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Abstract

Northern Sea Route is the shortest sea route linking East Asia and Europe, which
shortens 35% ~60% in distance via Suez Canal route. It also shortens 7~10 days in
transportation time. Another reason for the potential economic benefits in the NSR
shipping is that the Russian Arctic holds enormous amount of oil and natural gas.
However the natural environment of the Arctic Ocean is too hostile to navigate through
the NSR without remarkable advances in ship technology. As a basic study on
ice—transiting vessels, this study focuses on ice resistance and ice load estimation
methods by gathering model tests and full-scale sea trial data from many previous

research articles.

The ice resistance data and its empirical/semi-empirical prediction equations are
summarized in common format and are compared with each other, based on three ship
categories, i.e, icebreakers, tug/supply vessels, ice-strengthened cargo ships. Also the
estimation methods of extreme ice load acting on ship’s hull are studied with a similar
manner. Sample calculation of extreme ice loads(global and local loads) are performed

and the results are compared with each other.
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2-1 Comparison of the distance for the NSR and Canal alternatives (Mulherin,
1996)

2-2 Winter mean thickness of sea ice in regions of the Russian Arctic Seas in
cm (Ostreng, 1999)

2-3 Area percentages of sea ice types in autumn and winters (Ostreng, 1999)

2-4 Area percentage of summer ice—free regions of the Russian Arctic Seas(%)
(Ostreng, 1999)

3-1 Shimansky’s parameters g, and 1, for USSR icebreakers (Kashteljan et al.,
1968)

3-2 Comparison of different ice resistance formulas

4-1 Comparison of calculated extreme ice forces for a proposed icebreaking cargo
vessel

4-2 Comparison of calculated local ice pressures for a proposed icebreaking cargo
vessel

A-1 Principal particulars of icebreaking ships in the world
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Location of coastal seas and key straits for navigation in the Russian maritime
Arctic (Mulherin, 1996)

Sea routes between the Atlantic and Pacific Oceans (Mulherin, 1996)

Schematic diagram of icebreaking process (Kotras et al., 1983)

Definition of angles in Shimansky's parameters

Ice resistance vs. ship’s speed based on Kashteljan's empirical formula with
varying ice thickness

Ice resistance vs. ice thickness based on Kashteljan's empirical formula with
varying ship’s speed

Ice resistance vs. ship’s speed based on Kashteljan’s empirical formula with
varying ice strength

Comparison of individual resistance terms in Kashteljan's formula

Non-dimensional experimental continuous-mode ice resistance data vs. the
product of non-dimensional beam and the volumetric number (Lewis and
Edwards, 1970)

Non-dimensional experimental continuous-mode ice resistance data vs. the
product of non-dimensional beam and the inertial number (Lewis and Edwards,
1970)

Contribution to the total continuous-mode ice resistance of each term in Eq.
(3-8) (Lewis and Edwards, 1970)

3-10 Comparison of various continuous—-mode ice resistance prediction methods with

full-scale data (Lewis and Edwards, 1970)

3-11 Comparison of various continuous-mode ice resistance prediction methods with

full-scale data (Lewis and Edwards, 1970)

3-12 Non-dimensional ice resistance data of the Mackinaw vs. non-dimensional

ship’s speed (Edwards et al.,, 1972)

3-13(a) Plot of ship resistance versus ship speed for USCG Mackinaw as a

function of ice thickness fitting with Eq. (3-11) and Eq. (3-12) (Milano,
1973)

3-13(b) Plot of ship resistance versus ship speed for USCG Staten Island as a

function of ice thickness fitting with Eq. (3-11) and Eq. (3-12) (Milano,
1973)

3-14 Full-scale resistance data for CCGS Louis S. St. Laurent in snow covered ice

with regression lines from combined data (Edwards et al., 1976)

3-15 Ice resistance versus ship speed data for Louis S. St. Laurent

3-16 Ice resistance versus ice thickness data for Louis S. St. Laurent

3-17 Principles of turning down ice floes (Enkvist, 1972)

3-18 Twypical icebreaking pattern and side cusps

3-19 Plot of total resistance versus ship speed as a function of ice thickness for
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3-20
3-21
3-22

USCG Mackinaw showing correlation with full-scale test data points (Milano,
1975)

Analysis of Mackinaw data (Vance, 1975)

Comparison of Mackinaw resistance data (Vance, 1975)

Thrust versus ice thickness data derived by Crago et al.(1971)

3-23(a) Estimated icebreaking resistance of a 60,000 DWT bulk carrier
3-23(b) Estimated icebreaking resistance of a 60,000 DWT bulk carrier

3-24
3-25

3-26

3-27

3-28

3-29

3-30

3-31
3-32

Predicted icebreaking resistance for CCGS Pierre Radisson

Plot of A,,/0 B/, as a function of £, for Katmai Bay model test

(Tatinclaux, 1984)

Comparison of full-scale predictions from ACL, HSVA for MV Arctic old bow
form(Ice strength = 500 kPa).

Comparison of full-scale predictions from ACL, HSVA for MV Arctic Melville
bow form(Ice strength = 500 kPa).

Ice resistance versus ship speed data for Mobile bay

Full-scale data for Katmai Bay

Level ice resistance-1m/s corrected for beam for various flexural strengths
(Keinonen et al.,, 1991)

Full-scale data for Canadian Coast Guard R-Class icebreakers

Comparison between results from Eq. (3-41) and Eq. (3-42) and CCGS Pierre
Radisson trials during 1978 (Spencer and Jones, 2001)

3-33 Comparison between results from Eq. (3-41) and Eq. (3-42) and Pierre

Radisson trials during 1979 (Spencer and Jones, 2001)

3-34 Comparison between results from Eq. (3-41) and Eq. (3-42) and Sir John

3-35
3-36
3-37
3-38
3-39
3-40
3-41
3-42
3-43
3-44

Franklin trials during 1991 (Spencer and Jones, 2001)

Total ice resistance for tug/supply vessels

Full-scale data for tug/supply vessels

Total ice resistance and full-scale data for tug/supply vessels
Ice resistance prediction of Zahn et al.(1987) for MV Arctic
Total ice resistance for icebreakers

Full-sclae data for icebreakers

Total ice resistance and full-scale data for icebreakers

Total ice resistance for commercial ice—transiting ships
Full-scale data for commercial ice—transiting ships

Total ice resistance and full-scale data for commercial ice-transiting ships

4-1 Indentation pressure vs. contact area for various test data (Sanderson, 1988)

4-2 Ice pressure data measured during the sea trial of icebreaker Polar Sea and

Kigoriak (Glen et al., 1985)

4-3 CCG Icebreaker Kigoriak strain gage response and bending moment time



history (Ghoneim et al., 1984)

Fig. 4-4 Extreme ice forces on Polar 8 class icebreaker vs. ship’s speed. (Displacement
of Polar 8 class icebreaker is 37,700 tons and stem angle 17° (Glen et al.
1985)

Fig. 4-5 Extreme ice forces on Kigoriak vs. ship’s speed (Ghoneim et al., 1984)

Fig. 4-6 Comparison of calculated extreme ice forces for a proposed icebreaking cargo
vessel as a function of ship’s speed

Fig. 4-7 Comparison of calculated local ice pressures for a proposed icebreaking cargo
vessel as a function of contact area

