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On the Design of Fenders Based on the Ship Oscillations Moored to
Quay Walls

Shigeru UEDA *
Satoru SHIRAISHI®*
Synopsis

In the Technical Standards for Port and Harbour Facilities in Japan, with regarding to oscillations of moored
ships to quay walls, it is described that "when a ship moored to the mooring facility is subjected to the action
of waves, winds, currents and other factors, the external forces generated by the oscillation of the moored ship
should be taken into account”.

A ship moored to the mooring facilities located offshore or near the port entrance, a ship moored to the
mooring facilities in the port where the incursion of long-period waves is expected, or a ship moored during the
rough weather will be sometimes oscillated by the action of load from waves, winds or currents. The kinetic
energy due to the oscillation of moored ship sometimes exceeds the ship’s berthing energy. Because of this, in the
design of fenders, the impact force caused by the oscillation of the moored ship should be taken into account.

Although the oscillation of moored ship should be determined by dimensions of ship, waves, winds, conditions .

of mooring facilities, characteristics of fenders and mooring ropes, and so forth, the analytical solutions cannot
be obtained because of non-linearity of load-deflection characteristics of mooring system and irregularities of
forces due to oscillations of moored ship. Then, it had better to obtain the impact force due to oscillation of
moored ship by means of the numerical simulation method. In this report, the numerical simulations of oscilla-
tions of moored ship for general cargo ships and tankers are carried out by the function of the ship size, the
condition of waves and winds, and the load-deflection characteristics of fender. Total number of numerical
simulations cases are about 3,300. The computed results are analyzed and the figures and tables for selection of
fenders taking into account oscillations of moored ship are proposed.

According to the results of the numerical simulation of oscillations of moored ship, the relationship between
the maximum fender displacement and conditions of ship size, wave incident angle, significant wave period,
average wind speed and so on are obtained. And the relationship between the ratio of the energy absorption of
fender E to the allowable fender displacement 8. versus to the ratio of the maximum fender displacement &nax
to allowable fender displacement &, are analyzed. It is found that if E/8. is smaller, Omax/ 82 is smaller for fenders
of same energy absorption. Then, by means of these results the method of selection of fenders taking into account
of oscillations of moored ship is proposed.

Major results obtained in this report are as follows.

1) As for fenders of same energy absorption, the smaller E/§, is the smaller dmex/82 is. Then, when oscillations
of moored ship affect on design of fender, it is better to design the fender of smaller E/d.. .

2) In the case of wave incident angle of 30 degrees, fender deflection due to ship oscillations may be less than the
allowable deflection. But in the case of wave incident angle of 60 or 90 degrees, the maximum displacement of
fender may exceed the allowable displacement of the fenders. In this case, fenders shall be designed taking into
account the oscillation of moored ship.

3) Fenders installed at berths for large sized ship designed according to ship’s berthing energy can absorb the
energy due to oscillations of moored ship, but fenders for middle sized ship may not absorb it, therefore, fenders
at those berth should be design taking into account the oscillations of moored ship.

Key Words: Mooring Facilities, Design of Fenders, Motions of Moored Ship, Energy Absorption, Ship’s Berthing
Energy

*  Chief of the Offshore Structures Laboratory, Structural Engineering Division
**  Senior Research Engineer, Structural Engineering Division
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