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NUMERICAL RESEARCH ON THE INTERACTIONS
BETWEEN LEVEL ICE AND POLAR STRUCTURES
BASED ON COHESIVE ELEMENT METHOD

ABSTRACT

Under the background of economic globalization, the value of the
Arctic in terms of resources, scientific research, navigation and strategy
continues to rise. Global warming causes the gradual melting of the ice in
cold regions and all over the world will also explore the footsteps of the cold
areas to extend. The main environmental load faced by polar structures in
ice areas is the ice load. Due to the complex and changeable characteristic
of sea ice, the collision between different types of sea ice and different
structures gives rise to a lot of dynamic problems. Therefore, the accurate
simulation of sea ice, the understanding of the mechanism of sea ice failure
and the formation of ice load are of great significance to the rational design
of polar structures and to ensure the safety and stability of operations in cold
regions.

In this paper, based on the basic theory of cohesive element method, a
cohesive unit model of level ice is established and 8-node hexahedral mesh
is used to divide the bulk ice units. The numerical simulation of ice cone and
rigid plate squeezing each other is carried out, and the results are compared
with the test results, which verifies the accuracy and feasibility of the level
ice model.

The ice load of vertical conical column structures and multi-legged
structures is calculated and analyzed and the dynamic process of collision
between level ice and platform structure is simulated accurately. The
simulation results are consistent with the measured and experimental results.
It is found that the ice breaking angle has a significant effect on the load

reduction and level ice load on the cone column is positively correlated with
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the ice thickness. According to the ice load of individual columns, the
shielding coefficients of each column are calculated and the main reasons
for the ice force attenuation caused by the shielding effect are analyzed.

Finally, the continuous ice-breaking process of polar ships is calculated
and analyzed. The finite element model of a common polar ship is
established to study the dynamic process of its continuous ice-breaking
sailing in level ice and analyze its ice resistance. The whole process of
continuous ice-breaking was observed by the simulation results. The
influence of ship speed and ice thickness on ice resistance in ice area is
studied. Simulation results are in good consistent with the results based on
Lindqvist semi-empirical formula.

KEY WORDS: ice load, polar structures, icebreaker, cohesive element
method, level ice
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Fig. 1-5 Load measuring devices on ice breaking conel!’!
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Fig. 2-2 The internal basic structure of sea ice[2]
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Fig. 2-3 A device for uni-axial compression test on sea ice[38]

P 2-4 UK = 75 st 02 B PRI [38]
Fig. 2-4 A device for three-point bending test on sea ice[38]
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Fig. 2-5 A device for catiliver beam test on sea ice[52]
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Fig. 2-6 Difterent crushing mode of sea ice[52]
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Fig.3-2 mon shapes of traction-separation law

ME R IRATAT A 15 RS R BT 2 70 AT BIRA BB A . R R
TeR BN E I AARTE 2R IS B e K G AE— 8 AL A Vi Fl A IR FRASE
Bt JE IR, RN KR TR S A B e B, R ERIEE R, K2
STIEFHRIBE 0SS SN EI N BRI, ROk R IT R BRI, R
HRSZANEATAE I, UK BT Z IR BE AR B, DK i o JB NI R Aok R
TG P IRCAT 1 £ 52 B DA o 2 5 A4 A el L ol ) P B PR TR K/ o X T AN R AR 1 22
SI71-NiRE 2k, KR HTTh) 52 IR I RE SRR

- 21 -



~G004240

ARSI LR IATS
3.2.3 MR BTAREBRITAEN

AT SCHRE], RS B ITih R R B TR R e AT IR TT 5 3 (R — P A 5 N2
FERGE T B TiR I BE A SE U AR, A7 PRI BROCR aUnT LS. B R ITIE
AAESL T W 3-3 Prongs 1 Ak R 8o IR et A s K.

(b)

Cohesive elements Spring elements

K 3-3 KRB ITIEA RITE R (a ML, b AEHED BY
Fig.3-3 mode of cohesive element method in FEM (a. continuum mode, b. discrete
mode)’!

