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Usually, in case of wind turbines on land, there are a lot of constraints for installation such as the insufficient installation space and
noise pollution, On March 11, 2011, a nuclear leakage accident occurred due to the tsunami caused by the earthquake in Japan and
then there have been a rapidly growing interest in floating offshore wind turbines, In this study, an optimization of the substructure of
a semi—submersible type floating offshore wind turbine was made, Design variables were set and design alternatives were fixed,
UOU-FAST was used for motion analysis in combined environmental conditions of waves and wind, Response Amplitude
Operators(RAOs) were compared between the design alternatives;
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1. A—I % Fig. 1= NREL(National Renewable Energy Laboratory) 0lA
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A el et 2idol AAMS2 Sk AN, BT oo wici) Mepeiz wick sl sie= Wl ol
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oloi| 2 2470ilAM= 2011 International Energy Agency(IEA)
ollA ZHEHSE 5 MW Semi—submersible Floating Offshore Wind
Turbine(FOWT) & F& ZHZ MEisIon] FOWTS| =M o}
21| w2 o|x AZTHUEE= U™ T, I} § 258
EHRAO)E 71 2| sk= B=2A] Upper Columnz} Base
Column(footing)2| Z14& MASIIC} (Robertson, et al., 2012).

Table 10l 204X|= Upper Column & 12mE 7|&=2=, m}
2220l o/e RAOE 12{5IHA M (waterplane area)
0| 22 Column =& 8 m (Type 8) 25E] A|2510{ Z[Cf 13.8m
(Type 14)771X| BIHAI7|2HA RAOS| HistE AHE UL
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Fig. 2 Simplified model using AQWA (ANSYS, 2015)
and pitch RAO (KR)

Fig. 3 Substructure model and framework (KR)

Kim, et al. (2011)2 5 MW Spar 84| £.3A! silAF Zad4ir
719 2Eds2 HSIRICL 01 2ok Aol =H2
ollM 2708 OC3Hywind Spar (Jonkman, 2010)2 ARSI

Figs. 22} 3 Z0] AQWAE ARSSH simplified model2| 2S5H4]
ZIE DYAE ZAnet FASTXIHA]! Zojof Chsh H|wsiict
(Jonkman, et al., 2005). J2|2 O Zop} MRS olx|sk=
Ag Eolsict.

Han, et al. (2011)2 TLP 4é.°| Fral oflakEe wEr|9|
SHETEE MAR| A0 =H MH FrameworkE FE5IRACE M
A HEEAM 25 2REA2 F10 100471X]2] caseE THEO Zt
case=o] Cist ._oﬁHﬁ.% AAIEILL O LI TREE, HiSE,
AFez MsHIIE AAl 2H MAekS _'.:_EOF@":P

EESH Mool M Mx| 7kSEE FRA SHARE SV (o] ek o
T+ gdks| O|F0{X| 12 2len, o= H%EMI e 589 &
7Pt 7tssichs A®EE JHEICH (BQDOHA, 2013).

2. Semi—submersible FOWT &At

2.1 Semi—submersible FOWT A&

£ AFollA = 5MW semi—submersible FOWT ZES ARS5}
it F2 M2 NRELUIAM MB$H AIZE RsiY O F2
MelS Table 1, Table 20l LIELARISD], SAFR Fig. 42} ZC}
(Robertson, et al., 2012).

Table 1 Semi—submersible FOWT properties

[tem Prototype
Water Depth 200 m
Turbine Power 5 MW
Rotor Mass 110,000 kg
Rotor Diameter 126 m
Hub Mass 56,780 kg
Blade Mass(1EA) 17,740 kg
Nacelle Mass 240,000 kg
Tower Height 77.6m
Tower Mass 249,718 kg
Tower Top Diameter 3.87 m
Tower Base Diameter 6.5 m
Platform Height 32 m
Platform Mass 13,473,000 kg
Upper Column Diameter 12 m
Upper Column Height 26m
Base Column Diameter 24 m
Base Column Height 6 m
Pontoons Diameter 1.6 m
Main Column Diameter 6.5 m
Columns Offset 50 m
Total Structure Mass 14,147,238 kg
Draft 20 m
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Table 2 Mooring system properties

