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Probability characteristics of ice loads on polar ships based on
the Monte Carlo method
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(1. College of Shipbullding Engineering, Harbin Engineering University, Harbin 150001, China; 2. China Ship Scientific
Research Center, Wuxi 214082, China; 3. National Key Laboratory of Ship Structural Safety, Wuxi 214082, China)

Abstract: The study of probability characteristics of ice loads can offer more precise input loads for the
assessment of ship structural safety, taking into account the uncertainties involved in the interaction between
polar ships and sea ice. By integrating the ice load estimation formula with a statistical characteristic analysis
method, a Monte Carlo-based approach was proposed to investigate the probabilistic characteristics of ice
loads on polar ships. According to the typical sea area and route, the scenarios of interaction between the
midship and bow of the vessel with sea ice were considered separately. Based on the study of the probability
distribution types and statistical parameters of the relevant variables, the ice loads at different positions was
calculated by the method presented in this paper, and the corresponding probability density function was
obtained. It can be found that the probability characteristics of ice force in the midship can be accurately
modeled by a normal distribution, and the Weibull distribution can be used to describe the probability
characteristics of both horizontal and vertical ice forces at the bow. Moreover, the horizontal force exerted on
the ship due to ice crushing is significantly greater than that resulting from its bending failure.
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Fig.1 Failure modes of sea ice in interaction with various structures
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Tab.1 Values for ice strength coefficient in different areas

VKR BE R AL Cr/MPa X 35

2.8 AR SAF VKRN 2 AR DK X 38, (A 3k 4t )

24 SEIIOAR X (SRR IR o PR DT AR R )

1.8 AT X (SRR OG- R LS . AL B PRI . SR A . )
(2) ik SR A H7EH

Bk SRS MVE T, %8 H Q/HSn MUE" ™ rh YA A AT AL, ATk VR
A 5 KA 3535000
Uy = KAh’ tang (5)
Uy = KA (6)
K, Uy FKEUKVER D7, 3628 kN Uy i3 ELVKVE R 7, 3078 kN; K i 2258, ATEL 0.18, B At
THT Y D6 2, AR my A AU S s B2, A ok kPa, I 45 A i b X S v BUIE B 22 5 o A BRHE 57K F
I, — BN T 750,



5 8 1 L . TSR D WA IA VK 2 -« 1253

(3) VKA 5.
R A A AR TR e R R P R, AR
I +0.5h=7.93% 10" Cyop %)
o, Crpp -5 VK 25 K%L (Freezing Degree Days, FDD) AH 3G ) 2280, o KA TR 19 2S5, n] £k
W
Cron = ) (Ty=To) ®)
K, Ty MK AZREETREE, B0 R °C, ZEAUH O X — A —1.8; Ty i HAESR, 50678 °C; SR
KB SIRMR TR RS TR A R
1.2 it R A %
FEARATAH AR MR M R ARV G S EOE R L, RIS R 2 1k | 232 14K (Probability Paper)
Bt KAUSRAL T (Maximum Likelihood Estimate, MLE ) BT 3% K 2847 58 4544 o
(D ARG S50
BT DX 35 T8 w VKRS By DK R Cr. RHETTESE B VKSR SR EE 2 Ml o GESHL, H IR
HEREMLERRIE, 2 A8 2 043 A0 Y, DL N AR . BRifE2E o FIAR S REL 6,
P A 55 v T AR ST o3 A 2 F B TR AR A1 . RPEROE 25 43 A R AT 7R o A 4, ABUE B HLAR
it X PR A 3 AR [E] A8 431, DX I PR ARE 582 B Bk AR 4330l

__ 1 o)’
f0)= o= 50 ©)
__ ] g
f(X) B JCO'IM \/ﬂexp[ 2( O-lnx ) ] (10)
w=5ls) ol |

B, w, R X BIBIH, o, 785 X PRI, o, WIRIRSEL, B, WRIESHL

e E'EI’J%ﬁ’ﬁT‘*HﬁU" BOMER E FAE 0 A 28 U I, ] DL L A B AT SRS S Jo B A A
AR A I LI AL 5E

(2) k& A5

FIH SRS AR D Tk A DA E PR AV, AT KT T3 o X2 M o A 1) 2% 728 i R A7 R A L
B, SRJE R R E A R S A KA T 23 5, 58 35— B i) kR T R AR (L

(3) UK Ry AT Y

BT LA R 1) DR AT R AL, 0250 R LT AT (9 2 A TR, SR FHBE 3 P 483 1 W7 o A 2 1
A o MR AT REA ELAEME AR AR L 18 Rl L S R A, AT )28 i 0 A1 FH LA IR il AR 245
FORATERY; I, T e PO A A 3 A7 S R A T BRIE

(4) B35 2 pR B RSB

TERRE S A JE LR L, £553K(9)~(11) 2R X A HER 8 pR AR, o FHABCR (AR A 120 7 R
Borh RS EAE.

