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Title Calculation of Ship Hull Fatigue Damage caused by Local Ice Loads in Ice-covered Waters

Abstract of Thesis 
Fatigue damage for ship navigating in ice-covered waters causes not only threat to human life and ship safe 
navigation, but also serious damage to Arctic environment. Fatigue assessment procedure for ice-going ships, 
however, has not been fully established yet. Under the circumstances, the fatigue damage is calculated based on 
the measured ice load data for limited ship types and ice conditions. Therefore, the applicability of the present 
fatigue assessment procedure for new structural components and new ship routes has not been confirmed. In 
order to perform fatigue assessment for ice-going ships correctly, the characteristics of the ice load for various 
ship types and ice conditions have to be clarified. In this research, new numerical ice load models for ships sailing 
into various ice conditions (i.e. level ice, ridge ice and pack ice) are developed. The fatigue assessment is 
performed based on the load sequence simulated by these numerical models. The thesis is composed of the 
following seven chapters. 
Chapter 1 gives the literature review of ice loads and fatigue calculations for ice-going ships. The necessity of the 
numerical models for ice loads, also, the objectives and significance of this study are shown. 
Chapter 2 propose a new ship motion simulation technique for ice-going ships. In this method, the ship motion is 
calculated by a step-by-step numerical integration, and the coupling problem between ship motion and excitation 
forces / moments is solved by iteration. 
Chapter 3 presents the numerical modeling for ship in level ice. The developed model consists of the ship-ice 
contact model and empirical formulas of icebreaking, and predicts the time history of ice loads around the 
waterline. The numerical results of ice loads and stress agree with those of the field measurements. This 
demonstrates the applicability of the developed model to the estimation of fatigue damage due to level ice loads. 
Chapter 4 develops a new numerical model of ice loads in ridge ice. A probabilistic ice field is generated based on 
field observations. A modified Rankine’s plasticity model is applied in order to estimate the local ice loads in ridge 
ice. The numerical ice load and stress agree with those measured in scaled and full-scaled model tests. This 
demonstrates the applicability of the developed model to the estimation of fatigue damage due to ridge ice loads. 
Chapter 5 presents a new numerical model for ship in pack ice. The ice floes are represented as hundreds of 
circular disks with random sizes. Ship–ice collisions and ice–ice contacts are calculated using discrete element 
method (DEM). Global and local ice loads are obtained from the proposed model, and the statistic properties of 
ice-induced stress is analyzed. The numerical ice load and stress agree with those of the field measurements. This 
demonstrates the applicability of the developed model to the estimation of fatigue damage due to pack ice loads. 
Chapter 6 presents an example calculation of fatigue damage. The ship’s transversal frame at bow shoulder area, 
where the local fatigue damage should be serious, is chosen as the analysis target. The real ice conditions are 
idealized as the combination of different stationary ice conditions of level ice, ridge ice, and pack ice. The ice loads 
data are obtained from the numerical models proposed in Chapter 3, 4 and 5. The long-term statistic of ice loads is 
approximated by the Weibull distribution. The fatigue stress on the ship hull plate is estimated using structural 
beam theory. The fatigue damage is finally calculated by the Palmgren–Miner cumulative damage rule. The 
fatigue damage evaluations using the numerical ice loads and the conventional fatigue theory are discussed 
through comparison with those of field data. It is shown that the proposed numerical methods can estimate the 
fatigue damage in various ice conditions such as level ice, ridge ice and pack ice, instead of field measurements. 
Chapter 7 summarizes the conclusions of the main points in this study, and provides several recommendations for 
future work. 






