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Pictures from Cesos Annual report 2007.




Escort operation in level ice

Pictures from lecture note of Prof.Kai Riska in NTNU

Swedish icebreaker Ymer escorted ice tanler
(pictured by sawamura)



Minimum permissible curvature of the channel
etk EifR s 0> 77 A A REENSRD B ZEMEE N\ DEATF, FFZHE, presentationEF K.

1: Ice breaker

2: Escorted ship, a) lce contact at 1,2,3
Rch: Channel radius, b) The ship will stick in the ice channel beam
Bch: clear ice channel c) Ice breakier should break ice around 4.

Conventional bow

WAAS icebreaker
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Captain’s Maneuver Modified Captain’s Maneuver
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Open channel

Pictures from lecture note of Prof.Kai Riska in NTNU

<- ARAON's icebreaking performance test in the Antarctic sea ice.
(Hi#4, Sea Ice in Polar Region, ISBN: 978 -89-94242-21-7)

®
Swedish icebreaker is escorting ice tanler XABH TZF 59 Americal icebreaker Healy
(Reference: lecture note of Prof.Kai Riska in NTNU) Japan Coast Guard 7T 7 RX—I KV (Credit: Henry Dick Woods

Hole Oceanographic Insti-
tution / NSF)



lce management in pack ice

ARAON S |cereak|ng performance
test in the Antarctic sea ice. (&2,
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MK (Level ice) DEIN A
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Forming th beaking pattern
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1) INITIAL CONTCT  ({&Z5) , ,
v Crushing begins
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2) CRUSHING AND DEFLECTION OF ICE
(OKimD FERRIE S KR DEHIT)

Crushing continues and
ice sheet deflects

51%%

HORIZONTAL FORCE e

1 235 mm

TESTS_3, LEVEL ICE

TEST?_6S, PRESAWN ICE

S0
1

(Model test data of ice breaking force (horizontal force)
during ice breaking cycle (Valant,1992))

3) CUPS AND WEDGE FAILURE
GKARDERITHREEE) Ventilation begins to occur

Broken cups or wedge

4) CUPS AND WEDGE ROLATION
OKFR DElER- 78 )Ad)

Ventilation increases
Ice piece rotates
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Ice breaking and Ice clearance
B Bk or BERDHEEAE — HA(MS)EKM)DBEEDA)

B K ETRIK (oK) —> FrIK(Breaking) BONEIKOKA) > KA DBERR

(Clearance)
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- Ship-ice collision

- Ship-ice collision
—y» Contact point

—>» Contact point Ms > Mi - Motion of the ice floe
- Plate ice failure <4— —>» Contact force
—» Breaking force (B A T 7T At) Ice floe Ice floe
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Ice floe
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Free boundary
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Icebreaker (Circle contact
L.. _J detection)
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-100 -50 0 50 100 150 200 250 300 350 400 450 500 550
Free boundary [m]
B Ship model W Ice condition The friction coefficient u = 0.1.
A virtual icebreaker model : Lx B =120m x 24m Ice thickness s =0.5 m The coefficient of a restitution > = 0.3 (ship-ice)
The water entry angle and bow angle = 27° Young’s modulus E = 5.4GPa and 0.01. (ice-ice)
The icebreaker advancing speed = 1.0 m/s. Flexural strength = 1.0 MPa The density p = 900 kg/m3 (ice)

Compressive strength cc = 2.8 MPa.  and 1000 kg/m3 (water)



EIER (54 ice floes)
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EIER (54 ice floes)
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x-force[EO6 N]

S EFER (54 ice floes)

Ice breaking
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Fig. Surge force

Ice breaking
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30X 30m (30), 40 X40m (21), 110X 200m (2)
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30X 30m (30), 40 X40m (21), 110X 200m (2)
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30X30m (30), 40 X40m (21), 110X 200m (2)
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Camera

I ) Camera
L D Carriage D 1 Model principal
77777 ° J_ ‘:::!: Length overall,m = 1.5
L N § v N Model Bredth,m = 0.3
L N - Load cell . A Draft,m = 0.070
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2y | Model ship ! Ice floe
> : SS S ——
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8- Carriage 0 Small ice
© Thickness, m = 0.010
e . Radius, m = 0.050
sy g | 60__ || el e | | 30° Weight, kg = 0.964
> © large ice
y Thickness, m = 0.015
Caxis X < Rad.ius, m =0.150
0.05m WEIght,kg =0.018
0.30m

Small ice floe

Large ice floe
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TKAR (FR25EK) DIKETE DB R
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(Water entrance angle a= 30°, Stem angle ¢ = 30°)

Kashiteljan-Poznjok-Ryvlin (1968) :Broken ice FRDEIKIEI
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