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s R RN X =B AMEEBCRIIMNIC L > TRR S, =a—a—27MOBRE. =
2—3— 7= RV X—FI%H (NYSERDA) NWED HEEHN £ Tk, BEHE
F— N EIERE LT D, 2 EOHETRE HIZ OV TIE New York ISO 233
PRI L0 BT D,
IR=R

- PR ERJIEERT D EEGT LR E TOPE EEERR L, BEFEEE SR - E
AT 273, B ERFOMRIL, EEFEEE (BEENAF) M1, B ERHK
DFRA Y Y 2 — I AMLOBEI R S, FEO TR AR AR L TV D
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No. | #A hv EH FITHA
14 | ERAFELY 0 R7 7 — A | e — - EEEHINRS | 2018 47 10 H
B 6 S BH I B A
(— e C ¥ EEJ13E
NG FE O A)
L | = koL — - EERINR A BHIEHME  (NEDO)
R 30 AREERCA R
ZR FITUEBIRRNA VBT HMHEIEE 7t X EEICL 581 FFREDONE

(1) ¥EdEE 7 vt 2

a. AT UK

OBFFIZ X % Wind Farm Zone D5 E

QBUIZ & % BB R B3 oD F2 i

Q@EIFIC X o HMFHA (R, Mk, 5, 595 oFEh

OB L 2 FERTOREH G - B OTE

OFAAERDO AR - AFLO T

®7 A v ADHGE, MBheHE - Fi

G OTE S -

AR BT OREr, BERBLOEE A7V a—b, 22 FBIOINEED R,
. ASBEH ORI, U A7 —ER o0, BRXINREHET 5720
OB OB, BSIR BT OB & EEIRDLBE/REDO Y A b, BRED
Tk & BRI BT 2 A A

v
v

D714 ADNE
@FEFEH L OHERC KIS
b. KA

O FRHEEKET (BSH) (2 X DBI%EHE ORE
©@BSH (2 & 2 SFhiH A O FE i
@BSH (Z X 24 b o143
OYNRPES
AFLBFIC, B ABEOREM, A FOBH, FRFAEMER, A7rva—n%
WREND, ALEIE, BEMELSVERTLERS D,
@FEE (FILE) (2K DFHHEAGEHE
XGOS -
BRETRERTAN, ARGTE. EMEERE KT 7 b /R B OEZEMRICET S
BT U R 7 Gy, SRR SRR B 2 T
®BSH {2 & 2 #H#&R
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(2) WA FInAmEeE
at T H

I T FBE. BIRE OREARRE, BAALOTZD, A FOHE, KER.
MEEMHFEZREL, TOT —F 2 RHT 5, VA b7 —=ZIZIZUTREEND,
- W), TERE1FHE L O T — 4
< BT ds L OVRREHICEE 5 o
- WET — X
- JE & IR AT
- HERP) BT — 2 38 L OME T3 T — 4
- BT — H
b.FAY

BSH i%, # kU 4 > N7 7 — ADOHMIEEIRE i THE Sfc= ) 7220 T,
WREEREE, T3 MEFRISIE, & OO AZEE S 2~ MU T
EU 4 RT7 7 — LOEERIZHE LTV D LT SN GE . AR ZEA R
N —ZFICiRE L, Ry U —7)T (BnerzA) X, AL mEAD—ER &
L TRz e BRIBRRE ICRAE L TV 5,
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No. | #A kv Bt FATAEH

15 | Ve REREEERBEOMER : | (—HM) AR FLF—fF | 2018 4 10 A
MR E I K DB Y R 74K | AFSERT
IO BE ]

i | AT XL —RRFENZEET E LA —

https://eneken.ieej.or.jp/report_detail.php?article_info__id=8131 (ZH& 2025/12/12)

RAY ATUL Frov—r TFUAT AV T, BEOELRNFEEDE -
HLARE G DLz >V C

(1) FAY

WK Y N —2 7 (BnerzA) %2017 45 1 AP EREJIFEEO AL, FHE, FH58
AR E & E DT R EUIE & i,

EHES - KEET (BSH) 723, BnerzA & 171 L CPE LR 1ZEO =Y 7 BI%E
Ve

- BSH 78, BEEMOBERNL— b, BEFORES T &2 RIE,

« BSH 23, A b FEHICK T2 PR ATV, BRI ARLSINE 12 Y 540
BB D IE & Tk,

- BUN O PIRFRA CTIE, BREGHA, M FERA, W BB, RISk
B9 2 RA S & Foh, BUNFO PIRAE T TIIR+H077-0, iR 5 RaEiEk
FLE YA T HE i,

(2) 7%

AT UFPEERS VX ik (2015 4F 7 H HAT)
J homrr—3a rORE, BREEETHLO EIZ
- KB & € ORE TR ERIEHE DG T 5,
c BALOBENRED S, [Hrx DT rYxy NOSEREL L TWAD, 1
BN ES TH D,

(3) Tv~—7

« FAERRET 2L —(EiENE (2008 4F 12 HHlE) (2L V., fE8fERS XL OVEEZ N
W - B =2 ¥ — % BT DHERITEICH 5 & HE,

T RLFX—ICBT A AR (201243 A) ICESE BN T RY =0 N E
B L. H¥EEDOAFLZ Eh,

UL RANy T e vay T HRIZEY, ZRXAX—TRELEY 0 K7 7 — AT
WELREFRR ] & — 5 L CE B LA,

- TARTHASCREE AR I, SEROEHE A I,

(4) 7%

-+ 2018 42 7 AVE LR JIFEDEANZNHT 5 72 DFi 1z 72155 % Ik,

ST BRI R Y =
HEEAD.
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« MLTEE SN FEH IO L CEDAIEEER 2 549 5720 OFFal & 4F
5,

< ER PR BREE BN 2 R 5 & & BT, KEEH - BEhagRFE Kk T o
TEENC B U 7= §Fal ol & AFLRMCEUS L, F3EE AR,

CHEXICRL DRSSO T 0 Y 2 7 h DIEF N ETHE,

- MLBRERTIZE N AW RS Ha0&E &% T 2 2 & 2 ZE,

(5) 7AUH

- WEEEEE T OMET 3L X — /IR ERICBIT 2 LY v RT7 7 — 4
DR Z —FE LRt - FHEE 3 DR Z IR G

R L X — R ERIIR B O K (Y —v) ZEICALE#BLT [ —
A WS TETHERICHIE, U —Z2OHIMIT 25 4/,

- RS EOMAIL, FEENY —RADRNIHIITIT D

(6) B
< FEERDREEBEICEHE L2 ERIE R, B, BAT VX —BREMEZ KO
BREEHIC S & | BIEEEFEA, 20154 7 HICROMEBAE LRy -

7 N OWHEBFRXI L LT 36 DY — U BIRE,
CINHDY =BT D PIRRE AN ORE 2 T - HEEN, V—
ORI ZHFETE 5,
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No. | #A kv e FITHA
16 | BIND S HFUZIER T 29 E | FEy % 202249 A 14 H
JE\ ) F 3
i | ygsNE A S JEPIC & X F—&#}
Gy FZ BT DL NIV FROMEL 2 X N E T (FEALEE) OB X

O AUZHNT

(1) B borhoratr
VPRI CYE BRIV A 5

- BHIOAFLEE Z K E,

< HEFEICKNE L RS T— 4 (BB, Mk, HER ) ZBUNSEEL T, 7
=P Sl et/

< BIIRMAOEERGE 2 EEFEE (TneneT) 23KE L, EEMRE K
EREM N WAL Y-C = YN R4Sy T8

- TFRd A Pt & 2k TR R38BT O 2R A 4h.

Offshore Wind
Energy Roadmap

LR — R~y
(H 8 . 4 5 v ¥ B &, https://open.overheid.nl/documenten/ronl-

451475b210986b6124fbe75ea95adcbec69663fd/pdf) (HHR 2025/12/12)

P
Hx=,

2026

FLERADER,
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FLRAREBRMNICET HTREERFE, 2026

#F1 EEHRTXOLR

BiFRAH ABEHES
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No. | #A ~b EH FATHEH

17 | Hollandse Kust (noord) Wind | 47 > ¥ (RVO) 2019 4 10 H
Farm Zone, Project and Site
Description,”

il | 47 U A RERR— L=
https://offshorewind.rvo.nl/file/download/55040284 (&M 2025/12/12)

B | ATEDORT R AL (V=) UL R77 =LA (HKNWFS)

DALRD DA BRI, FEFIRESNDIEBERE LU TOBERNET
HINTWD, (2B, UTICETRHMTRERTXTOT—HIL,

offshorewind.rvo.nl IZAB LTV 3,)

l. ¥4 FDOLAT IS (AT F A — %) B X OVERE

2. BEfF DA 7 T O ERI

3. REHEELELOBERABIOER Y7 v b7 — A EHREOIARE
4

. YA PERERR
- Bl AL B A

< REFEH (UXO) U AT TEAAL N#E

- M EEROAL B A
- HUERY) ER AR A A

- HUERW BB A 0 & T 22RO R A

- MR TERSRE (R—V 7 RALERER, ) T BRI )

- HEIEHIE - MR CAR DAL EARA (BEHTSE)

- SR A
- B EE TR

c REB L OMRICE 0L LA (RTSE)

F7o. AFEONE BAIZIXED UG O 72 D12 5k U 72 BRET R Bl & 2 T f
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Test Type Test Quantity

Density of solid particles (small 235
Particle size analysis (sieving and pipette) 570
Minimum and maximum index dry unit weight 123
Atterberg limits 95
Carbonate content 192
Organic content (dichromate oxidation) 198
Organic content {mass loss on ignition) (3]
Pore water salinity 27

Triaxial tests

Unconsolidated undrained triaxial compression - undisturbed 3
Unconsolidated undrained triaxial compression - remoulded 2
icall lidated undrained triaxial i i 9

- lidated undrained triaxial i . h bender element testing 5

pically lidated drained triaxial in compressi 63
Isotropically consolidated drained triaxial in compression with bender element testing a0

Ring Shear Tests

Ring shear (soil-soil interface) 57

Ring shear (soil-steel interface) 105

Compressibility Tests

Incremental loading 4
Constant rate of strain 17
Permeability tests 69
Thermal conductivity 28
Electrical resistivity 27
Transient plane heat source 22
Microscopic photography 109
Geological dating analyses (suite of tests) 15

hemical analyses for microbially induced ion (MIC) risk 22
Test Type Test Quantity

Index tests

Particle size analysis (sieving and pipette) ]

Strength (Static)

Isatropically consclidated undrained triaxial in compression g
Isatropically consclidated drained triaxial in compression g
Direct simple shear - constant volume 10
Direct simple shear - constant vertical stress 9

Strength (Cyclic)

5 lled {an)i pically lidated undrained cydlic triaxial 5
5 lled i icall lidated drained cydic triaxial 20
Stress-controlled cyclic direct simple shear - constant volume 56
Stress-controlled cyclic direct simple shear - constant vertical stress 18

Resonant column - multi-stage 11

column - drai z

Microscopic photography ]

HKNWFS THEfi S - ik T2HFHED —E
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No. | #A ~b EH FATHEHA
18 | Danish Experiences from T — 7 TR NVX— )T | 2017H3 H
Offshore Wind Development (ENS)
L | 7o~ — 27 TR F—JFR— L —Y
https://ens.dk/sites/ens.dk/files/Globalcooperation/offshore wind development 0.pdf
(/1 2025/12/12)
g | Fr~e—20EERNOEZR T oA (B bIAFRBIOA—T L KT H

it) ‘—Ob\fo

(1) B>+ 755
« BOM 2N E L FHEN &0 &G L7 ’ﬂiﬂmﬁ\ﬂ@ﬁ%& 2%,

HEFEEN, REZETMOELE CTH Y | REFZETHMIOM, HEFHE,
ﬂ%%ﬁ%%%ﬁ\ﬁﬁwﬁﬁ%%%ﬁ\Hﬁ_%ﬁéﬁﬁ\ﬁ%ﬁﬁém%
THFAEZITV, 2 OfREREZ AFLATNCABT 5,

- TAEFHERE HIZALANCI R S, HIL LSRR 0BERZAMT 5,

c WAL U7 EF R 1L, BRI A A (VR A, HiER A3
HE) BEET LI ESED,
- EEHEEEHIT, RLIWVEEEERTE CORMERE T2 AHET 5, CE%IL

FEWRET HET, LR OBIML, FEERAE P HE LW o,)

(2) A—=7v F7J=

c BUSAEE LIRS C, FEENTFEL T ey =7 MR ZITO HH
- u e MRRBEZ, THAEEZIT O ICODOHFELITV., T~y —7 =L
X—TORRBEFLUENRD D,

CKREGIE, FEEIL, TR, RECETMMEZ1T O,

CHERIL. TO®R. U Ry — ARMHEHELRET L, HEEICL. 7
2 SO, ALE, B, EEMEEETE, S — 7 b L— A TR
ORISR ENE Eh, BEREFN L 508 TRIET 2,

T U= XX —[FIIHFEORE (N7 axEty) 24TV, MENETR
TR AT T2,

EL
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A7, 2026

No. | #A ~v EH FEATHEA
v ;i:jf{f%k WITBSI i e |0 T T
L | R Y RIS KT AR — L —
https://www.bsh.de/EN/TOPICS/Offshore/offshore_node.html (£ 2025/12/12)
25| [BSH THfid 2 &% IC>1T]

‘%ﬁ%ﬁ%ﬁ@ﬁn VEFER v U — 27 JF(BNetzA)NZ Xk B AALFRE X & A
FEEATORH DT DI, A NEHFEFE CHE 7okl >\ T, WERE
(%%%%ﬁ?ﬁz%/M\TEi\ﬂ WEPESRE, 38 KOsk oo 28w At
AL, VAR— MDD, HUROB SR Z1T 5, BEEREO oD &
A DFERIZAALTHE E D722 BNetzA IZEE S, AFLD 6 7 HRTE TIC
Web BIZABHEND (K2),

FAAAERIT, AFL TR TR Z i L= FHEHFITH . BSH TEITESN DD
ﬁﬁ%m$ﬁ®%%§ﬂkbf%w%ﬂ\AHLK%%%ﬁ\:mmﬁd%ﬁ
INFAAERCREE R A 21T,

7R, PRARIE 34 FERRE RN X, FAEIIARLO 1 ERTE TR T35 L b
2o TWNA,

(1) HEFRA - HZHA

DI A

s VT E— LRI, A XXy Y A E

Q@Hh T D HERY ER= (1) i 4

Y EEWRE UV TF xRN ANTF Ty R ), TR AT Ty
A 7 —ilA%

) Hh A

cAR—=V T T T BNRABRE

O HEE LT L OMERK

- (O~@ &M £ 272 3 o E T L DR,

X1 BESFEEATH T O 3 RotHiikE T L
HEL - RN > KT HP
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IARFER IRXLF—FES REEH/NEES

FEERAREHEMICEITIRKESA

A&, 20

GBREIEIE & Lo TRl (BRISABREE 7 & 2 A v b O—# & LT i)
YA FAF Y Y=L ETARAE, BLXOHRW Y 7 ) o 7IZESN T,
TR DO HERIAEAL & RIS ICBI T 2 F M BB U, BRECE O R 4 FE ki
(2) MEHFEREEICEET oA (ERIRAUEREE T £ XA X b o—#f & L T 3Efi)

