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SUMMERY

To estimate the characteristics of the substructure of jacket type offshore
wind turbine, this research was studied on FEuropean offshore wind turbine
models and its related systems. In the study, the substructure types of
offshore wind turbine in the coastal region can be divided into two ones such
as a monopile or gravity and a jacket or tripod, which are strongly related
with the water depth. The gravity or monopile type is constructed in the area
of shallow water depth less than 20m, however the jacket type is in
relatively deep water depth as the 30740m. Two types also were considered
to a structure stability and economical feasibility since the construction
budget and structure safety for the construction of offshore wind turbine
were important things. In the study, the jacket type was analyzed to apply it
to 35m and 45m water depth of Jeju island coastal area based on the
theoretical and technical approaches of the substructure because the island
coastal region has deep water depth. In the analysis procedures, this study
also considered the ocean environmental conditions such as wind waves, tide
and wind forces effecting to the jacket. To estimate the jacket structure
safety, the jacket structure stress and displacement and other deformation
items were calculated. From the calculation of the jacket structure, this
research found that the selected parameters of the ocean environment
conditions and wind force were reasonable, and the jacket structure analysis
results by numerical model were very useful for constructing offshore wind
turbine in 35m and 45m depths of Jeju coastal area. Therefore, this research
found that the offshore jacket structures proposed by the paper can be

applied to the real coastal environmental conditions in Jeju ocean.
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Fig 7. Loads adapting Structures of Offshore wind power
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Table 6. Ultimate load results

height(m) | Fx[kN] | Fy[kN] | Fz[kN] | Mx[kNm] | My[kNm] | Mz[kNm]
-20 -109 2500 -8525 -244510 16861 -11593
0 -71 2430 -6637 -193943 18796 -11629
10 -51 2395 -5693 -168650 19863 -11662
87.6 112 1203 -2682 411 73324 -5168
Table 7. Stress calculation
height(m) o(kpa) t(kpa) ov(kpa)
-20 156492.8 948.8184 156501.5
0 124289.2 810.4567 124297.1
10 108238.1 737.0326 108245.7
Table 8. Wave elevation : defferent sea states
Sea state Hs(m) Tp(s) Min(m) Max(m) std.
nss 1.5 6.5 -1.3 1.1 0.4
SS 6.5 79 -4.8 4.7 16
swh 12.0 15.2 -9.3 10.9 3.2
ess 6.7 8.1 -49 49 1.6
ewh 9.3 10.5 -6.9 75 2.3
rwh 75 105 -5.7 6.2 1.8
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Table 11. €3 & X3} (F9:m/s)
o243 1 2 3 4 5 6 7 8 9 10 11 12
HAEE | 28 129 132130127 27 27130132129 28| 27
- 1501143 157|150 1471701931262 |16.7 | 15.3 | 14.7 | 13.3
SRR
SV N BE | N\E N FE | BE | NW | NFE | E | S | \W
) 314 1250|278 1290 | 268|259 | 2871440 | 368|247 276|254
AWEE | v | RE| W | N |BRE RE | NE| W | W | S | SE
Table 12. 93 F<& =23}
(mfsec)
50,0
AR ES
— —E o E L
—e— B AE=2(24hr
40,0
300 | [ g v
20,0 B
10.0
0.0 |
18 28 32 42 5E 5E 72 g2 92 102 1€ 128
29 2 24

NG Fe WAoR 2AUS ENAS 2He WAFEL SAT ETRE

Pom A= 209.0cm, H 22 1472cm, AZAE 854cmE WEFSETH
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Table 13. Tide level

H| 2 3} Z 9] (cm) z9=
kA 1 F 9 294.0
B 251.5 ' e
220.6 HW.0M.T
QA a1z9 220.6
200 1897 HW.O.NT
2ZHFILES 189.7 58|
:E:&z%% 150 1470 M. 5. L
ML = om| =
3t 147.0 127z=g
&2 ] 1043  LW.ONT
XTI A S 104.3 1o
! 73.4 LWOMT
'Tig ﬁxi }‘% 734 S0 42 5 LWOST
I g e 425
a 0.0 Approx L.L.W
ok A 29 0.0
5
gtz A Sl dRzAbdAAN FARIAAR AET WA A& A A D)
S SAZR U A JAHS dASE &8sl stk

