5530 5 4 W ez HURIF ST Vol. 30, No. 4
2018 4F 12 H CHINESE JOURNAL OF POLAR RESEARCH December 2018
A A
i
Ya'a)

Bk 454 £ T X B K AR AR T B S2 M 43 A

HE A

KERiE)

(LIRS e TR Be, 1178 BUL 212003)

RE  BOKATAR UKL RE f B UK 0 SRR 2O UK I A S+ T2 ASCIE T 22 T3 i 0 M 1 oK A
UKL RE WK &5 K 55 B DK RO R AR I, 45 210 T S8 WK AR SR BRI 0K ) 73 B 5 K S i S 5 R TE R R, 1ET
N UK BEBE AR B LD S SR A0 55 DKAR R OB SR G 2R o AR AE A UK 1) BE R R BV T, i 8 M oK A UK &5
R F /N T 70O, DKAR RS IR, 35 f b T 70°—82°IF, DK Ak [ Iy 225 i A% i 2R 4, 438
JEE KT 820, UKARAU A A= 45 T SR80 TR I & 77 AN T 2R A0 s ok O ) ok 55078k

KEBIR BLUKME BRUKEE R UK REOR R
doi: 10. 13679/j.jdyj.20180008

0 515

LAk, A AR AR, JbilikZ
BAERL, & DS R WO . AR R G 58 1 bk
R4 R RANWIRN; S UG RN, X6f b A% s X
AR U R OV AN TRl o AR b DK X 38 i
R 2225 82 BT Y I I 75 400 5 B UK S I R
UK AT o DRIk, VR A ASE 0L AR UK A 10 ke Kot 2 L
A B S RIS

MEr, EAANCETRE T RE R TS
FEIIWEGT . Riska 5V 2R H T —sbp g 2o g
(TR AL R, Ok S 0 e K A s o B AL T A AT
J7% o R ORISR R 4 A DU AR50 UK T e
TR LA IE R . WangPHR T Figsh ik 5
[i] 2 HE B 45 R AH B AR FH R R0, I R UK 1 5 A
REREHEAT T Su 2T B KON Bl v R (R Uk
Hogf BAT TWEIT, BERL T 8 0KERE . Nguyen
A5 I TR) Y336 P o s T A 5 SR ASE R Uk s 22 T (1 A L

(44 #5 B #A)
B33y =]

2018 4 2 AU EIKA, 2018 4F 8 H #I4& ok

Y o Valanto 4 UK AR LA F 3 A% 43 2 DY AN By
Bt mhUK. BERe . WATRNERR . AR = 4Rl
PR TR SRS AU 7K 2 THT b Al KD A, AR O A 1 BEL
JIRRHE Lindqvist 256 A XK. Sawamura
UM BB T 97 UKAE S 4500 (R 1 R 1R 30 2 0
RAF T IF ORI M e e 8 th T e S il AR
JPRIFH VKT BT R A PhysX, Lubbad il
Loset 540 1 M 55 UM T A i B FE . 3
K2¥:# Sayed # Barker™H: T V& Fr ks ) H 75 18
) 5 55 W M T B ) T Uk ke 5 — AN F B 2 1)
(AR B AR o Zhou U0 MR FY 4k 1) B4 7 vk
Sk 400 T3 - A DK Al T 45 A ) 22 T R A HAE
F o 7K S T A A DK P s B L AT 1) 7 3 SR AR,
UK IR e % A AT T AR i b o ) B R &5 A 5
it 5.