S JEAEY), FUE, WREEHELE, Y BB X OKRE R S oA

(3) B VA= b « WHESRM L AR — F OER

< R[EBUN. MESELI

CREETIV (RNT) FH, MEET AV (RNT) REAM

(4) Mg bAZ@~ DA, MR A S

Selected Data Packages: /35 35 Sorting: Default v
Final Reports of the Geological Site Investigation (3 files) >
Investigation Reports of the Geological Site Investigation (3 files) Subsoil

Geodata of the Geological Site Investigation (4 files)

Geological Model (3 files) Subsoil >

Database of the Geotechnical Surveys (2 files) Subsoil >

Sound Velocity Profiles (2 files)

Multibeam Echosounder Data (2 files)

Side Scan Sonar Data (2 files)

Magnetometer Data (2 files)

Sediment Samples (2 files) Subsoil >

ROV Investigation (1 file)

Subbottom Profiler Data (6 files)

Single-channel Seismic Data (4 files)

Multi-channel Seismic Data (6 files) Subsoil >

Borehole Sampling (2 files) Subsoil >

Cone Penetration Tests (CPT) (2 files)

Borehole Geophysics (PS Logging) (1 file) Subsoil >

Laboratory Testing (2 files)

Interim Reports Marine Environment (4 files) Marine Environment >

Final Reports Marine Environment (8 files) Marine Environment >

BSH-Data Tables & Tour Reports Marine Mammals, Resting Birds and Migratory Marine Environment.
Birds (Ship) (3 files)

A o © RN o
5 & & 4 | B &
-

BSH-Data Tables & Tour Reports Resting Birds and Marine Mammals (Flight) Marine Environment N

(4files)

BSH-Data Tables & Tour Reports Benthos, Fish and Biotopes (4 files) Marine Environment >

Raw Data Marine Mammals, Resting Birds and Migratory Birds (Ship) (3 files) Marine Environment >

Raw Data Resting Birds and Marine Mammals (Flight) (2 files) Marine Environment >
E Oceanographic Report (1 file) Oceanography >
HH In Situ Data (4 files) Oceanography >

Model Data (4 files) Oceanography’ >

Meteorological Reports (3 files)

Meteorological Measured Data (11 files)

Meteorological Model Data (3 files)

Navigational Risk Assessment (2 files) Navigation >

Determination of Suitability (2 files) Procedure >

Suitability Examination (2 files) Procedure >

v

oo o

Environmental Report (2 files) Procedure >

X2 ABT—%—% (Site N7-2)
HHL ¢ https:/pinta.bsh.de/N-7.22lang=en&tab=daten (ZP& 2026/01/07)

2

'

6

FERADER
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No. | #A kv EH FATHEHA
20 | Comparative Analysis of Rhodri James, Guy Henley, 2017 %3 H
International Offshore Wind Stefanie Hintze,
Energy Development Andrew Conway, Jérdme Guillet
RE WIND OFFSHORE

Hi8L | The International Energy Agency’s Renewable Energy Technology Deployment
Technology Collaboration Programme (IEA RETD TCP)

B YA FBFEFEOEN LR LR EEAMEEDT 7 e —FITONT

(1) ¥ BRI EO H B

FHHIBE R O #7287 L & L COCentralised model, @Decentralised model.,
(®Hybrid model Z7~ L, REMREDET /T OV T LT D,
(DCentralised model

CBUNRSEATERE Y 27 ORIy EAH L, AFLIZESL G, A FORE, A,
[l SRHLRF AT ZAT 9 FT /b,

- BRRHEER ITERANOEME T, FEOT vy =7 FOALIZBINT 207 Th
DT, BHEEEFITL > TULY A7 EHEOBLE N DM TH D23, HPE
NEMEZ F8 4 T & DHAPHNRE S5 ATREMED B D,

A TUE TUv— 7 ETHRH,

@Decentralised model

- PR EEE N TE L CHMERE, XEMOFF A L REOREEIT Y ET L,

cBUFIZ L o TY 27 LB R D 700Dy 2RI RE 2 OB Mk O LA K
BeIN D, BHBEEFICLE > TL, 2y b r—/LOEGWBFHEN M 2 R4
THEE LW HTHE LW, AFLICK 256, BIRBEEFITORY &)
Y 27 PFAT DR B D,

cAFY A BA, PEFETEM,

(®Hybrid model

- BURFAS HHBESE 7 0k 2 D— B A T 5T,
< B2, BURZ AR E . oI HEIE, 7Y > RERRATE AT O 25, BASEHE
I, — ORI RIBIRE LT O RERH D,

- FA Y ETEA,

ZNENOETMIEIHER DY BB EDO L D27 7Fun—F 2 WH0N%,
BORBRCE D BAR. BUFA Y 27 274 5B RIZKRE KFET 205, 04,

R4 NFLIEE ~DFBATIZFEV Y, Decentralised model 7> % Centralised model -~
BATHREAL TN D,
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%1 KA o HBH%

i AEOICRE SN EEERFHES LA 7> a 77U v REFEICHES T,
MLAT Y a— & &b, A RBEFNIRE SND,

i. AfLD 6 4 ARNC, AHEREN Thiv, TOMFITHBFETICEIND
iii. PR FETIIAMIC LD . AT 5, HALE X, MBh&RA . Rtk
IR DFFA, B X OB OIRFEZ 135,

. BB & REERICAR D FF AT T Y 5 & B FEFIIRERSGO D
DIERTFREE L. 12 7 HURNIZT X ToFERL T 5,

v.iFAR, BIREER IR ERTOER Z MG 5.

%2 AT X O R HBR%E

1. BUIE, FFEDO T m Y7 N HHOBRE 21TV, LERBIHGAE LT, B8
7RRE & SRR AR DR 15 5,

i BAFEFHEE 1T, AFLZ U CHIAZ B % &3, WALE L. MiBhe24 (SDE+)
& T FE BT LB T R COFF A 2 G T 5,

3 T U~ —7 OB

BURF SRR AT O BPE £ THIM A BRFE L=, BHRALEH I AL EZTT

Grid design

Zone . . Site Consenting/ Grid & Government Developer

. - Site selection . o . .- . ’

identification investigation permitting application . risk/control risk/control
construction

Developer / A\ [Decentralised| 4
Developer Developer/

5 National
via PINs Grid OFTO

Crown Estate  Developer Developer

Developer
via BSH

Government Developer Developer TSO TSO

Developer
Government Government Government 5 velop TSO
via BSH

Government Government Government Government ?%vg.mment TS0

Note: Green indicates government/TSO responsibility; orange indicates developer’s responsibility. The sequence of steps
can vary by country (see below).

B4 v BEU)FEEE O FHHIBR IS 4R D 5% /4
(Hi# : The International Energy Agency’s Renewable Energy Technology Deployment

Technology Collaboration Programme)

(2) FEERDEEBEBRMREDT 70 —F

FEERSIBAE DI OO E T IXRKIREZ R ET D7D Dkkx 727 Ta—F L L
T, OA—T7 R7HR, @V —=v 75K, Q%A "AXT T 4 v 7 TR d
Do

ABOHEIN LV ER DK S ICon, F—F 2 FT7 R RmIcEELE
S, == T HARY A b AR T 4y 7 FAREHEND L9 1TkoTn
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DM, ERORALELCEHEA L)L PMEWFT BTG Tl A—7 v 7oy —=
7 IR EN DA DN TN D,

OA—7> F7 H=K

- BRFEE N FE L CHEUI G A RE L, BIRY R & RN AR T 5,

< PE RS BRI T L X —FA T o TG, BUFICE > THEa 2 o
T7u—FThHY, Fio, EROEEINCIThe bk IR 722 57T 2 3R L &
VDETHREFRIZLE>TUL, LVFRRT 70 —F Tholeh, A—T 2 K7 -
TR —FOENIELEL T, MR REZGED Z LTI LA K
bhE, FAEOHEN O RERBREZRE RS SN A b b D,

@V —=v7FK

CEHERY RN KRR BRI — o 2RE L, BREGREENES T 0 X
AU C, RO SAEAZBSTE L5105 5, SHENGOND &
BREIX. 2R o 7ay o/ MIRLE LG A2 EIRT 5 2 L TE 5,
- ZOHEF, BIERREKA T CICRHMES L, U A7 BB S THhD &)
EEOL L, BB EEbn s Az L RRITERSZ ENTEXH720,
%< ODRFIREEEITFFEINTVD,

VA FARY T 1 v KR
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Figure 7. Flowchart of the Monte Carlo simulation of tropical cyclones.
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Fig. 5 Joint distributions of wave heights and periods obtained from observations and montecarlo simulations (MCS).
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Fig. 3 Comparison of measured and reproduced spectra by
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26 | European MSP (Maritime | European Union (EU) 2016 5
Spatial Planning) Platform (FEAABA)
27 | Vattenfall’s Hollandse Kust | Netherlands Enterprise ~Agency | ~H
(Zuid) Wind Farm (NEA) (A7 > ZHEH)
28 | In the service of maritime | Federal Maritime and Hydrographic | 2019 #-tg
navigation and the seas Agency of Germany (BSH) ( K14 > | (GEAHIREA)
HHEF KT
29 | NeoWins (7 AL~ ~ ) | NEDO 201743 A
30 | EADAS (BREL7 & A A | BREA 2014 4 (HAB)
T =& =)
31 | WHERIFR Y AT b (% | i BRZ)T 2019 £ 4 A

oL D)
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TAREE IRILF—FES BEFHHTN
EERAFEERMICET ZRKEEN AR

F-422-4 FHESCEROE S (BEFF DB OFiH)

=8
7,

No. | #A hv e FATHH
20 | Global Wind Atlas World Bank Group 2015410 H
(AT, EEREREER)
Ht | v BE3E (https:/globalwindatlas.info/en/about/introduction)
v < v 7Fx (https:/globalwindatlas.info/)
v RSB OHE I (https:/globalwindatlas.info/en/about/method)
(B 2025/12/12)
ZR | » AR g s LK DB, RIS I13MhIc b . KEEEIEE ISR D Global
Solar Atlas 72 ENABH S LTV B,
> 2015410 AICGWAL.O A3 Y U —RA X4, Fodthil (2024/5/28 ) 13 2023 4F
6 HIZGWA33 BN U —2 &N,
> BEUFEEICELTE, B R R (RS 200km £ T) IZBITDEE 10
50,100, 150, 200m D FEE » JE ) =R /LF —FE - JJ]EHE 7 T 2 (1, IIIH)%Uw
BAFFIHER (0~1) 23, APAEFRHEE 250m T~ v THRRS LD,
¥ (HE) K[EBLEOFEIL, 2008~2017 FEOKRFMMNTT — % ERAS (KA
TG 30km) AN —R & LT, fEHKGET /L WRF (Skm), 7o~
— 7 TRKRY (DTU) O~A 7 a A7 —/E7 /L (250m) (285 /54
7 A — Y 7T,
> M END ALEOHMSESLEZAT Y TEMME L, =V TRICE T DRI RE

l [} Capacity Factor [EC Clans 1

B ® eanwind Sperd D)

i O Baghymnetry

S Validankse Layers »

B [ e Merarir o

(AR DR E LT U - JRm o HBUHEE, 425 (G825 10 48) . A, —
DOREF RO ROE, B FEERE (REOFJMBRENLE) NEREND,

GLOBALWIND ATLAS
Caphs 'I'KIMIF Claiiil

ety Perweer Densicy

Terrain Layars »
Roighiess Length

Orograghy
Fugpedness Index [overlay)

walidat

£} Legend re-scabe

Gemsmee ESMAP [l ome

A 2 B 100m O JRGH AR &~ 73R LT
F :FRE LT U 7T NOAER] « AR« BB 02 Jal ik 2 o L7

P
Hx=,

2026

FLRASER,
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https://globalwindatlas.info/en/about/introduction
https://globalwindatlas.info/
https://globalwindatlas.info/en/about/method

IARER IRILF—FER RGN
FLERDFEERMICE T SBIKEBAE

MNEER,
A&, 202

No.

ZA bV 4 FEATHFA

21

UK Renewables Atlas AMPmer (JE[EOWEE= L2 | 2007 4F (HABH)

~ B L ORHE 21T 9 =th)

v
v

kv 7 RX— (https://www.renewables-atlas.info/)

BEZE  (https://www.renewables-atlas.info/about/)

~ v 7F (https://www.renewables-atlas.info/explore-the-atlas/)
~ v SRR ENDHTER—E % [What's inside 2] % 7)

(https://www.renewables-atlas.info/user-guide/)

(ZHE 2025/12/12)

YEE O JE D A )t 5 & U T MEEHIX] DB,

2004 4F 9 HIZHEDOE SFE¥E (DT OE4& CTHEET R L X — OIS AIER
7?xxyk%9%&Ltﬁiﬂmzzw#~§ﬁ®ﬁm#%ﬂé%A_n%
D9 HLEENOEEEDOEWIEHRE web-GIS THHICFHHTE XYLz
Lo, RMESESMMER L TWD, T — X OISR ET =,

B 100m JEGE - Jm (B - B - Bk - A& - BAR) L I ORI - /N - @A)
N~y TRRIND,

RIFRLIRME R L F—FBEOFHEMUI & 72> TV D2 b T RV
TIRI ) LR D @R IE T — 2 3 b 5,

X 100m O JRHS A 2~ v 7 EKoR LI2f
FE 0 R T BT OB ) % @ DK TR T~ T ROR LT B

26

FLERADER,
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https://www.renewables-atlas.info/
https://www.renewables-atlas.info/about/
https://www.renewables-atlas.info/explore-the-atlas/
https://www.renewables-atlas.info/user-guide/

IARER IRLF—ZER BRERM/NEER FERNSHS,
FLRAREBRMNICET HTREERFE, 2026

No. | #A kv EH FATHEHA
22 | Wind Atlas - wind energy | Finnish Meteorological Institute 2009 4 (HAHY)
resources on the map of (7 4 72 RREGHH9ERT (BUMH%
Finland 5))
H# | v B2 (https:/en.ilmatieteenlaitos.fi/wind-atlas)
v v 7R (http://tuuliatlas.fmi.fi/en/)
v < v 7 OVERY 7L : Tammelin, B. et al.: Production of the Finnish Wind Atlas, Wind
Energy, Volume 16, Issue 1, pp.19-35, 2011.
(/4 2025/12/12)
Bl | » T4 T ROREEEEEERSR L L2HIX DB,

T4 Ty RORE - BAAICLY WindAtlas 71 ¥ = 7 3B S A, 2009
fEIZ Wind Atlas S AB S, BUEBICTH L 7 1 T FREWFEFTME
RLTHRY, 7rv—2 LR RORH AR = /L X —F5EFT (Risoe DTU) 7%
PAR—FL TS,
AEHE SRR EE 2.5km T, BUE - BB ERE - 777 4 7T A 0 7 OREH
(EKEEDRKE DT . Xy T T A v 7O GEKENZ D>
TR . R v ARNEER] (50,100,200m) « AR~ v TEREND, F
7oy BEAT O E2ETe— oMk Tid, AR Fi#4 5 250m Tk - &
JIFEEREDPEER] (50,100m) « ABlC~ v TEREIND,
¥R 1) KEHOFEIL, 19892007 SO IR D 5 b, #HEHT — & L HF
Hr7—% (ERA40, ERA-Interim) % % & (2 50 4R FEIEDOREEIG S
HX 9772 A ERATEHE, 2.5km #HEIZT T 0 AKE R OMEERS
£/ AROME T, 250m 35 1I7 v ~—27 TRKRE (DTU) ORI
Y7 b WAsP T,
¥ (ffife 2) 7 4 > 7 > RiX IEAWind @ Task19 (Wind Energy in Cold Climates)
DOSMETH Y FEGLD LA — M LAUTSINE O T b ZEW 22 5% F %
Rl Wb ko THob,
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https://en.ilmatieteenlaitos.fi/wind-atlas
http://tuuliatlas.fmi.fi/en/

