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Table 2.1.1 Representative values of drag coefficient ( Bruno & Madsen, 1989 )

Inverstigator lce Type Reference Height (m) Cax1073
smooth 10 110
Madsen and Bruno (1986) smpoth 10 1.33
Madsen and Bruno (1986) slightly rough 10 1.40
Banke and Smith (1971) rough 10 2.60
Madsen and Bruno (1986) 10 1.60
Smith et al. (1970) 10 370

Inverstigator lce Type Cwx1073
Madsen and Bruno (1986) smooth 2.0 546
Madsen and Bruno (1986) slightly rough 5.1 4.07
Madsen and Bruno (1986) slightly rough L1 8.40
McPhee (1979) rough geostrophic 540
Madsen and Bruno (1986) rough 20 15.00
McPhee (1979) rough 2.0 20,00
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Crp=0012(1+a) (2.1.11)

(Banke et al., 1975,

22 MKEBHOBRMBENFETVIZONT

g e
e BN

=

n & Hibler (1979) @viscous-plastic-E

14k Savage (1992) @

0

g kT

EROTWE,

(strmin-rate) £

# (constitutive law) @ILYH

k3 wHifligEo

rEFLTHS (H




Bulk
Viscosity
Only

Shear
Viscosity
Only

Plastic

Figure 2.2.1 Elliptical yield curve ( Hibler, 1979 )
The stress states are plotted as a function of the principal
components of two-dimensional stress tensor
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Figure 3.3.2 Sea surface inclination force
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Figure 3.4.2 Ice floes expansion
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Figure 3.6.2 Redistribution of Pack ice
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Nomenclatures

A, Total ice area in a by

be, Center position of a bunch in x-direction
be, Center position of a bunch in y-direction
M, Length of a bunch in x-directic

bl Length of a bunch in y-direction

G, Drag coefficient between the air and ice

C Ice concentration of a bunch

& Ice concentration of a bunch in x-direction

Ice concentration of a bunch in y-direction
& Drag cocfficient between the water and ice

def,  Distance between center of neighboring disk floes in x-direction

def, L ce between center of neighboring disk fMoe rows in y-direction
dl Representative size of the floes in a bunch
dl, Length of the rectangle floe in x-direction

di,  Length of the rectangle floe in y-direction

di, Diameter of the disk floe
dt Time step for the computation
dx Length of a computational mesh in x-direction

Length of a computational mesh in y-direction

Eddy viscosity

f Coriolis parameter

Fi Ice interaction force ( internal stress )

] Acceleration of gravity

h, Ice thickness

E LUnit vector in the depth direction

M Mass of a bunch

N, Number of floe rows in a bunch in x-direction

N, Number of floe rows in a bunch in y-direction

M Number of floe rows to collide in a bunch in x-direction
My Number of floe rows 1o collide in a bunch in y-direction

Space between neighboring foes in x-direction

Space between neighboring floes in y-direction
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Wind velocity a1 a height of 10 m

Latitude of interest

Angular velocity of h rotation

leefice friction coefficiem

Water surface elevation

Water surface elevation due to ice displacement e
Density of air
Density of ice

Density of water

Shear stress acting on a bunch due to the wind

S

ar stress acting on a bunch due to the wind
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Dimension of Measuring Section
{ length = width * depth)

B.4mx1.8m>1.0m

Type of Drive System

thyrister controlled motor
diameter of impeller 0.9m
3 blades

Maximun Water Speed

1.5 mi/sec in lorward
0.8 m/sec in reverse

Wave Generation Capability

regular and :rre%ular waves
maximun wave height : 0.2 m
range of period : 0.5 - 2.2 sec

Maximum Wind Speed

15 misec

S5cm
-

(a) Disk fioe model

T BEM gy
/ i
1.5ecm = ¥
i, 4

(b) Rectangle floe model

Figure 4.1.2 Floe model

Table 4.1.1 Characteristics of circulating water channel
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Fig4.1.4 System arrangement




unit : cm
200 m 1 200 ]
20 00 a 00
4 O < o — outside
Wind 5 -
-0 © @ center
ment 50
- Lo} O O 0 inside
200 300 400
suring Section
Figure 4.2.1 Test domain
Pitot Tube Anemometer
unit : mm
Wind
50|
B s, O] (L WO =S
|30] -+
500 |
75
100 b
§25 1 Blade wheel current meter
150