Fig. B-1 Trend of icebreaking ship’s length versus breadth

Fig. B-2 Trend of icebreaking ship’s length versus draft

Fig. B-3 Trend of icebreaking ship’s displacement versus HP

Fig. B-4 Trend of ice-strengthened cargo vessel’'s L / B

Fig. B-5 Trend of ice-strengthened cargo vessel’'s L / d

Fig. B-6 Trend of ice-strengthened cargo vessel’'s HP / A
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Fig. 2-1 Location of coastal seas and key straits for navigation in

the Russian maritime Arctic (Mulherin, 1996)
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Table 2-1 Comparison of the distance for the NSR and Canal alternatives (Mulherin,

1996)
via NSR via shortest Canal Difference
Route . )
(miles) (miles) (%)
Hamburg to Dutch Harbor 4,200 10,400 60
Hamburg to Vancouver 6,635 8,741 24
Hamburg to Yokohama 6,920 11,430 39
Oslo to Yokohama 7,146 12,013 41
London to Yokohama 7,323 11,655 37
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S8 dzeM Fad AAN A9 sl =R Aul 2yl A ek (Severnaya
Zemlya)-o/] A& 472 28] New Siberian IslandsE E3# 1 &= ot o3 A

2 9 ﬁéﬁ%”ﬂ—t— Zheba] A ol A= 120-200cm, FEIZ 8o A= 200-250cm ©]th. o 7] 9]
oA e Fafel oJEHS Bt 8ot
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B=)
2
il
Mo
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o
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Table 2-2= 10¥ 25 E 547HA A2E = Aof dActaiof s FHF7AE Hebd A

ojth, =& ALHo= BE A9 (Kara Gate A 9)9 d&o] F74% thd AW (120-200 cm)
om A7tE & Aok 19T ARE A FFEAQEAY)7E T3 em o4 AL gl
$e O F QT oRe M FaEL AGEE B A9 B Ave] few
otk =g FA ghgsls R A(ES 287040l Hd W FA 1 m o]
b oanv o e g dob gl
Table 2-2 Winter mean thickness of sea ice in regions of the Russian Arctic Seas
in cm(Ostreng, 1999)
Region Month
10 11 12 1 2 3 4 5
Kata Gate 0 20 44 64 80 98 101 104
Southeastern | g 37 60 83 102 118 128 134
Northeastern | 99 59 87 112 136 156 171 176
e | 24 61 98 128 148 170 184 192
Lot o |32 73 110 145 175 195 208 215
[estern Bast| g 70 105 136 164 183 196 202
Gastern Bast | og 56 94 126 150 170 184 183
Southwestern |- 99 51 83 110 132 150 160 168
Barents Sea | 0 30 80 98 110 133 146 153
FH 8 9 (Polynyas)S A& AAZS w2t dAA Zo] EAolt). FHeHL npE o
FFoz Fol s E FHE A7 ol Aol oed P AS wet et
7} 8t T},

Table 2-3& 7483 Ao e sWe) FHo e A4 Bx2 e g
O ool wEw o2 SAel= 1dAYol 104LAA A Ao R
b AW 5B FAL 1AW 120-200 cm)e] A A o] 2E o2k 2d AW o}
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Table 2-3 Area percentages of sea ice types in autumn and winters (Ostreng, 1999)

Month
10|25 ]1w0]2][s5]1w0]2]s5]1w0]2][5]10]2]5
i second-year
Region . thin first-year medium thick first-year y .
young ice ) ) ) ) and multiyear
ice first-year ice ice ]
1ce
South
outhwestern o 112 15| - [ 35| 3| - |53 ]2 - | - 62| - | - | -
Kara Sea
Northeastern
el 26111056 2|5 -|6]|8]6] 3|3
Kara Sea
Western
60|10 8 105 |35 2] 8| -5/ 7310|918
Laptev Sea
E,
e oyl 3l 7851313204 -|7nlse| 3| 1]|-
Laptev Sea
peem ™64 | 5 4 | 4| 3|25 |17 2| -[60]8 |17 15 |12
omem 472 | 2 | 8 |2 | 161202 | - |54|65|30] 32|30
southwestern| o) | 3 | o | 5.5 | ol =5 [ 8| - |35 73| 8 | 12|16
Chucki Sea
obF FAW Ao AY Hdwl FRoA dF sl Gt AY, F FYAIe o
FHdge 3t AsRREEH FLI ARASE A s W (melting) 71FEAE 5o =A%
Y= Aol Table 2-4°] v} X0 AW oldl= 1@ A dWo] X&FHE nigz 71
Aol A3 50%E WA gow 6€L7R HF FlEEl et FAM ol ol = 100% E &0l
ootk o2 of Aol Bol A @Akl $Alsha Wkl ke AL ofH @)
T 2> 533 gz TA gEd Z FRYGe] s AHolth

Table 2-4 Area percentage of summer ice—free regions of the Russian Arctic Seas
(Ostreng, 1999)

Region
End of Eastern Western
h Southwestern | Northeastern | Western Le Es Eastern East| Southwestern
mont Kara Sea Kara Sea |Laptev Sea aptev .. ‘.dSt Siberian Sea| Chucki Sea
Sea Siberian Sea
June 17 0 10 10 0 0 27
July 40 18 24 33 10 6 57
August 85 41 45 69 31 17 75
September 95 53 51 80 49 27 85




31 71 &
WA ol sy dute]l WS Az Azlsr] Yste] zEFolof @ FXU| e &

= 2457 A Z gk Agrolar, o] wf dube A (rigid body)® 7H4 W ﬁiﬂ?i
of Wy AR e o] HFoth, AAl Wa e WAANHE e (evel ice)olyt
b3 A Wl (multi-year ridge), €2 % Zt%(ice rubble field) 5 wj$ ttd 21S ZolE
F Ao, FEe] A e WAGS thFa vt o= He oA W AF
iAol Zh 71do]l Hw wd Ad oA FHT F Atk A wWE Y Zeolth. Fig
3-1ol= kel os) Jeex ALK HA] o]FofA = FAE NFAHOE H
T . 3o E FEte Ao A& W Fad WAY AAFAES AxHE=

— initial contact &
/‘/ crushing begins
1 Z
—
Lfice sheet deflects
S =
— ice piece is broken &
Lb_eﬂgins to rotate
I by
4 i ==
ice piece keeps rotating
I L
/:‘ N =
— )
/ another cycle begins
4 =

%

Fig. 3-1 Schematic diagram of icebreaking process (Kotras et al., 1983)
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Shimansky: A FAHEAY @9 Z2 AAgdo WAgEo] 7lafjdcty & o, AA 7}
e o] W, T oy, zo] W] 3 F F, F, 2 &3 2ol Aosaith

/LH tan?a vV 1+ tan’a e

Fx = 2 2 (3‘2)
o l+tan“a+tan"g
L tanar v/ 1+ tan’a

Fy = 2 2 d(IJ (373)
0 l+tana+tan"g3
Lu tanatanBy 1+ tan’a

Fz = 2 2 dx (3_4>
0 1+tan“a +tang

oA7NAM Ly = AsF
F,, F, F, 43 AYAS Hr7rel Z 23 ice breaking parameter @ ice cutting