TARER IRLXF—FER BERMNEES FLRANAHER,
j NREEEMICET LK EBMEAE, 2026

X EE 100m OFEHEGE AR % ~ v THERR LT O B 13 e 0
2.5km. A7 250m)
F 1 ADRE o ARE~ v TER LB OKEAS R4 )E 2.5km)
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IARER IRILF—ZER RERM/NEAER, 5¥J:J§UJ§J\$4‘%,
FLERDFEBRMICET SBRINEBIRGAZE, 2026

ZA bV 4 FATHFH

Geospatial Data Science / Wind | United States Department of | /~Hf]
Resource Data, Tools, and Maps | Energy (DOE); The National
Renewable Energy Laboratory
(NREL) CKE=x/LF—%
[ N FRAE ATRE = R L —HF SR
AT

EE

\

v kv = (https://www.nrel.gov/gis/wind.html)
JEJTOMEEE  (https://www.nrel.gov/wind/index.html)

(\

v <75 —% (https://windexchange.energy.gov/maps-data?category=offshore)
(ZHH 2025/12/12)

7

> KIEORE | LIE el LI2HiX DB 7 — 4,
> PEEICBILCiE, & 90m & 100m (Z3651) 54K 2 L O EECHEER T
VYR DS~y IR AT, £i2. BN O R (0.5m/s ZA) ., B
FJOUKIRIX Sy (0-30m, 30-60m, 60m LA_L) X EfEFIEREE (0-3,3-12, 12-50 i)

BOWHKERE & REEROT — X BRI TND,

United States - Annual Average Offshore Wind Speed at 50 m

:’
A%‘k 1
n \
Tirad “ywad & W 1 Ld | 5y
i I p \
=

[

i

T :

1“&-:
-

LINREL

CIftahons wind réscurce ared by $1a% with potential By wind $peed inberval, water cepih, Jisthncs Mom shone

iitance trom Sherokng
0 - 3 nm 3 - 12 e 12 - 5 nm
Wind Dispth Category (m ) Dq::r\l:n‘.l:nnr. [ Depin Category im)
Speed T- 30 - =t -0 -bl = bl u- 30 ) - Bk =Rl o
ot 90m | Anes (km’) | Anes k') | Area ety | Acea (k') | Acea (o) || Aves (ow) | Area (ow’) | Avea tow) [ Avea o’ | Avea fiew’)
g ms ) Lt AN [l AP ANV () (L) (N ()
TR TUT (i 5w T TS T T5AD pras R | e |
TEECTT ERERTY YY) soa]  izasall 22770 38 sl eresal  isties
L2 2y ™ sk T 7 — T 3
i1,195) {1,385 i 165)| (RE.0800] (124,315
BO-H% 125 L ['1s) [} L el Pt
[LF] (BT} [l i (B Tra] (115254
T 77 T L1 ] TN mTE
218 TO8) iz iz phsadonl  rrd 25E
L2 EA ) LK | 1 [ PR I
(10 (24 i) 1 V) (80801} (6850704
B LLy [ L] L} LR-2 Y Lok
il (301 0 {09! fleil (72774 (76,153
LX) oo 0.0 |11 |1 ] BEIT S B2 E
i) o] i1} 0} {1,441 07 00| (13,188 {34,627
Lopnnactut vk O ] 14 [ [ [ [2e [ [T R
[2.501) ||5|l |C|l i} [isi 1 1% i) [l (2.652)
=0 L xRy 1 T 1] L] L1} L] TS

CKENR R OTE EORIE S MBI OM L (I« A A7 ETKIH
OO b ETe) OFREAECHEER (FE 90m OfFH)
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https://www.nrel.gov/gis/wind.html
https://www.nrel.gov/wind/index.html
https://windexchange.energy.gov/maps-data?category=offshore

ITARELE IR)LF—ZE S BRERM/NE

B FLRATHSR,

FLERDFEBRMICET SBRINEBIRGAZE, 2026

No.

ZA bV EH FEATHFA

24

Canadian Wind Atlas | Canadian Meteorological Centre (#7454 | 2004 4 10 H

v X — (DT HREEDO I T XRER/D
EE))

=

v
v
v

kw7 ~_— (https://windatlas.ca/index-en.php)

~ v 7%~ (https://windatlas.ca/maps-en.php)

K[ELEOFHEITIE  (https://windatlas.ca/methodology-en.php)

(ZHE 2025/12/12)

’\L“ﬂZOD{ﬂ?L% Grie ) AN A x4 & L= HilX] DB,

T HDOBREE - [UEEEE I ;ofzmoﬁzﬁﬁéhtﬂﬁiﬁw¥—®§

PR & T %TéEmﬂmmmmgmwm®m%%&Lfmmﬁuﬁﬁ

Bl &7z (ZHLIATIC A &4 TV 5 A% ” The New Canadian Wind Energy

Atlas” & L CTABH), FofEHHIX 2018 427 A (FER8 H 2023/1/26).,

B2 K% 65 DX A WZHEIL, R EimEE 30,50, 80m OJEHE & JE )= /L

X— (FHIA) &~ TRR, KA TR Skm,

¥ (i) KB OFEIL, 1958~2000 40D NCEP 2EREMMTT — 4 (K
TGRS 2.5° | 6 REMEIRG) 22— L LT, [UEHOSHE, HEE
TV MC2 IZ X 2 MR OKPAS TG Skm) | #ERTHOZRAAEE, ~A 7 1 &
r— VBTV & B EE A i,

[ -~ E@ﬂ"? (power lines) Db AIHE,
TE

Wind Atlas Canadi

Home  Methodology Maps  Downloads

g 0T - 170 . Vs Wikl el . S0 Al

e i [ oot s

il

X
—

=

\f
I

F

|

g

B Fowar Ly -

hn‘mlﬂuﬂdhﬂ_“hﬂo- o
[ i3 138 Long = 4 403

i P, e 3 R R o B 8 SO OGN 13 O
[Ty Lat Long &+ Poptal code

A S S S — [cee |
—— e
L

DEGE - B R X~y AL LT, #IX B ITEER S ROR,
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https://windatlas.ca/index-en.php
https://windatlas.ca/maps-en.php
https://windatlas.ca/methodology-en.php

IARER IRLF—ZER BRERM/NEER FERNSHS,
FLRAREBRMNICET HTREERFE, 2026

BA R EH FATEHEH
Marine Data Exchange Offshore Wind Evidence and Change | 2013 4 H A~ B
Programme (OWEC)

EE

\

v kv = (https://www.marinedataexchange.co.uk/)

v HE /Y (https://www.marinedataexchange.co.uk/content/info/what-is-the-marine-

data-exchange)
(B[ 2025/12/12)

> EENO 50 U EOFT R LX—EDEET a7 MNCBET I HET — 4
(F—HE vy bLLAR—1) (200TB) NI NEH I WD,

> REOEERNBEOFEEN ELESIELORBEOLDIC—#HDO T 1Y =
7 hTEONERERATEZ EICAE L, 2013 FEILER SN LD,

> TEWRO 2% A (K&, W%, AW, BEE. #HiEkpEyR L) [T b0,
i, B (%, WHEER., WEk fiiTzl) - Wit (K&, W%, HidT.
WIS, REllide &) - WS ad (HERE. MRS - f Bhekl) - Bid
IR DA,

it 1 Celte Areay, LIDUR Widkeube dity
nE

345~ (Windeube) IR SIRE
F-5

®F | Cellic Aray (REDHISD > F¥
FEADREAOEIR) DES—2
il | 2012~20145

MNE | BmRS 5= (TRIAXYS ) I |
RBERT -5

iBP7 | ScapaFlow (2w 3 ED
A== —EROADI)

BERE | 2010~20126F

T —%t -y hOf

4-88


https://www.marinedataexchange.co.uk/
https://www.marinedataexchange.co.uk/content/info/what-is-the-marine-data-exchange
https://www.marinedataexchange.co.uk/content/info/what-is-the-marine-data-exchange

IARER IRLF—ZER BRERM/NEER FERNSHS,

FLRAREBRMNICET HTREERFE, 2026

No. | #A bv EE FATHH
26 | European MSP (Maritime Spatial European Union (EU) 2016 L
Planning) Platform (FEARABT)
Hilt | v kv 72— (https://maritime-spatial-planning.ec.europa.eu/)
v BEEE  (https://maritime-spatial-planning.ec.europa.eu/about-contact/about-us)
v EREER  (https:/maritime-spatial-planning.ec.europa.eu/msp-practice/countries)
(/4 2025/12/12)
TR | > BN OWEEZEREHE " Z v b7 4 — 2, BEUNME 27 » HD 5 50 22 5 [FH+

BED 23 5 EOEBOEHRNH O . WRITEAEH HBEOEERE), K
B, BHETe 27,

2014 FEOWREZERNIZ AT 5 EUIEORIRIZ LV (MEEZ A T2 EU O TOE
25 2021 4F F TITHBTI 22V EZE T 2 ER 2 2 Loz, 29 L
=D T, WE - KFEIZHR D EU S (EU Directorate General for Maritime Affairs
and Fisheries) OE®IZLY | K7 T v F 7+ —2MELTz (B%5< 2016
),

6 DDOUFE, (730 ME - AbiE « RTEEE « HirP i sess « #hyEva s - Bl B,
TuYxy NOFHH - BV a VOERB D D,

EEROFERE UCOEEEMEE—E (e Y7 ML 280, #EFR A 2023/1/6) |
A RT 7« STk« Y —VEDOER, A X MEOIFR, F3~4 D=2
— AL H—,

[ - Vs OE IR VAEDNICEFT STV D (7272 L, TE DA 2 ELA
EEF STV fERH 2023/1/26)
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https://maritime-spatial-planning.ec.europa.eu/
https://maritime-spatial-planning.ec.europa.eu/about-contact/about-us
https://maritime-spatial-planning.ec.europa.eu/msp-practice/countries

IARZR IR)F—ZER BRERIINEESR R LRANSHS,

F DR ERAIEET I L BA A, 2026

Countries

&

i L T

Denmark

2

' ﬁ Wik h maritime spatial plans exist?
-3 & e R e

Bt MSP legistation

: [EBI O E O]
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ITRESR IRLX—FE S BB
FLERDFEERMICE T SBIKEBAE

MNEER,
A&, 202

No.

ZA bV EE FATHFH

27

Vattenfall’s Hollandse Kust | Netherlands Enterprise Agency | A~ (FRRIZH
(Zuid) Wind Farm (NEA) (47 > X iREA) A FUAR—=FD
FATHER)

20174210 A (L, 1D

2018 4 10 A (I, 1V)

v I ERV) 2 OfE R (https://english.rvo.nl/information/offshore-wind-energy)

v" Hollandse Kust (zuid) - General Information :
https://offshorewind.rvo.nl/page/view/6b2a4987-b90d-43c4-ab13-
72c8b83e70ce/general-information-hollandse-kust-zuid

v YA R LI OE#H (Hollandse Kust (zuid) Wind Farm Zone, Wind Farm Sites I &
II, Project and Site Description : https://offshorewind.rvo.nl/file/download/7b0daal3-
af81-4ac5-b738-
0a52726131d0/150962916420171026%20rv0%20hkz%20psd%20hoofddocument%
20web.pdf)

v YA LIV OfE#H (Hollandse Kust (zuid) Wind Farm Zone, Wind Farm Sites
IIT & 1V, Project and Site Description : 1540220273rvo hkz iii and iv
maindocument_october 2018 lowres web.pdf) 3¢ Vattenfall : A7 = —7
Y DORFEH=M
¢ Hollandse Kust (Zuid) : Hollandse {5 (Fd)

(B 2025/12/12)

> B b IAGREREHLTWS AT 2 Tld, BB 2SEE #HA4 LR — b
LT EFEDTND,

> Hollandse Kust Zuid (Hollandse ¥f#5 (Fd)) 0)200)'74‘/]\“77’_-&"?‘4' ~
B (site LI & site ILIV) T EITHERPE LD LN TN D, FlZIEX, KE - &
- WOBE) SO~ > 7Moo a— 0 BARERER R L,

Wind Farm Sies | and Il [ Wind Farm Sites il and Iv |

-

D E L OTBERRRBHRE S T S EHROH,

26

FLERADER,
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https://english.rvo.nl/information/offshore-wind-energy
https://offshorewind.rvo.nl/page/view/6b2a4987-b90d-43c4-ab13-72c8b83e70ce/general-information-hollandse-kust-zuid
https://offshorewind.rvo.nl/page/view/6b2a4987-b90d-43c4-ab13-72c8b83e70ce/general-information-hollandse-kust-zuid
https://offshorewind.rvo.nl/file/download/7b0daa13-af81-4ac5-b738-0a52726f31d0/150962916420171026%20rvo%20hkz%20psd%20hoofddocument%20web.pdf
https://offshorewind.rvo.nl/file/download/7b0daa13-af81-4ac5-b738-0a52726f31d0/150962916420171026%20rvo%20hkz%20psd%20hoofddocument%20web.pdf
https://offshorewind.rvo.nl/file/download/7b0daa13-af81-4ac5-b738-0a52726f31d0/150962916420171026%20rvo%20hkz%20psd%20hoofddocument%20web.pdf
https://offshorewind.rvo.nl/file/download/7b0daa13-af81-4ac5-b738-0a52726f31d0/150962916420171026%20rvo%20hkz%20psd%20hoofddocument%20web.pdf
https://offshorewind.rvo.nl/file/download/ce29c209-818e-4727-9c44-68c4902e7caa/1540220273rvo%20hkz%20iii%20and%20iv%20maindocument_october_2018_lowres_web.pdf
https://offshorewind.rvo.nl/file/download/ce29c209-818e-4727-9c44-68c4902e7caa/1540220273rvo%20hkz%20iii%20and%20iv%20maindocument_october_2018_lowres_web.pdf

IRES IR)LX—

AR RERIM/INE

B FLRATHSR,

FLERDFEBRMICET SBRINEBIRGAZE, 2026

No.