[tem Prototype
Number of Mooring Lines 3
Angle Between Adjacent Lines 120°
Depth to Anchors
Below SWL 200 m
Depth to Fairleads Below SWL 14 m
Radius to Anchors from
Platform Centerline 837.6 m
Radius to Fairleads from
Platform Centerline 40.868 m
Unscratched Mooring
Line Length 835.5m
Mooring Line Diameter 0.0766 m
Equivalent Mooring Line
Mass Density 113.35 kg/m
Equivalent Mooring Line 108.63 ka/m

Weight in Water

Equivalent Mooring Line
Extensional Stiffness

753,600,000 N

Mooring Line Pretension 1,839,000 N
Fairlead Tension 1,099,000 N
Degree of Mooring 34.93°

at Fairlead

Fig. 4 5MW semi—-submersible FOWT by I[EA Wind
TASK 30

2.2 DY, A We 2 A chot

& o470l A= Semi—submersible FOWTS| =04 K2 SAf %|

HEE 2l platformel 7282l E4g FXISIHA et Hat
off olst 25 HalE &elsh| sl i, 5, Inertias M2t
ZFHE FRIctk 2|3 upper columngl =0[2} base column
o| 0| & draft= mooring system| EAE FAIAI717| 2k
DASICE e, MA Bg= Fig. 50iA Hol= Zizt 2ol

upper column| EFA(R1)2 base columne| EFE(R2)22 MA
Sl =AUk

Fig. 5 Design variables (upper column radius R1 &
base column radius R2)

Fig. 62 Table 10l 2}= Semi—submersible FOWT2| H|-ICH
=2 AN FXI5H X, Y, ZZ=0]| CHst o|x} AU E

J=olctk o mf, 2 typedl| CHaH 100% Lx|sk= O[X} &
HIHEES SE7|7}F 271535104 2o 2% 2%7HK| +=E3INC}

Fig. 6 Platform design using CATIA

UOU(University of Ulsan) in house codedllA 7=l &4t
Hlo[E{E MSC. Patrang &850 @120y, o0& Fig. 70l Lt
EpfACE

Upper column2| HFZH0| 4 mECh 22 M| CiolofM e free
surfacediiA FAZAIIXI2] H2I(COG)7+ FAZAIIX|9| He|
(COB) =t Bul,

EZ 2EO| ypper column BFEQl 6 mFE] 5.7 miklE
1.25%, 5.7 mFE] 4 mIIXlE 2.5%% 24510 A7 tijote A
Yot Ol el XOIE & OlF= 6 mE2FH =
2.5%% LAAFIE A EFE RHECIRAO HslE A & of
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O £2 25 852 71 A tioto] 2o[X| ghot 1 o= & Table 4 Quadratic additional damping in 6—freedom

motion
Quadratic additional damping
Surge(Ns2/m2) 3.95E+5
Sway(Ns2/m2) 3.95E+5
Heave(Ns2/m2) 3.88E+6
Roll(Ns2/rad2) 3.70E+10
Pitch(Ns2/rad2) 3.70E+10
Yaw(Ns2/rad?) 4.08E+9

Viscous dampingS 12{s7| 2lsiA Quadratic additional
dampingS ME85i 20 o= ZE MA Chetso s SYsict,