B Ho AEZR7A 9 Zo] = entrance Z°]o]t}. Shimanskyit ¥
= H

=
parameters U3 o] 493k}

F,
m Va . ice breaking parameter
E,
7, F ice cutting parameter
tang 1
7] A = o] 7 = o = Fig. 3- d n Zro] AW
71 = el = olFh a, § & Fig. 3200 LERdl kel 2ol f41vie]
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CENTER LINE

TANGENT

Fig. 3-2 Definition of angles in Shimansky's parameters

Ao 3 AE Bgon ABAIE AL ot % &9

'—’i_"j -
Tol o) HAF FA45%S F, 2 4 B, =1y o2 5A€A

o
o!
s}

R Wate]l w3 2Ry Adsda FA h

I'=—"—+-— (3-5)

o714 N = W3 EAAo|(characteristic length)S ¢ 7] &t}
3.2.1 Kashteljan et al.(1968)

WA B FAE ATE 19608 o Fol tiyE wEHUT. 447
1

H % %A Manhattan® ¢ A & g3

< Kashteljan et al.(1968)2 4 15

ot
)
o,
=2
>
1o
ok
2
o2t
tlo
R
o
lo
fru
_>L
jubad

ols
o
X
:Oé
1%
rot
ph)

R=Ry+Ry=R + R+ R+ R, (3-6)
AA WAY R = £59 FH3 A (2 HAY, direct resistance), Ry, 5= A=

glste] HAH Ao

2]
A (&= A &, velocity resistance), Ry Z
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A

A5

L
2
ot

2 HWHAs AxEgEs 4 A8F = A (fractures portion (R)I HAS E S
A A W] I, YA HxWs F ey #EE A3 (gravity portion
RS2 ¥, R 2 FAstFo] #Este AEHE AEed w5y
(R 79 AR/ 2 Yz & e Ao 2e Mute A4 MA5R7E W 9
2 g7 3@l o3 WHAE s AYER=7F Fr Ava #Adsie] R wE 144
o et Ry FAZ WHSE FEE d 293 o

&9 I A(R), 459 ¥

]

A5 A G ol

3l = H A&8%% A3 (inertia portion :
A RS2 YFodg, fAAY dEL ANA L AR

Aol & HolA ok

Kashteljan et al.(1968)¢] 2B A Ermake] EEAE 2 AXMA A E&3 FAL )

&3 2,

R= K,y Bo h+ Ky ugBp; h>+ Ky B h V" /n, (3-7)
71N o = 4L Z=(ton/m?), h = HF] FA(m)

B, V = ¥t Z(m)3} HE(m/s)

p; = A& WX (ton/m®)

- - = oA e 14}‘\j71—
tanﬂ’ M2 tana «, 6 nn Oﬂ ‘1"] H —l)

[e]
# A (0.004, 3.6, 0.25, 1.65, 1.0)

Shimansky AF py, 7, © WA
3-12 F Ad AHAEd ol

W Ao @ad A5 5& wd @l Table

el
Al 4k Mo o} T2 5 A Aold.
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Table 3-1 Shimansky's parameters p, and 71, for USSR icebreakers
(Kashteljan et al., 1968)

Icebreaker
Fact
actor o ) Kapitan Dobrynja
Moskva Sibir Krasin Ermak o
Belousov Nikitich
Ho 1.34 1.53 1.84 1.59 1.32 1.50
7y 3.2 2.94 3.54 3.35 2.46 2.48

FAH HEPo A A%A el B AFel7l WAW Kashteljan®] 4& 4§t
g @ A A Aol gtk

R A (3-7)0 A Ry & Aol 2x ged Ry o d9E m'%/sec 7} ®rh ¥
landing craft(a=m/2)9) A% n, =0, gy =co 7} o} ¢ 29 A}go] Bl kAt
FAEZL a7k AL dyk R AHAME AREol Thwetth. W mpEo] uEHA @FS
Shimansky AlF7F Aol AF&E A=dl wp2e] Q@ dko] o= AHwlA FAs37] ot 1

e s
I Aol W3 xlo] o == (broken channel)ol]l A el A3 %= e]sx gkt

Fortgx o WAEg AAAAN AFEL WA Ermak(B = 215 m)e A4 2 »
GAEE F3 A2AHHA7] wiEol Ermakd 2 F2 2 FAH4S 713 Auk o9& Z ot
=0z B3 4 gluh. 3A % Kashteljan et al.(1968)& 9t 7,2 F38ko] Ao A4
4 o Hk

neea £ T8 AASERE A S £¥ekm Qv MR 2 oA glo U
., :

o
A Ao H§ st F4s 3 tH(Lewis and Edwards, 1970).

el
el

Fig. 3-3% Fig. 3-4% Kashteljan et al.(1968)9 2% %A Ermakel W3 FA9 A
ko] &2 24 HEdo] A A¥yE BoyFu gtd. E3| Fig. 3-32 194139 <
B AT Ermake] AHAIE Aot RIAY ZA34E A A7IE WA3stE FAAYT A2
FAR s melFa gt & 3-1& o83t v

(
CoRAIRE AAAE e A ofzbe] oAyt R Ask=Y

S 7} o] .
EPAESE F3l dojd A2 WAEE g2/ HEste] dod AMATNE HAFE
Fig. 3-6- Kashteljan et al.(1968)¢] A|¢tgt A oA 2+ o] WA e o= HEe o3
S HAE AE vus =g 974 WAG MY 2 dFS A= AR JHe &
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Kashteljan et al.(1968)-Ermak
h=08m
— — h=06m
W — |— - —h=04m
[ ] Emak model test conversionth =04 m, o = 100ton/m? )
@] Emnak full scale measurement(h =042 m, ¢ =100ton /m* )
o= 100 ton / m?

p,=09ton/m?

s
[
=]
\

Ice Resistance (ton)
\

-
o
-
p—
o
60 — . @
T o
f—— ..
(=] ,_,-.!_
,—o—'.f
[
30 —| e
0
\ \ \ | |
0 1 4 5

2 3
Ship Speed (m/s)

Fig. 3-3 Ice resistance vs. ship’s speed based on Kashteljan's empirical formula with

varying ice thickness

160 —
Kashteljan et al.(1968)-Ermak
- V=3mls J
——————— V=2m/ls 4
— — V=1mfs ) /
I
120 —
=100 fon /m? L /
= .= & s
g pj= 0.9 ton /m P
=, a ’
ra
(O] / /
8 y
.~
T 50
2 .
s
& -
- -
® -
o .
o
40 —| -
L
g
e
1 T
=EE
0
! \ \ \ | \
0 02 04 06 08 1

Ice Thickness (m)

Fig. 3-4 Ice resistance vs. ice thickness based on Kashteljan’s empirical formula with

varying ship’s speed
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Kashteljan et al.(1968)-Ermak

o =50ton/m*

777777 = 2 //
o =30ton/m ot
40 - |— — o=10ton/m? 7
. ////
c g
O T -~
,_4:” ///
P
B30 e
% e
4] g
o e
()] -
L ety
-

[
=]
|
A

10
| \ | | |

2 3
Ship Speed (m/s)

Fig. 3-5 Ice resistance vs. ship’s speed based on Kashteljan's empirical formula with

varying ice strength

120 —
Kashteljan et al.(1968)-Ermak
Tioth = KW].LOBGh
11—  KpBph?
——————— K, BXs\fshin,
Total Ice Resistance

w
(=]
\

Ice Resistance (ton)
|

0 02 04 06 0.8 1
Ice Thickness (m)

