can be expected,
provided that enough numbers of terms are retained in a series
expansion.

In this paper, the diffraction and radiation problems are solved
by employing the hierarchical interaction theory, and an analytical
expression is derived for the disturbance velocity potential valid
at a far field. The effects of elastic motions of the upper deck are
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ABSTRACT

A calculation method is presented of the wave-induced steady drift force and yaw moment on a very large floating struc-
ture (VLFS) comprising a multitude of floating columns. The theory is based on the momentum-conservation principle, and
all necessary integrations are analytically implemented. Thus the resultant formulae include only the coefficients of the inci-
dent-wave and disturbance potentials at a large distance from the structure. A hierarchical interaction theory developed by
Kashiwagi (1998) is applied to determine the disturbance potential due to hydrodynamic interactions among a great number
of floating columns and elastic motions of a thin upper deck. Experiments in head waves were also conducted using 64 trun-
cated vertical cylinders arranged periodically in 4 rows and 16 columns. Good agreement is found between computed and
measured results. Further, through numerical computations in oblique waves, discussions are made on variation character-
istics of the steady force and yaw moment particularly around frequencies corresponding to the near-trapping.
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