TERRITHIE

2.1 BiRERBS

AR ST — A AT A T A O R vk 2 ey ME R e T R R F 9 o IS T AE TR Y AR VK (UK 0.7~
1.2 m) B S R UK KL T LT o s DX sl Jeg 8 A7 i AT K T Oy 2 L2548 (W 3 e f R 75°),
Kl 2(a) iR, R e vk e R, AT A e X (O3 E T T .



1254 AT WA 5529 B4 8

UHENCRE

(a) ffir e (b) AEHLE
K2 AR O S ik R

Fig.2 Diagram illustrating the interaction between various areas of hull and sea ice
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Fig.3 Different typical scenarios
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i) VKGR EE AL Cro ARFEFR 1, VKEREE REUCH 2.8 MPa, HAM KA Ry A AR 34
AR R A RIS SR RN 2 .
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Tab.2 Distribution types and statistical parameters of different variables for the midship

o5
4

THFS TR Wi {E/m h¥{E /m Cp¥8{H/MPa
1 MO1 3 1.548 2.8
2 MO02 10 1.548 2.8
3 MO03 17 1.548 2.8
4 MO04 24 1.548 2.8
5 MO05 31 1.548 2.8
(2) firfiE St vk Ve
DLW B 8k H bR, 456 BARMIUA T IR, BIFFEACA 7RSS [) JE1 3 P vk 28 ms i LA AR AIE

A5 i AR ¥IfE A FRE

IEASYTR 3 0.020

IEA 10 0.020

F2 i DX 48 5 FE w/m IE& ST 17 0.020
IEA T 24 0.020

IEAS 31 0.020

VKJE h/im IHOE A 1.548 0.071

VKSR E R A Cr/MPa B R A3 AR 2.8 0.252

2, BRI KA, TR A T OL IR 3 PR
*®3 Mgk ERK TR

Tab.3 Cases of interaction between the midship and sea ice

DA Fe R B M oo MRAEA SCHT R MR A AE LA AR S50, B BUN 3 m, o PEHL 3 -7
1, 7 40.58°, 64.49°F1 72.55°,
i) VK25 SR EE Ao 254 B b IX 0 DR I A G I B 4t 34 SR, YR B 480 kPa, 7F - R B

7 0.542,

i) UKJEE b 5 R “RTERAL I FL bR, S5 RS ME 2018 ARJUHT TR g2 1, 3k

TR GETHRAE, BI{EHH 0.87 m, £ R ECH 0.287,
AR MER A MG SR RN 4 PR

®4 REXBEENSHEBENGITSH

Tab.4 Distribution types and statistical parameters of different variables for the bow

4

A Iy ARIEHY ¥ TR R
AR 58 % B/m EA AR 3 0.020
UK s B A/kPa BT IR0 480 0.542
VKIS h/m IER 0.87 0.287
IEAA 40.58 0.020
Jefhp/l° EST A 64.49 0.020
EAA AR 72.55 0.020

% 4, SRS VR, TR TR 5 PR .
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Tab.5 Cases of interaction between the bow and sea ice
THFS TR oIE/P B¥J{E/m AY{H /kPa M /m

1 S01 40.58 3 480 0.87
2 S02 64.49 3 480 0.87
3 S03 72.55 3 480 0.87
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Fig.4 Probability paper of the normal distribution for Case M02
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Tab.6 Distribution types of ice loads for different cases
TP FHK I3 AR
1 Mol IEZS I
2 M02 IERS AR
3 MO03 IEAS
4
5
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MO05 EA A
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Tab.7 Results of parameter estimation for the probability density function

RIS HAGER

N = 7I’l‘ =4
TS #k PfEp,/MN bR 20,/ MN RO,
1 Mol 23374 6.392 0273
2 M02 28.435 7421 0.261
3 MO3 44214 11.413 0.258
4 M4 59.326 15.050 0.254
5 MO5 73.499 19.328 0.263