Fig. 7 Surface mesh generated by MSC. Patran 0| 2M[8| Table 40l LIERHRACH (Robertson, et al., 2012).
Table 3 Design alternatn:?estland]c properties 3.2 Load case (LC)
atio o
Type| R1(m) | R2(m) displacement COG(m) | COB(m)
1 4 13.829 1 14.874 | 13.258 Load case= 37| Load case 15E{ Load case 42 LIHO{K|
2 5.1 12.946 1 14.23 14.12 0 0|2 Table 501 LIERHACE Zt Load case(0lst, LC)e| &
3 | 5.4 | 12.655 1 14.34 | 13.822 O|= Table 52 Z¢2n, I MMILIE2 Table 6, Table 72} &,
4 5.55 12.5 1 14.2 13.666
5 5.7 12.34 1 14.29 | 13.506 Table 5 Load case categories
6 5.85 | 12.174 1 14.064 | 13.342 Load case Wave Wind Rotor
7 |5.925| 12.087 1 14.029 | 13.258 1 Regular X Fixed
9 |6.075] 11.910 1 13.96 | 13.087 2 Regular O Rotating
10 | 6.15 | 11.818 i 14.006 | 13 j :"egu:ar é RF'Xe,d
11| 6.3 | 11.626 1 13.854 | 12.822 regutar otating
12 | 6.45 | 11.436 1 13.786 | 12.642 '
131 66 | 11226 1 13.798 | 12.455 Table 6 Detailed contents of Load case 1, 2
14| 6.9 | 10.79 1 13.576 | 12.071 Period | Frequency | Wave | ind | Rotor
) speed speed
(sec) (rad/s) height(m) (m/s) (rom)
of vigo| Zols+5 ol gh= Tz
Uzpe;coll:rm | HEHO| EC_H——r Oplatfoimylc MP_O 5 256637 5 T 51
ok =07} 10 EARo| FAH7F EEE Wind turbine2| £4 7 0.897598 6 11.4 12.1
Ak Wind2} rotating rotoroll 2/t Thrust forceZF o E235ICt, 8 0.785398 6 1.4 12.1
0| Thrust force= 2 Pitch &&F ZHIEES YHIA[F|7] 20| 997 823?;2? g Hi g]
2 0|2 HASH A ol= =o = sk 5 : : : :
platform 0|E 2AlS 4= Q= 22 RHEES Jx{of s} 5} 17 0571199 6 12 121
X2t o] =@ 2HEE Platforme] upper column HFZol| 2|Z= 14 0.448799 6 1.4 12.1
5P| M=o 2sMsS kM nisH E0le 2 oM 16 0.392699 6 1.4 12.1
Bxixo| An= JiHech 17 0.369599 6 11.4 12.1
18 0.349066 6 1.4 12.1
. . 19 0.330694 6 11.4 12.1
3. UOU-FAST Simulation 20 0.314159 6 1.4 | 121
21 0.299199 6 11.4 12.1
3.1 7H_9_ 23 0.273182 6 11.4 12.1
24 0.261799 6 11.4 12.1
. . 25 0.251327 6 11.4 12.1
H ofTlojAMo| BE lis u = Al
B o0l M2 BE t'ype01| | f5i UOU in hggse codeE AR 7 0232711 6 2 121
5l added mass, damping ratio 2! wave exciting forceE &2 30 0.20944 6 11.4 121
T U%on O AnE CfA| UOU-FASTL| inputl® AR=sh 40 0.15708 6 1.4 12.1
RAOE #3519tk 50 0.125664 6 1.4 12.1
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Table 7 Detailed contents of Load case 3, 4 HType8 Heave Marin Heave

sststae Tp(s) | Hs(m) spevevtlzirz(:w/s) spei?jt(on:/s) 2-5
4 8.1 | 2.44 11.4 12.1 ~ ’
5 9.7 | 3.66 11.4 12.1 i
6 113 | 5.49 11.4 12.1 g "ﬂ.
7 13.6 | 9.14 1.4 12.1 50-5

‘ y By o
0 02 04 06 0.8 1 12 14
Frequency(Rad/s)

o

LC 12} 2= Regular waveollM2| simulationo|od, Xj0|&
Wind2t Rotore| 112 7F0[EL 5, LC 12 waveRtg 12{st
0|22 LC 2= Wind speed?} Rotore| s|M&TI| et=Ict LC
2} 4= Irregular wavedllA2] simulationo|od, xfo|&2 LC 1,