Current

Figure 4.3.1 Measurement of wind and current
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Figure 4.4.2 Free drift of single floe model
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Figure 4.4.3 Initial condition of free drift of floe models
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Free drift of disk floe models




(f) = 30 second

Figure 4.4.4 Free drift of disk floe models
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Figure 4.4.5
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Figure 44.6 Free drift of disk and rectangle floe mode
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Figure 4.5.1 Impact force on a structure due to disk floe model collision
with sampling time interval of 0.0005 sec
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Figure 45.2 Impact force on a structure due to disk fioe model collision
with sampling time interval of 0.001 sec
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Figure 4.5.3 Impact lorce on a structure due 1o disk floe model collision
with sampling time interval of 0.002 sec
120 T T T T T T T
100 -
80 -1
60 -
40 -1
20 4
0 =1
20 -1
-40 -
60 1 1 L 1 I 1 1 1
0 5 o 15 20 25 3 35 40 45
Time (second)
Figure 4.5.4 Impact force on a structure due to disk floe model collision

with sampling time interval of 0.005 sec
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Figure 4.5.5 Spectrum of impact force on a structure due to disk floe model collision
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Figure 45.6 Impact force on a structure due to rectangle floe model collision
with sampling time interval of 0.002 sec
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Figure 4.5.7 Arrangement of drift test of floe models around
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Figure 4.5.8 Interaction force on a structure of 30cm X 30cm X 5cm
due to disk floe models collision with angle of 0°
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Figure 4.5.8 Interaction force on a structure of 30em X 30cm X 5cm
due to disk floe models collision with angle of 0°
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(f) = 36 second

Figure 4.5.10 5k floe models around a structure of 30em X 30cm X 5cm
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Figure 4.5.11 Interaction force on a structure of 30cmX30cm X 5em
due to rectangle floe models collision with angle of 0°
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Figure 4.5.11 Interaction force on a structure of 30cmX 30cmX5cm
due to rectangle floe models collision with angle of 0°
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Figure 45,12 Spectrum of x-direction force on a structure of 30emX 30em X S5cm
due to rectangle floe models collision with angle of 0°
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Figure 4.5.13  Drift of rectangle floe models around a structure of 30cm X 30cm X 5em
with angle of 0
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Figure 4.5.14 Interaction force on a structure of 30cm X 30ecm > 5cm
due to disk floe models collision with angle of 30°
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Figure 4.5.15 Spectrum of x-direction force on a structure of 30cm X 30cmX5cm
due to disk floe models collision with angle of 30°
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Figure 4.5.17 Interaction force on a structure of 30cm X 30cm X 5cm
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due to disk floe models collision with angle of 45°
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Figure 4.6.2 Interaction force on a water stop structure of 30cmX30cm X 5em
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{a) t = 10 hours

- #
Wind H I
—_— % s §
15 m/sec b il i
1‘___-_”_'._..; =0
€,=0.003
€, = 0.008

(b} t = 20 hours

{c) t = 30 hours

Figure 522 Computated wind driven Pack ice movement and spread when ocean
current is disregarded in a simplified 50m deep continental self partially
covered with a rectangular ice group of 15km X 15km
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Figure 5.2.3 Computated wind driven Pack ice movement and spread when ocean
current is taken into account in a simplified 50m deep continental self
partially covered with a rectangular ice group of 15km>15km
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Figure 5.2.4 Surface water velocity vectors induced by Ice cover after 20 hours together
with ice concentration contours in a simplified 50m deep continental self
partially covered with a rectangular ice group of 15km>15km
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Figure 5.2.5 Computated wind driven Pack ice movement and spread when ocean
current is taken into account with airfice drag coefficient of 0.004 and
ice/water drag coefficient of 0.0015 in a simplified 50m deep continental
self partially covered with a rectangular ice group of 15kmX 15km
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Figure 5.2.6 Surface water velocity vectors induced by ice cover after 20 hours together
with ice concentration contours with airfice drag coefficient of 0.004 and
ice/water drag coelficient of 0.0015 in a simplified 50m deep continental

self partially covered with a rectangular ice group of 15km><15km
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t =2 days