Fig. 3-6 Comparison of individual resistance terms in Kashteljan's formula

_17_



1960 gl W= &) ¢F7 Bl gl (U.S. Coast Guard)ell A

3.2.2 Lewis and Edwards(1970)
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Zh)(kV)? 2 mdET. wEtd 99 Agd ZR HdE WAIge

Lewis and Edwards® 21(3-8)2 oh? 2 Uo] T x93 slgon Nz s 23Ag
I AXAAFANA Ao AR7E wlustr|e] e v A4S Ayt
R’: Co+ CIB,NV+ CQB’N[ (3_1())
A7 R =R, /oh® (AL FF YAY)
B'=B/h (39 A=)
Ny = pgh/c (Volumetric Number)
N;= p;V*/o (Inertial Number)
-
15 — -
53, 61.5
7 .
L ]
7 L ]
L ]
_ L ]
L ]
10 — 3
-
(Thz ! [N :. .
. Y
i 2o ) .
] N a2 A WIND model
O & ®  WIND full scale
0 2° T T ‘ T T ‘
0 05 ]
B p.ah
(=
h o

Fig. 3-7 Non-dimensional experimental continuous-mode ice resistance data vs. the

product of non-dimensional beam and the volumetric number (Lewis and Edwards, 1970)

St AetE A BgAd Fedg 93 Wind class AWA 5 vbed BE Adube By
Alg 2 AXAAY AFE Fig. 3-7% Fig. 3-89l ®i uwhe} o] Zhzb A4 wWE=B'N
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st W BN, o diste]l yuetlgm IAEAS B3 AFse @2 G = 0146, O =
8840 ¥ C, = 5905 = AR5}

1%/ *
9.4,61.5
L]
7 []
L]
4 . []
1m0 — .
L]
By 1, .
ah . «*
. e-. . *
B L]
- '
& ) A
4 & a
on A
®  WIND full scale
Toan * A WIND model
o’

s

h 0')
Fig. 3-8 Non-dimensional experimental continuous—-mode ice resistance data vs. the
product of non-dimensional beam and the inertial number (Lewis and
Edwards, 1970)

58 wd 3 A2 A (multiple regression analysis)S £33 = o /AAd" WA 4
S 9dA HAEd o] A Kashteljan et al.(1968)3 mtz71A 2 F WA F & & (buoyancy
term) - A7 WAS FAZa JteYA st P FEH ooz wlHoe] A riste

upzke - o] Zb FE AT RIS W WYt (Fig. 3-9). Lewis and Edwards(1970)&

4 1} 7 3 (breaking term)ol A A Z L mE A &g 2 AH(snow cover)d ¢ LI 17
sbA] erskoh. Fig. 3-103% Fig. 3-112 B3 AN S ¢ Ad3% ZIAE A3 18

Kashteljan ¥ White?] 43} n] gk Z3}olt},
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Wind Class lcebreaker
————— C,oh?
CipgBh*
_______ CzpigBhV2

Total Ice Resistance
v=166m/s
pi = 34157 kg / cm?2
c=900kg/m?

120 —

Ice Resistance (kN)

0 02 04 06 0.8 1
Ice Thickness (m)

Fig. 3-9 Contribution to the total continuous-mode ice resistance of each term in Eq.
(3-8) (Lewis and Edwards, 1970)
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Fig. 3-10 Comparison of various continuous-mode ice resistance prediction methods with
full-scale data (Lewis and Edwards, 1970)
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Fig. 3-11 Comparison of various continuous-mode ice resistance prediction methods with
full-scale data (Lewis and Edwards, 1970)

3.2.3 Edwards et al.(1972, 1976)

Edwards et al.(1972)& 21(3-8)% oh® WAl p,gBh* o7 o] x93 AAEd
=3

OF3AEAME ALgste] ddo] AaEd dis] A2 o2 F A9 AS A9

2
iBh?: 5.2594 + 4.3500 “h +1.6760;’—h+ 5.4635% 5 "gh < 380 (3-11)
Pug Vg
2
39695+ 1.6538-+0.0194—— - — 1 22.61872C ; 570 < —— < 1100
pwgBh gh gh pu’gh h pwgh‘
(3-12)

o] 5L oA (Lewis and Edwards, 1970)o 2o}z %29 Wind-class Staten Island
9} MackinawS H| 2 3}= d A& 5 2dtl. Fig. 3-12% Mackinaw AAA o2 HE & F

5C 5 srors v o SC
gk 2 (3-12)° . gl
n e et ° Vah  pugh h

A AR A(3-11) 9 of Hitgs A

&8 Avolt)
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Fig. 3-12 Non-dimensional ice resistance data of the Mackinaw vs. non-dimensional
ship’s speed (Edwards et al., 1972)
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Fig. 3-13(a) Plot of ship resistance versus ship speed for USCG Mackinaw as a
function of ice thickness fitting with Eq. (3-11) and Eq. (3-12) (Milano,

1973)
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function of ice thickness fitting with Eq. (3-11) and Eq. (3-12) (Milano,

1973)
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Fig. 3-14 Full-scale resistance data for CCGS Louis S. St. Laurent in snow covered ice

with regression lines from combined data (Edwards et al., 1976)
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Fig. 3-15 Ice resistance versus ship speed data for Louis S. St. Laurent
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Fig. 3-16 Ice resistance versus ice thickness data for Louis S. St. Laurent
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3.2.4 Enkvist(1972)

Enkvist(1972)= HeWol Ao 58S Adsds o T3 F#dL 9. o=
Moskva class, Finncarrier % Jelppari 2] Al 72 Auto] 3 RPAHS FY35A
o] AAMzFE9 v A g3 2 A MY dow TAHE AIYE AAIIAC

A A Be 7 Wnae 9% wdY, 33

R= C,Bho+ CyBhTp,g+ Cy Bhp; V* (3-14)

Oq 7] }\1 PA = Puw ™ Pi

— =] 2= — o
py = AT BE, p = EFY EE
T v=xd%e 25 3 45

AG10E fEsE HAe dagk 2@ 432 AAA Hed WA Enkvists o
B} AEe MgoE AT W A A4 PAFS A Yo r
R=R,+ R +R, (3-15)

=R, +R,+ R+ Ry, + R

(%

A7IM, R = AA ‘Xﬁ}

H
o] Ax 8 AAz 2y = Ho 4 dol 2= A R, o €&
o A A wpEe o AYR R, = TEI

R, = £%Z9 & A3 (velocity dependent reswtance)

ol Al FAde og A R, I FHo] UHgo=A H]

I~ =
T
FEA o HAsE R, (ventilation resistance)E - 3t}

=)
o

7 R A% et Lol fEH A

() = AYAZ R

971N R, 7t AolA 7] fANE AEF Q54 @ A A 7ol Folof B a v S
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Fig. 3-17 Principles of turning down ice floes (Enkvist, 1972)
Ru = R?;m + Rm; (3722)

m=2Blhp, o] W3 1, 29 ¥7}AZFS m, =0.393p, B = %
gk W 1, 29 AEEEE V,= Viang 21 AW 9w 1, 29 oA :
E,, = Vtan’¢ Blp,(h+0.2181) olt}. m&AFe] G ne, np, & nHIW R, S U