Srjo

Fig. 10 Heave RAO

N W

M Type8_Roll # Marin_Roll

°F Zslct .
3.3 Type 8(EZ 2H) A|EaolM g
;31.5 -
NREL (2012) ol %IZ%+ Clo[E{(0l5}, MARN)E E8310] g .
UOU-FASTE XMEst AlZ2folMd Znlet Table 10 U= H&ICH & s
2 DHY S Type 8 (EF 2H)S UOU-FAST AlZzfolMd st
AE H|wsi¥ct (Fig. 8~ Fig. 19, Table 7~ Table 10). ’ " -0.2 0_-1- -CI.G.- :s " 1. 1.2- 14
Frequency(Rad/s)
(1) Load case 1 Fig. 11 Roll RAO
W Types _Surge & Marin_Surge B Type8_Pitch 4 Marin_Pitch
25 25 | ] ]
N .
- 2
% l. -2
3 15 | | g 15
g 4
s Wy, - —
“os | ...' zi:l.s.- - ‘ ...l
o *
, - N o | h- " = =
o 02 04 08 08 . 12 14 0 0.2 04 06 08 1 12 14
Frequency(Rad/'s) Frequency(Rad/s)
Fig. 8 Surge RAO Fig. 12 Pitch RAO
BTyped_Sway ¢ Marin_Sway B Type8_Yaw # Marin_Yaw
25 25 ) )
2 |
3 T
Eis =
1 15
i 2
H i
05 05
0 I8 L ol el = =
0 02 04 06 08 1 12 14 o 02 04 05 08 1 12 14
Frequency(Rad/s) Frequency(Rad/s)
Fig. 9 Sway RAO Fig. 13 Yaw RAO
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(2) Load case 1~case 2 results

MARIN H0[E{Q} H|WEHE Z Type 8 (F ZH)o| Z2}
Moz Ax|ee HFCt Table 72 Surge, Heave 12|10
PitchollAel Z|chZtolct Surge RAO2| A< Z[CH 0.279m/m,
Pitch RAQ2| A<0ll= 0.1 deg/me| Xl0|7} UASL|, o= =
B F U e ol ACH

T M =T

Table 7 RAO comparison between Type 8 and MARIN

in LC 1
Type 8 MARIN
Surge(m/m) 1.927 2.206
Heave(m/m) 0.9853 1.0405
Pitch(deg/m) 1.2725 1.3751

Table 8 RAO comparison between Type 8 and MARIN

in LC 2
Type 8 MARIN
Surge(m/m) 1.9218 2.1981
Heave(m/m) 0.9853 1.0405
Roll(deg/m) 0.0885 0.1245
Pitch(deg/m) 0.7685 0.8968

Table 82 Surge, Heave, Roll, 12|11 PitchollA2| Z|CHZHO|
Ct. Surge RAO2] 75% |tH 0.27 m/m, Pitch RAOS| A< 0.13
deg/me| xlo|7} LS

(3) Load case 3

B Type8_Surge # Marin_Surge
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Fig. 14 Surge Significant height
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Fig. 15 Sway Significant height
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Fig. 16 Heave Significant height

M Type8_Roll # Marin_Roll

Roll significant height{deg)
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Fig. 17 Roll Significant height
M Type8_Pitch # Marin_Pitch
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Fig. 18 Pitch Significant height
W Typel8_Yaw + Marin_Yaw

7
EL
zs
=4

0 a u u L

0 1 2 3 a 5 6 7 8

Sea state

Fig. 19 Yaw Significant height

(4) Load case 3~case 4 results

Table 9= Surge, Heave 12|11 PitchoflA2e] Z|CiZke Eod
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H kX 474

Ia

HOI'

Z11 It Surge Significant heighte] Z2< ZICH 0.65 me| Xfo| Roll RAQS| Z+= Type 2, o ARE HMeslnE HE
7} 25 OD=| Pitch Significant height2| Z<0ll= 0.22 deg 0| gl= ZHg slo| & £~ Q)9 E|- Pitch RAO2S| Z< Type 8~1
2 2 H30| 20{E= ZEE 20|12 Type 8~14= X |z HES

| Xo|7} LIsict. shxjek 1 xfol= 3A| gict.