(b) Computed ice distribution

Figure 5.3.1 Simulation of ice floe expansion : No water flow is taken into account.
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{b) Computed ice distribution
Simulation of ice fioe expansion : No water flow is taken into account
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Result of wind driven ice/water combined flow along an infinite long
fixed boundary
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Distance from Fixed boundary(km)
(e) Distribution of surface water velocity parallel to the fixed boundary

Figure 5.4.1 Result of wind driven ice/water combined flow along an infinite long
fixed boundary
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Figure 5.4.1 Result of wind driven ice/water combined flow along an infinite long
fixed boundary
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Lt 0.907

0.5

Ice concentration contour

* 1.0 mfsec

rrreverrrirens

Surface water velocity distribution
(a) t = 12 hours

Figure 55.2 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are uniformiy
distributed initially
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lee concentration contour

—» 1.0 mfsec

* (.5 mfsec

Surface water velocity distribution
{b) t = 24 hours

Figure 5.5.2 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are uniformly
distributed initially
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Ice concentration contour

» 1.0 mfsec

lce velocity distribution

Surlace water velocity distribution
(c) t = 36 hours

Figure 5.5.2 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk fioes are uniformly
distributed initially

135




0.907

lece concentration contour

» 1.0 mfsec

Ice velocity distribution

—* (1.5 m/sec

(N
IE

Surface water velocity distribution
(d) t = 48 hours

Figure 5.5.2 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are uniformly
distributed initially
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lee concentration contour
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—

Surface water velocity distribution
(&) t = 60 hours

Figure 55.2 Result of wind driven ice/waler combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are uniformly
distributed initially
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0.907

lce concentration contour

—s  LOmfsec

Surface water velocity distribution
{f) t = 72 hours

Figure 55.2 Result of wind driven ice/water combined flow around a structure to control
the ice fiow : Structure stops both ice and water, disk floes are uniformly
distributed initially
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{g) Time variation of ice force on the structure

Figure 5,5.2 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are uniformly
distributed initially
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b 0.907

lce concentration contour

— .0 m/sec

— (0.5 mfscc

Surface water velocity distribution
{a)t=12 hours

Figure 5.5.3 Result of wind driven ice/waler combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are uniformly distributed
initially
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0.5
lce concentration contour
* 1.0 mfsec
Surface water velocity distribution
(b) t = 24 hours
Figure 55.3 Result of wind driven ice/water combined flow around a structure to control
the ice fiow : Structure stops only ice, disk fioes are uniformly distributed
initially
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Ice concentration contour

‘ — 1.0 m/sec

lce velocity distribution

—* (1.5 mfsec

Surface water velocity distribution

(e} t = 36 hours

Figure 5.5.3 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are uniformly distributed
initially.
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lce concentration contour

— 1.0 mfsec

lce velocity distribution

— (.5 m/sec

Surface water velocity distribution

{d) t = 48 hours

Figure 5.5.3 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are uniformly distributed
initially.
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lce concentration contour

— L0 m/sec

Ice velocity distribution

0.5 m/sec

Surface water velocity distribution
(@) t = 60 hours

Figure 5.5.3 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are uniformly distributed
initially.
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lce velocity distribution

Surtace water velocity distribution
(fyt =72 hours

Figure 5.5.3 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are uniformly distributed
initially

145




1200 T T T T T T T
1000 - | -
z |
-
0 800 I .I i1 i
= | bl h
1 | LA i
600 = i oo ul fd | ! | 7
I ful il
Il
S 400 | [ I -
2 I
I /]
200 | =l I
0 L I s
0 10 20 30 40 50 60 70 80

Time (hour)

(g} Time variation of ice force on the structure

Figure 5.5.3 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are uniformly distributed
initially
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Ice concentration contour