HA hv

EH FATHFH

28

In the service of maritime

navigation and the seas

FEERIIX
2019 4EEE
(FEMIRER)

Federal Maritime and Hydrographic
Agency of Germany (BSH) ( K > i
FRUE K ERT)

v
v

K 7_X— (https://www.bsh.de/EN/Home/home_node.html)
Site Development Plan 2019 for the German North Sea and Baltic Sea - unofficial
translation -, 2019/6/28

Environmental Report for the Site Development Plan 2019 for the German North Sea
- unofficial translation -, 2019/6/28
Environmental Report for the Site Development Plan 2019 for the German Baltic Sea
- unofficial translation -, 2019/6/28
WgrERSE 7 — & (hitps://www.bsh.de/EN/DATA/data_node.html)

(B 2025/12/12)

roFZ o EEBE B IV EFRERHAL TS RA Y T, BUFHERE A
HHREHREZ LR —FE LT ELDTND,

2OV MEB X O R A Y HEIHED 2 SOWEOERN L AR— ME o b T
W5,

LAR— RNUSAOEH E LC, HiPE - BR5E - #15
moFER FE B - IR A - R8I |

KD~ v TR, BIIHS Sy
BHEMUL Eizb= 2% Ao

LN — N HP I STV S

2L MO LAR— MZEH I TV D

< T . ‘
i -4 = P if
= - Eﬁ-: e [
. fey
gl i 1 ¢
“? Y ‘:M e el |
FHARIMharbour porpoises

(RAZAILA) OBEH (Skm?)
T¥ath (2002~2006%5F)

BRIEBDEE (1990~19965F)

i'-' ...:l._ s

foRTL—F

e s i
(i mgEa—gl)

LEEERRELES

BRORER (1961~20105) Ealtayiii]

& H DB
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https://www.bsh.de/EN/Home/home_node.html
https://www.bsh.de/EN/DATA/data_node.html

E=~

IRER IRLX—FER RGN
FLERDFEERMICE T SBIKEBAE

MNEER,
A&, 202

No. | #A ~Vv EH FATHEA
29 | NeoWins (¥ LRt~ v ) NEDO 201743 H
Hi# | v = 7&K (https://appwdc].infoc.nedo.go.jp/Nedo_Webgis/index.html)
v <y EHROFHI] (https:/appwdcl.infoc.nedo.go.jp/NedoWebgis/content.html)
v BRLOFHEFE (https:/appwdcl.infoc.nedo.go.jp/Nedo_Webgis/winddata.html)
(/4 2025/12/26)
Bl | > PR LREUIBAR OB HNEE (LB A — ook L7cPE BRI~ > 7 A S

L2 EEAMLE LTERSNIEODTH Y | WEHNEEF OMREHI LR IEF

NELGEN TN D,

> RDLZES LTI @ ORI (Bl 5 BRBE 30km DAL 500m) |

% & (60,

80, 100, 120, 140m D 5 FEJE) O~ v 7OHER DT — 2 NFEREN D,
¢ (i E) SRR 30km LA O EDLIE 1995~2014 £ 20 £ (10km fif

1) . 2009,2012,2014 4F (500m fiRf4 %)

IZOWTAREET /L WRF Tt

B, THLIEDAET~ A 7 2K EGELEE ASCAT (2 X 2 e b JEGE o BRI
2,

. ,,\\T}z'

:;'- Ul

.- —
........

X : GRSy A 2

For (EL) EHEEROFR

26

FLERADER,
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https://appwdc1.infoc.nedo.go.jp/Nedo_Webgis/index.html
https://appwdc1.infoc.nedo.go.jp/Nedo_Webgis/content.html
https://appwdc1.infoc.nedo.go.jp/Nedo_Webgis/winddata.html

TAREE IRILF—F

No. | #A kv e FATHH
30 | EADAS (BRET B A AL FF—HF_—2) BREEE 2014 4= (H ARHI)
Hilt | v <= o 7°FR (https://eadas.env.go.jp/eiadb/webgis/index.html)

v RGBSR (https://eadas.env.go.jp/eiadb/ebidbs/contents/EADAS list.pdf)
(21 2025/12/26)

> HAFREZRALX—Z2EGORET A X 2 MIBW THUBRHE 2 829 5 72
DIZHE L 725 BRBRBECHRREEICET 2 BHR 2 M L= b 0,

> BRI - R E 2T 2B DBALESNTEY |k
BREL - AR HHEERTIEL TV D,

L] mn OO
= o]

LU o0

w-mﬁ"ﬁoﬁll-tJ Mot B ST

ou-mu-fn:t EERES AN TELMEFRRAN

ey
* I EMARSHR
+ I RRTAER E. SIMAATINRE
el |~ | scovrenms
¢ mmEDUENoER | owees o SINIE (ZFAUDTRAN) [~
openozenzew| B0 RTWAA (2 LR RE)
rempmeed 0% AIMAN (MR, From) of s
f =rzanmney o TIIFUIL, G=ATFYIL,
L LT TETES WoznErEss
kJoEuRRE m-r
Bovevzemn | wok o ATNAE (AEOAMCRETEE o
B ooEuss 2lo] Ossans (Srasg IV s
k(302 o7 B #=ran omsamnscecnstm -
CRbetah |~ o reas | s~coucrenas |
BEoevional yuos 4 malam :asm.uumm =
kA o= BE @NERA (TE0ARARIHDA
CE L LEEEE
[ T Wt TR T )
I RENSTETEEN. BERUSEIWR
L RERDIRRIAEN. BIDUIREDHS

e o i T TP

X - i Ao (2R LSO TE AR D 43 A)

BR REEM/NERER FLANNER
FEERARBHMIET LBk EBRER, 2026

4-94


https://eadas.env.go.jp/eiadb/webgis/index.html
https://eadas.env.go.jp/eiadb/ebidbs/contents/EADAS_list.pdf

IAREL IR )LF—ZEL BERMINEES FLRANSHE

FLERDFEBRMICET SBRINEBIRGAZE, 2026

No. | #A ~v =) FATHEH
31 | HERRF RV AT L (B BLD) W EERZ2TT 2019 44 H
Hi#lt | v <= o 7 EFHR  (https://www.msil.go.jp/msil/htm/main.html?Lang=0)
v FERT—~<—%& (https://www.msil.go.jp/msil/Htm/TopWindow.html)
(21 2025/12/26)
T | > WECERGREEEE NEE - RAE L TV AMFEETE IR 2K L, fAEE RO FRS
DIFEWR E2 X ETERADOE TERTE HIERT—E A,
> RAWEECRAEIE (2016 427 A) B L O 3 HEEIEAGHH (2018 4F 5
AR E) (2O, HPEOWFERDIHYE (Maritime Domain Awareness,
MDA) DREFAbIZ T =B —8 & U CiEMH % BlA,
> WMEOHEHERDIT), FHLS 1 ARELO PR (BN - KR, V7L
A4 LDE®R (F - W) BMEL5,
> WBREEORTHEBENZ VD, FEORbLO L LTHE Y I a2l —ra D
HHRND D,
FE W
© WELKE () (AT SR RRE)
S WEAS(FE) (A7) SHRR(PE)
© AR (R [SRAT) SR (AR
BB E) [NOAA] b T
© ST [JAXA SR (U5
* ERATAR) S0mE sy
© BAE(RR) 100m T SRS [
© ERAERR) 200m3 5 (U]
* BABET) 00T .
© BRAH(TH) 100mR SHRERER - F4)
%8 [U25) SRRER (1)
K (I - BER SR URH)
KR () R
SAEIAE (R, SGLI HITRE) M
SEIAE (2. SGLI. RMEITWE) 135 (WM - HEW
SHMAE (DEDD) SIEG (RH)
BB (EFEI. SGLI. REWND) |8
SR (BXMD. SGLI. RIS SHRERE (J0ER)
) W - RN [AOV]

)
SR - TR
» R T
SREER - FA) 50mE
@ MBER - FA) S50miE
AR (I

SHFRE (NRE)

R RIET 2R ER

EX =y TRROB (F: UTNAHA LDIKE

OHREY I 2L — 3 VORER)

fE, T PUE R~ RO

4-95


https://www.msil.go.jp/msil/htm/main.html?Lang=0
https://www.msil.go.jp/msil/Htm/TopWindow.html

IARER IRLF—ZER BRERM/NEER FERNSHS,
FLRAREBRMNICET HTREERFE, 2026

423 F£EH

HE (1) g2 T

> [P RRAREERE BT 2 B AR AR CTHIA ST\ D kA RS L
LT, FIZ DB MR N & 2 Sk - G A TRA Lz, R L 725 30k - Gk
X, TSR [~=a T A A RT A 2« Hiffi iU ) | T2 SC o ge gk
RS ns,

> BUEOREMEICEIT 261 L L CTIL DB ICHE TV A BT — & 12BF L T, JIS C 1400-
12-1 (No.5) =° MEASNET (No.8) ~®EAMEIZEd 2 1F A3 EH To DB OiEHICE
WCTHELEZ LD,

> o aT AL RTA 2 ETEEICE T A6 & LTk, R BEU)
LT A FT7 4 (No.10) IZENIOBEFD DB OIFHAFER Ttk
TWn5,

> R SCOMPREEEHI BT A 61 & L CiE, DBICHIT 2 EHEAREHR TH 5 M (RS
M) &3 (AN & OBEMEICE B L2 ThhTs 0, L0 EOmWE
W D DB HEIZE T DA NS LI TN D,

253
s

HE (2) 1t20nT
> ASEFHE L7 DB OHICIZEAEANNGREHICEEND B ON 4 FBEH - -
(NeoWins (No0.29) . EADAS (No.30) , ¥R LR 27 A (No.31) . Global Wind Atlas
(No.20)), Z#H D DB [T/ RAEEWTW O ERRIERBENENRIL D720, % DB
DIEHAEF BTN RN O EBITIEHT 22 ENEHEE R NS, FRZEPR D
TEHIZEI L Cid, DB AR IECRFZE MR RE - M3 7225 Z LITMA T, #at
B S DB IR 578 (B 2 1 XEGHE O FHE X EIE NeoWins 23 1995~2014 4,
Global Wind Atlas 7% 2008~2017 4F) , &7 — & ORECORHE A #H42 U7z BTl a6 A
THZERFRHEEZOND,
> [ES @ DB Tid, UTFD & R R EsA RSN TR, Zh b0, 4%
DEND DB HEFE~DBZITI2 5 RN & 5,
* Global Wind Atlas (No.20) : #2772 (L IL, D) BIOFZEFHAE (0~1) D534
+ Wind Atlas - wind energy resources on the map of Finland (No.22) : K& & & L7z A Bl
DFEER ARDIAf
+ Geospatial Data Science (No.23) : 77— 7 /L e 50> 5 R GG S £ TORREED
53Af
« Vattenfall’s Hollandse Kust (Zuid) Wind Farm (No.27) : #E O O E) 7 1)

4-96



IARER IRLF—ZER BRERM/NEER FERNSHS,
FLRAREBRMNICET HTREERFE, 2026

43 a—VEARBGAICLLREICET HHE

431 #HE

HAEMEE OFE CIE. ENO 2N E TOHEEY - THERFEEOB NS, R—
Uo7 arik 5ENEBRMNEARL oo TV 5D, RIBELEE OB NEE R SA 21T
HEAEEAGRER (SPT) 2MThi., SPT IZL->T NEEEL 7T 4 v 7L<
MOBATONTEY, WReT—% LFEFEBH D,

a—EARBR (CPT) . RBRITIEIC & - TIdoi AT RE 72 Mg o FEEE 018 S A3
REND, ABEZHIRL 202D, BAMEDO LT FIFRAETH Y, FFHEE AR
L0 bEERRBRFIECH D, £z, BEFMICERICHENATRETH Y | FHEER
AFRER TS B AL 72O JE i EBEEIRPT-CRIBUKE 2 EOF RSO DL, 2 b O
ZIEH L, HUBEAMERC AR R E O HEE DA LTV D,

FREHT TR & 72 B MR SR OFEM Tl [TNEREERER A ¢ CIEHEKE AWHRS Cul &
L ENERTH L0, AEOBRRARE 2551213 EEEARRIC L > THLN
7-NAE] 725 o0 CuZ i@ L TW5D, CPT TlEEIZa— 2 B AJCHHHT qt 7»5 N i
EHELTEY, 20 NE?PD ¢X° Cu ZHEETHZ LT D720, JREAITHE D
B o R Cu DHEENIREETH 503, FEEWN EORBITTHOIL TS,

2T, CPT ZIGH L THURFRASCHAR ER ORI A2 1T 9 12H 7= 0 SR~ & KL
RSHREEINZ DWW THRHEEIT O & & bic, FE LORBEIZOWT, EHZIT- 7,

4-97



IARER IRLF—ZER BRERM/NEER FERNSHS,
FLRAREBRMNICET HTREERFE, 2026

432 XHEAUARMEES
(1) SCHERY A K
HEEIT > T2 k= R 4.3.2-1 1ZRT,

*432-1 FHASCELY A B

No. el #H FEATHE A

1 FE LR ERE B 28 | FE LR BRI ERS | 202043 H
I FEHED R — B (FF0 2
3 H

2 | FELREIEEBRMECET 8 | FE R EERRRTEARS | 202043
i A Dt — F iR
fEE2 =2 — B ARR
(CPT) |Z & % HfEFFAM
(5 2 4 3 A k)

3 2 — B AGBRRE R AR | sRIE 2003 4 4 A
ANFRERAE R B 15 b A7 Hiig
e & O BIfR
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(q,>0. 2MPa), 4o xe . 1 x 1.70S16<2.05
=0 (q.. 0. 24Pa) le=2.3 W% of se o 2.0551c<2 60
' 2 sf ° e 3 7 L
m L [le=30 /g y 2
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fs : CPT 2> b 15 & 72 J& i R ) K40 okl = lo=1.55
ovo : _F#E (MPa) >7x o L=t
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ovo - ﬁybtﬁ}f (Mpa) Cone Penetration Resistance, q (MPa)
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Bt (Ic) MBI EA R (Fe) & OBIfRK (Fe=1.0%1c4.2) %" ([HH D
BIRICIE L DX 1EH 503, HBEBERARD Hid),

qt : CPT % 545 b L7 Selm#khi

= 2 210.5
[o={(3.47-10gQ,)*4(1. 22+ 10gF)?) fs : CPT 7 & 1% b 417 EHE 60T
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No. | #A kL E ] RITHEH
4 Evaluating cyclic liquefaction potential P. K. Robertson and | 1998 4£ 6 H
using the cone penetration test C. Wride
H National Research Council Canada, Canadian Geotechnical Journal, 1998, Vol. 35, pp.442-
T 1459 (W F o SGE
| [CPTIC L 2 HE MR OHEE]

AL TIE, BPE AR L LT EEBR T ORIt Z CPT 72 b EHERYICHEE
L. RIS 5 0 ik LA OPIERHl O — FiE & L THAAA TV D,
HARRIZIE, CPT THELMND 2 >OZH (BRHELEimEsT (Q. = —H At
BHe EREIC LD Roc i) SRR LA mEREL (F, AmEEES L = —
BAEHOW [%]) &b L HEMEROERIFEEME (o) ZHET 5 BER4 5
LTV,

(5] I, =[(347-0)* +(log F +122)*]%*

FO®IATOb T mE (CER No.3) TlX, ZOFHEEME Ic WA Z itk »-
T, LUBEOEWO NIEOHENRAREL 72> T D,

Soil behaviour type index, /, Zone Soil behaviour type (see Fig. 8)

I, < 1.31 7l Gravelly sand to dense sand

1.31 <[, <205 [ Sands: clean sand to silty sand

2.05 <1, <2.60 5 Sand mixtures: silty sand to sandy silt
2.60 <1 <295 4 Silt mixtures: clayey silt to silty clay
295 <1 <3.60 8l Clays: silty clay to clay

1. > 3.60 2 Organic soils: peats

1000

GO F, Q & HEEERH
BIFEIELAE Ic & DBfR, FHIK A 3
JEMBN R B EEZ D 5 25
W fEIER B IERREN R 23
Y 25T wiEE, fEE C
BN - FRREIESSE D S
ZHE, BT (3~T7) 3 Ic DR
flicv— v Xy hi HEER