- FL 3 N E | ESE | SE S |SSW| SW | W | NW

max | 068 | 1.50 | 240 | 299 | 517 | 425 | 3.86 | 438 | 452

Hm | min 251 | 356 | 499 | 565 | 7.02 | 532 | 473 | 513 | 6.98

std 159 | 209 | 332 | 430 | 594 | 467 | 422 | 468 | 590

max | 996 | 1191 | 1245 | 12.30 | 11.18 | 9.84 | 9.16 | 985 | 12.29

T(s)| min |[10.35]12.34 | 1267 | 1251 | 11.33 | 991 | 943 | 991 | 1250

std 10.08 | 12.20 | 12.57 | 1241 | 11.24 | 986 | 9.24 | 988 | 1241
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Fig 13. the edd strength
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Table 16. &A1 A &

T TR
L "MW+ Offshore Wind Turbine
Rotor Diameter 171.2m
Hub Height 110.0m(M.S.L. 71<#)
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Table 17. 3t5-AA 5
T DL(-) 45.0m DL(-) 35.0m A A 7157 = (Mpa)
Pile Type AFEE(1:10) A}8E(1:10) -
=0l (H) 64.0m 54.0m -
Jacket Leg 02,336.80%34.93t | ©2,336.80+34.93t 315
Joint Can 02,336.80%53.98t | ®2,336.80%57.15t 315
Jacket Pile 02,844.80+38.10t | D2,344.80+38.10t 315
Brace D762.00%25.40t D762.00%25.40t 235
1) =4
FAL (AY | HAE g2 35md)e 45m(dl) hel mlato g A
stgon mel @ &0 ) AAVES wektt
gt g ojgdA Ve A AFEAGS ggAgoz AR 7] o]
e AEEHS 7IEoR st
Table 18. 23 7 3}2
o A (50%) o] 441 (100%)
= 0(—) 120°\) 0(—) 120"\
H 7.02 5.65 10.68 75
i1
Hmax 12.63 10.17 19.22 135
F71(s) 11.33 12.51 14.14 15.25
Table 19. A AZ<
A O] A
T
0(—) 120°\) 0(—) 120"\
%2 (m/s) 11.9 15.8 60.0 60.0
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2) 3%

ngstEe] A AR ALt A T2 AF ALt wek A8d
Zol™, Anode 3l5 2 696.74kN(5=A45m), 532.15kN(5=435m)S 483} T}
Table 20. 4315
T Load Factor T Load Factor
Fx 2,783.30kN 1.1 Mx 316,204kN-m 1.35
Fy 3,451.50kN 1.35 My 206,149.00kN-m 1.1
Fz 14,156.00kN 1.5 Mz 29,470.00kN-m 1.1

353 AA AA

) gﬂ/ﬂy_al

TZE AN AeE 24 SfAZEaNgA AFEHE Frame 842 F
&3l ow, Automatic Design 7165 A&stol 285 ol dstetaith. =3k
zZE9 AAZAL PSI(Pile-Soil Interaction)”] S o]&3stqom, Haje S

o 1

AE+= DNV Codeolld 873+ NORSOK Code® 7 E St}

=
o
k1
td
i)
o,

Fig 14. Modeling of Substructure in 35m depth
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2) F-A2A

AAIAF 2 °F35m)

Table 21. 35.0m the depth of water
T Al A 44
Deck late 0.86<1.00 OK
(t=53.98,76.2mm)
Jacket Leg ®2,336.80+34.93t 0.82<1.00 OK
Joint Can d2,336.80%57.15t 0.82<1.00 OK
Jacket Pile $2,844.80+38.10t 0.66<1.00 OK
Brace d762.00%25.40t 0.82<1.00 OK
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Table 22. 35.0m Jacket Pile

DL Load Case <4 H 44
(-)33.207(-)35.00 Combl12 0.66<1.00 OK
Table 23. 35.0m Jacket Leg
DL Load S A
(+)15.30~(+)3.70 Comb2 0.72<1.00 OK
(+)3.70~(-)7.90 Comb11 0.75<1.00 OK
(-)7.90~(-)19.50 Comb12 0.82<1.00 OK
(-)19.50~(-)31.10 Comb12 0.75<1.00 OK
Table 24. 35.0m Joint Can
DL Load Case S H] oA
(+)15.30 Combl12 0.74<1.00 OK
(+)3.70 Combl12 0.82<1.00 OK
(=).7.90 Combl12 0.79<1.00 OK
(=)7.90 Combl12 0.72<1.00 OK
(-)31.10 Combl12 0.77<1.00 OK
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Table 25. 35.0m Jacket Brace

