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ABSTRACT

To clarify the motions of the moored ships and the response of mooring
facilities caused by tsunami, the experimental approach were carried
out. By using plane wave flume and ship model, the tensions of the
mooring ropes and the reaction forces of the fenders were obtained.
Also, the six component motions of the moored ship were obtained by
three-dimensional imaging analysis. As a result, it is found that the
response characteristics of the moored ship are changed greatly by the
tsunami incident angle and the tsunami impact is changed by the
tsunami condition and the load condition of the ship.
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INTRODUCTION

Japanese government’s central disaster prevention council estimates
heights of tsunami caused by Tokai, Tonakai and Nankai earthquake by
using the tsunami numerical simulation. It is shown that tsunamis are
anticipated to arrive in a wide area of the Pacific coast of Japan and the
port area would badly be damaged by these earthquakes and tsunamis
in the estimation. The influence of these damages is extremely large
because there are many infrastructures in the port area at the Pacific
coast of Japan. When a tsunami arrives in the port, the best way to
minimize damages for ships is to evacuate rapidly from the port.
However, ships can not always evacuate by the relation of the tsunami
arrival time and the evacuation time. When a tsunami acts on a moored
ship in the port, the ship moves largely and the mooring ropes and the
fenders are greatly influenced. If the tsunami force is large, the mooring
ropes are broken and thereby the moored ship may drift away or it
collides with the fenders hard and they may be damaged. So it is the
important problem to moor ships in safety to minimize damages of the
whole port area.
The Pacific coast of Japan has been damaged many times by tsunamis
and there were many fishery ship damages. On the other hand, there is
few damage of large-size ship in Japan because large tsunami has never
arrives at the port where large-size ship is moored. However, it was
reported (Tomita et al., 2005) that the barge for the electric generation

(the length was 60 m and the width was 20 m) was drifted 3 kilometers
landward at Banda Aceh, Indonesia by the Sumatra earthquake tsunami.
So, in Japan, large ships may be badly damaged by Tokai, Tonankai
and Nankai earthquake tsunami.
There is not enough attention on the flow effect when the ship motion
by the wind wave is simulated. On the other hand, the flow effect is
important when the ship motion by the tsunami is considered. Tsuda et
al.(2004) carried out the model experiments about the ship motions and
the impact to the fenders by tsunamis from the alongside of the moored
ship using the two-dimensional channel. However, the incident angles
of tsunamis are not always vertical to the normal line of quays. Ikeya et
al.(2005) also carried out the model experiments using the box floating
body and propose the evaluation formula about the tsunami force.
However, we cannot always apply the formula because the large-size
ship has a streamline shape and the drag force becomes extremely small
against the tsunami flow from the bow or the stern.
The goal of this study is the measurements of the moored ship against
the tsunami. However, the response characteristics of a moored ship
and the flow effect by tsunamis are not clear so far. So we first focus on
the flow effect and conduct the fundamental model experiments against
the tsunami flow in considering the tsunami incident angle.

Table 1. Ship dimensions

Unit Prototype Value Model Value
Load Condition Full Half Full Half

Displaced Weight DWT 48,000 28,000 0.384 0.224
Length m 216.5 216.5 4.33 4.33
LBP m 193.5 187.5 3.87 3.75

Width m 31.5 31.5 0.63 0.63
Draft m 11.0 7.5 0.22 0.15

Rolling m 4.0 3.5 0.08 0.07
GM

Pitching m 405 265 8.1 5.3
Rolling m 10.6 10.9 0.21 0.22Radius of

Gyration Pitching m 63.9 52.7 1.28 1.05
Surging s 133 116 18.8 16.4Natural

Period Swaying s 62 51 8.8 7.2
Center of Gravity m -1.0 2.5 -0.02 0.05
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