Table 9 Significant height comparison between Type
8 and MARIN in LC 3

Type 8 MARIN
Surge(m) 5.2065 5.8528
Heave(m) 2.9018 3.0829
Pitch(deg) 2.8453 2.6239

Table 10 Significant height comparison between Type
8 and MARIN in LC 4

Type 8 MARIN
Surge(m) 5.2066 5.8528
Heave(m) 2.9018 3.0829
Pitch(deg) 2.8436 2.6225

Table 102 Surge, Heave 12|11 PitchollA2]| Z[CHZLS LIE
Lok LC 40ilM2| Surge significant heighte| 2

oM =i 0.65 m, Pitch significant heighte| Z
Xlo|7t LAt

£ LCHZ Marin HIo[E{2} Type 8(EZE 2H)of| CHet =%

sME AAlSICE MAMez 2E 230 sl Yx|Ee &
ch SEKI2E surget pitcholl A= ok7F°| o7 8oLt o
|7+ 3x| ‘EJS?A"EF A, Type 8(EE ZH)S 7|FCE 2
A7 tiek2 v|w-EAMsiict

4% Sea state 7
A 0.22 deg?|

rln _>L R

3.4 Z} Typee! RAO % Significant height |1
(1) Load case 1

Table 112 LC 10{|lA{e] M| oielol| = Zt 25 & 2[Chgt
2 Ma|st Zdo|ct

AA ol 2 2t 25 E A2 vl wsidE o, Type
8(EE DRI} MA LiolE2 BE 230 Cisio AR g2
Holck Surge RAOS| AS MAXoZ H|XsH A2 ERct
Type 8~12 HE AX|= Qa2 =elat £ AeH 1, 2, 3¢
2 #tf 0.17 m/m, 0.19 m/m, 0.16 m/m 2| Xjo|E 2}
Type 8~14= Type 8 ECh= Zofk|= ZE0| A2 Type 14
o A< z[Cf 0.07 m ZopdCt Sway RAOS| A Type 2, 3,
112 HMelsti= HS0| §i%ict Heave RAOS| A= 2|0 A
£4=0| 0.125 Rad/sHllA= Type 10| 0.4725 m/mE LIER-|H
Ol= Type 8(F= ZE) 2t 2k 0.6 m/m2tE E20{E Zlolck 5t

Holctk Type 2840] Z[CH 0.6 m/me| XPO|E 2
2 0.73 deg/me| X[0|& I} Yaw RAO2| Z
Mot HS0| eidch

on{, Type 13
A Type 2, 32

Table 11 RAO comparison for all design alternatives

in LC 1

Surge | Sway | Heave | Roll Pitch Yaw

(m/m) | (m/m) | (m/m) |(deg/m)|(deg/m)|(deg/m)
Typel| 2.105 0 1.0222 0 1.423 0
Type2|2.1195]0.7435|1.0203| 1.0833 | 0.6811 | 0.3427
Type3|2.0878|0.7381|1.0315(1.08216{0.7188 | 0.3616
Type4 [2.0356| 0 ]0.9135 0 0.946 0
Type5| 1.953 0 0.989 0 1.151 0
Type6 [1.9415| 0 ]0.9933 0 1.2608 0
Type7|1.9375| O 1.0035 0 1.3265 0
Type8|1.9276| 0 ]0.9853 0 1.2725 0
Type9|1.9238| O 1.0091 0 1.4625 0
Typel0[1.9156| O 1.0121 0 1.5245 0
Typel1| 1.935 |0.6828| 1.083 | 0.7601 | 1.6766 0
Typel12|1.8915| 0 |0.9995 0 1.7133 0
Type13| 1.883 0 ]0.9898 0 1.8261 0
Type14{1.8583| 0 |0.9806 0 1.9845 0

