EROE S T E
2024 4 8 A

it WO o i

Chinese Journal of Computational Mechanics

Vol. 41, No. 4
August 2024

DOI: 10. 7511/js1x20240118002

W EKF AT ENZEEESREITHE

Ik, ETER’,

2 IR 3 !

(1. KREM T R T AWML S CAE fRF 4 E S0 %, Kig 116024 ;
2. B G PR T PG, JB 3T 100081

W OEMHEAYHRBERNARE GV ERMRRE LW RGN TETESNTER N EAZEERX
WG ERAE M FARENEDN RERER LT ER KR LA TEAD N 2R AXERETREN
B Xl oty % E R4 R F 0k, 8 1 # H GJK(Gilbert-Johnson-Keerthi) £ 3% DL 34747 8 b #) Wi 3R 8 5 i S %, X
AXTHEFESEMRELHEE TR ER D A A T TR BAZEERERT T E, B ZFEm R THME
vk sy A i A2 B, I & Hopkins 38 H 8 ik B0 B S Booh g ok 18] 2 e e b o SR R T W D ok DAL R AR B
B0 % ik 7 T 00 IR A M F R ST XY w3 A R TR Ok B R R WL G K A Rk B AR BLRE L R B T R R 4 R
BB ARG TREHNRAKBEERG PR, FREW. R BR S EEE LT E LY 4R
RO d vk izt 7 A2 , 3 B ¥ A 808 3 ok 3 2k M 32 20 51 A2 i ok IR Aok B S ot ) 4R AE .

KR ERF N F BT R EEA kR
hESES.0347.7;0373 X FRERL A

1 5 5

e b T Bl S8 A V5 B AN RS a0 A AN B T UK
TR R T K 5 R AT 5 B R A 53 Sl
s HPRRE R ZE T PR AL o KA A R
G T B AR R AR AU AR X e 3 B A Y L2
AL 32 AR LA % 7 i T AR D /D 3o (i A5 T S IR R
B T el X6 K B 6 A 1) W A It — 28 S B b it
JETh R 0 iR 23 ] 3 BT 9 DK A RO A 0L $
W E R R P B R b vk Bl ) 2 g A
3R A B 22 4 AT BT R A A B 2 -
A R IC A S A 55 TSR i 1 VK AR 18 3 U AR
(7 o5 8 K 4 J5 B8 0 A1 O RT3 A S5 GE TR AE AR A
PRECP T S BT L AR S BT 1
SE LK IR DK DK B S AR A A5 B G AT AL
e TR S s PR A7 AR R P L2 R A A A5 ) R ) il
X T DK A LN 5 4 22 2 ol g T A R AS ] B A
AL e LLOGF R B U Y v O3 B R I UK g
B HOTT Y AR Ll T SR A T TR R R
k37 DK R 9 UK 64 32 Bl FUR Bl ) 27 48 AR 2 A SRS

5 B #:2024-01-18; & FmU 2l B #.:2024-03-12.

XEHE.1007-4708(2024)04-0651-08

B8 38 & 30 AT R A 6 b B RS - BV vk B T
LI KR

BT Bl Cundall 28550 32 0 38 0 H
FAE TR, G 28T E fvk T
FRte o) S A ek, B0 B JLART T 25 PR 40 1 4 R
B B = YRR 2 E R T R £
PRSEATEEATY, fe i Shen %K B HL
IS DN & R 2 <R o A o B 4 22 o Sy 3 e 3
VKBl 35 72  Hopkins™™ ) — 4 2 31 85 il
JC A% M VK BB IR T UK TR B
U 7 RO B VKB . 3 AR TR LR R
K FET IR ST KOS T R ] B e &
B BT T TR B W N T K AL, 4
G T EOULIN R B AT vk T DA 4 U AR g K i
A7 5 8 23 1) 3 B A AU

AR SCAE B FTE = A RS ) 43 1 2 TR BT
LRl 1 5T VK H BT 2 ) 1 R 5 R R A
R ST T AT B R VKRR 35 LA 25 1 1 vk B
BOC . T B R b v vk e A L T4k
T =Y i vk T [R] T A8 B ST M B O 1Y) % il

HETH . HE R34S (52192693;52192690;42176241) 5 T45 36 5 Pk AE AL A0 4 0 (2021-342) W B W B .
MEE BN T - (19725, 5 4, 2042 48 1+ 24 B0l (E-mail : jisy@dlut. edu. cn).

