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ABSTR ACT

The energy indu stry ' s increasing interest in the Arctic reg ion demand s more and stronge r

polar ships. lACS has released a set of docum ents titled Unifie d Requir ements for Polar

Ships (U R[) to harmoni ze diffe rent icc classifi catio n specificatio ns. This thesis defin es a

procedu re fo r eva luating an " lACS Polar Class" ship und er ice impacts using LS-DY NA.

an explici t finit e clement ana lysis tool. The final produ ct include s a numer ical model that

is ca pable of eva luating the global motion s of the ship and icc. the ship-icc contact force.

and the local structural respon se o f the ship . A few icc materi al models who se pressure ­

area rela tionships comply with the URI arc propo sed as well. Restorin g force s arc

modeled using user-d efin ed-cur ve-functions. Thi s innovat ive approach significantly

reduc es the comput at ion cos t by excluding the water dom ain from the analys is. The

Arbi trary Lagrangian- Eulerian method in LS-DYNA is d iscussed and empl oyed to

estimate necessary inputs for the user-defined-cu rve-fu nct ions, Severa l ship-icc impac t

sce narios are model ed in LS-DY A and contact forces arc compa red with the es timatio ns

by DDeP S. a simple analytica l so lution that is consis tent with the URI. [n the last part of

this thesis. the ship from the previous analysis is icc-strengthened with interna l structures

in acco rda nce with the URI and the DNV speci fic ations. Local structural response of th is

ship under ice impacts is assesse d.
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Chapter I Introduction

The Arctic region is believed to house one of the world's largest oil and gas resourc es. A

United States Geo logica l Survey estima tes that 530 billi on barrels of potential pet roleum

arc located beneat h th is area . The ice- infested sea water and other harsh environme nta l

co nditions have been challenging the indu stry eve r since the first operat ion in the Arctic.

However, the increas ing demand from the global econo my, is driving the oil and gas

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

Ships opera ted in the Arc tic area can be d ivided into two main catego ries: icc-br eakin g

vesse ls and ice-strengthened ships. Ice-br eakin g vess els arc used to suppor t other

operat ing unit s and ac tivities . The ir stro ng hull structures enable them to take on heavy

tasks such as icc breakin g, maneuverin g in icc and icc mana gement. Icc-strengthened

ships, whose hull s are rela tive ly weaker than ice-b reakers, arc designed to withstand

possibl e ex pos ure to a cer tain level of icc load. depend ing on their icc class. They have

limited ability in breakin g ice and man euver ing in icc cove red water. Co mmon ice­

stre ngthened ships in the Arctic are vesse ls such as cargo ships, tankers. and supply ships.

Historic all y. ice cla ssifi cations gove rning polar ships arc regulated by various

classi ficatio n socie ties. In 2006 . the International Assoc iation of Class iiicatio n Socie ties

(lACS) released a set of doc uments titled Unifie d Requir ements for Polar Ships (U RI) to

harm on ize d ifferent ice classification speci fica tions. More icc-strengthen ed ships

complying with the URI are ex pecte d in the near futu re.
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