Aoz xdHt

R,, = V’tan’¢Blp;(h+0.2181)(1 + n;,n5,) (3-23)

R, : AA7F o= AZ oA == 3T o, Zoix WH 19 ATE MFERo Eo
o] = 2ol JA Hed ol Ao FEHQ GFIy Fo] AyPHH
TEAHE FA7F ok Yol o2 33 HA ventilation o
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ol el Mgt A
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R, = fBlpwg(0.167lsmw—|—0.5HBw) (3-24)

o] e AgAHEE EF v Enkvist(1972)9] WA 22 th& 3} 2t}
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R=5.84( E) B h o;(U+n;ng.) (3-25)
+prgBh(s+ fCypFsinBLy)

+ V2 Btan®¢p;(h+ 0.2181) (1+ nsny,)

n n N
+%Blm (0.16715i0 + 0.5 Hy, )
obA]l ek whe} o] Enkviste ol & AAztE e wlwe Ax A(3-14)9F & A
o Fog FAHE AIAS AAA. 4 (3-25) M vFA e ventilation &Y E FA 3
Ao = F Yk
R= C,Bho+ CyBhTp g+ Cy Bhp, V* (3-14)

R o s % T i
Bh1ppg [1+Cf(f)]{00( N h)+Q+CV( \/ng ) h)} (3-26)

AZNM Cr=kf € A5 AT go= 7t T FFoltt. Enkviste A%
(V=0) dA EIANFE FoEH SEEIS AR g mE Fom FoEe
A & (pre-sawn ice, 0 =0)% Al&3}o b 4 ol wEbA H Aol Al
AR Aole AHA FaHEe FIE AT
4 WES 37 s =0 & AdHD A% A
O Ed AZ BE EAFE s BEARS
t. a2elue C, o o,E,/0,E, & #stdth 714 m 3}
(full-scale)& v gt P& HA dFeol vl g AFge] UF 27| wjEo] =¥
Hold= Wapage] Ui A AdHER IA oA g Aded W f s 7t
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Fig. 3-18 Typical icebreaking pattern and side cusps
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Fig. 3-19 Plot of total resistance versus ship speed as a function of ice thickness for
USCG Mackinaw showing correlation with full-scale test data points (Milano,
1975)
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3.2.6 Vance(1975, 1980)

Vance(1975)= EdAd = A M7 (Mackinaw, Moskva class, Finncarrier, Staten
Island ¥ Ermak)2HF 8 HA YA diste th&3 22 A3+ WA 2 (regression

equation)S & u} 9lt}.

R=C,p,9Bh*+ Cyo Bh+ C, p; V’Lh"® B3 (3-28)

o714 C, = $¥AFA S (submergence coefficient)

C, = AW AT AT (breaking coefficient)
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Fig. 3-20 Analysis of Mackinaw data (Vance, 1975)
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Fig. 3-23(a) Estimated icebreaking resistance of a 60,000 DWT bulk carrier
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)+ ogh (2L— L") f+ 900 h, (3-32)

471N R,=R + R, ©=A R & A5ol o Agoln R, & A
27} b,

JIN'
4z
=2,
1o
ro
2L
ot
o

Ry =0.5438(—0)

sin@sinﬁ—l—fcosﬂ) 9
sinfcos — fsing 7

1+ 2cos 3 ) (3-33)

— 25(
2 0750 h I \ (sinf+ cos@)(1+ 2sinvy)

L 2
X {tanﬁ-!—f ?W‘F 1.732 tanf

o+ o " _
A(3-32)el A ( U°)+aoh(2LfL)f—t— Auue] g oF FrhHe Ao,

900h, [kN] = A3 9% A%S dedy. b, = A43F 77 [m] olth

*

L

ANAH T - AFRziE W du F4x9 4o
I = "3 EAZo]
g = Axn
v = HWFA 9 flare angle
# = bow opening angle
f o= "EASF
oo = BW U FAAA PG

Cartere= 7ozl W9 ™oy AFaart Uiy o}, AL FHE 443 FA
st 29 FAAA AA oA Fiae WA w3 A FIoly FHF EE B
(crushing)2 13l FF5+ olyA9 2 714ttt 28y Enkvist(1972) T &

=]

FAE= T owbel oty o] d P wolsd & AN, AdHelE &8 Carters=

A9 A Pierre Radisson ¢ A8 (Fig. 3-24)9F Zo] 64 ¢ AW Mo ojs] vjwz & w= 4
=2 AAr
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Fig. 3-24 Predicted icebreaking resistance for CCGS Pierre Radisson
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gol 45k

M2 AEgades 95 2 XA o 17d YAy AR o], FXAHzZ
(waterline angles)?] 3| S A&t HAAFHAT. FEL2 WAFTAo] MV Arctice] A%

o [}
A% At A4 2AEJD 2 A g3 g

Ry = 177185 L9 4+ 1.095 G vh ' **° + 759" h + 3.3420™°  (3-35)

A71A Ry = AA W AIFN)
o = w4 =kPa)
Gy = forward block coefficient
o = AAYG wHEAS

2 (3-35)= tdd AL H WEHA S WAF A= FFS £AbE] AT A

olgln AAF Yol F ¥ Fade ek AG-B/AA Gt o, B A olH @ A
AYPe e | A7 A6 2 R dsA ge dow B,

F8 Belold 2 AL YAG R GFL AR Ad TAA Ay

Zolote] HNE T3 MEZE AS5R JAS MAstia st o FAAHoM HEE AA
oz, FHLAS W UL JFE AFS 7] Y& AR AAES Egdd MelvilleAl 9
12L& wA “Melville bow”7} 2R 5 o}

A7 ¥ Melville bowell thslol B3P A Fo] Faq=A=d WA ACLolA oA4dd A4
o] Aol dHA Adv= A AFHG XA FAurt. 2 Az F7HAA BPAHo]
23y 599 HSVAS #d=9 WARCelA ZgA o] aaf %)
ACLE A3 ARENe & F Mo A5gAed d&f o33 2 A4 WA o=
S A9t
Old bow form : R=0.001166ch* +0.1504vh+ 0.5167h (3-36)
New bow form : R=0.000083850h+ 0.1525vh + 0.5517h> (3-37)
o714 v = A% (knots)
h = Y57 (m)
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Fig. 3-26 Comparison of full-scale predictions from ACL, HSVA for MV Arctic old bow
form(Ice strength = 500 kPa).
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Fig. 3-27 Comparison of full-scale predictions from ACL, HSVA for MV Arctic Melville
bow form(Ice strength = 500 kPa).

