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The present experimental study investigated a flexible floating anti-collision system consisting of block chains, buoys,
mooring chains, and gravity anchors. The motions of the central buoy and tensions of the block and mooring chains were
measured under random waves with normal incidence. The results showed that both the motion and tension amplitudes
increased with the incident significant wave height, but the increment decreased due to the effect of the nonlinear mooring
chains. The edge mooring chain and block chain appeared to dominate the characteristics of the multi-frequencies, which
can mainly be attributed to the sway motion of the buoys as well as the relative movements of the coupled buoys. The surge
motion was found to contribute to the tension responses on the edge mooring chain due to the oscillation of the system in
the axial direction.

INTRODUCTION

The collision risk of marine facilities has been rising globally
with the increasing number of marine vessels and structures, i.e.,
sea-crossing bridges, platforms, offshore wind turbines, etc. (Ger-
shunov, 1986; Storheim and Amdahl, 2014; Storheim et al., 2015;
Zhang et al., 2015). The utilization of an efficient anti-collision
system is important to reduce damages and protect the marine
facilities (Minorsky, 1958; Petersen and Pedersen, 1981; Han
et al., 2005; Storheim and Amdahl, 2014). Among various types
of anti-collision systems, flexible devices with high-performance
energy dissipation capability were identified as the best choice to
meet the design needs to protect both the marine structures and
the vessels. As a result, a flexible floating anti-collision system
consisting of a floating structure and a mooring system, which is
independent of the protected structures, was proposed and inves-
tigated in a few former studies (Oda and Nagai, 1976; Wu et al.,
2009). These studies mainly focused on the movements of the
floating buoys with the striking ship and the forces of the moor-
ing lines under the ship collision at a constant velocity in stagnant
ambient water (Chen et al., 2011, 2013; Fan et al., 2011).

However, the in-place anti-collision system could be damaged
by the critical wave states even though the system has not suf-
fered any collision, as illustrated in Fig. 1. This has never been
reported before. Thus, for an independent mooring floating system
including multi-connected floating bodies and a complex mooring
system, it is necessary to investigate the dynamic characteristics
of the anti-collision system under wave action for insurance.

The dynamic responses of multi-body floating structures had
been reported before by some researchers (e.g., Ohkushu, 1974;
Kodan, 1984; Liao, 1985; Fang and Kim, 1986). A method for
analysis, including the hydrodynamic interactions among mod-
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ules, was also presented by Kagemoto and Yue (1987). Sannasiraj
et al. (2000) examined the diffraction-radiation of multi-body
floating structures in directional waves using the finite element
method. They showed that the interactions generally decreased at
higher wave frequencies. Che et al. (1992) modeled multi-body
floating structures as rigid pontoons joined by flexible connec-
tors (rigid module with flexible connector (RMFC) model), but
hydrodynamic interactions among the structures were not consid-
ered. Mansour et al. (2008) investigated the response of articulated
multi-floating structures in a harsh environment and illustrated
the advantage of using the articulated joint to reduce the super-
structure motion. Using the RMFC model, Tajali and Shafieefar
(2011) comprehensively examined the effect of relevant parame-
ters on the hydrodynamic responses, amplitude transfer functions
(ATFs), and connector forces for a wide range of wave frequency
and heading angles. They showed that the effect is significantly
dependent on the pontoon dimensions, connector stiffness, and
wave conditions.

Fig. 1 Damage of installed floating anti-collision system at the
connecting point


