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Optimal Loading System to Prevent Cargo Damage in Rough Sea Navigation
from Viewpoint of Vibration Response
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Maritime transportation with vessels is required to operate under more complicated natural conditions
than road or rail transportations. Especially, ship motions in waves are very important to evaluate safety
more precisely. Although many studies and theories have been accumulated in the field of naval architecture,
there are few examples on the safety evaluation from viewpoint of cargo damage due to large ship motions
inactual seas. Inthis study, the total observation system is newly designed to enable continuous database
of ship motions, cargo deck accelerations, lashing forces of vehicle cargo in a 20, 000DWT class domestic
ferry. Some relations can be revealed between cargo impacts and ship motions from these databases. Moreover,
these kinds of data can be observed in March 11, 2011, when the unprecedented size of seaquake and tsunami
in Tohoku District, Japan. The ferry was off Miyagi Prefecture, which is very near from epicenter of the
seaquake. The remarkable response is recognized around 10Hz in observed vertical acceleration. The similar
phenomenon is assured in vessels at sea, as well as that in land. Relations of cargo deck accelerations
and lashing forces can be almost explained by ship motions and wave conditions in rough seas. Now we are
constructing the dynamic simulation algorithm about cargo damage due to ship motions, and it contributes
to the new safety management of vehicle cargo operation at seas.
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