1980 thell = s d e AAlel ol B AdFA AFd A4 727 vewo. g2
o] ¢ 2079 & AFEAS 7HAH, AFIdHdE =71F E %Y (Canmar Kigoriak, Robert
Lemeur)o] Y} Thyssen-Waas A4 (Max Waldeck, Mudyug) So] Jth 28} AXAH =
= 2o tete] AAT dFeE HE LIxE Aol AATH(Churcher et al, 1981;
Ghonheim et al., 1984). Hellman(1982)& Max Waldeck & Thyssen-WaasX 48 o2 7%
7] A% Ry B HAAANTS FAeded, RFATANA AFo] oF 25% HistH &

B 1009 F7HES RFAt ANARE BEse g JEZ AN

Enkvist and Mustamiki(1986)= 943 A<, A24d A+ 2L Mudyug® Hxst7] A A
TE EYANPE 9 AR vustded 2% 948 A7 b Aol Ak = A4
Fo| Ao el o3 AgE A WAF 20-40% THE A BATh AFFE A
W e gloiv gl A8 wf Ago] o] AVUF FAasATh oA e A5t
3% Adolgtn B F v W 5L HAE AV AFE AFE wEo HUA
Protectoro] 28tttk F e ol A Protector®] AAAIPS 2 w0l F9s] MAHASS

=

o

HolFdoh 2y 194 Wae Ao e deAed Aot vseinty 28AJH. 1
< Protectord] AgFo] AE Z7)9 HAL 2/ AAFle] nAHS A=A

M= f=016-026 L aFTel A= 0.05-0.138 A& #b Yt

Zahn et al.(1987)& H &4 o| A Mobile Bay® MSGCG Mackinawel 3% 2
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pugBR* " TH\gB)\h
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Fig. 3-28 Ice resistance versus ship speed data for Mobile Bay
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Vance(1979)-Full Scale Data
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Fig. 3-29 Full-scale data for Katmai Bay

Keinonen et al.(1991) & 182 9] F=Q83% Rl Hdute]l AFol s nze 43 A3

zho2 RANYYE ANAARES A= vuddd n4E0d Ase dure) A7), A4
27, AR FFZA(LE/MR B ABE 54 AFY dE BA) Solth BE 4
Padutel @ YAY AB7F bl WH B Mute] dutHe FE2 wAHA

B =1925 m

Ly, = 842 m
7 =85m

p = 25°

Y = 50°

oy = 378 kPa

338 Keinonen et al.(1991)L HetWoA e WA 28 BAYH 855 EYR AFHE
7b A2 e dete] dis tha H FEE =8 it
W A P Fed A A
R, =0.0840.017x C, X C, x B""< L"?x T"'x H"*x[1 (3-39)

—0.0083 % (t—30)] < (0.63+0.00074 X< o) < (1
+0.0018 < (90 — )" x [1 4+ 0.004* (o — 5)"*]
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Fig. 3-30 Level ice resistance-1 m/s corrected for beam for various flexural
strengths (Keinonen et al., 1991)
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Zt¥l 1.3 MW POD Z2del g ojgste A4 wgFoze /My ofsh JadzzdoA &
FotAg ALH Wz A Ao Adn wgoz Y AP £ J=EF HAEH
Atk A71F79 Azipodi 360% s RE WEgon Huy S W £ UEF A
ot 1993d o= DWT 4800% w2 th5 4 W49l FennicaZt AZFH A= Lpp = 116
m, 2IMW 2719 Azipod #AE FZsti Hol AWAHSs 1.8 m ¢ Fennica + o5Ho=
AFALDA, Agols YAz SFste A2 P49 HPxgtelgt At Hol:=
(2003¥1) 16 MW AzipodE 2 a 10960 EF Y Fie] dEoA Uy Agd= A
Fol dx=s k. o] wj 94 DAT /Adoz AAwE Aol
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7F5 8 Azipodel TES ol &3l HAF WU E FHE 2+ Uk HEHE Az WA
FEjol e ol AP &8 w3 F e Ao},

ol A Zh H 2o dxe AWdRte darEs 2 W AFAAd Nathaniel B.
Palmer(1991d A x)¢ E =3 USCGC Healy (20008 A Zx)o|t}. Healye
Aol Aok Ao 25 ZrAYE 7F Ao ®A 3 knots® HEE 1.37 m 9
Bl S A&t EE AAHAG

=

O
oo IN
[AO
-4
~
f

il Eu I
X
o, I

Spencer and Jones(2001)& vttt et A vl (CCG)Y R-Class AW Aol g =& A
Tatinclaux et al.(1989)°] 23| ¥ BJA P2 wlust 1978, 1979, 1991 o A

5 O
= = =
CECIEERE R T

Fig. 3-312 1978, 1979, 1991 o] A Alvpct et v ) 4<% R-Class AW A
of #e AAAH HE8E LA 3ke Aot}

1500 —
Canada R-Class Icebreakers(Full Scale Data)
* Pierre Radisson{1978}08 <h <13 m, o = 208 kPa
7 O Pierre Radisson{1979 Mo Snow)-02<h =07 m, 400 = o < 500 kPa
(@) SirJohn Franklin(1991)-05<h <06 m, 200 < g = 300 kPa
. ?
E +
+
* .
— % o
§ 1000 — R
— o °o0 4
Q - +
8 - + o* @ 8
© . + 5]
+ u] o
B -
()] - +
[} ¢ + O o [u}
o . = ° o
[0} h o o
O 00— o o+ O o o
= 5 a
o o
u [u] O o
o m]
o
a o m o
gH o
0
| | | |
0 2 4 3 8

Ship Speed (m/s)

Fig. 3-31 Full-scale data for Canadian Coast Guard R-Class icebreakers

% Spencer and Jonest 10 209 Z7]9 0.099] & wpRAFE zte Ry FdT
2719k 0.039] B2 wpAASE e RPoR AYE T AAs VPN AT TS
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Low Friction : R, = 0.90F} *™%p.Bh, Vi,+1.088y 7% p.Bh, Vi, + 1.31Apgh, BT
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(3-41)

High Friction : R, = 2.03F;, " p.Bh, Vi, +2.198y " p,Bh, Vi, + 2.6 TApgh, BT

(3-42)
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Fig. 3-32 Comparison between results from Eq. (3-41) and Eq. (3-42) and CCGS Pierre
Radisson trials during 1978 (Spencer and Jones, 2001)
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Fig. 3-33 Comparison between results from Eq. (3-41) and Eq. (3-42) and Pierre
Radisson trials during 1979 (Spencer and Jones, 2001)
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Fig. 3-34 Comparison between results from Eq. (3-41) and Eq. (3-42) and Sir John
Franklin trials during 1991 (Spencer and Jones, 2001)
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Table 3-2 Comparison of different ice resistance formulas

ZooE A

W w3 A =399
Aotz X Ax | .° - o (momentum H 3
(icebreaking) | (buoyancy) change)
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1 e EEEREERE R
2 _— pl6b ° o
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Fig. 3-36 Full-scale data for tug/supply vessels
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Fig. 3-37 Total ice resistance and full-scale data for tug/supply vessels
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Fig. 3-38 Ice resistance prediction of Zahn et al.(1987) for MV Arctic
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Fig. 3-39 Total ice resistance for icebreakers
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Fig. 3-42 Total ice resistance for commercial ice-transiting ships
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Fig. 3-43 Full-scale data for commercial ice-transiting ships
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Fig. 3-44 Total ice resistance and full-scale data for ice-transiting ships
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Fig. 4-3 CCG Icebreaker Kigoriak strain gage response and bending moment time
history (Ghoneim et al., 1984)
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Table 4-1 Comparison of calculated extreme ice forces for a proposed icebreaking

cargo vessel

Extreme lce Forces

V = 4knots
(y =30°/20°)

V = 8knots
(y=30"/20")

Johansson (1981) 78.7 MN 157.4 MN
Tunik (1982) 28.3 MN 79 MN
Keinonen (1983) 48.8 MN 126.2 MN