DL Load Case & 9 H] A

(+)15.30~(+)3.70 Comb?2 0.52<1.00 OK

(+)3.70~(=)7.90 Comb12 0.68<1.00 OK

(5)7.90~(-)19.50 Comb12 0.64<1.00 OK

(519.50~(-)31.10 Comb12 0.82<1.00 OK

Table 26. 35.0m Deck

Thickness Load Case 5 & A i

53.98t Comb12 0.84<1.00 OK

76.20t Comb5 0.86<1.00 OK
Table 27. 35.0m displacement

T SEIE SERE %7

A A 127.64mm 360.00mm OK




AAIAF 2 oF45m)

Table 28. 45.0m the depth of water

i A 2w 3
Deck plate 0.88<1.00 OK
(t=53.98,76.2mm)
Jacket Leg $2,336.60+34.93t 0.80<1.00 OK
Joint Can $2,336.80%53.98t 0.83<1.00 OK
Jacket Pile D2,844.80*%38.10t 0.62<1.00 OK
Brace 0762.00%25.40t 0.69<1.00 OK
Table 29. 45.0m Jacket Pile
DL Load Case 5] |
(-)43.207(-)45.10 Comb12 0.62<1.00 OK
Table 30. 45.0m Jacket Leg
DL Load & 9] =+
(+)15.30~(+)4.00 Comb11 0.72<1.00 OK
(+)4.00~(-)7.30 Comb21 0.73<1.00 OK
(-)7.30~(-)18.90 Comb21 0.73<1.00 OK
(-)18.90~(-)30.50 Comb12 0.80<1.00 OK
(-)30.50~(-)42.10 Comb12 0.80<1.00 OK
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Table 31. 45.0m Joint Can

DL Load Case S 1] A
(+)15.30 Combl1 0.80<1.00 OK
(+)4.00 Comb12 0.59<1.00 OK
(-).7.30 Combl12 0.83<1.00 OK
(-)18.90 Comb12 0.80<1.00 OK
(-)30.50 Comb12 0.65<1.00 OK
(-)42.10 Combl12 0.79<1.00 OK

Table 32. 45.0m Jacket Brace
DL Load Case -3 1) A
(+)15.30~(+)4.00 Comb?2 0.44<1.00 OK
(+)4.00~(-)7.30 Comb6 0.49<1.00 OK
(-)7.30~(-)18.90 Comb21 0.69<1.00 OK
(-)18.90~(-)30.50 Comb12 0.58<1.00 OK
(-)30.50~(-)42.10 Comb12 0.68<1.00 OK
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Table 33. 45.0m Deck

Thickness Load Case -5 H] A
53.98t Combb 0.85<1.00 OK
76.20t Combb 0.88<1.00 OK

Table 34. 45.0m displacement
T8 =EEE SEEE 74
A Z A 157.33mm 426.67mm OK
3 IAAE
35.0m depth of water
Table 35. A HE
7 SEEE 61 9) %4
HIHE 86.58mm 360.00mm OK
Table 36. A A& AE
T 282 (kN) 5] 8= % 2] 5 (kN) A
AAE AE 41,560.80 84,943.28 OK
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450m depth of water

Table 37. HHE

T o9 58w 9 DI
HOHE 114.52mm 426.67mm OK
Table 38. A A8 HAE
T 2+ (kN) 5188 %] %] & (kN) A
AAE AR 42,010.55 84,943.28 OK
4) AN HE
Table 39. &=¥H] HE 2 °(35.0m)
T S 74
Deck 0.87<1.00 OK
Jacket Leg d2,336.80%34.93t 0.78<1.00 OK
Joint Can 02,336.80*57.15t 0.82<1.00 OK
Jacket Pile D2,844.80%38.10t 0.50<1.00 OK
Brace d762.00%25.40t 0.56<1.00 OK
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Table 40. Jacket Pile (35.0m)

DL Load Case kel A
(-)33.207(-)35.00 Comb21 0.50<1.00 OK
Table 41. Jacket Leg(35.0m)
DL Load & 9 H] =+
(+)15.30~(+)3.70 Comb21 0.75<1.00 OK
(+)3.70~(-)7.90 Comb21 0.74<1.00 OK
(-)7.90~(-)19.50 Comb?21 0.78<1.00 OK
(-)19.50~(-)31.10 Comb21 0.73<1.00 OK
Table 42. Joint Can(35.0m)
DL Load Case S H] oA
(+)15.30 Comb?21 0.82<1.00 OK
(+)3.70 Comb21 0.78<1.00 OK
(=).7.90 Comb21 0.63<1.00 OK
(-)7.90 Comb?21 0.64<1.00 OK
(-)31.10 Comb21 0.56<1.00 OK
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Table 43. Jacket Brace(35.0m)

