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Overview 



Arctic activities and environment







Arctic Ships in Low Temperature Environments







Polar Class Rules







Icebreakers







Ice capable Ships







Way Ahead – Polar Code
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Areas of Interest – Offshore Oil and Gas North Caspian Sea Bohai Bay



Kara Sea



Timan Pechora



Barents Sea



Sakhalin Offshore



Greenland Sea



Chukchi Sea



Greenland West Coast Baffin Bay Beaufort Sea Sverdrup Basin



3



Arctic Oil & Gas Resources: Undiscovered Arctic Oil & Gas 



Mean undiscovered gas: 1,670 TCFG; 30% of global undiscovered gas







Mean undiscovered oil: 90 BBO; 13% of global undiscovered oil Largest Undiscovered Gas Fields



Yamal Field Kara Sea Shtokman Field Barents Sea



Largest Undiscovered Oil Fields



Arctic Alaska East & West Greenland
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Trans-Arctic Transport



Potential navigation routes in the Arctic



Source: Arctic Council 2006
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Sea Ice Extent – New Record Low in 2012 



Sea ice extent



2007 March



2007 Sept.



2012 Sept.



Sea ice extent in March and September 2007, when the ice cover was at its maximum and minimum extent, respectively. The magenta line indicates the median maximum and minimum extent of the ice cover, for the period 1979-2000. Source: Figures from the Sea Ice Index, www.nsidc.org/data/seaice.index
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Arctic Sea Ice Extent: September 2012
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Seasonal Changes of Arctic Sea Ice Extent
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Ice and Low Temperature Challenges
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Ice and Low Temperature Challenges
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Development of the Polar Class UR & IMO Arctic Guidelines 



The 1970s and 1980s saw increased activities in the Arctic regions 



Alaska and Canadian Beaufort Sea







Several Administrations made proposals to IMO to develop a harmonized system of Ice Class Rules







Consensus was reached at IMO 



IMO would develop the overall framework for the initiative – IMO Arctic Guidelines







IACS would produce detailed requirements for constructionrelated items – IACS Polar Class Unified Requirements SS Manhattan (Esso Arctic Project) 11



IACS Polar Class: A Brief Background 



IACS Unified Requirements Concerning Polar Class







Detailed requirements for construction related items 







Hull structure (UR-I2) and machinery (UR-I3)



Adopted by IACS members in March 2008 



Published as ABS Guide for Vessels Intended for Polar Waters (2008)







Incorporated to Steel vessel Rules 2012
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Definition of Polar Classes By IMO/IACS Polar Class



Ice Description (based on WMO Sea Ice Nomenclature)



PC1



Year-round operation in all Polar waters



PC2



Year-round operation in moderate multi-year ice conditions



PC3



Year-round operation in second-year ice which may include multi-year ice inclusions.



PC4



Year-round operation in thick first-year ice which may include old ice inclusions



PC5



Year-round operation in medium first-year ice which may include old ice inclusions



PC6



Summer/Autumn operation in medium first-year ice which may include old ice inclusions



PC7



Summer/Autumn operation in thin first-year ice which may include old ice inclusions
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Polar Classes 



Lowest Polar Class (PC7): should have general levels of strengthening roughly comparable to Baltic 1A







Highest Polar Class (PC1): capable of independent operation without limitations







The Polar Rules define the level of ice strengthening. All Polar Classes ships can encounter ice conditions that could damage structure







Class selection is a balance among ice conditions, operational requirements, and cost
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IACS Polar Class Design Ice Loads 



A glancing impact on the bow is the design scenario







The design ice load is characterized by an average pressure (Pavg) uniformly distributed over a rectangular load patch of height (b) and width (w) 



– – – –



Design Ice Load



b



Pavg w



Within bow area – design ice load is function of the actual bow shape







Shape coefficient (fa) Total glancing impact force (F) Line load (Q) Pressure (P)



Non-bow area – design ice load is independent of the hull shape



4 3 2 1
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Other Factors - Class Factors (CFn) 



The class factors represent the increasingly challenging ice conditions that ice classes are designed for.