=> 1.0 m/fsec

lce velocity distribution

—* (.5 m/sec

Surlace water velocity distribution
(a)t = 12 hours

Figure 5.5.4 Result of wind driven ice/water combined flow around a structure to control
the ice fiow : Structure stops both ice and waler, disk floes are partially
distributed initially




lce concentration contour

—* L0 m/sec

Ice velocity distribution

—* 0.5 mfsec

Surface water velocity distribution
(b) t = 24 hours

Figure 5.5.4 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are partially
distributed initially
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lce concentration contour
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Ice velocity distribution

— 0.5 m/sec

Surface water velocity distribution

(€} t = 36 hours

Figure 554 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are partially
distributed initially.
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Ice concentration contour

* .0 mfsec

Ice velocity distribution

* 0.5 m/sce

Surface water velocity distribution
(d) t = 48 hours

Figure 5.5.4 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are partially
distributed initially.
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lce concentration contour

— 1.0 m/sec

Ice velocity distribution

— (1.5 m/scc

Surface water velocity distribution
{e) t = 60 hours

Figure 5.5.4 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are partially
distributed initially.
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| Ice concentration contour

-+ 1.0 mfsec

lce velocity distribution

—* 0.5 mfsec

Surface water velocity distribution
{f) t = 72 hours

Figure 5.5.4 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are partially
distributed initially.

152




80 T T T T T T
70 : |- -
_;_- 60 = -
=
50 - .
= 10 =
30+ -
20 - B
| 10 - =
0 1 1 1 ; 1 1 1
0 10 20 30 40 50 60 70 80

Time (hour)

{g) Time vanation of ice force on the structure

Figure 5.5.4 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, disk floes are partially
distributed initially
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lce concentration contour

* 1.0 mfsec

Surface water velocity distribution
{a) t = 12 hours

Figure 5.5.5 Result of wind driven ice/waler combined flow around a structure to control
the ice flow : Structure stops only ice, disk fices are partially distributed
initially.




‘ lce concentration contour

—* L0 mysec

N ]

Surface water velocity distribution
(b) t = 24 hours

Figure 5.5.5 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are partially distributed
initially.
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Ice concentration contour
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Ice velocity distribution

—* 0.5 m/sec

Surtace water velocity distribution
(c) t = 36 hours

Figure 55.5 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are partially distributed
initially.
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Ice concentration confour
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lce velocity distribution

0.5 mfsee

Surface water velocity distribution
{d) t = 48 hours

Figure 5.5.5 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are partially distributed
initially.
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lce concentration contour
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| lce velocity distribution
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SREN SN

Surface water velocity distribution
(e) t = 60 hours

Figure 5.5.5 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are partially distributed
initially.
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Ice velocity distribution

—* (1.5 m/sec

Surface water velocity distribution
(f t =72 hours

Figure 5.5.5 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are partially distributed
initially.
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{a) Time variation of ice force on the structure

Figure 5.5.5 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops only ice, disk floes are partially distributed
initially

160



lce concentration contour

— L0 m/fsec

Ice velocity distribution

— (1.5 mfscc

Surlace water velocity distribution
(a) t =12 hours

Figure 5.5.86 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, rectangle floes are
partially distributed initially
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lce concentration contour

= 1.0 mfsec

Ice velocity distribution

—* 0.5 m/sec

Surface water velocity distribution

{b) t = 24 hours

Figure 5.5.6 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, rectangle fioes are
partially distributed initially

162




lce concentration contour

* 1.0 mfsec

Ice velocity distribution

—* 0.5 m/sec

Surface water velocity distribution
{c) t = 36 hours

Figure 5.5.6 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, rectangle floes are
partially distributed initially
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Ice velocity distribution

Surface water velocity distribution
(d) t = 48 hours

Figure 5.5.6 Result of wind driven ice/water combined flow around a structure to control
the ice fiow : Structure stops both ice and water, rectangle floes are
partially distributed initially
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Ice velocity distribution

* 1.5 m/sec
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Surface waler velocity distribution

(e} t = 60 hours

Figure 5.5.6 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, rectangle floes are
partially distributed initially
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* 1.0 m/sec

