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Abstract 
 
The rise in resource related projects in the Arctic has created the need for new approaches to assessing and minimizing risk. 
The new tankers and drill ships required for the Arctic will be larger and stronger than any previous ships, but will be very 
carefully designed and operated. The paper presents a methodology for assessing risk to large Arctic ships in a variety of 
scenarios. For the purpose of illustration of the approach, two ice collision scenarios are described. One is the case of a large 
ship with a bulbous bow hitting an iceberg head-on. The second is an aft waterline collision with a sea ice floe. Both 
scenarios are outside the conditions formally considered in standard ice class rules but are significant issues. The paper 
provides owners/designers/regulators with an example of a methodology to examine ice loads using a rational set of design 
scenarios. The results show that vessels can easily be operated in a manner that can create dangerous load levels. The results 
are directly relevant to the structural design of new large Arctic tankers (oil and LNG) and large Arctic drill ships. The 
second part of the paper presents some initial results from consideration of plastic structural response to moving ice loads. 
The significance of the movement (sliding) of the load increases as the response level increases. Elastic responses are only 
slightly influenced by the movement of the load along the hull, while the larger plastic responses are greatly affected by 
movement. This paper is mainly intended to raise this as an issue of potential concern.  
 
Nomenclature 
 
An ice crushing area 
Co mass reduction factor (Popov) 
Fn ice crushing force 
IE indentation energy 
KEe effective kinetic energy 
Me effective collision mass 
M collision mass 
Pav ice pressure 
Po  ice strength parameter 
R paraboloid nose radius(for bulbous bow impact) 
r contact area radius (for bulbous bow impact) 
ex ice pressure-area exponent 
fA geometry function 
h basic ice thickness 
w  width of contact (aft body case) 
ζ normal ice indentation 
φ wedge opening angle 
 
 


