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ABSTRACT
The energy industry’s increasing interest in the Arctic region demands more and stronger

polar ships. IACS has released a set of titled Unified i for Polar

Ships (URI) to h ize different ice ification specifications. This thesis defines a

procedure for evaluating an “TACS Polar Class™ ship under ice impacts using LS-DYNA,
an explicit finite element analysis tool. The final product includes a numerical model that
is capable of evaluating the global motions of the ship and ice. the ship-ice contact force,

and the local structural response of the ship. A few ice material models whose pressure-

area relationships comply with the URI are proposed as well. Restoring forees are

modeled using user-defined: functions. This i ive approach si y

reduces the computation cost by excluding the water domain from the analysis. The

Arbitrary Lagrangian-Eulerian method in LS-DYNA is discussed and employed to

estimate necessary inputs for the user-defined-curve-functions. Several ship-ice impact

scenarios are modeled in LS-DYNA and contact forces are compared with the estimations

by DDePS, a simple analytical solution that is consistent with the URL. In the last part of

d with internal structure:

the ship from the previous analy:

in accordance with the URI and the DNV specifications. Local structural response of this

ship under ice impacts ssed.
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Chapter 1 Introduction
The Arctic region is believed to house one of the world’s largest oil and gas resources. A
United States Geological Survey estimates that 530 billion barrels of potential petroleum
are located beneath this area. The ice-infested sea water and other harsh environmental

conditions have been challenging the industry ever since the first operation in the Arctic.

However, the increasing demand from the global economy, is driving the oil and gas

industry to be more and more active in the Arctic region.

Ships operated in the Arctic area can be divided into two main categories: ice-breaking
vessels and ice-strengthened ships. Ice-breaking vessels are used to support other
operating units and activities. Their strong hull structures enable them to take on heavy

tasks such as ice breaking, maneuvering in ice and ice management. Ice-strengthened

ships. whose hulls are relatively weaker than ice-breakers, are designed to withstand

possible exposure to a certain level of ice load, depending on their ice class. They have

limited ability in breaking ice and mancuvering in ice covered water. Common ic

strengthened ships in the Arctic are vessels such as cargo ships. tankers, and supply ships.

Historically. ice classifications governing polar ships are regulated by various

ssification societies. In 2006, the | ional iation of Classification Societies

(IACS) 1 ed a set of d titled Unified Requi for Polar Ships (URI) to

harmonize different ice classification sp ations. More ice-strengthened ships

complying with the URI are expected in the near future.
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