SIAARS 2 4k Eil R, F2 R 55 Wi k3l 71 B i 2 IR s o0y 8 (] 75 01 22 42, 2024, 41(4) - 651-658.
LI Ji, WANG Si-qiang, WANG An-liang.et al. A polyhedral discrete element method for sea ice dynamic process in polar regions
[J]. Chinese Journal of Computational Mechanics,2024,41(4) ;651-658.




652 it & A

F4l%

IRBUR M, 51 AT KPR YR 3h 1 8RS, 25 & SC
BRL28.29 142 1 UK T2 B S B0 A0 ASE 80 L) ASC 3L 1 vk
ilf 43 2ok A% H 152 B AT R . SR FHAS 5 ik R VR K 2 )
V4l 45 e R R AT R UL L B UE T ik T B S B
PR 38 X 5 ) XU RN BT U0 R R T Y KR ik
KT 24 0ok 2 HE AT AL, 96 0E 1V K 8 180T Ik i T
TR E M .

2 ETHRETEEMEICARME

BIKERIT A%

Feng %% 3 F 2 fol 3 72 v 8 2 7 46 19 S8 48
N7 T S T RRURI A Ml A B 9 1) 2 Mk g 1
REHRE HL e i 1 38 8 PR BEUAH DG 149 B ko B0 S
EA T 22 TR AR s 2 R A7 A 9 422 fik ) €708 [a) 751, HL
[F] BF SRR 2 AN 2 fl o7 B 1) F7AE 6 MR F JE Bt
HEAT [ AE 1 422 fd S 0 ot A L i e TR OB S 1 T
Befp i, 7R LSRR I, Qiao S5UC M4 N AR RE
RN 2 i 0y B AL R AT A8 RIS N B HIOT TR AR
ARSCRET = MR Mg S ERES2Zm
A BT ARG VK L TT L i 1 B B S 4 A R R A
FEfh oy o T TR 45 i PR R KA ) AR A R
TIE VK 56 15 I8 R0 0K BT I F — 45 57 5 FH T A b 7
VK BN B B RO T
2.1 Bk hZERFE

H AR SR T oK o A B I A SR
G K X UK B A S oR BR ST 4 A Y £ 3
JE 387 A R K5 i AL AR v g oK i D0 B 55 AR B il Ak
) 22 4F K s KA it 3K 21 37 76 7 $8 UK b 1 Bk B
FIVK A S5 2R 1 1 3h g R AE [) B K vk 35 20 %0k 230
WL . ¥ 2B PR E BT ICE MEIF vk W 3
Syt R O B Al KR

m (Ju/dt) =F. +F, +F, +F, (D
Xh w HRITEBE L, F OB HT ST B E
1. F, FUF,, 5350 i R AR i 38 B i 4 B2 7
F, R ER A5G RHC H7 B A

EZLJAZ*%fmJUu*m)Mu*m)\ 2)
Eﬁ%wA:*%%&Aﬁﬁﬂﬁ“u*%”(@
F,=mfk Xu 4)
Ao AR BN R A AL, o Ao S0
Aoz T AR RS RITE JAL JitE in 5 VRE VK I N T s e, T e,
| R AT 5 R S N V5 85 P | RS 1| B
R IR RE o, Fl o, 43 58 KSR K %
B, OB I B AR kb 3R B I A R

Kt
2.2 EMENEEERZEMATE

BT T VR W Bl AS T — o S 2 P BR L B
AP R A A0 R R LA R IR ¥ DX Il i R A L B e
SRR . e ST R ) Y 40 B 81 2 0 20 ) R T
FIE -2 fioh #9500, — B felT T 225 1) 9 A6 3k | 0 T 3K R 6
Bl 3 5005 55 AT 1% 20 R RE 08 A7 2580t il /0 195 1 42 fh
XFECH o R A K DA K GIK Rl 8 A6 0 24 i E 47
148 HWr . GIK B g Hd F T LA i 02 5 & &
4 4 W o T T R A ik B S n] AT B A
JUART P B fih AGE 00 L 6 T 5245 R B9 GITK B9k
AT o R A B A 26 T M B B 4l 0 i AT
R AP B TT 0 i A TT A 3 B R R A
BRFIW AR . GIK BB O B 1 I A il B
AR A B G VKRG 2 (A T R R S fE 4
fioh TR IE 1 35 1] 2 fioh 1 157