In deriving these values, ice thickness, strength and ship speed are all taken into account.



Class Factor



There are other class factors for other aspects. 16



Plastic Design Method: Plating & Frames



Ice load application and deformed shell plate transition in the ultimate state



Typical load deflection curve for framing showing design point Limit states for local framing requirements 17



Collaboration with USCG on Icebreakers 







Objectives - Learn from experience 



Long history of icebreaker design and operational experience







USCG icebreakers were designed and built before the new design standards - Polar Class UR



Scope of Work 



Review existing designed under Polar Class Rules - 3 ships







Gap analysis - USCG building standards vs. Polar Class Requirements



Source: Comparison of Existing US Coast Guard Icebreaker Structural Designs to IACS Polar Class Structural Requirements, IceTech 2012
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USCG Icebreaking Design Loads 



Ice Impact and beset loads (ice decks and transverse bulkheads







POLAR STAR – uniform pressures







HEALY – pressure distribution based on POLAR STAR/POLAR SEA trials data







MACKINAW – further development of the POLAR trials data
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USCGC POLAR STAR: Comparison to Polar Class 



Displacement 13,310 ton







Engine Power 56 MW







Commissioned 1976
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POLAR STAR Ice Strengthening Areas



POLAR STAR



IACS Polar UR
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POLAR STAR Scantling Comparison 



Shell plating thickness 



.



Exceeds PC3



Shell Plating Requirements PC2 class 



Framing shear area and section modulus 



Framing Requirements PC3 class 



Meets PC3 with slight deficiency



Frame stability 



Stern area has a few 30” deep frames







Brackets installed on deep frames



Frame Stability Requirements 22



USCGC HEALY: Comparison to Polar Class 



Displacement 16,562 ton







Engine Power 22.4 MW







Commissioned 2000
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Comparison of Ice Strengthened Area



Polar Class



HEALY 24



HEALY: Shell Plating Shell Plating – PC2



Shell Plating – PC3



25



Frame Requirements 



USCG adopted FEA approach







PC Class requirements provide 



Shear area







Plastic section modulus







Minimum web thickness







Stability – ratio of “web height” to “web thickness”
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HEALY: Framing PC1 Hull Area



PC3



PC4



HEALY



Required Plastic Section Modulus



Offered



cm3



cm3



cm3



cm3



cm3



ZpT



ZpT



ZpT



ZpT



Zp



7869



4880



2748



6684



Midbody



1204



886



2377



Stern



1640



1032



3521



PC3



PC4



HEALY



Required Shear Area cm2 cm2 cm2



Offered cm2



Section Modulus Requirements Bow



PC1 Hull Area



Shear Area Requirements



PC2



cm2



PC2



AT



AT



AT



AT



Aw



Bow



139



85



55



42



102



Midbody



108



61



33



26



50



Stern



116



75



45



32



63
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Frame Stability and Minimum Thickness Polar Class PC-3 Required*



--



Min. Req. web thickness mm



--



Net web thickness mm



--



webmin



--



twn



42.5 42.5



16.3 13.7



45.6 34.7



11.7 11.7



42.5



13.7



34.7



11.7



42.5



16.3



44.4



15.0



hw/twn



Hull Area Stern Midbody Bow Intermediate Bow



HEALY Offered hw/twn



* Polar Class requirements do not consider tripping brackets.



Tripping Brackets 28



USCGC MACKINAW: Comparison to Polar Class 



Great Lakes Icebreaker







Displacement 3,594 ton







Engine Power 9.4 MW







3.36 MW x 2 Azipod







Commissioned 2006
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Comparison of Ice Strengthened Area



Mi Si



BIi



Ml



BIl



Sl



B Mb



BIb
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Application of Ice Loads for Structures MACKINAW



Polar Class



Plating Load



Frame Load
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Shell Plating Requirements Polar Class Pressure on patch:



Pav  AF * F



.22 n



 CF  AR 2 D



0.3



Fn  w h



Plating requirements:



MACKINAW Pressure on patch:



Pav 



F1 wh



Plating pressure:



Pp1 



rf c F1 144s 2



fc is a function of x/h and y/w.