Daley (1984)

111.6/145.5 MN 292.5/365.7 MN

CASPPR (1995)

166.1 MN 210.6 MN
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Fig. 4-6 Comparison of calculated extreme ice forces for a proposed icebreaking cargo

vessel as a function of ship’s speed
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Table 4-2 Comparison of calculated local ice pressures for a proposed icebreaking

cargo vessel

Local Ice Pressure
A =0.04 m* A =04 m A =4 m
Johansson et al.(1981) 21.1 MPa 14.7 MPa 9.2 MPa
Tunik (1982) 19.2 MPa 13.2 MPa 7.6 MPa
Keinonen (1983) 20.6 MPa 14.3 MPa 8.8 MPa
Daley (1984) 24.3 MPa 17.0 MPa 11.4 MPa
CASPPR (1995) 22.3 MPa 15.6 MPa 10.1 MPa
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Fig. 4-7 Comparison of calculated local ice pressures for a proposed icebreaking

cargo vessel as a function of contact area
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Table A-1 Principal Particulars of icebreaking ships in the world

Vessel Year County | Class | (o3 |Breafthmax  Deft | Displacement | v, pp | NommayMox Speed | oo Thidmess | M42t| LB Bd | wpA
MV Arctic(old) 1978 Canada C 196.6 22.9 10.9 38104 14820 2(conti.) / 16.5 1 30 8.585 2.101 0.389
MV Arctic(new) 1986 Canada C 206.0 22.9 10.9 38466 14820 2(conti.) / 17.3 1.5 20 8.996 2.101 0.385
Polar Class 8 Canada C 194.0 32.2 12.2 37728 15000 15 6.025 2.639 0.398
Damsa Dan 1973 Denmark C 125.0 18.1 7.4 12091 9250 2(conti.) / 17.5 0.67 6.906 2.446 0.765
Filandia 1967 Finland C 134.0 20.0 5.6 6706 16450 2(conti.) / 23 1 6.700 3.571 2.453
Finn Carrier Finland C 129.9 24.6 5.7 10567 11150 17 5.280 4.316 1.055
Lunni Sotka, Tiira, Uikku 1976 Finland C 150.0 21.5 9.5 23000 15640 2(conti.) / 14.5 1 6.977 2.263 0.680
Aleksei Class 1984 U.S.S.R. C 232.0 32.2 11.7 61950 33580 18.4 7.205 2.752 0.542
Amguema Class 1962 U.S.S.R. C 123.0 18.9 9.1 13540 7340 2(conti.) / 15 0.7 29 6.508 2.077 0.542
Arktika 1974 U.S.S.R. C 136.0 28.0 11.0 23460 75000 1.707 4.857 2.545 3.197
Lena Class 1950 U.S.S.R. C 125.0 18.9 8.3 14000 8430 2(conti.) / 15.4 0.73 6.614 2.277 0.602
SA-15 Class 1982 U.S.S.R. C 164.0 24.5 9.0 24255 20940 2(conti.) / 17 1 30 6.694 2.722 0.863
Sevmorput 1986 U.S.S.R. C 228.8 32.2 10.7 61000 40000 20 30 7.106 3.009 0.656
Manhattan 1969 USA C 307.0 45.0 15.8 115000 43000 1.067 15 6.822 2.848 0.374
IMD614(plannig) 2004 Korea C 284 42.8 16.5 161935
General S. Martin 1954 Argentina I 84.0 19.0 6.4 5301 8100 -/ 16 4.421 2.969 1.528
Camsell 1959 Canada 1 68.0 14.6 6.4 3072 4250 13 4.648 2.286 1.383
d'Iberville 1953 Canada I 94.6 20.3 12.2 9930 15200 15/ - 4.667 1.661 1.531
Earl Grey, Samual Risley 1985 Canada I 69.7 13.7 5.2 2930 8840 14.3 25 5.088 2.635 3.017
Edward Cornwallis, Sir Wilfred Laurier 1986 Canada I 78.4 16.2 6.0 4966 7210 15.5 25 4.840 2.700 1.452
Geo. R. Pearkes, Martha L. Black 1986 Canada I 83.0 16.2 5.8 5031 7210 15.5 25 5.123 2.793 1.433
Gulf Type 1968 Canada I 89.9 19.1 6.1 6320 12000 15 4.720 3.123 1.899
John A. MacDonald 1960 Canada I 96.0 21.4 8.9 9160 15000 -/ 155 4.486 2.404 1.638
Labrador 1953 Canada I 82.0 19.4 8.9 6940 12000 16/ - 4.218 2.192 1.729
Louis S. St. Laurent 1969 Canada 1 119.6 24.4 9.9 14280 31500 16/ 20 1 32 4.903 2.462 2.206
Norman McLeod, Rogers 1969 Canada I 81.2 19.1 6.3 6569 13190 2(conti.) / 15 0.91 28 4.251 3.032 2.008
Pierre Radisson 1978 Canada I 98.0 19.2 7.2 8311 13600 13.5 1.15 18 5.117 2.660 1.636
S.R. Humprey, Gilbert 1980 Canada I 68.9 14.7 5.0 3048 4350 2(conti.) / 13 0.87 25 4.687 2.940 1.427
Sir Humphrey Gilbert 1959 Canada I 67.1 14.6 6.4 3000 4250 13 4.586 2.286 1.417
Wolfe 1959 Canada I 67.1 14.6 4.9 3005 4000 13 4.583 2.986 1.331
Danbjorn, Isbjorn 1965 Denmark I 76.8 17.1 6.1 3685 11880 14 1 4.499 2.798 3.224
Fennica 1993 Finland 1 116.0 26.0 8.0 4800 28000 16 19 4.462 3.250 5.833
Finnica, Nordica 1993 Finland I 116.0 26.0 7.0 4800 20400 8(conti.) / 16 0.8 4.462 3.714 4.250
Hanse 1966 Finland I 74.0 17.4 6.1 3759 7885 2(conti.) / 16 0.72 25 4.253 2.852 2.098
Karhu, Murtaja, Sempo 57,58,60 Finland I 68.3 16.7 5.8 3424 7477 2(conti.) / 16 0.7 25 4.090 2.879 2.184
Otso 1986 Finland 1 90.0 23.5 8.0 7000 20400 18.5 3.830 2.938 2.914
Tarmo, Varmo, Apu 63,68,76 Finland I 82.0 21.2 6.4 5944 12000 2(conti.) / 17 0.85 24 3.868 3.313 2.019
Urho, Sisu 1974 Finland I 96.0 23.5 8.3 7925 22025 2(conti.) / 17 1.56 20 4.085 2.831 2.779
Voima 1953 Finland I 80.8 18.7 6.7 4488 10470 2(conti.) / 16.5 0.82 27 4.321 2.791 2.333
Fuji 1966 Japan 1 100.0 22.0 8.1 9120 12000 17 0.8 30 4.545 2.716 1.316
Shirase 1982 Japan 1 134.0 28.0 9.2 18600 30000 3(conti.) / 19 1.5 21 4.786 3.043 1.613