Ice velocity distribution

Surface water velocity distribution
(f) t = 72 hours

Figure 5.5.6 Result of wind driven ice/water combined flow around a structure to control
the ice flow : Structure stops both ice and water, rectangle floes are
partially distributed initially.
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Result of wind driven ice/water combined flow around a structure to control
the ice flow ; Structure stops both ice and water, rectangle floes are
partially distributed initially
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Ice concentration contour

lce velocity distribution

Surface water velocity distribution

(a) t = 20 minutes

Figure 5.6.2 Result of wind driven ice/water combined flow around a rectangular
structure of 100m>100m : Disk floes are uniformly distributed initially.
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Ice concentration contour

m/se:

Surface water velocity distribution
{b) t = 40 minutes

Figure 5.6.2 Result of wind driven ice/water combined flow around a rectangular
structure of 100m > 100m : Disk floes are unitormly distributed initially.
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lce concentration contour

> | mfsec

Surface water velocity distribution

| () t = 60 minutes

Figure 5.6.2 Result of wind driven ice/water combined flow around a rectangular
structure of 100m><100m : Disk floes are uniformly distributed initially.
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Ice concentration contour

> | mfsec

Ice velocity distribution

Surface water velocity distribution

{d) t = 80 minutes

Figure 5.6.2 Result of wind driven ice/water combined flow around a rectangular
structure of 100m > 100m : Disk floes are uniformly distributed initially.
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lce concentration contour

—> | mfsec

YRR

Surface water velocity distribution
(e} t = 100 minutes

Figure 5.6.2 Result of wind driven ice/water combined flow around a rectangular
structure of 100m> 100m : Disk floes are uniformly distributed initially.
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Surface water velocily distribution
{f) t = 120 minutes

Figure 5.6.2 Result of wind driven ice/water combined flow around a rectangular
structure of 100m><100m : Disk floes are uniformly distributed initially
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Result of wind driven ice/water combined flow around a rectangular
structure of 100m X 100m : Disk floes are uniformly distributed initially
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lce concentration contour

—> | mfsec

Ice velocity distribution

> 0.5 mfsec

Surface water velocity distribution
{a) t = 20 minutes

Figure 5.6.3 Result of wind driven ice/water combined flow around a rectangular
structure of 100m>100m : Disk fioes are partially distributed initially
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Ice concentration contour

= | mfsec

lee velocity distribution

Surface water velocity distribution

(b} t = 40 minutes

Figure 5.6.3 Result of wind driven ice/water combined flow around a rectangular

structure of 100m><100m : Disk floes are partially distributed initially.




lce concentration contour

* | mfsec

lce velocity distribution

> (L5 mjsec

Surface water velocity distribution
(c) t = 60 minutes

Figure 5.6.3 Result of wind driven ice/water combined flow around a rectangular
structure of 100m> 100m : Disk lioes are partially distributed initially




Ice concentration contour

—* 1 m/sec

lce velocity distribution

— (1.5 m/fsec

Surface water velocity distribution
{d) 1 = BO minutes

Figure 5.6.3 Result of wind driven ice/water combined flow around a rectangular
structure of 100m > 100m : Disk floes are partially distributed initially.
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lce concentration contour

= | mysec

Ice velocity distribution

- (.5 m/sc

Surface water velocity distribution
{e) t = 100 minutes

Figure 5.6.3 Result of wind driven ice/water combined flow around a rectangular
structure of 100m>100m : Disk floes are partially distributed initially.
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lce concentration contour

* | mfsec

Ice velocity distribution

> (.5 mfsec

Surface water velocity distribution
{f) t = 120 minutes

Figure 5.6.3 Result of wind driven ice/water combined flow around a rectangular
structure of 100mX100m : Disk floes are partially distributed initially.
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Figure 5.6.3 Result of wind driven ice/water combined flow around a rectangular
structure of 100m 100m : Disk floes are partially distributed initially.
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lce concentralion contour