Normalized CPT penetration resistance, Q

Normalized CPT friction ratio, F
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A v =8 RITFH
a— B ARE (AR | IS HiEsAR
BI))

EE

\
/]

FRA A AR T R — A
http://www.jibanshikenjo.co.jp/pdf/pamph16_110315.pdf (ZHR 2026/01/05)

RE

7

[N 1]

< USRI (qo) &= — U B () OBfR L PESEE . A N
il % SR H AT RE,

+ Jefferies, M. G. and Davies (1993) D#&"E=,

Ie=v (3.47-logQt)?+ (logFr+1.22) 2)

7272 L. Qt=(qt- ovo)/ ovo’, Fr=fs/(qt- ovo) x100

%, Robertson (1998) (SCHk No.4) DX &b LE > T 5,

D Ie & qt Z AW HE NEOHEERNRE ST 2,

R NN _)=(qt/pa)/ {8.5% (1-Ic/4.6)}

F7-. 8RS (2003) (SCHk No.3) 1%, £ Ie ZHWT Ne OFMRR AL L.
FEHINE & e L CliFENRVWEREER LTS E L (TH),

(1.34-0.0927 Ic)

BREL N (N )=0.341Ic " (qt-0.2)

qt : CPT % b 1% b L7z Jelm ikt
fs : CPT 2 615 b 7= i EE )
ovo : R &

ovo T AR Y E

. 50 T
Pa: j(/)_r\):_E (ZlOOkPa) ! l ' ® 9, ' g
i o [+] :
: .o . I
of e agd L
. ' 5 o, 0
‘o ob L) ]
6
3 of 0 v Ef o
I o Q:@% P cof o
7 : do0 2088 : 1
| o. < % % -
=z o 18000%0 0 : ]
E oot - Ok o ‘6‘?60 : i _000.4.. v a
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S Jeol b
2 Lo 3
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S ]
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Nc-value Estimated from CPT

SE TR

Jefferies, M. G. and Davies, M. P.: Use of CPTu to estimate equivalent SPT N60., ASTM
Geotechnical Testing Journal, 1993, Vol.16, No.4, pp.458-467,
https://insitusoil.com/wp-content/uploads/2021/06/CPTU-for-Ic-SPT-N60-and-fines-
content.pdf (£ 2026/01/08)
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(EAER =9

- JEFEARHIX, Baligt, Levadoux D#EME L 7= #igmdh#r 2 AT, iR BRAKE 2

50%IZZE LR NS HEE T 5 2 L 2N Al HE,

TsoR?
¢, = cp = 8.64 x 10* ?

50

T50 : EFIEIFRK T 50% 34 5RO FRERIER 7 7 2 % — (0.196)

R: 2— v (cm)
t50 : MEFEEIFRAKIE 50 9% 114 B O 8 ]

cm?

day
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TARER IRXVLF—FTER BREEMNEES
FELERAFEEEMICETIRREEAAE,

No. | # A hv =¥ FATEH
6 Guide to Cone Penetration Testing for | P. K. Robertsonand K. L. | 2012 4% 11 H
Geotechnical Engineering Cabal
HH | KED Y 74 =T MNORHIFER St TH 5 Gregg Drilling & Testing, Inc. 23FI4T
LieHA R, WEBHROFEBICCPT 2 AT 570 DEAFEREZ G525 DT,
FICEEELR Ao — R 5 (JHA 60°, B 35.7mm £7213 43.7mm) TH O
—ZITHASL,
https://www.novotechsoftware.com/downloads/PDF/en/Ref/CPT-Guide-5ed-Nov2012.pdf
(S8 2025/12/26)
2| [INfE]

- BTEFCHE O Jefferies, M. G. and Davies (1993) @ Ic % V7= BURS 5e L,
s FCHEME A RS E U AR NEOHEE & LT Robertson O BAFE A2 H2ME,

a5 N fili = qt/Pax 10 (1.1268-0.28171c) qt © FHIE e T
Pa : K&GJE (=100kPa)
TEMIRIEEL
Jefferies and Davies (1993) suggested the application of the soil behavior type

index, /. to link with the CPT-SPT correlation. The soil behavior type index, 7,
can be combined with the CPT-SPT ratios to give the following simple

relationship:
@q./p.) _ 85@_1&
4.6

60

Robertson (2012) suggested an update of the above relationship that provides
improved estimates of Ng for insensitive clays:

@/p,) _ 11-1268-028171c)

60
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No.

Z A hv EH BITHFA

Manual on estimating soil F. H. Kulhawy and P. W. Mayne
properties for foundation design

1990 4 8 H

=

KEOIEEFRIHA T H 5 /IAFZEHT EPRI (Electric Power Research Institute) O 4L
L 7R— |k (EPRI Report EL-6800), 5 EREN S O THEN R HRART — ¥
ZiHET 270D~ =a2 T 1,

https://www.epri.com/research/products/el-6800 (ZB& 2025/12/26)

G

[PEREEE 1 ]
- CPT & 0 et (qo) 2 DWNEEEMA (o) R AT6E,
* CPT LV HIBUKE (w) ELAEWHEHT (qo) 726 NEREEA (9) DOHEE D AIHE,

$ie = 17.6+ 110 10g[(qe/P.)/(Guo/P)°5) (ff2.3)

Pee  ZREFSRRIC L DNEBERRA
Qe : R

P, : KAE

a, BEAENH SV ERE

¢'(degrees) = 295 B;**'[0.256 + 0336 B, + logQ] (f+2.4
By = (4 —%)/(q— 0) (f+2.5)
Q = (q —0yo)/ove' f42.6

& PE R .2 ¢ |

B, cERELUAEREOKE (7L, 0.1 A 1.0)

Q ERE L~ SmER

Uo . l3 KE

u, =R THI SN MNOKE

9 SIS (ASTM D 5778 IC X D ME

Oyo : SR 2L

dvo o TUE-3 1))

. — T T —
[ 7. =, 05 4 ]
T = 17-6+1L0 Iog[(qclpa)/(vwlpﬂ) ]G 4
0° (n=633, r2:0640, 5.0.:287 2 7
o4
<q Q 4
F S

[ .

o 45°1 .
vy e
< _ ]
=
4 L
< 400k J
c -

2
ke

w J

35°1- E

L e ]

300 ° w0 Solid Symbols-OC Sands ]

i g oa Other Symbois-NC Sands |

S (as given in Appendix H)
1 PR B | L L P BT
[o] 20 50 100 200 500 1000
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Cone Tip Resistance, (qc/pg) 7 (&,0/pg)

Figure 4-17. Trend of $m with Normalized q.

TR A1 @ & et oD BAAR
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o *H AT
8 Cone Penetration Testing State- | P. W. Mayne 2007 4F 2

of-Practice A
K ILRGE B AFSE 7 1 777 2 NCHRP (National Cooperative Highway Research
Program) D71 = 7 N D&, KEE I ¥ ORI LD mEEE K O

| o REHAE~D CPT DIEHICBT 2FHED L Ea—,
https://www.geoengineer.org/storage/publication/24047/publication_file/7871/568ed9f4ea
12a-Mayne 2007 NCHRP_Synthesis_on CPT.pdf (ZHf 2025/12/26)

2R | [PE A ]

« BREUT No.7 LRI U b DA 0,
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XA hv = FATHH
HOUBERA O 51k C sl (Mg | Hlig T 5 201343 H
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W8 | EE
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B LI I TR O D e WERI ORI REETH Y | Exlla—
BARBRO X 9 7R E sk 23 H C & VIFEE 1A,
s WE L OEARNZRYME L CPT 22615 6N 256 EH & OREREZ RO H0F5ED
BIICERES N TE T,
* Lancellotta (7 > twm v ) 1, BN ZH O TR OMXHEE 28k w7
AR A{ERC L, PIREAZEH S B 2REECa— 0 BARBRZITV., LU 05
PT A O BIfR 2 R D T2,
C ZNHDOFERIZHW OIS 212 e A EEET, ARG OEB LT
HZ U= P RTHY, BAT— a DRV

T DD, IREEMHROMRI 232 IR U 5 X 5 ZeibE ki3 2 oo H
PEIZ DWW CTIRIEE DL,

100

Gy Ow'in k\/m

90 |-

D, = —98 + 66 log ~2L2%.

Jono1/98 )
Z 2z, ¢ nf
D, AR (%) -
G SRR (VD) g .l
O-UO/ S ERE AR ST (KN/m?) z ok Ottanin Sand. ‘
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Hilton Mine Sand 1
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[ Shibata and Teparaksa CEH E T /)T 7 W) I XD HEENE]

B EOHITRITIS T D HIRALHE DIRIL & HER AT DL ALERER (SPT &
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Dsy = 0.25mm DM EC, = 1
Dso < 0.25mm DKL +:1%C, = D50/0.25

SEHHER, g (MN/m?) Selidt, ¢ (MN/m?®)
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0r T T 1 or T T ]
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1= = — O 1 = ‘A
L . z
Esr E 3 23 E ‘~\
o4 53 w 4k B \'\
2y Tl RN > : A itk
B :”: eiRfe B ? \\ Wikie
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7L 7L

[k biEsT (WE 1) ]

[Robertson and Fear (2 /X— kY &7 ¢ 7 —) |2 X DHEEE]

< EBR K OBUIGFERANC IS & | WRRAGIREE LIS Je ikt 2 -V Tk TR B
T&5 L LT,

P, 0.5
qu1 = qc\ —
()

Aqy =5MN/m? F.>35%
Aqy =0 F, <5%
Aqey =" MN/m? 5% < F, < 35%

o A SETHHETT(qe1) s
(Ge1)es = qe1 + Aqe

o iR IR L
T (Ge1)cs ’
O'_UO =93 {W} + 0.08

(RSt (WE 1) ]

+ Shibata and Teparaksa <> Robertson and Fear |Z X 2 #EEIEIZ R T L 912, BN
a—VEARBREWHE CHEIET D Z LT, BARBRAITO Z & MRS
AROMIEZ N L 7R LsR BE H O 5 E 23 AT RE,

- MHEEIEIS IS DHIRALIREE L & CPTU Ol % FLig,

<OV NEW . ENWRBDOTIOMEHTR LT HIRIER TR LRE A 5 2
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C qu PR EL B DITHENIRAL TR EE FIX AT R U, IR BB IR 1T R
E LR DR

« FRE2 DIIARMRHETEIETH 08, MIZHZ OHEEENREINL TV D,
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BE R
2) HHPETT - filIR AR - PRRRME T - SRORHER] - VRUE, YIS IR ITSET IR, 1992, 55 31 &,
No.4, pp.61-96

https://www.pari.go.jp/PDF/vol031-n004-03.pdf (& 2026/01/09)
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DO || o EH AT

10 | =2 — B AREGR R OMIR — +E 5 | KAEH 2008 4 7 H
R OHEER T THIICOWT

| Mo T2 55 43 0] il T2 R 7e 5 KA HE, 2008, No.74
https://www.jibanshikenjo.co.ip/paper/560/ (ZP 2026/01/05)

2 | [ESsRE]

c BHRCEBOHBIC Ca— B ARBR 2 L2555,

Y T BELEE AR U C BRIERR. BT NI A A S,

- B IE DM EGRER ) & EBRE (Cv) Z2RD D,

MXIHEGERER & 1%, = — B AFIRFEIRIBUKESFAE L TV D85 BRI
WTCPTEAZ —RHEIE LT, I PBR A2 T 5 R 2 8103 2 58k,

c FEAEEARBRIC L D NEE . CPTIC K AHAE NAEIX B UEBNE 2 = 356k5 5,

cm?

TsoR?
_ _ 4 -
¢, =cp=864x%x10 - (day
T50 : EREIRFEKIE 50% 34 SEs o BRG] 7 7 7 2 — (0.196)
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t50 © EFE PR 50 % 71 B o o R R

—No.5 DRI & [F U
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11| P ER )3 E O —IRBIRICH | Fre X — - FEEFIN | 202246 H
7= RAEASE $¥ TeB B R RS (NEDO)

HMAE BB oA TFIE - R
D fAbICET 2 FR E Y £ L0

afiii ﬁlﬂ??/vf?*— - PEZEBANS A BT HEHE  (NEDO)
https ://www.meti.go.jp/shingikai/enecho/denryoku_gas/saisei_kano/yojo_furyoku/pdf/01
4_s01_00.pdf (ZM 2025/12/26)
g Y [ % At ]
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no spedal reasoning Is given by the designer, this should be at least half a pile diameter below the pile tip for pile foundations against
lateral loads, and at least 3 plle diameters below pile tip for axial loads.

|Seabed CPTs are also recommended at each leg of an offshore support structure in order to facilitate e.g. the mud mat design. I
In seismically active areas, it may be necessary to obtain information about the shear modulus of the soll to depths which may have

influence on the design in view of shear wave propagation due to earthquakes.

If the soll investigations reveal that the relevant ground layers have insufficient strength or stiffness properties, different soll
improvement techniques may be considered.

7.3.1.6 Soil investigations should normally comprise the following types of investigation:

— site geological survey
— topography survey of the soil surface, if applicable

— in-situ testing, for example by cone penetration tests (CPT) or Down-the-hole SPT, pressiometer tests
and dilatometer tests

— soil and rock sampling with subsequent static laboratory testing.

They may also comprise, if useful in special circumstances or required by local authorities

— geophysical investigations for correlation with borings and in-situ testing
— shear wave velocity measurements for assessment of maximum shear modulus
— cyclic laboratory testing.

= FLERMTHE,

, 20

2

6
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2.2.3.5 In-situ tests, such as piezocone penetration tests, T-bar tests and ball penetrometer tests, may
provide a more continuous soil profile than sampling with subsequent laboratory tests will provide. It is
therefore recommended to include such in-situ tests in any soil investigation programme. In sands, PCPT
profiles are necessary in order to obtain reliable estimates of relative density. In clays, PCPT and T-bar
tests implicitly provide continuous profiles of undrained shear strength and may reveal any local weak layer
that may be missed if only sampling with laboratory testing is performed. Strengths from such in-situ tests

Y a— B AR, Tbar B, R— L E AR EOFEMERRIT. Fh
Wi ENRABRCTOY 7Y 7Ry RN HBERAESEDL LN TED
720, FARICIFE LR XD R rERRE GO D 2 L A HEET S,

2.3 AU o Mk R A
232 EHZA TR

2.3.2.1 For a GBS type of structure, the foundation stability is to a large extent governed by the
environmental loads and - because of the size of the substructure - then often by the wave loads. Since

the moment due to vertical hydrodynamic pressure on the bottom structure counteracts the moment from
the horizontal forces, the foundation stability is normally governed by the horizontal force. The critical shear
surface in the soil is accordingly most often rather shallow, and the stability may be governed by shallow
weak layers. It is therefore essential that sufficient shear strength data are available in the shallow region. In
addition to a number of deep borings that would be required to obtain data for calculation of settlements, it
isimportant to collect sufficient shear strength data from the shallow soil by a number of shallow borings and

by PCPT tests.

RV TR AMTRIET — X 2155 Z EMARR T, IR FRAEDZDO
TR ERETHDICHLE LR N ODOENR—Y U 7ITMA, #OR
— )by a— B AR (PCPT iBR) ICL-> T, HmWHEELS 457
TAMRE T — 2 ZIUET 5 Z L BNEEL,

2.3.2.4 In overconsolidated soils, the most reliable methods for estimation of skirt penetration resistance
refer to cone penetration resistance. For this purpose a number of PCPT tests should be performed to a depth
below the anticipated skirt penetration depth.