O T 2R AE R AR I 70 R4 L e U XS N2 (18— 449 e il N AR P ) 56 3
FIC RN UK T RE T 5 N ARG TR 705 IE ST IR SR R GEAL (1 T
IR RN R e, RiR AT S AR AL M TAENNE
BRETTI AL T BN T I AR B T, BRI R] DL 2 B S 1
AR SORAE FH TS T 2R SR B e s ST KSR o e Y Ak 380 D 22 i) LR Y 1)
8 ¥ RN IR BT AT RS A

il ORGSR FICIRAE LS-DYNA FrBHAT A BR T F T I RE . A8 24 i i [e]
b, ESETE MR T K S BN T R, R EVE AR RS T, TR
A R m NS, FORISRI R IO R 2 [ AR AL RS s FE45 2UAR X
PER% JE, AR R SCHE B B 72 5] 7708 0 5 AR R S B e A AR R P I RY 5 F s 2
BRAERIR, AL T, [EZEH IS J R E USRI . R TAaas
Rt e AEN N — I 18D R R S BN G 26 48, JHG T~ — el 22 ik 5.

-2 -



~G004240

oSS N T e S VAT

3.3 KB R TiERIENT

AT SCTEA DR 1R R ST B ARG . X — 5 5T R B S STIK IR
RS IR o AR SCHIBIE FERT R - HE K o A5 RS 5 50 008 S P B UK B A 7Y
I, E YR TR UK B BB O UK SR B TT,  FRAE AR — XA AT R UK S A B (14 2 fih
EIEARGRETT, KR IO S VKSR BT Y o T A DLSE T B UK 2
SUNAERSY . KRR ITNE )R B oeacE )\ sUN R It #HA]
WEFCRM, AEIFUK I = 4EBE R, 35 Ok 5 o m] L AR IE BE 4 (R B T 52
FasE Mo AN SO FH 25 J5 O 5 B T S NI VKA AR

PEREVKSZ B SN I, RS IR e RIS R, RS E AR 5] J1-Ar
MHEN R WS, SRR TeR I I 0 B RIS R BOMER, AR B R A RIA I
KA MR GOI BR s[RI, 3 208, 8 B o0 e B2 ) 1 S AT AT UK SE A4 B ) 2%
ERGEET7, FESRE TR BT AN RS0 B B AR, R R 5 A
TOHMIER, RIERSE T B UK S5 F 2 e I A5 DAL s 4 SE R I W 3R EUE
FRE, UK SR R T BT, T UK TE S5 AP BT HE RS, IR BEE PR IK i
gt b HEER, X ARGV 52 T B UK B (1 — AN LR 7. Wl 3-
4 PR RGBS 5 VKSR BT s = A

jat L 5T

v

KRR

K 3-4 RS0 5 UK S B TR B

Fig. 3-4 Illustration of Cohesive element and bulk element
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Fig.3-5 Ice hexahedral element model and cohesive element model
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Fig.3-6 The device of ice cone crush rigid plane[61]
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Table.3-1 Parameters of the model tests

RIESH e
HEAA A E 120°
Toll 488 R Imm/s

= 3-2. Bk RIS

Table.3-2 Parameters of sea ice

UK RS e
B 910kg/m?
T 45 558 15MPa
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Fig.3-7 Illustration of computational model of ice cone crushing rigid plane test
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Fig.3-8 Curves of the relationship of displacement-contact force
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Fig.4-1 Failure and accumulation of ice after interaction with conical structure
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42 WERESSHIKE
4.2.1 EERIEE R S8R

A5 0k PR JZ20-2MUQ HEAET- G BT HESLALAE BT FEREAY, tnl& 4-2 fir
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PRUR AL T B UK R AR SEAE 2 N AR 17 _BETE, TETH 21— v B Jm WAL RV, AE
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JEIS, JREEEIR AT BE UK RIS T MHEA P Se1d 25/ W Ak 2L Rl BT s 30

- 29 -



~G004240

e N R e AT

mmmns

JZ20.2 MNU 7
ke ‘| Load Panel
Ice

K] 4-2 #hiETS 1220-2 MUQ H7E T 5 [38]
Fig. 4-2 Platform JZ20-2 MUQ on Bohai sea[38]
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Fig. 4-3 Illustration of the conical structure
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Table.4-1 Parameters of column rigid material