Plating requirements:
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MACKINAW: Shell Plating & Framing Shell Plating – PC4



Framing – PC4
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Lessons Learned / Recommendations 



USCG icebreaker structural requirements have evolved over time







USCG icebreakers correspond to Polar Class: 



POLAR STAR ~ PC2/PC3







HEALY



~ PC3







MACKINAW



~ PC4







Investigate “haunched” frame behavior as a possible variation in the 3-hinge failure mechanism used in the Polar Class rules.







Investigate damage records versus weak areas in the Polar Class assessment







Investigate the Polar Class optimized and compliant scantlings for possible weight/cost savings in comparison to the original structural designs 34



Notable Ships with ABS Ice Class Notation
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Varandey Arctic Shuttle Tankers
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VARANDEY ARCTIC SHUTTLE TANKER VASILY DINKOV PRINCIPAL CHARACTERISTICS Length overall Length b.p. Beam Design Draft Deadweight/Displacement, Open water trials speed at 15.7 MW shaft power Icebreaking capability at 3 kn Propulsion system Total installed power Propulsion power Cargo oil tank capacities, approx RS Class ABS Class



257.0 m 234.7 m 34.0 m 14.0 m 71254 / 92047 MT 15.8 knots 1.5 m of level ice + 20 cm of snow Diesel-electric, 2 X Azimuthal Units 27,300 kW 2 X 10,000 kW 85,000 m3 KM, *Arc6, 2AUT1 “OIL TANKER”(ESP) XA1(E), OIL CARRIER, SH, SHCM, AMS, XACCU, VEC, SPM, NIBS, ESP, TCM, ICE CLASS IAA* 37



Shuttle Tanker Area of Operation



MURMANSK



VARANDEY
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Arctic Shuttle Tanker: Full Scale Measurement 



Full Scale Ice Load Measurement Project 







ConocoPhillips, SHI and ABS initiated full scale ice load measurement for large arctic shuttle tanker (70K DWT)



Measurement campaign to be continued to 2014
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M/V AIVIQ 



Ice Class A3 Icebreaker







CCO-POLAR (TDST -40, TMAT -50) (HR 36)







Jones Act compliant











Anchor Handling Tug, Towing, Offshore Supply, Fire-fighting vessel







Built at North American Shipbuilding (LA, USA)







Delivered April 2012







110 m x 24.4 m x 10.4 m



“1m thick ice with 20 cm of snow at 5 knots”



Source: Dutch Harbor Telegraph
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M/V NANUQ 



Ice Class A1







Offshore supply and oil recovery vessel











Built at North American Shipbuilding (LA, USA)







Delivered 2007







93 m x 20 m x 7.3 m



AIVIQ and NANUQ are currently supporting Shell’s Alaskan Berger field exploration efforts



Source: Edison Chouest Offshore (top), Shell Offshore (bottom)
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R/V SIKULIAQ 



Ice Class PC5







Alaska Region Research Vessel - UAF 



Under construction at Marinette Marine Corp. (WI, USA)







80 m x 15.8 m x 8.5 m







Expected delivery October 2012







Twin azimuthing thruster propulsion



Source: UAF School of Fisheries & Ocean Sciences
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Tidewater/Bay Shipbuilding Hull 772 (2) 



Ice Class PC7







Offshore support and fire-fighting vessel 



Under construction at Bay Shipbuilding Co. (WI, USA)







Expected delivery 2013







88 m x 18.8 m x 8 m



Source: MMC Ship Design & Marine Consulting Ltd.
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Way Ahead - IMO Polar Code IMO Guidelines for Ships Operating in Arctic Ice-covered Waters (2002) IACS Requirements Concerning Polar Class (2008) IMO Guidelines for Ships Operating in Polar Waters (2009) IMO Polar Code: Mandatory, To be completed by 2014 IACS Polar Water Operational Manual (including Safe Speed Requirements)



2002 Guidelines



2009 Guidelines 44



www.eagle.org App Store : ABS Bookshelf
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