P2 TF R AR DG IE 9T . R KA
Huang 25128 pKith vt 838 S T & T Uk B g
BRI B, I HT B R DU ) AN 9 A 4
FOL I AN )38 52 (R UK BEL 7o 2 i iy 2 L T

K FRRRY AT 25 H (51879125) VLS i AR F TR A0 H (18KIAS80003) IT A58 FIARERY 34 (BK20170576)

TLIRE TR2AASE E ARBIAIFF T H (17KIBS580006) AR A2 TR I 5% 7 S s P v i 4(1704) e B

[ME&EE /]

[[B1E1E&] J&F], E-mail: zhouli209@hotmail.com

e, 55,1984 4, Tt @12a%, N HFRMIEGFE TRMATIT. E-mail: baixu@just.edu.cn



o5 4 ]

LB DK S5 K6 1 20T 8 DK R AR 3R S 23 407

VKA AE BT I 3% 22k ok A, 19 21 T 8% 0K
VKIS RE R oK BT i D i 2k, IR T vk 2 4L
S UK TR LA B P 35 0k B R S i o S SEH TR
FHBANE Jy 2 BRI UK B ATHEAT T SR Ak o T4 i 2t
B0 UK AE ELUS G0 T 1% 22 vk i =X 0s FH 2K
EI7EREAT THFSE, 1330 T B0Kad 72 b 1 vk 3 i
I 2 o A R A ST <35 o 5 R D TS £ o e
KA UKL AT T 5T

PL WIS oK 8y R vH SRR TP AN R T
VKARIPES #h 220, KT 5 A R &5 04 1R 1 oK s
KU, FLAE oK IS R A AR 1B s 2R RO TH 5T
Py e WERATR AL SE 0 25 il 2R ok vt
UK Z X KU R d A e, K IR 2 BT
VKZEJ7 11 14y ik /N B2 g S B s e, 3 B0k
2 R TR W R, SRy 3 UK A8 Ay B IR ) 38 DK T G B
A KNG BILG, N I 75 0 I B A L)y
EIF R 1 5E% TAE. ARSCHE TR AL DL

D S TR 0 IS UL 0 280 PR A A ke DK IS ) A B T

XA A5 OKOZ AR LA T B RE R AT 0 A, PR T
AR UK R, TEEE T K &5 F Py A [7] it
SN UK K T SR, T R] LR SRAR BRI
JEE S5 R R T S DK I 7

1 DK SR 55 B KA R 2 23

UK. K5 S5k P TAE I R oy R
(1), Rk FE b, AH Y. 0 9 38 B G A1 HE FH A 1)
JIEIEAT PRI, DRk, — M AT A UK ) U A
XA, T ] DL K R A o

FERE UK IR FErp, B UK 55 A A B UK &5 ) 1 2
fikan B 1 Pros o AR H B Al TS 1Y),
FRAT 4 i A TR 5 ik % 8 R 0 o BEVK B
7 AR (R UK ) JUART TR AN 1, — ] g 3L
BT, WK TEMEE R 0, oK PAe i 4
SCHR[3]4A H MR IE N

R=C,-1(1.0+Cy -V (1)
2, v SR R UK B s AR ) B UK 5
Cy 1 C G ISR 1 IGUKIRFIEE, Rk

3 1/4
T U — )
12(1-v%),, ,

3
B Glibhue

K1 BEDKS DK & fid s 1

Fig.1. Schematic diagram of structure contact with ice
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Fig.2. The decomposition of force and velocity
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Fig.3. Interaction between ice and structure
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Fig.4. Relationship curve between limit angle and friction
coefficient
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Fig.5. Distribution map of ice failure mode
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SLOPE ANGLE OF ICEBREAKING STRUCTURE AND
FAILURE MODES IN LEVEL ICE

Bai Xu, Zhou Li, Tao Ye
(School of Naval Architecture and Ocean Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract

Understanding of ice failure modes is very important for the estimation of the forces needed in ice-

breaking. This paper analyzed the mechanics of crushing during ice-structure interactions. The ice breaking

force component can affect the ice failure mode, and its variation with the dimension of the icebreaking

structure was investigated to further confirm the relationships between friction, slope angle and ice failure

mode. On the basis of a range of friction coefficients of sea ice, it is concluded that bending failure occurs

when the slope angle of the structure is below 70°. Crushing and bending failure occurs simultaneously when

the slope angle lies between 70° and 82°. When the slope angle is above 82°, only crushing failure occurs. A

model to derive the ice breaking force under different failure modes was presented.

Key words icebreaker, icebreaking structure, level ice, failure mode