EEEHARICBWT, A —F (FERBRW -l &SRO g EY) OB AR
PLEHET D7D LEEEOEVOIF = — B AR,
cHHESNDAIT—FOBEARERS LD HIEWE S E TE SO PCPT i RBR N M 3,

2.3 AU o Mk R A
233 WUIEREHX A 7 DR

2.3.3.1 For pile foundations, a number of deep borings with alternate sampling and PCPT testing to well
below the foreseen pile penetration depth should be carried out. For determination of plugged pile tip
resistance in overconsolidated soils, strength data should be available to a minimum depth as discussed in

[2.3.3.8].

cBUERESICB W TR, HESNDIEANRILU LD SRR EET, 7Y v
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2.3.3.4 For determination of axial pile capacity in sand, the most recent reliable methods are based on
empirical correlations to measured cone penetration resistance. Thus in sand layers, emphasis should be
given to achieve as continuous PCPT tests as possible. Characterization tests may be performed on soil
sampled at the same depths after the PCPT test has been performed. It is essential that the PCPT equipment
has sufficient thrust and the cone itself sufficient capacity to measure the high resistances that may be
encountered in very dense sands without refusal. A capacity to measure at least 100 MPa tip resistance
should be aimed for.

CWEICBT DHMOX v T 4 ZIRET HIZDOFEETE 5L, BESH
Tz 2 — 2 EONEHT & OARBIBILRIC IS < BRI 72 S5 ik,
- WIE T, WREZRIR Y fkFiRy e PCPT MBRZ EM T 5 Z L ICHALZE LED

DO
- YRR, PCPT B FEhE S 7-%. RCEESTYH 7Y v an-wEc
Tl S5,

« PCPT BREAEEE I 0NN H Y . 2 —I3EFITERBICH L THLEAT
EBH AR T DY DN,

2.3.3.8 For design of piles against axial loads, at least one CPT and one nearby boring with soil sampling
should be carried out to the anticipated penetration depth of the pile plus a zone of influence. The zone

of influence depends on the soil layering and should extend to a depth which excludes the possibility

for punch-through failure. Unless more specific punch-through calculations are performed in design, a
minimum distance of three pile diameters between pile tip and a potential soft punch-through layer should be
considered. In layered soil where a specific layer may potentially be utilized for end bearing, a wider scope
may be required to determine lateral variability in the depths to the layer boundaries and in the properties

of the specific layer. Likewise, where layers are encountered that might cause driveability problems a wider
scope may be required.

« WG AR BRI AAORRECIZ, 7R EH 1 DD CPT &, Yo7V T %
PES R — )/7@ﬁAﬁ%%uéhéﬁkﬁé+EA®%%ﬁ&$%§if®
TGRS ETCTEMT HILEND D

2.3.3.9 A typical site investigation for a piled jacket platform in previously unexplored areas should normally
consist of one deep boring at each corner of the jacket, with alternating soil sampling and CPT testing

from one boring to the next, and with possible additional borings in case the lateral variability of the soil
properties proves to be significant. For jackets to support wind turbines in a wind farm, one deep boring

in the centre of the jacket may suffice. Where knowledge from earlier geotechnical borings combined with
reliable geophysical data and knowledge of the site geology documents uniform soil conditions with moderate
lateral variability, fewer borings may be justified.

c RBARHEICBIT DYy 7y FEMBO RO HEIX. HFa—F—IZRVAR—
Vo7 %EwL, 7)o 7 CPTiBrE FEhid 2,

BN E e EYR— T A5V NEROSE, Yy FROHRRIZTARD
BNR—V T THRREAELH D,
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2.3.4.3 If no foreknowledge of the soil conditions exists, it is recommended - in addition to a geophysical

survey in the area - to carry out at least one boring with soil sampling and PCPT testing for each leg location.
A decision whether further soil borings are required should be based on

— how well the soil profiles from these borings correlate

— to what extent possible variations in shear strength from the measured values could result in critical or
undesirable penetrations during preload and operation

— whether no anomalies, such as buried channels, are detected from the geophysical survey.

Performing boreholes at each leg location may be unnecessary for a location with no lateral variability.

See ISO 19905-1 Annex D for guidance on the number of boreholes required. The extent and scope of the
geotechnical site investigation may be influenced by the findings from the first borehole(s) performed at the
site.

If the combination of knowledge from geological deposition, stratification from the geophysical survey and
the soil parameters obtained from one boring to the minimum required depth is such that possible adverse
or critical performance of the jack-up is precluded, one boring may suffice. Such a conclusion should not rely
on specific shear strength profiles from one boring without accounting for significant deviations to be judged
from the known geological deposition history.

MESAEDRBEN TE WAL, FOMB OISR E I L . & HALE
ﬁbf\¢&<&Bl@@%/7)/7kpawﬁ%#%ﬁénéo
« BN — 1 IOV TIE, IS01995-1 f14% D % & [,

2.3 AU o R A
235 YEIEHEAE

Solutions for subsea foundations may consist of pile foundations, mat foundations with or without skirts,
and suction caissons. The area covered by the foundation for a subsea structure is normally much smaller
than for fixed platforms. Typically, two to three borings with soil sampling and CPT testing are required at
the location for the subsea structure. Depending on the variability of the soil conditions revealed from these
borings, or from other nearby borings combined with geophysical data, the required number of borings
could be less or more. The decision regarding the necessary number of borings should properly reflect the
requirements for a safe design related to foundation stability as well as the requirements for installation
capabilities.

RIS E SNSRI AR, AV —MEELO~y NE#E YU ve
/&—//ﬁﬂ&é

- BE. EHREEYOLGFT TR, 2~3 EHFToOV T T EEIR—V T
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Floating Offshore Wind

Turbines
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5.4.9.3  Site Investigation for Offshore Wind Farm Conditions

Site investigation should be in principle performed for each anchoring/foundation location in a
wind farm per the requirements given in Section 5.4.9.1 and Section 5.4.9.2. A less extensive site
investigation may be acceptable, provided that previous site investigations and experience are

available or the type of foundation and the site conditions can justify a reduced scope of site

investigation. As a minimum and an initial site investigation for an offshore wind farm, one cone
penetration test (CPT) should be performed for each anchoring/foundation site of the FOWTs in
the offshore wind farm. In addition, one boring to a sufficient penetration depth should be taken
for each anchoring/foundation site of the FOWTs at each corner and in the middle of an offshore
wind farm. Additional CPTs or borings may be required depending on the results of the initial site

investigation.
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Planning and Execution of Technology (SUT)
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Ground Investigations for
Offshore Renewable Energy
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6.4.7 Assessment of soil conditions

Soil investigations shall be performed to provide adequate information to characterise soil
properties throughout the depth and area that will affect or be affected by the foundation
structure. The investigations shall in general include the following:

* geological survey of the site;

« bathymetric survey of the sea floor including registration of boulders, sand waves or
obstructions on the sea floor;

* geophysical investigation;
e geotechnical investigations consisting of in-situ testing and laboratory tests.

In order to develop the required foundation design parameters, data obtained during the
investigations shall be considered in combination with an evaluation of the shallow geology of
the region. If practical, the soil sampling and testing program should be defined after
reviewing the geophysical results.

Soil investigations shall include one or more soil borings to provide soil samples for in-situ
tests and laboratory tests to determine data suitable for definition of engineering properties.
The number and depths of borings required shall depend on the number and location of wind
turbine foundations in the offshore wind farm, the soil variability in the vicinity of the site, the
type of foundation, and the results of any preliminary geophysical investigations. Cone
penetration tests (CPT) and shallow vibro-core borings may be used to supplement soil
borings in the soil investigation. Site-specific soil data shall in principle be established for
each foundation within the wind farm. CPTs may be used for this purpose at wind turbine
locations where soil boring is not undertaken. For calibration of the CPTs, one CPT shall be
performed in the vicinity of one of the soil borings.

The soil investigation shall provide the following data as the basis of the foundation design:

« data for soil classification and description of the soil;
« shear strength parameters, including soil degradation effects;
« deformation properties, including consolidation parameters;
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J715 1) 1CP-05 % fifils{k L 72 & d(Imperial Collage Pile 2005)
J7152) UWA-05 % fEil&{t L 7= & @ (University of Western Australia)
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5% 4) NGI-05 (Norwegian Geotechnical Institute 2005)
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ML =L, BN,

In 8.1.4 a simple method for assessing pile capacity in cohesionless soils is presented, which is a modification of
methods recommended in APl 2A-WSD. Changes were made to remove potential unconservatism. C.8.1.4.2.1
through C.8.1.4.2.5 present recent and more reliable CPT-based methods for predicting pile capacity. These

methods are all based on direct comelations of pile unit friction and end bearing data with cone tip resistance
values from cone penetration tests (CPT). These CPT-based methods cover a wider range of cohesionless soils,

are considered fundamentally better and have shown statistically closer predictions of pile load test results.

The four recommended CPT-based methods discussed herein are

— Method 1, Simplified ICP-05 (as described in this document),
— Method 2, Offshore UWA-05, References [154] and [155],
— Method 3, Fugro-05, References [154] and [156], and

— Method 4, NGI-05, References [154] and [157).

P
Hx,
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FLERADER,

4-126



IARZR IR)F—ZER BRERIINEESR R LRANSHS,
FLERDFEBRMICET SBRINEBIRGAZE, 2026

)

Tk, 20 3)

» & BIZLU T OB R T 285k r — X & U TR EL
f()-ux%()x[“j)] xA”x[ma(fgiuj]cxbmawfx{mm[ngle)T c5)

a v
where, in addition to prior definitions,
Az) is the unit shaft friction, in stress units, which is a function of depth, geometry and soil conditions;
gc (z)  isthe CPT cone-ip resistance at depth, z in stress units;
p'o (z) s the effective vertical stress atdepth z;

p, is the atmospheric pressure, in stress units, (e.g. p; = 100 kPa);

14
D)
A; is the pile displacement ratio, 4 = %: l—i T)

"

A,, is the area of the rim of the steel pile, A, = %(D2 -D° );

D; is the pile inside diameter, D; = D - 2WT;
WT is the pile wall thickness;
L is the embedded length of the pile below the original seafloor;

8¢y is the sand constant volume friction angle at the interface between the sand and the pile wall.

B BPUEHAEAUC 31T D AN T A — 5

Parameter
Method
a b c d e u v
Method 1:
compression 0.1 0.2 0.4 1 0 0.023 4\/.4,_
tension 01 | 02 | 04 | 1 0 |00t | 4/4
Method 2:
compression 0 0.3 0.5 1 0 0.030
tension 0 0.3 0.5 1 0 0.022 2
Method 3:
compression | 0.05 | 0.45 | 090 | © 1 |o0o043 | 2/A
tension 015 | 042 [ 085 | © 0 |o0025 | 24
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Ulimate unit shaft friction values for tension, fi(z), and compression, f(z), for driven open-ended steel pipe piles
in Method 4 are given in Reference [157):

7@ = (JL) pa Feig Fr > 019/ (2)

(C13)
f@ =13l p, Feg Fry > 0.1 P'g (2) (ca4)
where, in addition to the general definitions given in C.8.1.3.1,
Feig = ' (DIp)025 (C.15)
Foe =21 (D - 0117 (C.16)
D, =0.4XM[L)05] 201 can
22{p(2) ps)

NOTE D, > 1should be accepted and used

As with the "full” Methods 1, 2 and 3, higher safety factors should be considered when using Method 4.
(B dets ]
k1)

The unit end bearing, q, for open-ended pipe piles follows the recommendations of Reference [158]. These
specify a unit end bearing for plugged piles given by:

D
9 =Gcav150 [05 -0.25 log, [ﬁ]

20150 o150 (C6)

where, in addition to the general definitions given in C.8.1.4.2.1,

dcav15p 1S the average value of g (z) between 1.50 above the pile tip and 1.5D below the pile tip;

L+1.5D
Ge,v.1.50 =-3:—)-)([ I Ge(2)dz ‘:
L1.50 J

J51k2)
C.8.1.4.23.2 End bearing

|References [154] and [155) present design criteria for ultimate unit end bearing of plugged open-ended pipe piles.

Ther “full” design method for pipe piles includes an empirical term allowing for the favorable effect of partial
Hugging during pile driving. For offshore pile design, Reference [154] and [155) recommend to ignore this effect,
fesulting in the recommended de sign equation for plugged piles in Method 2:

9= gc, ay1,50(0.15 + 0.454) (C.10)

‘Where, again in addition to the general definitions given in C.8.1.3.2.1,
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The basis for the ultimate unit end bearing on pipe piles according to Method 3 is presented in a research report
to AP59] and summarized in Reference [156). The recommended value of the unit end bearing for plugged piles
is given by:

s
,,=85p,("°—“’p:ir A0 (€.11)

4

Both Method 2 and Method 3 do not specify unplugged end beaning capacity because typical offshore piles
behave in a plugged mode during static loading!780, It can be shown that plugged behavior applies if either:

— the cumulative thickness of sand layers within a soil plug is in excess of 8D, or
— the total end bearing Q,, is limited as follows:

05 Oy ey €57 (C12)
where

Qg i gsy IS the cumulative shaft friction capadity of the clay layers within the soil plug, in force units;

L is the length of the soil plug in the sand layers.

The cumulative frictional capacity of the clay layers within the soil plug, O, ; cey Can be estimated using similar
procedures as for computing estimated pile friction in clay (see 8.1.3).

Equation C.12 applies for fully drained behavior of sand within the pile plug. Criteria for undrained/partially drained
sand plug behavior are presentedin Reference [161].

Jik 4)

The recommended equation for the ultimate unit end bearing of plugged open-ended steel pipe piles in
Method 4158l s

- 0.79c ev1.50 (.18)
1+3D7 )

where,
9c.av,1.50 1S the average value of g (z) between 1.5D above the pile tip and 1.5D below the pile tip;
L+1.5D
Gewiso = | @(2dz/0GD). (€.19)
L1.50
D, is derived as described in Equation C.17.
NOTE Values of D, > 1 should be accepled and used.

