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Abstract: The Arctic region is rich in oil and gas resources. The exploitation and utilization of oil and gas re-
sources in this area have great prospects, but are also very challenging. Arctic areas have ice—free and ice—
covered seasons. As current design specifications for offshore platforms do not fully consider the impact of
sea ice, the effect of wave loads and ice loads should be considered together to enable the platform to operate
all year round. In this paper, the dynamic response of a semi—submersible offshore platform under different
conditions was studied, such as wave, level ice, and ice floes. Potential flow theory and Morrison equation
were used to calculate wave loads while the discrete element method was used to solve the ice loads. The slen-

der body finite element method was used for analysis of the slender system. The motion of the platform and
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the force of the slender system were solved by nonlinear time—domain calculation. The results show that com-
pared with other environmental loads, the tension of the mooring line is the highest under level ice. In a bro-
ken ice field with smaller ice thickness, ice concentration, and ice floe size, the platform motion conforms to
current safety specifications. The research of this paper will provide a reference for the safe development of
oil and gas resources in the Arctic region.

Key words: Arctic oil and gas resource; semi—submersible offshore platform; wave load;

ice load; ice—structure interaction
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Tab.1 Basic design parameters of the platform
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Fig.1 Semi-submersible offshore platform M,Rzz,ﬁ\__ _-ﬁ
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Fig.2 Arrangement of the mooring system and the

incident direction of external loads
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Tab.2 Basic information of the mooring lines and the production risers

HFR ¢l FFKR ¢l
FEE(M1-M6) 19K JE /m 851.5 255 (R4-R7) 9K /m 490
FliBE (M7-M12) (K B /m 1176.5 A (R18) K /m 469
S (RD K E/m 504 S (R19) K /m 469

7 (R2) YK /m 490 37 (R20) i & /m 553.6
4 (R3.R8-R17) AY K J#/m 490 S (R21-R22) (K J /m 480

2 IBIRTTENA

2.1 iERTETE ST

AR SR F I BE" I F Morison BRIS" SEHR/ IR T 8. ~F- 53 (7K B 1 FEPE S0 B DL K S5k iz
Sl 3 B T SESAM AR AE K SE ALK . WADAM B HUSA] DL S AT B R AR A T A A i 7 4
BT, 38 2 TS 20— B YR ) R TR T A5 pR A SIMA BEERR] DU R AT B S AE R
GERAE T R B 23 Ay , 3l R [ 00 R 5 iz 3 DLGETE R G R 32 ) 45 BRI 12 2l
NEFREPE



55 33 SRR« B P U S 7E A RIS - 425

FEFE 2 G 1 6 (1038 Bhit , 208 B I AT 6 B ERINA , FEZ4HF- G5 H i)
BHEN . OXY - 5§ kK E S, 02 i B 7oK, F51m Er .
MRAESH IS, 7] LS B e P S T i — iz sh i ik
(M, +p,) X, +2,X, + CX, = F,  (i=12..6:j=12..6) (1)
S MR TR, R BRI B L AR B R BUE RS, €,k 11 & SR8 M, X o - 1B 3
F N6 Bz 81— Mk ik 77 .
Morison J5 72 3 B4 AT, 2 B4 B 133 RS F11 155 . Morison BRI AR
F=F,+F, )
K F BRI LT PR T
S I — 9 D IR 7 2 3 o T B R NS G SRR G A R A S R Dy R SR A .
PR IR IR R G IE A & EE N, KO SRR ER T &7 A R . FIiEs R —
AL B B F7, TR A SR S 3R 2R R SR e R A 2 T S T 5 RO B4
14, PRI 8135 0°~90°, [ B& A 15°, &3k R TSR0 A 4~38 s, 6K 2 s
2.2 KT g o
7 3CR FH B BT 3k R M vk A 3 o 1205 1k T AR ABLK M 58 MR S B i SOIR A B B i
TR M 43T UK A SR A 2 LA B k38 (1) K/ DN o 7 BSEBOTC I D i v g I JOR. ) f4) A A R
T I T BRI JEE 5 R 1 s — R e A A
KM T o IZ TR T ARG S5 B RLKE SR 0B 25 A
WP HE VK o AT R G5 R0 e ) T A G 45 R AL ) i
SE ™ SRR 2 [ 8, SRR A ASE R R B A4 3ok ) S RB AL
JyHR
AT RG SR FEARF LN & 3 FiR o FEATAE 2
AR F R E 43 50 0k ] F 2 1) R i L M
O 53 590 A9 03 ¥ 355 1) 13 R ROETD 1 3 6, P 5
3% 8 R R I R 7 R K B 1 2] 43 3R Ay

Fo|
=—+ R 3
" 1 7 3) o
7o 13 BRUHIE AT A PR e
7 * J R ) Fig.3 Parallel bonding model for spherical elements

Y, ROREEE B B A2 (A DRt 45 158 5 0 R AT AR LR J 0l R R 45 158 B A B PR A S Rt v e . R
(LSRCAIE 7|

A=mR, ] = %ﬂR4, I= %ﬂR4 (5)

FN 117 Kt 45 58 2 A IR R ORI o e AUh T K AR W SR A v, ml L o R B e

189325 1) A [0 32 D1 AR K BT Z A R 25 2R 2405 0 A BRI A BT DA, Al 4 B o kG4

4
(a) FEAHESR ) 5
FEl4 L8 0 K 5 R
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Tab.3 Main parameters of sea ice discrete element calculation
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Fig.6 First—order surge motion RAO with wave direction 30°
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Fig.8 First-order surge force with wave direction 45°
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Fig.10 Second—order surge mean drift force with

wave direction 0°
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Tab.6 Wave conditions

R POBRM A NBGEm REEs | R POBE AGE/m kIR s
TH Jonswap 7 11.9 TH3 Jonswap 11 14.7
TH2 Jonswap 9 13.6 T4 Jonswap 13 15.8

F7T FEXKIR

Tab.7 Level ice conditions

il UK /m W UKEFE/(m-s™) Eyii| MUK BE /m WKL/ (m-s™)
TH5 1.5 0.2 TH9 1.6 0.1
Th6 1.6 0.2 T 10 1.6 0.15
TH7 1.8 0.2 T 1.6 0.25
T8 2.0 0.2 T 12 1.6 0.3
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T 15 1 2 80% 100
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