(3) VKA A HE R 25 1 PR
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Hh 26 i BE 22

SEE VKA RT3 (R DRSS Rt fh DX 58 B2 20, THEAR B[R] T80 R X5 ok I 3(E . vkAE:
F3 . SERpKRs g Bt fik DX 5 8 28 AL T 2 TR 6 iz

H13% 6~7 JJ&] 5~6, XFLL 5 R TOCATHEEAE R AT LI, BEA 1 i DX S S8 2 A3, kPR T 9 2
(EANIBTIE R, Xof 07 AR 25 N T R . Mk XIS B2 Hhy MO 22 f 28 MOS HE I 17 9.3 ¥, XAy kAR
M ERE T 215454

0.07

0.06 — T#HMO1 ] 2(5) -' - : - : : 80
005 | - THEMO2 ] £ 15 70
& 0 ~ THMO3 = 60 &
o L ) ] Oof s
w004 — THMO4 -}E 35l w0 S
& oosf ~ TBEMOS £ 3o} o KIS g
£ 002t T 25¢ - IKMEMTI 30 2
B 20} ; 130~
ooty \ L5F T e 420
000, 0 ' 0 5 10 15 20 25 30 35
0 80 100 120 140 160
VKYEF71/MN Al X3 S8 /m
[§ 5 UKAEHT ) BORE S B PR Pl 6 SF-E5pK Hs 3 Aok AR T i AR A i
Fig.5 Probability density function of the ice force Fig.6 Variation of average ice pressure and ice force
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Tab.8 Distribution types of ice loads for different cases

THFS AR VKR 1 A 26 A1 T HUKAE R 1oy A 2 A
1 S01 AT IR 5T AR IR 53 AR
S02 BAR IR BAR R AR
S03 AT RS AR AR IR 53 AR
Q) KRHMSEHIHE

TET 52 DRE AT 3 A7 JE TR A IR, SRR RA SR A T J7 1 B3 2 R S0 AR SR (L
X T BAR R AR, 0 E RSB IRS I o, MINESEL, . RIS ERGTHE R
9 R
R MEZERBARMSHMGITER
Tab.9 Results of parameter estimation for the probability density function

KUK 3 B 5 2 R R e LUK B 8 2 R A
RIEZ%p, RS Mo, REZSHB, ERZHa,

THRFS A

1 S01 109.936 1.294 126.395 1.263
2 S02 267.710 1.295 123.964 1.303
S03 406.861 1.271 127.649 1.293

(3) kA B3 0 L PR KK
ShGAR 8 I3 9 WYL, A A R T O0R L vk A I BORESR 5 B2 pR &R, Al 7 FPE] 8 BT o

0.007 T T T T T T T T T 0.006
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& 0.005 ! - 3 !
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Fig.7 Probability density function of the horizontal ice force Fig.8 Probability density function of the vertical ice force
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% 9 FE 8 Al LI H, I L UKAEH 1 AR b AN 32 I f1 o 5], M3 2% pRi 450 il 26 1 R IR 45
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54 3R 8 FNER 9, WITHEAAR BN W] T R 7KK AVE F 00 RN L kAR FH 0 %6 7 A 1048 L Al 22 AR
SEREL, W3k 10 FiR.
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Tab.10 Probability characteristics of ice forces

S IKFVKAVEHT T B vkKAER )
THFS AR — propm—— — ro——
Pifp/N  nfiZEe /AN ERRRS,  BMln/N  ARfEEe /AN R RYS,
S01 101.630 79.180 0.779 117.449 93.625 0.797
S02 247.444 192.645 0.779 114.438 88.579 0.774
S03 377.543 299.167 0.792 118.023 92.020 0.780

M 10 AT LA 1, A A0 S01 2 T4 S03, T B vKAE FH H B(E R AR RS, R i AR S 22 804 fhth
VivNE

4% it
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COEEXS I vl g, 322255 SRR b SR vk, KA it 5345 328 ml ol 0 2800 A ke A
IR MR 5 i o DX sl 38 A, A FH T e oA e ARG Hh i T 40
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BT Rt FH S A 7R 53 A A AR A SR e 5 B 2 Rk S A7 R34 K, Aok AE T R8s o A -
FEE N 3 B vKVE R 1A 2 I A 2R A s i, Bt o3 A A A v
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