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Table 1 lce condiions and various ice-ship interaction modes

- . Interaction
ice Condition Characteristics Modes
Level Ice 10/10, FY C,R,S,B

. single or multiple R,S,B
Ice Ridges FY or MY
. grounded or R, S
Rubble Fields floating
Iceberg single R, S
single or
Ice Floes multiple, FY C,R,S,B
Pack Ice
1 1
p;c‘ll:riZeC ose 9710 - 10/10 C,R,S
2) close pack ice 7/10 - 8/10 C,R,S
3) open pack ice 4/10 - 6/10 C S
4
p;cfriie"pen 110 - 3/10 s
5) open water < 1/10
consolidated
Brash Ice or loose C S
C: Continuous
Ice Concentration icebreaking
Remarks (010 - 1010] | § gl
: First-year Ice - o1ce T
FY_' N}rs Y compression
MY: Multi-year Ice | p. Beaching
on ice

Bz rammmgaqL beachlng 123 jamming®] €]3gk
HekE s +AF0E yedit

4, &M YslE ASXR

AN WEkE ASARI 37N Aduke) Alda T
315 HlolEle] &4l thaje] Table 3¢ Hz2l3k
o). Table 39 S1wd HYdute] Wals wolHE
A Weksat S5 UAH o2 tro] sttt
ME T W20 AR oE A% A5 A=



Table 2 Various ice and ship parameters needed
to determine ice failure modes and ice loads

Table 3 List of icebreaking vessels for sea trial data
measurement

. . . i ispla-
Ice Properties | Ship Properties Ice Failure Name of Length Disp Data
Modes . Type cement
Ship (m) (tons) Source
Ice Sheet
. Northwest
Thickness Crushing Manhattan | oil tanker 307 | 115000| Passage
Flexural Strength . . 1969
. Ship Speed |Bending
Crushing Strength ] . Beaufort
Ice Density Displacement | Buckling Ig,anm:{( icebreaker | 79.3 | 8,550 Sea
Length Spalling/Shear 1gort 1983, 84
Young’s Modulus .
Poi s Rat Breadth Failure Polar Sea Beaufort
oisson’s Ratio :
Depth/Draft | Circumferential icebreaker | 107.3 | 13,190 Sea
Friction Coefficent| nei i “c‘; Rel: lla Polar Star 1985, 86
Temperature o fhes | an¢ Rada . | ore/bulk Baffin Bay
o Engine Power Cracking MV Arctic| o irier 206 | 38,100 | 1984
Grain Size and
Orientati Creep Polar
rientation Oden icebreaker | 107.8 | 13,000 | Crossing
Salinity 1991
multi- Northern
2R 9z ) Fo3 2 2 o]Zo] 7] SA-15 purpose 159.6 | 25.900 Sea
= e cargo ship Route1983
JeINE BE Aust 358 349 dojeimolx —
Z s o]opt 71%"{“41 A7 FRE W S‘;‘Eﬁresﬁt icebreaker | 110.3 | 12,875 | Crossing
A% ARE AZ N $2AT A PE A | 1954
N Baltic S
747) @8t ZEH9 8AE 2= ofHrh Sisu icebreaker | 96 - 3119082 e
NB research 937 6.417 Antarctica
41 A eI5EE (Global Ice Load) Palmer vessel ‘ g 1992
H =S 2
AR et welEle thrge] ElA sk vizt Healy | iccbreaker | 1208 | 15965 | covoor
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4 Canmar Kigoriak (CCG icebreaker)
5 +  Beaufort Sea, 1983
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Fig. 2 Global ice loads vs. ship speed for Canmar
Kigoriak (Ghoneim et al. 1984)
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Polar Class (USCG icebreaker)
Beaufort Sea, 1985-1986
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Fig. 3 Global ice loads vs. ship speed for Polar
class icebreakers (Minnick et al. 1990)
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45 +  Baffin Bay, June, 1984
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Fig. 4 Global impact forces vs. ship speed for MV
Arctic (Daley 1986, Masterson and Frederking 1993)

Oden (Swedish icebreaker)
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Fig. 5 Global ice loads vs. ship speed for Swedish
icebreaker Oden (Frederking 1999, 2005)

T LouisS. StLaurent (CCG icsbreaker)
% Canadian Arctic, 2000
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Fig. 6 Global ice loads vs. ship speed for icebreaker
Louis S. St. Laurent (Johnston et al. 2003)

Healy (USCG icebreaker)
% Labrador Sea, April-May, 2000
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Fig. 7 Global ice loads vs. ship speed for icebreaker
Healy (Johnston et al. 2003)
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Fig. 8 Global ice loads vs. ship speed for six icebreaking
vessels
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Manhattan {US oil tanker)

+  Northwest Passage, 1969
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Fig. 9 Local ice pressure vs. contact area for US
oil tanker Manhattan (St. John et al. 1990)
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Sisu (Finnish icebreaker)
s  Baltic Sea, 1982
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Fig. 10 Local ice pressure vs. contact area for Finnish
icebreaker Sisu (St. John et al. 1990)
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Canmar Kigoriak (CCG icebreaker)
Beaufort Sea, Aug./Oct., 1981
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Fig. 11 Local ice pressure vs. contact area for Canmar
Kigoriak (Daley 1994)
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Polar Class (USCG icebreaker)
Chukchi Sea, April, 1983
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Fig. 12 Local ice pressure vs. contact area for Polar
class icebreakers (St. John et al 1990, Daley 1994)
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WMV Arctic (Canadian ore/bulk carrier)
_+ Coburg Island, 1984
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Fig. 13 Local ice pressure vs. contact area for 1984
MV Arctic (Daley, 1994)
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Fig. 14 Local ice pressure vs. contact area for SA-
15 class ships (Tsoy et al. 1998)
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‘ Nathaniel B. Palmer (US research vessel)
o Antarctic, 1992
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Fig. 15 Local ice pressure vs. contact area for Nathaniel
B. Paimer (St. John and Minnick 1995)
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Fig. 16 Local ice pressure vs. contact area for icebreaking
vessels
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