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1.227} (Introduction)
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{a) Horn M (b) Borkum Riffgrund 1 offshore wind farm
2005) (Dong Energy Wind power)

EERRURISENEEN
A4 oF7 B2 (penetration resistance)= W5 QJH-0] A4=Qtat ZolE Y F-9] eFeizto] o)A HAYE]
o, A ] 2p53t A EE T o FE AT ARSE AR A TAAE A HEHEE 2Rt
AphE| o] ofuf] BFAYSh= H9F (underpressure)-2 7o)< ATho] 2|21 H-& YA 7|0 9] 5 5h5-of] A5
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-
2 5 A\l A theat 2 Aol ek
- P9 B2 F AA)2 L 91T AL T BRI} Gk T olf A4 S AT 45 9]
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Z| Sl FxEoll et A BA o AR A S7H=EAL /lem, 20179 AA ©F 3000 7He] A4 <8
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7} E3l (North Sea) sll4 2 50 o] 7=l AX]= 2131, 2000 m o] thA L s 219 (North Sea, Gulf of
Mexico, Offshore Wiest Africa, Offshore Brazil, South China Sea, and Offshore Nigeria etc.)oll == A 2] =]o] 21

MR A A 0 AR Theat 2,

2. MM 9li7{ AA} (Suction anchor history in NGI)
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H 1,2000ECH 24 MM H7| A|Z A2 U A7 4|9 (K.H.Andersen et.al., 2005)

Year Field Area Floater i — No. Operator
m mxm
2000 Harze North Sea - 40 6.5x 6.1 1 VEBA
2001 Girassol Weat Africa Rise tower 1350 Bx20 3 TFE
2001 Girassol West Africa FPSO 1350 45x17 16 TFE
2001 Girassol Weast Africa Loading bucy 1350 5x 18 6 TFE
2001 Girassol West Alrica Loading buoy 1350 5x 181 3 TFE
2002 Nakika Gulf of Mexico FDS 1920 43x235 16 Shell/BP
2002 | Horn Mountain Gulf of Mexico SPAR 1650 55x274 6 BP
2002 | Horn Mountain Gull of Mexico SPAR 1650 5.5x29 3 BP
2002 Wenchang South China Sea FPSO 120 55x12.1 9 CNOOC
2003 Barracuda Offshore Brazil FPSD 825 5x16.5 18 Petrobras
2003 Caratinga Offshore Brazil FPSO 1030 5x 16.5 18 Petrobras
2003 Bonga Offshore Nigeria FPSO 980 5x17.5 12 | Shell Nigeria
2003 Bonga Oifshore Nigeria FPSO 943 35x18 9 Shell Nigeria
2003 Red Hawk Gulf of Mexico - 1600 55%x229 B Kerr McGee
2003 Devil Tower Gull of Mexico - 1700 58x348 9 Dominion
2003 Ardmore North Sea 4 cells 78 6.5x3 1 Tuscon
2003 Ardmaore Narth Sea 4 cells 6.5x 5.5 1 Tuscon
2003 Panyu South China Sea - 106 5x 1.7 9 CNOOC
2003 Holstein Gulf of Mexica = 1280 55x36.3 16 BP
2004 | Thunder Horse Gulf of Mexico Semi-FPU 1830 55 x275 16 BP
2004 Thunder Horse Gulf of Mexico Manifolder 1830 6Ax238 4 BP
2004 | Thunder Horse Gull of Mexico PLET 1830 5.5x26 4 BP
2004 | Thunder Horse Gulf of Mexico water injection 1830 3.4x 19/20 5 BP
2004 Mad Dog Gulf of Mexico = 1600 5776x - 11 BP

e

ord 1997 (Norsk Hydro

80s Fixed platform - 90s Substructures - 2000 offshore wind Ormen Lange 2007 (Statoil) Huntington 2013 (EON)