SH HE
B p 7850 kgem™
MR E E 200 GPa
HiAEL YV 0.3

4.2.2 BKIRRISH

B BT VUK TR SO AL . UK B SR A O AR R N T\ S
BRELTGEE ST, HU 18m*40m [F-FREVKIT I 5 AR BN BRI 78 P RE 0K B X UK 1K
ANIIESIE R OK 23 BB 0.2m. 0.25m. 0.3m. 0.35m A1 0.4m. 5% FH % 14 [F) 14 (1)
LN S I PRSI UK SR 57T o E DK SR B0 (19 N 5 B2 R 5 ORGSR 0 I,
RS BTG 2R 5] 757 B AL S i B it B2k 1 FR A Hh A Y

WGBSR RS HOZ BV 2 IR R0, 7EAN R 00 1R A 1 58 A
[y Ab 2 E XK AT T RER 1R, 5 REIRKIIRE . ShEE . FLBR% 4%
XPHEOKPE BT B2, 25 T TR A A B s FH PR 0K S 2 ) AR [ 167681 AR
AR 2 HEAF VO B3 T MUK S VA B AR S 4, DA 2 AR SC L 1 AR 75
Ko BAAESHIENE 4-2.

F 42 HABETESHBRRETRESY

Table.4-2 Principle parameters of ice model

VKSR BT R
SH HiE S HBfE
BMHE E 2GPa PRVEAS B E 2GPa
% p 900 kgem™ HEE p 900 kgem
ARt v 0.3 M IR WAL T 0.5 MPa
BN o, 2 MPa Y\l TR S 0.7 MPa
W% e 30 Jem?
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Fig.4-4 Computational domain settings
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S5 LIRS, TR S TB) SR 3 . BT T SR P AN SR, AR
RSN 0.05m*0.05m*0.01m [ A IEATIHE .
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Table.3 Effects of mesh size on numerical results and computational time

WX R~ SRR HARZE) THEAT 8]
0.075 m*0.075 m*0.01 m 25.5 KN (13.85%) 7hrs14min
0.05 m*0.05 m*0.01 m 28.2 KN (4.73%) 16hrs46min
0.025 m*0.025 m*0.01 m 29.6 KN 47hrs22min
4.2.5 $EIR T

THEL AT BCE P REOK 5 SEAT A )i 200 SZAT AP B DK 2 1) f) 4 frk R FH T
[ A AR T, #£ LS-DYNA W4 5H %L “CONTACT_ERODING_NODES
TO_ SURFACE”, ZHBET] LAE SCHFUK TG AR IR R b o ~FEE 0K 5 S2AE 2 [H]
) BE 45 7 B K08 T A 0.2 o BHRAE HE AR B RAR UK 2 1) P4 i SR FH P T i PR B9, 7F LS-
DYNA Hik#45H1E “CONTACT ERODING SINGLE SURFACE”, iZ&i%HA]
PATRTAGREOK 2 [ A EAE A, 5 20Tk BN A) o MOk A (0 BE ¥ R R E N 0.1,

4.3 RSB ETESE RS 9
4.3.1 FEOKAEIR SHEFR

TR R L TE A B B R 5 Y AR MOS0 R L K
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Fig.4-5 Top and side views at time t=1s

—
cre s etere ey
Trerrrrerrrr ey

cre e PR
A B ih £ 4 A a S

B e
tre et e e
R
tre e
D R
Lesseds
e
die
Cerestataas

e

cesesssssces

tereae
terean
S 24040 an i 5
429
D e g
R IR L I I I S
R AR SR S LB S S
R R R I
D R R I AR SR S
R R R
rreeser ety
... +4

e

FE 4-6. t=4s % E R E
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Fig.4-8 Top and side views at time t=10s
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Bohai Bay[38]
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Fig. 4-9 Measured result and experimental result of ice accumulation
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Fig. 4-10 Simulation result of ice accumulation
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Fig.4-11 Time histories of horizontal ice loads on conical structures
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ofh® tana [1+Yxinx
HB =
3 1-ugr

+G@—1xx+m] (4-1)

x—1

VB == HB - h (4-2)

Ho, Y2711, G = (pgw?)/(4oph)« x = 1+ (3G +2) V2w NKLE ALK
HEtz .
W OKLE ST IETH R (69 K Tk A7 H, 53 ELVK 7V, BN
tana + 4k, - ufg, cosa

Hp=W
R (4-3)
1-u9y

VR =W cos a(;z cosa — ua — thy) + Hph, (4-4)

Hodr, f, g Fh, 55 RECHUK-LA 0] BEE R B HEAR . HE A N RIRE DK TE T 5

eSS HE 3o
JUJEHfE T 45 ) 1R R KT 7T AR -
F,=Hg+Hg (4-5)
F, =V, +V, (4-6)