The resistance of non-plugging piles should be computed using a unit end bearing value for the steel pile im,
9wlz), shown in Equation C.20.

alz) = g(z) (C.20)

CAFEE DI, IV EWEEREEEZBET OMNEHD,

cWDTHOFEIZONT S, PR EZRE BT 2 HiT RO — I fE
(e HEE 2 ICREOH D EB0 ., KEREXRDKFIEOMENG T HIZD
WTHIRENTELT., IOV TEHFDICEETALEH D,
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8.5.6 .Lateral capacity for sand

The ultimate lateral bearing capacity for sand has been found to vary from a value at shallow depths determined
by Equation 26 to a value at deep depths determined by Equation 27. At a given depth the equation giving the
smallest value of p, should be used as the ultimate bearing capacity. These equations can be unconservative for
layered soil conditions when the sand is overlain by soft clay.

pus=(Crz+CyD)7y'z (26)

Pud = C3 D 'Y' Z (27)
where

Py is the ultimate resistance (force/unit length), (s = shallow, d = deep);

Y is the submerged soil unit weight;

z is the depth below the original seafloor;

o is the angle of internal friction of sand;

D is the pile outside diameter;

Cy, C,, C5 are the coefficients determined as follows as function of ¢';

o= (tanp)’ tno x[ tan ¢ xsin

- — 4t tan xsin -t :
an(B0) cosoxanB-0) aan(an(stmB ana)“

__tanf

" tanB-0)

=K, x[(lanB)s -1}+K,,><tan¢'><(tanﬁ)4 .

where
0t=1 ;
2
ﬁ=45+£
K,=04;
_l—sin(b'
“ l+sing
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Figure 4—Coefficients C,, C,, C3, as function of ¢’

8.5.7 Lateral soil resistance-Displacement (p-y) curves for sand

The lateral soil resistance-deflection (p-y) relationship for sand is also non-linear and in the absence of more
definitive information may be approximated at any specific depth, z, by Equation 28.

p=Axp, tanh kxz _\'1 (28)
AXp, |

where
A isthe factor to account for cyclic or static loading condition, evaluated by
A = 0.9 for cyclic loading;

A= [3.0— 0.8 ;%J >0.9 for static loading;

py is the ultimate lateral resistance at depth z;

k is the rate of increase with depth of initial modulus of subgrade reaction, see Table 5;

y is the lateral deflection at depth z;

z is the depth below the original seafloor.
The database for lateral soil-pile behavior in sands consists of free-head tests on piles in clean sands, with angles
of internal friction ranging from 34° to 42°, as determined by shear box tests, drained triaxial tests or correlations
with in situ tests.
Extrapolation of these data to soils outside the limits of experience, particularly to those sands with angles of
internal friction less than 30°, should be done with caution. In particular, laboratory test results on such soils
should be critically reviewed for evidence of anomalous behavior and for the presence of considerable fractions of
cohesive soils, either of which could require a different formulation for the p—y relationships.

In the absence of more definitive information, the values of the initial modulus of subgrade reaction, %, given in
Table 5 are recommended.

Table 5—Initial modulus of subgrade reaction values

‘—k
o' T ]
MN/m (|b/m3)
25° 5.4 (20)
30° 11 (40)
35° 22 (80)
40° 45 (165)

* ERADE

4-131

D
=



IARER IRLF—ZER BRERM/NEER FERNSHS,
FLRAREBRMNICET HTREERFE, 2026

433 F&H
(1) CPT #5584 2 U /- et o HEE

R TIE CPT 12 & 2 Mg FAA SBEIC T3 & 72 > T D, CPT Z{HH L 73k EHI M
IRHBRRHEEOHEEICH T > T, 2 E THRE L UE 2251, BERNRICE
WTHZOHEEN AR E STV 5,

L, REOMMIZHT- > Tx, HAREEZEE X, K4 ofERICR L [Z0H
ERE WD Z EOZEMERFET D] [/ T A =2 ZHEET DERITIZERE O A
FERERET BT OEBEHEROMIEEZT 5] FOxHbET 52 ENEE L,

Bz X, AR GIE, CPT #5582 5 Robertson D HE/3¥H Ic iz HWT, BNk %
kgL LT R OHEE HIEZIRE L T D08, [ENO CPT iR D ERE D72
ZEEDLITTEBY, ABROT—XOEREICLY ., HEANBEESNSI DL LTINS,

AU, BEFOSCRRIC K D CPT OfsHRZ AW - g RetE o BIfR UL, BRon =7 —
K RONFEDHIRSEAF T TELNTZHEDOTHY |l x OFHFET U 7 K QR EH R TONE
RIZBWTIE, SPT RSENHBRZE L OERIZ LV | Z OS2 BT 2 LER
bHHZEERBRLTND,

Q) EBICRITHE

B GHEOKEIZE > TE, A=V 7 HMH (EEHE) ORENSREREASD
HY . FEMDD D CPT LENETEZRVRIATEEL 9 D,

AT, FA TGRSR O R0 TN ORRFIE, & DL BN L WD o T BLE D
ST, FEMEMH Lz CPT oY 7Y v T L » THMREME 2 4R 45 2 & VE %)
Th b,

—J. CPT IZ X VG ONTRBRED D | 3XFH A IEE DR EICE L b HIECREE
DHEERICKTHXF X VT L —ra VOB ZHREOFHBICOWTIEL, T ETDHE
b BRI FERAME TR\ EOMER® 5,

W BRI IR SO R SR DR O 72 O O NGBR3k o 7Y SRR
WTh, EMAZEH L7256 0BRSSO 7Y o JRRC IS T 5 B EE T
e T,

(3) ®’EFH
Lth. K2 IR A PRI, AR HUE . HUBSIE T CoE., eI A T 5
CEPBEINDIZD, X0 FOFmERFA, REFFEZEEL TWHFHE, B
FMRETS &LV FEORFGIHESH P N 2@ L2 LICOBENR L LIBEIND,
SARETR A . RERFIEIC K o TE D7 MU EEME & 3 3T Rk S 2 72 D OBFZER
FIEEATV, MAEZEREL, FRL VL TORERESCH A RT A U EZEH LTV
SHEEIEERDODEEBEZOND,

4-132



TA¥E IRLF—E82 BERHINEES X LRANSHE,

FLRAREBRMNICET HTREERFE, 2026

44 FRET-FREIEEDERERAE

441 BIE

NS ST RT Mﬁﬁﬁkumifﬁhﬂﬁﬁgﬁ (2R3 2 Bl R HE DR —1Y
%%(Aﬁ2$3ﬂmﬁiﬂﬁ% BRRAZEESR) ) (LR, #—Bfga) 23 bAr AT
& LCONESTITH D, Lw>\f¢*%%ﬁj IBWTIE, TRTOKFHEAIZON
ﬁﬁﬁﬁﬁéﬂf“éb?fiﬁ< ST 2 ENA I BRI 223G N R 23 5L &
NTWa556H 5,

FREHAIC Y 7o T, £7 TR0 IZ5IH STV D EWNS O B A TR
ERBVER Lo, I, REHHE Z L ICHEEEICB T 2RENS c MR Lo, #ilé LT,
(HUEMT RIS DaREH) . R EICRTT 25T TYEIEBA L) (2BE3 % SCikds L O%E
HANEZRENT D,

#4411 HERULYE (A7)
273388 F f& B AR
- AR FE_B R SRR 2 B 2 BN B E O KT — AR (50 2

3 AR ER) B R E R AR
(LUF, R

F4.4.12 UEIFEUE (FAL : ¥ HUMERCHIH LT A JEHE)

No ik, atEA
1| BASEHS (2018), WEORROEN L | MTREEE, TR A
D HYE - R, . BAISHEREE, T/

WARIEMRG, Vv oy h AU
IJXIJ+ Eﬁﬁﬁﬁmnx u+ {¥M§J2ﬁ
IJX u+ CPT c]: 6 ﬂﬁﬂ%uquﬂﬁ\ /5’6

HRBS 1k et 5
2 TARZES (2010), JE BRI FMEE | MUBRFOATEE, PRI ym,
EtFEEE - R RIS ERGHE, B8R,
KRG RT — X AMETFIE, CPT I
X 2 HuE A
3 TARES (1973), VBLESRESEY R RTHE S VYR B 1k 5 3
(%) fEil
6 [ A2l S R 2 2 EORAE (2020), VIR | W EHCPURBGREHE., RIS E
R Jm ) 3 B i pk B AT A FEHE, TRIRUR R R, AR
&t

7| EhA@EsER (2015), WIEBIZIST D BEERL R
bR 3 EE b R %@&mw4r74/( )

4-133



TARE |
FEE RN RERICE T SBk DA

8 H AR 23 (2017), JIS C1400-1: BV — 5 1| JE975kFHE. HHURE ym, <56
i EREEME T —ZHMEFIE

9 H AH# 2 (2014), JIS C 1400-3: JEH — fuf EARPUREGRFHE, TG
3H0 I R O RBEH A . RS ym, & U —E,

fFEEkfa et BiRaket, K40
L7 — ZHMETFE, KB

10 | International Electrotechnical Commission (2019), fuf EEARE v, HHUAREL ym, ZUHHEK
IEC 61400-1 “Wind energy generation systems - 4T &

Part 1: Design requirements”

11 | International  Electrotechnical ~ Commission | fif EEHSHUREGER BT, BRI E
(2019), IEC TS 61400-3-2 Wind energy | gatid, TRAZUILMEREGE, BUHK
generation systems: Part 3-2 Design requirements | 4 2 &
for floating offshore wind turbines

12 | Patrik Passon * Kim Branner Larsen * Seren Ejling] Hii5E D {af 25 34
Larsen * Jorgen Hvenekeer
Rasmussen(2015),0ffshore Wind Turbine
Foundation Design, DTU Wind Energy

13 | Marc Seidel - M Von Mutius * Dirk | HIEERF faf B 7T
Steudel(2004), Design and load calculations for
offshore foundations of a S5MW turbine,

Conderence Proceedings DEWEK 2004, DEWI
2004

14 | DNV (2014), DNV-0OS-J101 Design of offshore AU —eEt
wind turbine structures

15 | DNVGL (2016), DNVGL-RP-C203 Fatigue T AR A
design of offshore steel structures

16 | DNVGL (2018), DNVGL-ST-0119 “Floating wind| VAR LA E
turbine structures”

17 | DNVGL (2016), DNVGL-ST-0126 Support ARG, PURE ym, BEIEES
structures for wind turbines JJ:;(:J'%

18 | DNVGL (2016), DNVGL-RP-0360 Subsea power | {f J& 5% /i s &t
cables in shallow water

19 | Germanischer Lloyd (2010) , GL Guideline for | J%975%51HE, E /73 A LI
the certification of wind turbines =t

20 | Germanischer Lloyd (2012), Rules and guidelines % UV —& &t
IV Industrial Services Guideline for the certificate
of offshore wind turbines

21 | American Petroleum Institute (2011), API-RP{ & / /3o LA JLfEE%EF. CPTIZ &
2GEO Geotechnical and Foundation Design 2 MRS AT
Considerations 1st Edition

22 | American Petroleum Institute (2014), API-RP2A- | & / /<A LA IERERR E

WSD Planning, Designing, and

Constructing Fixed Offshore Platforms - Working
Stress Design 22nd Edition

, 2026

R IFNF—FER REEM/NEAER FLRANNER,

4-134



IARER IRLF—ZER BRERM/NEER FERNSHS,

FLRAREBRMNICET HTREERFE, 2026

23

International Organization for Standardization
(2013), ISO 19901-7:2013 “Petroleum and natural
gas industries — Specific requirements for offshore
structures — Part 7:Stationkeeping systems for
floating offshore structures and mobile offshore
units”

AR AIEERR R

24

International Organization for Standardization
(2007), ISO 12944 Paints and varnishes—
Corrosion protection of steel structures by
protective paint systems

— Part 5: Protective paint systems

B R E

25

International Organization for Standardization
(2007), ISO 19902 Petroleum and natural gas
industries — Fixed steel offshore structures

26

International Organization for Standardization
(2006), ISO 19903 Petroleum and natural gas
industries — Fixed concrete offshore structures

27

EUROCODES (2004), Eurocode 7: Geotechnical
design - Part 1: General rules

IR E ym

29

AAMESEH S (2012), A LR JEE
BAFICBET 204 K74~

e

30

H AL (2005), it i st HivE

B

32

HAEESE 2R (2001), AEGUALREME SRk SRS

AR

NEDO(2018), #&5 KA BRI FEEHEAN T A
N

T A VRGN, YUy Ty
UG, ARG

NEDO (2018), 7= BB 3 ERAMTH A
A

e

F A A FF2010), BEZ U—IZEA
9 BB R R EGTEO TR, &5 21 [B])E T
R T N SR

REMSR T — 2 IMEFIE

IARTE— (1964), HLOBEIRFLOHF LW EHR] £ /2 /A VARG
15, WL 2SRRI U, 5 145, 5B

3%

A BT (2003), HRGFARENE T HARE A L | |/ S VUG

TEAS G ORI U E B 258, weisse
WA ZEATE R, No.1039

4-135



442 XEJARMEER

IARER IRLF—ZER BRERM/NEER FERNSHS,
FLRAREBRMNICET HTREERFE, 2026

4421 HWEREICKT HEE
(1) DXIJ‘I’IE E ODDHE
EPIHE THIEE ﬁﬁ KT B PXF!+J :Egj'f;ﬁ—g—é%@\ SCER IR T pXu‘l’Wﬁ%nﬂE
L7,
(2) "XEHHEE THEMEICXKTT 5%EH OF#& CCHR No. 1~5)
B EEHETH D TP R FEERMIZ B  2 BA A ORI B LU
% SCRREEN B R NAE 2 A L7z,
F4.4.2.1-1 FEERY A b
No. ZA hv EH FATHENH
1| PR RR R E RGBT 2 Bl e | vE LR BB RRIZEE S | 2020 43 A
Dt —HI R
2 | A FEERE X FPE ARG R - | EAYES 2010 4=
[F fE At
3| B O O Lo FEYE - R | RIS S 2018 4F
4 | SR LR R ER R B AR E | [ A@E R RBORER | 2020 4
5 Offshore Wind Turbine Foundation Patrik Passon * Kim Branner 2015 4
Design, DTU Wind Energy Larsen * Seren Ejling Larsen -
Jorgen Hvenekaer Rasmussen

4-136



IXREL IR LF—ZES BRERMI/INERS, #J:Jﬂjw:\ﬂ%

FLERDFEBRMICET SBRINEBIRGAZE, 2026

# 4.4.2.200 FAESTHROZE A

No. ZA b EH FATHEA
1| HEERDEERMICET 28 | LR EERERERZ | A2 43 H
i BE HE DR — HIfRERR B
il | e RV E s R E B R, B ESEE HP,
https://www.meti.go.jp/policy/safety security/industrial safety/shingikai/yojo_furyoku/2
0200327 _01.pdf (R 2026/01/05)
B | HEIERATIC R T DT VIR, SCREIEY OB R K OV BRBE SR 4E 7S U HL D

HEERRERIEIC B2 B KT TRt R & o720, B, TG, # 7V —KO
JAE NS DMEZTT MU D 2 e 2R LT 5, HUER O EE T
IREZI RSN E AT O ff BN RS . D - JROFFEZRZ 2 L &b HHHEIC
LDRDDZEPRENTND

(fEATET V) pp.139-142

HaE ELEAORERESOHE

4.1 HEEREHT

411 BEUESERTHETA

(1) E4, TPHME FUV—RUEERE(c—F -+l - T ) hbkag LEAREREIZ2N

ERUCEESEONESEETS bR LTS,
fAImERﬁmmE%ﬂ%ﬁl BEoUTsARSEFOEGE Y L TE LESRRREOBECRT
R LA s Yy O A T B,

(&)

(1) BErsT

TR EAhODFESER SEERERESAEE (o— St s T 1) olESReto BT

BEIETAERENRSESEN, KR, TH#RE. FV—RUBHE(e—F T - 7E- U hGLEHE

BERETAMETHILEERE TS, TH#ME. 8. 2073 muv Lk 2 adlsas7sa

YU FEFASE L, BERFEASOED®— FeEUCRa T alEe7 L2 L, M, 2

BEOEzE TR, BLECRESCEH s Sn@ird BETo - b bie s,

FEAE FAOETREBECRES MRS E T LRUSHTE T AORBILLITD L 80 Th 4,

1) BEEERETTAOQ S, BEEEGREST LA TL. EFRtsr L ORECRL T, BE
DTG, WEET L, ERHETA, B —F T, AU LA CRUHEET AL, BEA—F
=TT S LOER VLSS SR ET S bo LT E,