(2) Load case 2

Table 12= LC 20f|AM2e| MA cliotol| e 2t 25 & (o)
2 Me|st Zolct Surge RAOS| A Type 8(EF 2Y!)2} Mk
XMooz H|Et ASS EYCh Type 8~12 HE HAIE Ha2
Holof 1, 2, 32 (0} 0.17 m/m, 0.18 m/m, 0.15 m/m<| X}
0|2 EBHCt Type 8~14E Type 8(EZE 2HE)ECi=s Xlofk|E
ZEo| U2 Type 142 A 2|t 0.068 m/m Zolrlg =0l
gt £= QASICE Sway RAOS| &< Type 2, 3, 112 HMelstle=
7150| gi%lend, Heave RACS| <= ZE A tietsol 19
AL ZES THECE Type 42| AR 71 2 xolE LEK=H
0| Xfo|= 0.092 Z Ajo|E Ho|X| LUCE Roll RAOE EF &
H(type8) Tt IR [X|Z M&| A7 chHololl thal| 0.25 rad/sollAd
S2o| wsks oF o= A9t Pitch RAOS| A Type 8~12
HE0| Eo{=x AES 20|12 Type 8~14= HX = HE2 &
elct Type 420] Z|ci 0.16 deg/me| A0l EHOM, Type

X2t ZCHZF2 v|mRS Al FA| AA Cfetso] 1 m/mel ZAt 14 0.59 deg/me| Xl0|E 2ol Yaw RAO2| Z< Type 1,
g2 TRl He & 5 UAUCE 2, 32 Mestne H=0| eiich
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Table 12 RAO comparison for all design alternatives
inLC 2

Surge | Sway | Heave | Roll Pitch | Yaw
(m/m) | (m/m) | (m/m) |(deg/m)|(deg/m)|(deg/m)
Typel [2.0936 0 0.9626|0.2698 | 1.087 |0.2399
Type2 [2.1091]0.7391|1.0203|1.1065 [0.7255|0.2934
Typed [2.0776]0.7345(1.0313|0.9981 | 0.628 [0.2939
Type4d | 2.028 0 0.914 |0.08625/0.6053 0

Typeb [1.9456] O 0.989 |0.1768|0.6628| 0O
Type6 | 1.909 0 1.0121]0.21715| 0.925 0
Type7 | 1.931 0 ]0.9925|0.2038 |0.7751 0
Type8 [1.9218| 0 |0.9853|0.0885|0.7685| O
Type9 |1.9175| O 1.0091|0.2399 |0.8716| O
Typel10{1.9093| O 1.0121]0.2355|0.9255| O
Typel1| 1.93 | 0.678 | 1.07 | 0.648 | 1.06 0
Typel12|1.8858| 0 0.9995|0.2163(1.1028| O
Typel13|1.8773] 0 0.99 |0.2735|1.2108| O
Type14|1.85635| 0 |0.9808|0.3145| 1.365 0

(3) Load case 3

Table 132 LC 30ilA{e| M| celof| e 2t 25 E Felat

(L HA
S Halgt Zolch Type 8z iMooz Uxjshg HYoLL
Surge significant heighte] Z< Type 8~12 HM Z4sh= &2
&s 23on, Type 8~149| A= Tk d&s 2k
Heave®} Pitch significant height2] 2= E7lsk= d82 &
en, Type 8~14= HE Ushe ZEs 2ct

Table 13 Significant motion height comparison for all
design alternatives in LC 3

Surge | Sway | Heave | Roll Pitch | Yaw

(m) (m) (m) | (deg) | (deg) | (deg)
Typel | 4.366 0 4.756 0 6.314 0
Type2 | 4.750 0 3.484 | 0.325 | 4.666 [0.2074
Type3 | 4.868 [0.2105|3.1127|0.3676 |4.0876|0.3692
Type4 | 4.905 0 3.525 0 3.813 0
Typeb | 5.103 0 2.874 0 3.5815 0
Type6 | 5.132 0 2.861 0 3.1024| 0
Type7 |5.1796| 0 |2.8597 0 2.9145 0
Type8|5.2065| 0 |2.9018 0 2.8453 0
Type9 | 5.256 0 [3.1035 0 2.589 0
Typel10(5.2934| 0 |3.2759 0 2.4168 0
Type11[5.9312|0.2247|4.1378| 0.2399 | 2.0379 0
Typel2| 5.486 0 [4.1295 0 1.898 0
Type13| 5.538 0 4.629 0 1.556 0
Typel4| 5.781 0 5.585 0 2.240 0