- | myfsec

Ice velocity distribution

> .25 mfsec

Surface water velocity distribution

(a) t = 10 minutes

Figure 5.6.4 Result of wind driven ice/water combined flow around a rectangular
structure of 100m> 100m : Rectangle floes are uniformly distributed
imitially
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Ice concentration contour

—* | mfsec

Ice velocity distribution

Surface water velocity distribution
{b) t = 20 minutes

Figure 5.6.4 Result of wind driven ice/water combined flow around a rectangular
structure of 100m><100m : Rectangle floes are uniformly distributed
initially.
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lee concentration contour

Surface water velocity distribution

(€) t = 30 minutes

Figure 5.6.4 Result of wind driven ice/water combined flow around a rectangular
structure of 100m > 100m : Rectangle floes are uniformly distributed
initially.
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lce concentration contour

Ice velocity distribution

mfsec

Surlace water velocity distribution
(d) t = 40 minutes

Figure 5.6.4 Result of wind driven ice/water combined flow around a rectangular
structure of 100m>100m : Rectangle floes are uniformly distributed
initially




lce concentration contour

Surface water velocity distribution
(e} t = 50 minutes

Figure 5.6.4 Result of wind driven ice/water combined llow around a rectangular
structure of 100m > 100m : Rectangle floes are uniformly distributed
initially
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lce concentration contour

Surface water velocity distribution
(f) t = 60 minutes

Figure 5.6.4 Result of wind driven ice/water combined flow arcund a rectangular
structure of 100m> 100m : Rectangle floes are uniformly distributed
initially
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Figure 5.6.4 Result of wind driven ice/water combined flow around a rectangular
structure of 100m X 100m : Rectangle floes are uniformly distributed

initially




Ice concentration contour

—> | mfsec

Ice velocity distribution

> 0.25 m/sec

Surface waler velocity distribution
(a) t = 20 minutes

Figure 5.6.5 Result of wind driven ice/water combined flow around a rectangular
structure of 100m>100m : Rectangle floes are partially distributed initially.
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Ice velocity distribution

Surface water velocity distribution
(b) t = 40 minutes

Figure 5.6.5 Result of wind driven ice/water combined fiow around a rectangular
structure of 100mX 100m : Rectangle fioes are partially distributed initially.
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Ice velocity distribution
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Surface water velocity distribution
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Result of wind driven ice/water combined flow around a rectangular

Figure 5.6.5
structure of 100mX 100m : Rectangle floes are partially distributed initially.




lce concentration contour

> | mfsec

Ice velocity distribution

Surface water velocity distribution
(d) t = B0 minutes

Figure 5.6.5 Result of wind driven ice/water combined flow around a rectangular
structure of 100m > 100m : Rectangle floes are partially distributed initially.
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lce velocity distribution

Surface water velocity distribution
(e) t = 100 minutes

Figure 5.6.5 Result of wind driven ice/waler combined flow around a rectangular
structura of 100m>100m : Rectangle fioes are partially distributed initially.
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Ice valocity distribution

Surface water velocity distribution
{f} t = 120 minutes

Figure 5.6.5 Result of wind driven ice/water combined flow around a rectangular
structure of 100m>100m : Rectangle floes are partially distributed initially.
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Result of wind driven ice/water combined flow around a rectangular
structure of 100m>100m : Rectangle fioes are partially distributed initially
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the computation domain
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Figure 6.1.4 Computed water velocity distribution in y-direction at the center of
the computation domain
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(a) Disk floe model

(b) Rectangle floe model

Figure 6.1.7 Computed free drift of single floe model
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Figure 6.1.8 Computed impact force on the structure due to disk floe model collision
with compution time interval of 0.004 sec
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Figure 6.1.9 Computed initial water velocity distribution, free drift of disk floe models
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Figure 6.1.10 Computed ilnitial water velocity distribution,
Free drift of rectangle floe models
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Figure 6.1.11 Computed initial water velocity distribution, drift of disk fioe models around
the water stop structure with water stop column
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(a) t = 5 seconds