Soya 1978 Japan I 94.0 15.8 5.4 4000 4800 2(conti.) 1.2 27 5.949 2.926 1.200
Oden 1988 Sweden I 108.0 31.5 8.5 13000 24500 3(conti.) / 17 1.8 20 3.429 3.706 1.885
Tor, Njord 1964 Sweden I 95.0 21.2 6.5 5357 12000 2(conti.) / 18 0.85 4.481 3.262 2.240
Ymer, Atle, Frej 1974 Sweden I 96.0 23.8 7.3 8000 22000 2(conti.) / 17 1.1 20 4.034 3.260 2.750
Bransfield 1971 U.K. I 90.0 18.3 6.2 7011 5030 2(conti.) / 13.5 0.52 4.918 2.952 0.717
Endurance 1974 U.K. I 82.5 17.9 6.5 2500 8160 15 4.609 2.754 3.264
Drobrynya,Nikitich 1961 U.S.S.R. 1 62.0 18.0 5.5 2718 5570 2(conti.) / 14.5 0.61 26 3.444 3.273 2.049
Ermak 1899 U.S.S.R. 1 97.5 21.5 8.5 10000 9000 14/ - 26 4.535 2.518 0.900
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Kap. Chechkin,Plahin,Chadayev,Krutov,Bukaev,Zarubin 1977 U.S.S.R. I 74.0 16.3 3.3 2240 6390 14 4.540 4.939 2.853
Kap. M. Izmaylor,Kasolapov,A. Radzhbov 1976 U.S.S.R. I 54.0 15.7 4.2 2045 3535 13 3.439 3.738 1.729
Kap. Sorokin,Nikolaev,Dranitsyn,Khlebnikov 1977 U.S.S.R. I 125.0 26.5 8.5 14900 22025 19 23 4.717 3.118 1.478
Kapitan Belousov,Veronin,Melekhov 54,55,55 U.S.S.R. I 80.8 19.4 7.0 5350 10470 2(conti.) / 16.5 0.82 21 4.165 2.771 1.957
Kapitan Class,Yevdokimov Class 1983 U.S.S.R. I 73.0 16.6 2.5 2150 5166 13.5 25 4.398 6.640 2.403
Kirov class 1938-40 U.S.S.R. 1 109.0 22.3 8.4 10250 12000 4.888 2.655 1.171
Lenin 1959 U.S.S.R. I 134.0 27.6 10.5 19240 44050 2(conti.) / 18 1.43 4.855 2.629 2.290
Leonid Brezhnev,Sibir,Rossiya 75,77,85 U.S.S.R. I 133.0 30.0 10.4 23460 76140 2(conti.) / 21 1.77 24 4.433 2.885 3.246
Magadan,Dickson 1982 U.S.S.R. 1 78.5 21.2 6.0 7250 12370 16.5 26 3.703 3.533 1.706
Moskva,Leningrad,Kiev,Murmansk,Vladivostok 1961 U.S.S.R. I 122.1 24.5 10.5 15360 26000 2(conti.) / 18 1.07 26.5 4.984 2.333 1.693
Mudyug 1987 U.S.S.R. I 89.8 10.5 6.5 7775 12200 12 8.552 1.615 1.569
Stalin class 1937-39 U.S.S.R. I 106.0 23.2 9.0 11000 10050 -/ 155 4.577 2.562 0.914
Stroptivy,Spraved livy,Stakhanovests,Suvorovets,Sibirskiy 1979 U.S.S.R. I 69.0 18.0 6.5 4200 7613 15 3.833 2.769 1.813
Taymyr Class 1988 U.S.S.R. 1 142.5 28.6 8.0 23500 52074 1(conti.) 1.7 4.983 3.575 2.216
Glacier 1955 USA I 94.5 22.6 8.8 8449 21000 16 0.914 27 4.191 2.563 2.486
Healy 1999 USA I 128.0 25.0 8.9 16000 30000 3(conti.) / 17 1.37 5.120 2.809 1.875
Mackinaw 1945 USA 1 85.4 22.6 5.8 5252 10000 2(conti.) / 18.7 0.82 29 3.787 3.888 1.904
Polar Star, Polar Sea 73,76 USA I 122.0 25.5 8.5 13190 60000 3(conti.) / 17 1.83 15,28 4.784 3.000 4.549
Wind Class 1945 USA I 82.0 19.4 8.9 6515 10000 16 0.823 30 4.227 2.187 1.535
M/V Icebird 1984 W.Germany I 100.0 18.9 7.7 9500 6000 26 5.291 2.455 0.632
Max Waldek 1981 W.Germany I 55.0 13.1 5.0 1295 3100 16 4.198 2.620 2.394
Research Tanker 1980 Japn R 360.0 52.0 20.0 280000 150000 2.438~3.048 17 6.923 2.600 0.536
Akademik Fedorov 1987 U.S.S.R. R 140.0 23.0 8.5 10000 16000 16 26 6.087 2.706 1.600
Mihail Somov 1975 U.S.S.R. R 133.1 18.8 9.1 7695 15000 16.2 7.066 2.082 1.949
Polarstern 1982 W.Germany R 102.0 25.0 10.5 17460 20000 0.914 22 4.080 2.381 1.145
Aurora, Australis 1989 Australia T 88.4 20.3 7.9 3500 13600 13 4.355 2.586 3.886
Arctic Ivik 1985 Canada T 64.7 14.0 4.9 7200 7210 2(conti.) / 14.1 0.9 22 4.621 2.857 1.001
Arctic Nanabush 1984 Canada T 44.2 12.2 4.6 720 7210 2(conti.) / 15 0.9 22 3.623 2.652 10.014
Arctic Nanook 1982 Canada T 44.2 12.2 4.1 720 6526 15 22 3.623 2.976 9.064
Arctic Shiko, Seaforth Atlantic 1984 Canada T 60.9 14.5 5.9 6800 12250 2(conti.) / 16 1.05 32 4.200 2.458 1.801
Canmar Kigoriak 1980 Canada T 79.0 17.3 8.5 8549 17400 2(conti.) / 18.8 1.45 24 4.566 2.035 2.035
Ikaluk, Miscardo 1983 Canada T 75.5 17.2 7.5 7500 15230 3~4(conti.) 1.2 23 4.390 2.293 2.031
John, Cabot 1985 Canada T 84.1 18.3 8.7 5318 9110 2(conti.) / 15 0.75 4.596 2.103 1.713
Robert LeMeur 1982 Canada T 73.0 18.0 5.7 5853 9653 2(conti.) / 13.5 1.5 20 4.056 3.158 1.649
Terry Fox, Kalvik 1983 Canada T 75.0 17.5 8.0 6910 24070 7(conti.) / 14 1.22 23 4.286 2.188 3.483
Ale 1973 Sweden T 47.0 13.0 5.2 1500 7000 3.615 2.500 4.667
Polar Shore 1973 U.K. T 51.0 11.8 43 1300 5302 2(conti.) / 13.8 0.76 4.322 2.744 4.078
Krasin 1917 U.S.S.R. T 99.8 21.7 7.5 6048 13000 4.610 2.887 2.149
Vitus,Bering U.S.S.R. T 142.4 22.4 8.5 10800 15635 15.9 6.357 2.635 1.448
Katmai Bay 1978 USA T 42.7 11.3 3.8 690 2500 5.5(conti.) / 14.7 0.41 28 3.783 2.961 3.623
Mobile Bay 1978 USA T 42.7 11.4 3.8 690 2500 5.5(conti.) / 14.7 0.41 3.733 3.000 3.623
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