LU WA NPR RE s R GATTH U 3 NS ATTR SISk
VKHIT A M B il RAT S SR hy Ml b A 5 B
RASEMIT RA MBS S (S A —E hf—F
8741 B0 DL R & L X8 . S X 0 iR R
FE SRV, R R S I A IS, B X QR
EIREE (Y P

BT Ok TT 22 ) A 4 35
Fig. 1 Calculation of contact force between floating ice elements
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Fig. 2 Normal contact force model between elements
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Fig. 3 Freezing between ice elements
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Tab.1 Main calculation parameters of the relative
collision between two ice floes
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3.3 BIYIXIE Tk sh T HFAE £ B
ST T U ok B S0 B AN &l 11 froR . 100
km J5 I8 X5 A7 AR A TR FE R 1 m B UK VR 45
M VK G o T UK 3 B PR O [ i SR, TG A
FE L2 BIE Y Sl B 57 U)K 4 B, R i ARk
K H Ry e ) B8 10 m/s,
BHUTTHR S S £ 2 —30 7 Bk EE R
AT AR ST VKA R 45 5 B S8 o, X T R R KE
TERLR 520 o 5 ) VR 45 08 B 6, 43 i B 30 kPa, 50
kPa,70 kPa,90 kPa #1 110 kPa, %% 1 C Bk
FHR G5 5 P21 2 A% N EEHE R A tand B 0. 3,



656 it & 4 ¥ ¥ # $41%
. '°~°mﬁ TE B K B A 3 B2 389 7R RIS
r J

1600 F — 5 =110 kPa
— 5,=90 kPa
1400 15 '=70 kPa
| —5,=50kPa
1200 2 30 kpa

 { 1000 |

ﬁ 800 [

¢ 2

q =600 F

! 400

200

-10.0 m/s

UL BT vk s i )

Fig. 11  Sea ice simulation under a shearing wind
AN TR R 4 5 B R vk 4 it 10000 s i 8l 5 B
B K BRI VKB B DLW 12 TR o 7R AR (R B 1)
WG S vk 55 H i 50 R fe K DX 3™ A W 84
[i] H O XIS AE R, R BOKTE T . vKBR £ 2R 5
VK £ 0 7 43 A UK 5 ) R 404K G VR VKB
Ao BEREEWE TN IE ROKE B BAR A R 2 R
TR 5% 558 vk i oK Rl K & . 72 XU PE H
T B — 20 T BORE 53 24 BT vk B R AR UK
Ao BRI R o R T O R S R R 45 TR UK B

s [ B o 380 T SRR KR B A

0,=110 kPa
T 8
;]_ W
M ]
0,=50 kPa 0,=30 kPa
P& 12 O [R) i DK 45 5 B T oK T 24

Fig. 12 Ridge and fracture under different bond strengths
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A polyhedral discrete element method for sea ice dynamic process in polar regions
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Abstract; Sea ice in polar regions has a significant impact on navigational conditions and even climate
predictions at geological scales. Addressing the shortcomings of traditional continuum-based grid models
for sea ice simulation, the discrete element method (DEM) has emerged as a popular tool in floe
dynamics research. In this study, we establish a discrete element method suitable for simulating polar-
scale sea ice dynamics. This method employs polyhedrons based on surface triangulation to describe
floating ice. The Gilbert-Johnson-Keerthi (GJK) algorithm is employed to enhance computational
efficiency. The contact forces between elements are determined based on the energy conservation theory.
A bond-fracture model describes the formation of level ice from freezing floes,incorporating plastic forces
during the ridge formation process as proposed by Hopkins. Firstly, the accuracy of the contact force
calculations is verified through the simulations of collisions between two idealized floes. Subsequently,
the capability to simulate ridge formation is validated through the floe field compression under a
unidirectional uniform wind. Finally, the influence of bond strength parameters on sea ice fracturing and
ridge formation under shear wind conditions is studied. The results indicate that this model effectively
captures the dynamics of sea ice on a geological scale and accurately depicts linear kinematic features,

such as crevices and ridges,caused by linear motion in ice covers.

Key words:sea ice dynamics;discrete element method;ridge model;sea ice fracture