(b) t = 10 seconds

(c) t = 15 seconds

Figure 6.1.12 Computed iree drift of disk floe models
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Figure 6.1.13 Computed free drift of rectangle floe models
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Figure 6.1.13 Comput ree drift of ractangle floe models
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(&) Time variation of floe distribution
Figure 6.1.14 Computed disk floe models drift around a structure of 30cm X 30cm> 5cm,
structure stops only floe models
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Figure 6.1.14 Computed disk floe models drift around a structure of 30cm> 30emX 5¢m,
structure stops only floe models
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{b) Time variation of x-direction interaction force on the structure
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Figure 6.1.14 Computed disk floe models drift around a structure of 30cmX30cm X 5cm,
structure stops only floe models
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Figure 6.1.15 Computed rectangle floe models drift around a structure of

30cm X 30cm X Scm, structure stops only fioe models
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(a) Time variation of floe distribution
Figure 6.1.15 Computed rectangle floe models drift around a structure of
30em X 30cm X 5cm, structure stops only floe models
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{b) Time variation of x-direction interaction force on the structure
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(c) Time variation of z-direction interaction moment on the structure

Figure 6.1.15 Computed rectangle floe models drift around a structure of
30cm X 30cm X 5¢cm, structure stops only floe models
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{a) Time variation of floe distribution

Figure 6.1.16 Computed disk floe models drift around a structure of 30cm X 30cm X Scm
structure stops both floe models and water
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{a) Time variation of floe distribution

Figure 6.1,16 Computed disk floe models drift around a structure of 30cm > 30cm X 5em,
structure stops both floe models and water
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Figure 6.1.16 Computed disk floe models drift around a structure of 30em30cm X 5cm,
structure stops both floe models and water




Figure 6.2.1 Domain of an actual Marginal Ice Zone
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Figure 6.2.2 Observed wind speed on Marginal Ice Zone
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Figure 6.2.3 Ice floe velocity in an actual Marginal Ice Zone
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Figure 6.3.1 Initial lce concentration of an ideal MIZ




(a) Continuum model

085
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Figure 6.3.2 lce concentr
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{a) Continuum model

(b) Distributed Mass / Discrete Floe model
Figure 6.3.3 lce concentration after 48 hours, fixed south boundary
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{a) Continuum model

(b) Distributed Mass / Discrate Floe model

Figure 6.3.4 lce concentration after 24 hours, Iree south boundary
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(a) Continuum model

(b) Distributed Mass / Discrete Floe model
Figure 6.3.5 lce concentration atter 48 hours, Iree south boundary
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Figure 6.3.6 Initial configuration of ice floes for discrete element model
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Figure 6.3.7 Conlfiguration of ice floes after 48 hours, free south boundary
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Discrate Element model

Distributed Mass / Discrete Floe model
(a) lce distribution after 10 hours

Figure 6.3.8 Result of wind driven ice flow around a structure of 100m><100m
No water flow taken into account, uniformly distributed ice floes are driven
by a constant wind 10m/sec nomal to the structure face.



Figure 6.3.8

Discrete Element model

Distributed Mass / Discrete Floe model
(b} lce velocity distribution after 10 hours

Result of wind driven ice flow around a structure of 100m>X100m :
Mo water flow taken into account, unifermly distributed ice floas are driven
by a constant wind 10m/sec nomal to the structure face.
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Figure 6.3.8 Result of wind driven ice flow around a structure of 100m><100m :
No water flow taken into account, uniformly distributed ice floes are driven
by a constant wind 10m/sec nomal to the structure face.
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Discrete Element model

Distributed Mass / Discrete Floe model
(a) lce distribution after 10 hours
Figure 6.3.9 Result of wind driven ice flow around a structure of 100m.x 100m
No water flow taken into account, uniformly distributed ice floes are driven
by a 45° inclined constant wind of 10m/sec
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Figure 6.3.9 Result of wind driven ice flow around a structure of 100mX100m :
No water flow taken into account, unifermly distributed ice floes are driven
by a 45° inclined constant wind of 10m/sec.
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Figure 6.3.9 Result of wind driven ice flow around a structure of 100m>100m :
No water flow taken into account, uniformly distributed ice floes are driven
by a 45 inclined constant wind of 10m/sec.
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