N TR FCHLOKHES 0 R/ INKT UK B AR Y 52, A 55 R £ A0 0h 40° . 45°
50° + 55° . 60° . 65° HHAT T — RAIMIBAUBI . AT T BREE A ORI IE
HER ARG ORI, PREFKERTH AR HER A, N 2.8me ARSCUFE T PEEK DA
0.4m/s F38E P Rl F 4 TS ST AT 90s FFIA] P 7 A BT 32 7K1 [l RS B 7 1) ) e KUK
FSEIIUK RN, FER 45 R 5 1SO UK I FRiEvh 515 20 1 5 KUK 7 BA B gk /b 7k BRIZE:
NS B R TeiEAS B B KUK 1 25 Rk T 0 b, &5 SR an ] 4-12 & 4-13 B
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Fig 4-12. The relation betweent and ice force of horizontal direction

T SEAE Rn R, 7KP 5 18] A B KUK T3 R 2a1 0K 6 LUK HE A7 R 1 KT 48
K BHEIT AR HRKRUKIIAE A B WA, T P30k Rl 5 4 A R4
RN 5 HABEE RIS BRI, A PR R S eik B 2 45 2R 5 Al 7 545
IS RV GRS, EAES BRI B, (ERBRMIKE 4 R W AR
ISO VKF bR, 33X — 45 R i A ) (A ORGSR B TR A B 1) R R P
o, ASCHRIE IR I 5 R4 B2 250 LK R A 2R A ot 2 L T AUK SEAA BT
MESEL, S HES KRR RIFA S 20 1R T SR W2 53— 5T,
SEPRIEEVICMORL B ARG SR 2%, T AR 2 by e A U R BRI o 2= R
R, HERFITE BRI S AT BAE N, HAAESE L )RR E
PRI BGEZ M o ARG 3R B T L UK R - DR SEAAR B e ARG B T i 20
ATFELIZIN, XSG HFUKKISERR A A IE A 28, tBRERIREN R Z —.

-39 -



~G004240

oSS N T e S VAT

80
X
X X X Aé”’/ﬂ\*f
7a G———-_.q
——

. 60
z —&— Max loe Force
@ 50 - =30 Standard
£ 40 - G .. X DEM Results
3 I > T O - =@ =pverage Ice Force

30 = - -.0_ -

20 TO=-=-=9

10

0 | 1 | 1 | |

35 40 45 50 55 60 65 70

8(")

K 4-13. B E 7 UK S HTUKHEA 0 KNSR AR

Fig 4-13. The relation between Band ice force of vertical direction
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Fig.4-14 The relation between ice thickness and ice force
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Fig. 5-1 Platform JZ20-2 MUQ on Bohai sea

P 5-2 DU R AT & 250 Ty A A 1Y
Fig. 5-2 Model of four-legged platform with cone
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Table.5-1 Parameters of column rigid material

¥ A

B p 7850 kgem™
MR E E 200 GPa
HiALL YV 0.3

5.2.2 @KtEEI S

5422 WM, AREKIHIEHZE =FE 1RO . UKLk
B TTREIY SR Y 7S T A )\ 5 A R B TC 57, B 18m*40m )P B DK BEAT 7153 . AEUK
SR B TTIRIEN SR O F ORGSR u I, RGBT 225 -0 BALAS fih 21k 7% 28
PEERA 2T

HEOKA R B AR S HO 2IVF 2 R 2, 5 A8 R 00 ARMEAT R PR AU
AR Aa ] Py A2 28 0 TR I o IS P ) e DK 2 ) 2 9 TR 8 L AS S AR DK
SREBTER AL AR S 5. BARSHUE LR .