DL Load Case <& H] 4

(+)15.30~(+)3.70 Comb22 0.52<1.00 OK

(+)3.70~(-)7.90 CombZ21 0.48<1.00 OK

(=)7.90~(-)19.50 Comb23 0.42<1.00 OK

(-)19.50~(-)31.10 Comb21 0.56<1.00 OK
Table 44. Deck(35.0m)

Thickness Load Case =kl *+4
53.98t Comb23 0.85<1.00 OK
76.20t Comb?22 0.87<1.00 OK

Table 45. &9H] HE 2 °F45.0m)
T & 2| 44
Deck 0.88<1.00 OK
Jacket Leg 02,336.80+34.93t 0.75<1.00 OK
Joint Can d2,336.80+53.98t 0.74<1.00 OK
Jacket Pile 02,844.80+38.10t 0.49<1.00 OK
Brace d762.00%25.40t 0.54<1.00 OK
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Table 46. Jacket Pile(45.0m)

DL Load Case < g H 7
(-)30.507(-)42.10 Comb?21 0.49<1.00 OK
Table 47. Jacket Leg(45.0m)

DL Load A A
(+)15.30~(+)4.00 CombZ21 0.74<1.00 OK
(+)4.00~(-)7.30 Comb21 0.73<1.00 OK
(=)7.30~(-)18.90 Comb21 0.75<1.00 OK
(-)18.90~(-)30.50 CombZ21 0.75<1.00 OK
(-)30.50~(-)42.10 Comb21 0.74<1.00 OK
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Table 48. Joint Can(45.0m)

DL Load Case <=y A
(+)15.30 Comb21 0.74<1.00 OK
(+)4.00 Comb?21 0.55<1.00 OK
(-).7.30 Comb21 0.72<1.00 OK
(-)18.90 Comb21 0.68<1.00 OK
(-)30.50 Comb21 0.62<1.00 OK
(-)42.10 Comb21 0.62<1.00 OK
Table 49. Jacket Brace(45.0m)
DL Load Case S H| A
(+)15.30~(+)4.00 Comb21 0.42<1.00 OK
(+)4.00~(-)7.30 Comb23 0.43<1.00 OK
(-)7.30~(-)18.90 Comb?21 0.48<1.00 OK
(-)18.90~(-)30.50 Comb21 0.42<1.00 OK
(-)30.50~(-)42.10 Comb21 0.54<1.00 OK
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Table 50. Deck(45.0m)

Thickness Load Case < #Hu 74
53.98t Comb22 0.86<1.00 OK
76.20t Comb?21 0.88<1.00 OK
5) ¥ 2 3)| 4]
HhEd o g2 =381y = uegstso) osle] HbEAHQl a5 a4 Jacket

Table 51. data of the wave(35.0m)

T i H(m) T(s) Sl
1 0(—) 1.00 5.00 13.335
2 120("\) 1.00 5.00 13.335
3 0(—) 1.25 7.00 16.292
4 120(°\) 1.25 7.00 16.292
5 0(—) 1.50 6.00 17.277
6 120"\ 1.50 6.00 17.277
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Table 52. results of the analysis(35.0m)

2

Damage Factor

0.112%10(-5)<1.0 OK
0.238%10(-2)<1.0 OK
0.039<1.0 OK
0.060<1.0 OK
0.034<1.0 OK




A R RbRA o R o= gEstee] oF wkEAQ] sTs e 8
A} Jacket TE2E &3 494 st =2 JFAEE A8-EA483
Table 53. data of the wave(45.0m)
T ok H(m) T(s) 3l
1 0(—) 1.00 5.00 13.335
2 120\ 1.00 5.00 13.335
3 0(—) 1.25 7.00 16.292
4 120"\ 1.25 7.00 16.292
5 0(—) 1.50 6.00 17.277
6 120\ 1.50 6.00 17.277
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Table 54. results of the analysis(45.0m)

2

Damage Factor

0.548+10(-5)<1.0 OK
0.309%10(-2)<1.0 OK
0.052<1.0 OK
0.166<1.0 OK
0.150<1.0 OK
0.118<1.0 OK
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