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Numerical Estimation of Ice Forces and Ship Performance in Ice-covered Water

Junji SAWAMURA!
!Naval Architecture and Ocean Engineering, Graduate School of Engineering, Osaka University

The commercial use of Northern Sea route (NSR) has been increased with developing offshore oil and gas in North Sea and
transporting them from Europe to Asia. The improvement of ship performance both of ship structural safety and
maneuverability in ice-covered water have been strongly desired with increase in the number of voyages and volume of
cargoes transiting the NSR. In order to improve the structural safety and maneuverability of ice-going vessels, it is vital issue
to estimate the ice force distributions acting on the ship. This study develops a numerical model for simulation of ice
clearances and/or ice breaking when a ship is advancing into ice-covered waters. The ice force distributions around ship are
calculated by the developed model. Figure 1 shows numerical results of ice clearance and ice breaking when an icebreaker is
advancing into pack ice. The ice floes are broken or eliminated by the icebreaker, depending on the size of ice floes. The
numerical results of ice force distributions are used for calculations of a structural response of ship hull and a ship motion
under the ice loads. Finally, the structural safety and maneuverability of ship in an ice sea can be evaluated by using the
numerical results.
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(a) Ice clearance and ice breaking of icebreaker in pack ice (b) Ice force in surge
Figure 1. Numerical simulation of ship advancing in pack ice.
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