52 HKBETESHRRETRESY

Table.5-2 Principle parameters of ice model

VKSR BT R
SH HiE S HBfE
BMHE E 2GPa PRVEAS B E 2GPa
% p 900 kgem™ HEE p 900 kgem
ARt v 0.3 M IR WAL T 0.5 MPa
BN o, 2 MPa Y\l TR S 0.7 MPa
W% e 30 Jem?
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Fig.5-3 Computational domain settings
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Fig.5-4 Illustration of column number and ice direction
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45 AHEAT OYEUK 15 26 SR 48 R ELA F R B0 SR L, B9 7 el —
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(a) t=1s I HIBEAUL 45 2R &

(a) Simulation results at time t=1s

(b) t=5s I FRIAE AU 45 AL ]

(b) Simulation results at time t=5s

(c) t=10s I} AL 2R B
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(c) Simulation results at time t=10s

(d) t=10s I DL 25 L ]
(d) Simulation results at time t=10s
K] 5-5 Z30FET 6 5B UK AN [F s 20 B 25 SR 1K

Fig 5-5 Simulation results at different times

& 5-6 t=20s I AL S5 SR 1B 5 1006 45 R x LE

Fig.5-6 Comparison between simulation result at t=20s and model tests results!’!

B JG O UK I AR 15° + 30° 1 45° I AE BLIEAT B, . AR PLE NI 5-7
£ 59 fine XSHREM LT BAR T . 240K 0 =0° B, A2T G Mlft 3480 4#57
FE IE S Kb R0 S A 7= A K v, S JE I S A 2 52 3 7K Y D B R UK )
ER, B FTSZ 0K 180N, P e i &
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(a) VKIEA 15° , t=10s I RIAA I 5

(a) Situation when ice direction at 15° , t=10s

(b) VKIAIfA 15° , t=20s I A7 5
(b) Situation when ice direction at 15° , t=20s
Kl 5-7 UKIRI A 15° I R AREADL 28 1
Fig.5-7 Simulation results when ice direction at 15°
HUKTE 6 =15° I, 145 24k Se )R SiKAER], PAAEKIE, HERRS 3407
FEFAEREM, UG OKBEIN B INE,  3#AZAT 2 —HB 0 A TR M SL AT () 7K E
I52 BN HARKIE P AE 00 B I SRR, DR e F A S 0K 2 B R
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(a) VKEA 30° , t=10s (KA 5

(a) Situation when ice direction at 30° , t=10s

(b) VKIAIfH 30° , t=20s I} AT =
(b) Situation when ice direction at 30° , t=20s
B 5-8 UKIAf12 30° IR RARILEE SR

Fig.5-8 Simulation results when ice direction at 30°
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(a) VKIE A 45° , t=10s I RIAA0 I 5

(a) Situation when ice direction at 45° , t=10s

(b) VKIAIff 45° , t=20s I A7 5
(b) Situation when ice direction at 45° , t=20s
Kl 5-9 UKIFff 45° IFARABEAU 28 SR

Fig.5-9 Simulation results when ice direction at 45°
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@ 0=15° (b) 6 =30° (c) 0 =45°
(b) &l 5-10 t=30s ISFAS[F UK ) 1 T FHEICIR S

(c) Fig.5-9 Ice situation when t=30s at different ice direction
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Fig. 5-11 Time series of ice load of each column when ice direction at 15°
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PAAERKIE S, fE 0 =45° W SE4 AT HSLAERKIES, XPRME ST LAY
SEOKBAT AR /N, BB T8 i, TR 3#STAT: BT 32 DK BAar B A UK [ A 15 K 56 1
KIG TN

& 5-3 FEIKEBFZFGTEIERZKDEHE

Table.5-3 Average ice load on columns at different ice direction

SEAE UKIAf 6 SEUK I | iAE kA 0 Bk E
G5 GD) (KN) Yn'T ) (KND
0 15.827 0 2.563
1 15 16.144 3 15 10.006
30 15.263 30 0.894
45 15.450 45 2.774
0 14.927 0 2.478
5 15 15.208 4 15 12.149
30 15.391 30 14.085
45 15.176 45 15.174
18 T T T T T T
6 — S -
- e
14T —

—a— 1#1THE
G 2H I i

3R

—— AT

iceforce(KN}

0 5 10 15 20 25 30 e 40 45
theta

5-12 AS[FEIVK R SAE T 2B R T A UK 3 A

Fig. 5-12 Average ice load of each column at differetn ice directions
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(RIESCAR UK TA] R e e M 5 S AT JEE Al RO (I REEE 5 UK 322 A P B SO MR JEE R

2

ﬂzo

5.4 POHE RS & L5k ST iS4 4

EEERFOR, B A4 S PR UK, S ST (R S A LR
e, 5 EOK R Ar (P LSRN o AT 5K 22 A0 FBR T £ DK A7 28 50 1) 5 i R 2% DA
JOBE G R AR T — vk .