2. nyA U 224 Ojl and gas S2HE, subsea 1220 S MM WA
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B AL AFe R, 199143 EsiA S Snorre BE TLP well F220] 27 3 m, 2017} 13 m 444717} 4
2 AFEH A 0] SHHRE FiA g AARATE EAH o' 2-857] A2SHe]1997d Njord
FPU F--4] 225 s Holl 28417171 IsiA s gAlutzAt B A de)# o] digt A7 == 2ok
(NG 1997). 1 o]Fofl s 1184, H-7A HFA15 SHEH 0}‘43} Z¥E Subseat- X852 117G A1717] Sl
A AABAE gk §lor, 2000 o] Foll= sldE e 7| 2T EEo] AAutdS et 72T

A, ATl et

o

n o

2% 3.2 9 144 SjoRel] AHE DAL 19959 o] F H-54, ST £ Bl S g
w31 9l A0 A 8, Zlo] ¥ A% 57 ENE S UehiT Qick AHBAE S 34 9ot
£ o] vlsto] gFehago] Gl W7 TUR B71E DEAZ 5 9L, AHE gt ofF W77} WA
Ziks}] o] 1 Bst F7bel Shom, o5 AW UA B AV Fag HEY TEBE
489 4 9008 5 188 et 37 5748 08 oect

3. MMol7{ MA| (Design of suction anchor)
(1) MA| parameters
428 of7le] Wl A 7)2S Agsl] Sl A1) 7] (47, o, BrIZoDE Aok oo, A
A

1 O
Al BASE 2 9l AT (6l D 9] (heading), A W, 515 217 W HieE sj=oto] Ax, 2|ute] v]aj
=i
=

_3(;’_ =t
T AL, Al 5 set—up B3, HHEGRS G, TF| AT (strain rate) 9 oJ 7] HiH O] T4 MY of B 5o

Offshore
' wind?
500
1000 E
=
1500 5
m
=
2000
1980 1985 1880 1995 2000 2005 2010
Year
02 3. 19802 E] 20109 7HA| A, Z101'E MAWA 0| M2| 4= Z7t M| (Per Sparrevik, NGI)
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(2) A gk - 21224 2 21013 (holding capacity and penetration)

Ade8712] 21213 (holding capacity) & A7 fIshA A AMGE= W o2 Teshd FABY
1 (simplifed limit equilibrium method)-& AH8-5FH, olul] FH A Gide effect) & 243] AT 4= U=
71787] A= (roughness factor) & AR5t oF Rttt o] 217t HAIBFH o2 2| 2a st s o

FAQ R EE vesto] oS nle] 7Hgsliof sh= T o] k.

ufeby ZZo= 4at e 484 (FEM)S E510] o7 o] A28 AHslet], 3ta 4 3
ZREEA, Y7 A7) (geometry), Sk 21 5 AA 270 Q452 VRt 5] FAS SiA
A 22 S ALtelA ok fRta s siA 0w 22 st o= 2D T 3D 4
2D siA2 gl FHATGide effect)E 214 9] 31313 = o] ml-¢- F a5ttt NGIolA = B
E] Hlo|AF HIEf o 2 At o) whE AHe FHANE 1ejcte] AAgA HAE 45t
2712] AE Aaete] vl H3F-E Foto] AEqt
S Ao M= APgHZE 2, AaL 7k A
dHA 3l

A /ABA A= oA e WA A 7] GAE Tdsk=tl 875 9 (underpressure) E 4AH
Sfjof gttt Q7 EE Fok2 A4 o7 o] TAR A (penetration resistance)= 4G Shr] AREEH | A T
A AR E2 AAGPA ] FALE Q1 E = Fefo] DHAS F9F 9] o g vehd 4 qlek o]P A 4HY
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gt 875 Fdol diside HEdol tieh 24 /o] e s olof s, 7] Rl T &
A= 31y (heav1ng)°1 sl QFd o et A4 °§ 7] BAAA & Atet wh= 7 UlRofl stiffenerol] o
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22 HEA A= HEFel tiek 22 0}7%%*3'% A F8 7L E 5 glor, v AR A
£ Ak} slo] #A1E 4= ek, RS floll €2 HESO] e AF 47 Wi vl 24171 2 71
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(3) M| gHH : crack 2H4H 124

19 49} 2] Mooring line& @85H= =oto] o] 9121 242 Ao glotH e Sagh atoln
&, spi R Ee} 7 wihe] WA & 4 Gl 29 of o] wet dSotolo] $121E 2ste] HAE et
ofof giet.