(4) Load case 4

\I

Table 14= LC 4oilA{e| M| chelol e 2t 25 E 72l
£ Felgt Aot Type 8(EFE ZH)1t TMAHo=Z Ax|et

|0’E

Il

HYOoLE Type 8~12| AF Heavell Pitch significant height=
MM ol Zd8e Heolch Type 8~149 BR= Heave
significant height= 7.;..:1 Zyleke dE2 Hole HHH, Pitch
significant height= Z4-sk= A& 2olct

Table 14 Significant motion height comparison for all
design alternatives in LC 4

Surge | Sway | Heave | Roll Pitch | Yaw

(m) (m) (m) | (deg) | (deg) | (deg)
Typel [4.3070 0 |4.7566| O 6.2456 0
Type2 | 5.206 0 |2.9018| O 2.8436 0
Type3 | 4.750 |0.2172| 3.484 [0.3283| 4.663 |0.2125
Typed | 4.905 0 3.252 0 3.810 0
Typeb |5.1032 0 |2.8748| O 3.579 0
Type6 [5.1321 0 (28617 O 3.100 0
Type7 |5.1796 0 |2.8597| O 2.9126 0
Type8 | 5.206 0 |2.9018| O 2.4836 0
Type9 |5.2586 0 |3.1035| O 2.5877 0
Typel0]| 5.293 0 3.275 0 2.415 0
Typel1] 5.367 | 0.225 |4.1378|0.2387| 2.065 |[0.1695
Typel12|5.4861 0 |4.1295| O 1.8965 0
Typel13| 5.538 0 4.629 0 1.5654 0
Typel4| 5.780 0 5.585 0 2.237 0

4 22 D TS AT A

2 AF0lM= 2011 IEAGIA] R{EHSH MW semi—submersible
FOWTE EF 2Hl2 MEN510 platforme| =M 5 Fof =& A
H ATE FHSIRUCE 01 25 upper columnzt base colunn
o| =0| ¥ draft= mooring systeme| EME L™ FXISP|
s HMek =HeZ F3iond upper ¥ base columnel HFES
A 52 TS F| B 147 1K) M| Cieksol| ohel T &
25 SE(RA0)S| H3IE MEHEICH

platforme| 7|2&¢l SME FXlep| 26 +H st Fu|(F
), ti=2HF =), olxt '%tE”" E= YK FUC

1 Z3} upper columne| A0 ZolEle=§ |C 1, 20|M=
J|E 2HEC M £2 HSS HolX|2HLC 3, M=o 2 71
£2 23t "o, upper columne| HEZ0| HELZE (C 1
oAM= o 2 HSS ERUSLHLC 3, M= o E2 71%5 %.*

Sk A
ol &= UAUCk

BE RED M MA OjekEe| Al SER BE 230M 7
ASIACt. EE REDf A CiolEe| FALSH Ealol| SsiA &
D2 added mass@t damping, wave exciting forceollA 2 &}
Ol§ 7KKIX| k=t mi2oll, xliAolAel = SE2
additional dampingoll 37| 2|&sic} SHK[E 2 oM &
AfHSlof| 2 additional dampingE Tx[GIMECZ &k 4= ¢
A7 [[H—E@il SUsH 442 MBI, 1 21t BE Load case
ol s E= 2UECIH 22 RSMH5S Hol= 44 tieks

B 81"1'4 gk galof| w2t Hslsk= additional damping
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of S:X[5 g whol] TS ¢1TE SR ciFOln], FRIHAS
S| o

Soff Waveo| relol| e 254sS Hluw & Hrig ofFolch

= A7 201249 E MASHAREFL M2z eh=ofUR|
7|=gII/(KETEP)2| X|glg ot st o7t Al (No.

20124030200110 and No. 20128520020010) &J-{Ct.
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