5.4.1 ZHERRT B L5 R ERERRY

TR Katol7OME H 1) 22 S A S5 44 Hh ST A UK 3 fr TE IR RoR T 5, B SRR sz
VKR AT AT DL AR A«

F = k,F, (5-

Hr, FOAZHERESE 4 A NTFE T 2 UKE T RN Fo N EA A 5T UK A H
TP UKERAT RN, ke 22 MR &5 A6 B ST R UK B i (10038 e R 8

& 5-4 FRIKEAFHTEUEERRY

Table.5-4 Shadowing coefficient of columns at different ice direction

SEE UK 6 e SRR UK £ 6 e
P ) IS T oy ¢ M 2%
0 0.727678 0 0.117839

1 15 0.742253 3 15 0.460046
30 0.701747 30 0.454897

45 0.710345 45 0.12754

0 0.686299 0 0.113931

2 15 0.699218 4 15 0.558575
30 0.707632 30 0.647586

45 0.697747 45 0.697655

ALV F AR 7 R T ST S B KA A AR . R DY A A R L
AL EIUKER S RN, UKEN 0.3m, REREERE 0.4m/s, HEAN 60° , TS Fo=
21.75KN. B AT AAF B b —5 o S A AR FEA RIOK ) T B UK A B i R 20, 1T 545
Rk 5-4 o, B 5-13 5 7 ASFEIOK IR % SEAE UK BT R R E M 2618 . T
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Fig. 5-13 shadowing coefficient of each column at differetn ice directions
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Fig.5-14 Illustration of circumstance of different columns
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ISO UK JJFRTEARHELS i T R 2R & S5/ k8w i 2%, 1%
[ 25 58 T MUK IR HERR L SRR AR A AR It 55 ] 3R 14 5 i«

Fr = KsK,K;Fy (5-2)

Hrh, FrNZ R 6 8532 0K 71, E N &S BMSIAE T 32 80K T, K
IR R Ky 975 & HEVKAR RN IR G DL B B2 248, —RK,=0.9, K; N
UK HERR I SE IR R AL, X T AT TR HE0K, BUK=1.0. bl R 8K 5 AR 4
(34T BEAAAKIKRI VIR, 75 BE 5 2 AR 6 45 1) 1) EL AR I R 5E o

Wang V%5 N FRIRIE T 45 Y T A 52 H I S5 e 1 3 Dk R 205 AR S5 R K
SV VKR EL A RINE K A 456 1SO VK TIFRES H VK J1tE EAnifE,
B3N T 2GRS E R R R A, Wl (5-3) fis:

{s—g . s—g
D vl
ks = sonz D 5D (5-3)
meL—+—%L0 if =2>1
3.47F, D D

Sooh, s FoR STk I, D kKT A R

T 45 7 S5 W R KT KT L 2 4 SRR R R P, st -
4 o 3T 2A 1 i R SERE, FC R 2 MO % 1 10 T AR
AHTH,

ks = (ksy + Ky + ks + ksg) /4 (5-4)

%55 B T LABIHOTIEEBIT & Sk RO SR, B 515 %
BT HE T 1SO UK ATHRUE A B4 51 £ M 0K TG 26 505 R A 2 R 5 i
PR A VK e R B

* 5-5 ETHRERIM 1S0 K I EHTEBENTE B K ERRY

Table.5-5 Total shadowing coefficient based on simulation and ISO standard

ETHERNE ET IS0 WK W AR AE B9 #

ko )

R AH
0 0.411437 0476
15 0.615023 0.802
30 0.627966 0.825
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[ —=—simulation results]
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Fig.5-15 Comparison of platform total shadowing coefficient
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Fig.6-2 Norweigian polar ship Antarctic Endurance

Kl 6-3 b AA B R s B A 1Y
Fig.6-3 FEM computational model of the polar ship

- 64 -



~G004240

IR S PN AT e ATATSE
6.2.2 KRS

5422 FWHE, ABEKIHEHE = TN R IR, KT SEk
BASEAEAR S F S TR\ A TR T, B 100m*200m B F3 k4Tt 5. i
KSEE N 6-1.

Fo-1 KRBTSR RTRESY
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Fig.6-4 Computational domain settings
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Fig.6-5 Simulation result at time t=1s
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Fig.6-11 Time histories of ice force on the ship
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Fig.6-12 Comparison of ice force on ship at different velocity
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