& 4 9ok WA BAES AAY vhs v 2 f7of of
&2 WY 5 ik H=oto] o] Folg M} FelrhiA T2o] AT
% 9lek. AAE TR dhis MEote] $1X1E M QPR

o
=
o HAHET} FopR] A, ZAE B! mis-orientation 5 A5 A AT 4

with crack

without crack

11“"'
v rotation

ety

without crack

~
~ with crack
N\

J% 5 MMU7 B 324 S 245t IHEO0L0| 92| 2| 22| M =t (Y. Shin et. al., 2016)
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4. M5 2 DLIE{E (Installation and Monitoring)
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Hautele] ol HEMIAL ek Pofok 3}

- AR (vertlcahty) O]"é‘ ZHEJ AHr 0] whet 2pol7h AR UARPA o 2 518 @AFE +10=E 3

ﬂﬂiﬂ- (mis—orientation) : padeye F-5-0] 2F-8-5M= bending stress]] whet G2hd 4= QAT vk o
10=5 51-85tch
— 59F (under pressure) : 37} W] oF & A Fsk= 22 Wi Sastth 7|55 Uk A9
WA=t oA 7=k A 2222 ERlsfjof gt Alg 5 A Aol =Eslr] Hofl Feto] AXA =
o AR o] Folx|A =H 2Rt 5]} A A o] MZ ol gt oS =lsf 7hH XF v A
T2 AAsfloF et olnfl Y AN 87 E= A x| o] gHH H =] glskE Zlo] Fasith

0
O

o)

d

T Targetheading |

Suetion pile heading {deg.}
o
|

Tilt of Suction Pile {deg.}

Elapsed Time from Touch Down (min)

(a) A M W7 A| 2 Crane deployment of suction (b) &M UZ A|Z 221 Z10|0f| (h= U

pile and subsea self contained pump skid (NGI- HISEM (heading) 3! ZAFE (tilting) 2 L & &
FRAMO) (P.Sparrevik, 1998)

23 6. MUY AISA AIE L 2HEY 7|8
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19 6(a)= AAGA AlFA] AR E= A1t s HoAgH S HolFar §lom, 117 6(b)= A4 4A
AlA] TIZio)of] mhE oF712] ®Wakd (heading) F 7]-27] (tlting)ol| thet U ElE A¥ME Yehfar gt

7] BUHHE FE2E9 AollF7] F¢t g &7 shso] 248 Bt XA A vgE B
Aekstr| olsfIstr] YoiA afsh= AolH, F2 74 (pore pressure), H1 914 (strain gauges), 7F
A (accelerometer), ZJAHA] (inclinometer), TH1E7 (wave radar) @ 2 A (pressure sensor) 5= A %]
4 Stk dwkA o & A 912+ s EE (A #28), AR A o] AZ]3], A4 oo
T AS71E AASH =W, AAHAS] B 72 ERAA o Ao Ao Hed, 12EY] S AS
o] wiet 7] RUH Y Algl& APde] 24d5] 4--5k= Zo] Fasith
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5. L 218/ (Application in Korea)
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(a) THO|ZEFR] AJZ 0| 282 = QleSEdA

(patented by NGI/Statail)
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(b) MEHF KAFZEZE (developed by
Kongsberg/NGI) (P.Sparrevik, 1998)

(c) R HHIX| 7| 22 A28 9l = A HH 0] (developed by Kongsberg/NGI) (Master marine as

contractor and Statoil as client)
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