) BHEERRETTLEXBHEAGE, £ 88%) rER LB L0 MET 5. [ Fﬁu LIz
TEED, BEA SRR E—ROEITET L LT Z EERTHD, :.ﬂﬁ
FihELT, BE - FU7— L THRE - E@L S TETMET SFELE SN, E-Erﬂ¢ﬁ
BEE—HoEiTE7 ATl B L EESH L TILENHS. E-E 4 1.2 CEETAERBL
EEOESEICHTSBREOIEG-CHETAM TORROSI RN £ 5T, THIRE - LBOR
o2 TiE, TEIEE - S Sl S (E -8 4 LR TSR Ty L) sl 2
SR VAT R (- 4 LR SR SRS A S, Aok, TEbMGE - @SR
THLEE. BE- 77— L THME - LROERESNERTEAMITNEC 55080,
FOEGEET S oEL TECEFLE S,

3) WERINAERTICHEo T, o FOMEOSELEEI SR T 50BN LD, Bz ol
T, #EEE, SERCTOZIOHECRMAEELETH TERTS, LENBORIEETIL
BHEEEORTERMMECEELEL 000, BB THENEETH S, HEHZEEIISRT
FlAT A + BoFrFEFANIE N BRRHEL L@ 5 FATES

4-137


https://www.meti.go.jp/policy/safety_security/industrial_safety/shingikai/yojo_furyoku/20200327_01.pdf
https://www.meti.go.jp/policy/safety_security/industrial_safety/shingikai/yojo_furyoku/20200327_01.pdf

TAR¥E IRLF—E8S
AN FEERATIET ST B

(KT LOH]) *IZFESL

Environment Loads
Wind <> Aerodynamics
Waver curents, |<el  Hydrodynamics
T
Soil [t Soildynamics

X-fig 4.1.1 —(KEFLOHY

(TR &2 Sl 22 R TS TS X D556 - Sl

del and hds 4 Output

.._,i

of foundation & hyarodynamic 103ds

Extracted load time seres of interface responses from aero-
elastic simuation apolied as excitations in dynamic analyses

waves and currents. _y /1)
= | N

H-fit 4. 1.2 SFEIRERDEIC & B AT v 7 (FHGE 2 S E 2 8L T4 TR S RZ 2358)°

BR FERNDHR,
, 2026

4-138



ITARER IR)LX—ZB S BRERM/N
LR DFEERMICEE I SBIKEB R

FER FLRAONEE,
7, 2026

(T ERREIE LA 2 M 70 RO | i Z 2 2 1)
Real Substructure Substitute Substructure

T TN

Foundation

Foundation
top reference
point

Tower
Tower

Feundasen
Substtute Foundation

- 1176777

Fig. 3: Creation of the substitute model

B-f 4.1.3 THEHEGELLT 2 M RBEMGICE S B 56 ?

(MER R DT EHFHE) p.143

4. 0.2 HEEE ORI
LB EN SR A EREL T hE LAty HiMEr o T B T B AR D AT B
EVHORE - BOWmEDES - LEE LT LRSS,
[aza]
2180 THDioet L ORESlE] IDEH SISO ERLSE i, e P+ 880 /T
EDFTN - FRICCHIMLAREDRC, B, AVEOAREEUCFHCESET L - FikicT
BHLA-SESESHEECE LS THROH TR, BEWIZEUTFo LS CHE,
1) HmRoiESRI, SEELHEL L CSERERSETIC LV RN S, oh, hESOITEE
BuT-ouvTiX, £2.2 fFHEN » (O FEEEOREITTLEY Lo 15,

2) BEERICHELGHLE - BOMEDED, L) oSBT L IRls, SHES S AT A s
LTHRnE,

3 EREL,FnShofSif e ENEREoRKEL - LG8 THhmEEol T ESRE LTS

Ak, DoMmMEROMTETNT, 3.8 5 THSESrE | Sl o MR o HiT Lo - FaEm YeEh
FEREIHE TSR SR RS - FAE Yz D oSS = LA TE S 2) mihmEsn Bt EmIic o
TiZ, 18 TEFE QFEIECEEIroRET L+ 2EMo - b

BE IR

1) Patrik Passon * Kim Branner Larsen * Seren Ejling Larsen * Jorgen Hvenekear Rasmussen, Offshore
Wind Turbine Foundation Design, 2015, DTU Wind Energy

2) Marc Seidel * M Von Mutius * Dirk Steudel, Design and load calculations for offshore foundations
of a SMW turbine, Conderence Proceedings DEWEK, 2004, DEWI 2004

4-139



IAFR IXLE—RAR BRESMNEAR FERANIHS,
¥ RS REHATICE T ABIKEBRHE, 2026

7% 4.4.2.20Q) FASTHR O B R

ZA ~L e HITHA

JR S5 R R R R | RS 2010 4F
FEE - [RIfFRL

EE

M
/4

7

R

AT, G LR B, B ERMMN RN EB 2
e

55 BEICHIRIFOMEMIC OV RSN TR Y . HEOREL B E L -
RSB FIEZ VWD Z B ES N TWD, ADHERENI RIEA~Y FLiZ
WA SRR, BN, VA MR E D,

(% 5 EOHIRK)

LR G

51 HEMTHOFFMEITER ~ooror bt s s p st 151
511 EARMNGEE ST ccrrnieaa R D T Wiiew e 151
502 WREUEBIGEMRATIC L2 el MARm oo RIE e e Caseaen e R 152

52 TEPHFAEENC R T D RRED & HOBHERERS - ccee e i i s 154
521 TAMEARTIC U A ARTMRE oo 154
532 EEmEAETCEITS ERHRGY voooorhe snrsermann e nrpmet s vy e s 154
523" MUBSHAIEERI: s v iR MR SR SRR A R A G e Wi e s 195

3 AAHUREREOTRAL « o= o= oo v nn v e s s e e e e e e 156
T R 15 oo Ly e e e e T e B A e e o T 156
B30 o LR e R s ST T B T S R B 157
533 HGHIHBAERE ~o v rree s e s e a e e |62
T R, Gl | P S S P P S T PP S T N 163
535 BMHMBIC LD < oveetrnl mrnieiiia iR e © 163

54 EEAIRRERTIC L DM OREM - irr e 171
ST BT — B ORI s el s Bl e i 171
542 R RLAS O AR AR e e e s 174
543 WS DAL L BRBRBOBIE -+ cooer oo onnin s (78
SA4  TEATIEIRHT <« or e vt e i e e e e e 187
545 ST o rer sttt s s e s e s e e (RO
546 M FBE R R e St e p e et Bt e s e e v Ry e d ey 191
Lo B T o ey =0 ) R R o S R R R S I i R T [ 1|

5.5 REIIASAR BT EL v vt i e e cie 104
50501 PUASREL S s S R P e St A e 104
552 RO o Rt AR et e A W B e o - 3 ey crane 195
E o T o 1T e o T ety e i R D ML SN D B e 196
S5, R R At s e TG 4 L R 0 L R AR 8 S 197

4-140



IARFER IRILF—FE
FLERDEBERMICE T HEINE

&

(TR IS 1T D HERED, b @ K T @ $hiE)

X FE#HTIL 50 A= B ] 00 BE AR KMHEE % 160gal, 500 FF-FFELHAM O Z i %
320gal & LTV, LU 20TFRL 12 FRERA SRICED Hivle T THilZ

WETHAHER)) Tho,

521 ISMBMEZHITAKELRED

TAMIAR B 1T Sk ERMOMEEINEARS i, BRICLVED S,

a,(1+9.3757) (T £0.16}

5,,(T,0.05) =1 2.54, (0.16 <7 < 0.64) (5.1)
1.6a,/T (T'20.64)
ZED
5,(1,005)  : THHERECOEBLMELTEALS Fmls), BRELS%
a, : TR MR TORFRAMELE
Lot 1 MU : 160cm/s® (160gal), L~%/1 2 HFEE) : 320cm/s” (320gal)
T A (s

RS B 1 5 TEMRROIMERGE ALY bvit, REDICHBRBESRERRE R UL T

AILWTED,

522 ISMREMIHITHLTHRR

T ERICRT A L FTRIOMEEREAAS b, B AT g es 2 R TAEBOM
HESERAT PACRLTKDDD, ERBRICL D EDIMEEREALS PRV,
a,(1+9.3757)%20/31 (T <0.1)
8,,(7,0.05) = {2.5a, %12 (0.15T <0.64) (5.2)
1.6a,/T %12 (T20.64)
Hfor )
S,1.005)  ; THEMERETOLTFOEMUIEESEA<Y bms), Bk %
a, LA ESR COERRRINEE
’ Ll | S : 160emis® (160gal), L 2 R : 320ems” (320gal)
T B (5)

= RERMNEER FERASHE,
mEEE, 2026

4-141



ITAREL IRLX—ZEL BERWMINEES FLRANSHE
FLERDFEBRMICET SBRINEBIRGAZE, 2026

(BRI OERR 7 7 —)

(1} BEiA~Z b
HEE R OB 7 o — S EAE 5.5 o, BRI Rt 520 T ES MR g A2y Ak
Rz,

START

q—| B AL b S mEE |
4—-| s & DIRE |
|
|

+—| 5 4 B BN R
4-..—| T RELA, 7B

|
i HENLA, o IE J | ;::g;v-:;rw,mm |
3

i i e

OK

E# 5.5 FEREHh o El 7 n—

(2) fir¥e
TR IV TIE 3 WO R 2B 5 0, IR, ETFRMME, (IR il i
ERTELEEERCD D A E LY, I DT, SERTENIACE < Y IE LEIROSL R o e

(WEAEBLIIEE D o RN E & e ROH L)

Xaxat HACEHES) & L ClHEICR T 2R LBINHIEN 2 3 8 B A
Do

AR50 BEIRERMRE O R R b R

; HHEE L R

At i (Ll L 2)
MR BechnigEs | REoeskEE | ReRngEED | o

() 4, v, A v

(mfs") (my's) (mv's™} {m/s)
EL CENTRO 1940{N8) i3 3417 0,335 2.55/5.10 0.25/0,50
EL CENTRO 1940(EW) 53 2,101 0.369 142285 | 0.25/0.50
TAFT 1952(N8) T s 1.527 0.157 2.43/4.86 0.25/0.50
TAFT 1952(EW) 54 1.759 0.177 2.48/4.97 0.25/0.50
JUF 1968(NS) 51 2,206 0,344 1.67/3.34 0,25/0,50
AF 1968(EW) 51 1.802 0,378 119238 | 025050
Wk 1978(NS) 40 2.581 0,362 1.78/3.56 0,25/0.50

BAE 19TR(EW) 40 2.034 0276 1847368 0.25/0.50 |

) BMAMEEORBEOFRIAL =4 V¥, & L, Sz e L - gshm o s
Ll 1, HHR 202 oS R,

4-142



IAREL IR )LF—ZEL BERMINEES FLRANSHE

EERARBHMIET LBk EBR 7, 2026

£ 4.4.2.20Q) FHAESTEROE S

No. A hv il AT H
3| BEIEORIR O Eo XY - | BAREB S 2018 4
[l L
i | [E A8 RE S R BAE, UV OREER DN F oo FEYE - R R B S e
N B 6MICHIEBICOWTRESNTEY . 1 MEME, BZIREERIE 2 &SR EIC

BT 25 Z EMFIH I TWD, AHIEENIL L1, LUV 2 #ifEEh & 725,

(1% p.363 Hhiky)

BOE MR
(&7 (BEE)

BHARR LA -HEECOWTHE, MIRBE O Y% b &, BRI, GBSO £ ME
2 EE L T, BRGNS AEVIG 28U RET2 6D LT3,

2 LAULTIERENC DT, MR B O FEMM, MBS NS HBORB S A — ¥ Ha b Lo, SiFRHE,
(BRI R R O A MSE RS L T, RIEIE 2 V) ICRET 200 L T 5,

| 7. ARRREORE
L (6) WRICEIT WA (LEE W6 %, HRETH 16, 17 RMEORR)
P DHRBERET IRE ,
LUV LSBT L <L 2 BB OB RIS 2 BE T 2 EM 2@ TED 2 THNER LT3 2
LAY 5, Ad, BRI O YER AT (< 5\ T TEMNIER LN O TERE I 5 (T 2 ML) |
DBGEDBERBHEIZE, ~RIOMBISEH RGO A L D TENIEMIC B 5 @I KT
7o MR I 350 3 R B2 BT 2. ’
QIFNER
LM, ZRE DL FHARS I LETOLEMNUTOwWIhdThs Lo LliL T2
s
- PR R AGABRGE (N ) 2350 L Eoidb B 1@
~MiliFE 3 2 57650 (kN/m?) BAL o kit 158
< A AW (SHE) BEEEHS300 (m/s) LA LD 1K
@Y1 M i
P4 FEEDOBE IS N7 o TIE, NRO KL K U2 O RIMIRIC £ 2 8o i % v i |
LIT LB B B, :
@RI BT
FET RO SER D FEMBIR A I 27 - TR SBITIEU T, LV HBEEIR L < L2 il %, |
HAERBY O S 35T ¥ | YRR BT 5 MM OB O & FIB LT, TSR IC B B0 |
HE,HUEE, SUS B DIFRIRERIG & L Tl e+ 5,

4-143



TARER IRILF—FES BB
EERAFRERMICET IR IRES @S

7% 4.4.2.2@ FRASCHROE S

31
A&, 2

No. HA ~v =25 FATHH
4 | IRPE RO EMERE | B L RmA E R ARECR | 2020 4
i e B
| E LB R A BURE,
https://www.mlit.go.jp/common/001331375.pdf (ZR& 2026/01/05)
ZR LICHIARH Y, B IS ERE LR KL~V EBE L, [FRFZ@EEIR

JE, WEOBRGIMEL BT DI LRSI TND

(ST
4-1. Huie

(1) HEOCERIT oV TEWNICERET S & R, REERELCEGTRERS

Ltk l<nmbhoirEd® L AdnEE s

(2) HEOERCOVTEWICEETSHI L. BEN RESEELCECTHRERE
LARciE SR L 2idniIi sy, 2L, KiES+aRvRST, BECED

B SmESRUERE L TELEL L,

(3) HUMETAEESEETSECR, BEEoRERERESECcLoELTELES

by
(4) HERE L EESOEEORIEIT LT ER LT b,

P
Hx=,

2026

FLERADER,

4-144


https://www.mlit.go.jp/common/001331375.pdf

IRER IRLX—FER RGN %‘% B=,
202

LR DFEERMICEE I SBIKEB R

%% 4.42.20) MAESCHROZ A
No. A~V EH FEATHEA
5 | Offshore Wind Turbine Patrik Passon *+ Kim Branner | 2015 4F
Foundation Design, DTU Wind | Larsen * Seren Ejling Larsen *
Energy Jorgen Hvenekar Rasmussen
Higt | DTU Orbit,

https://backend.orbit.dtu.dk/ws/portalfiles/portal/122903957/Offshore_ Wind Turbine Fou
ndation_Design.pdf (ZH 2026/01/05)

IHUERB O EFAMICOWTEEH SN TR Y . WEFMOIEL, ERERGE &
JAHE A — B —RN—FEIZ72 0 A DAT v T EBRFRICE Ty Ial—T
YEH Lo TEY, TOTRIILLTD 3 AT v 7Mbbk b,

O EMERGHE I SEY (EiSE) L) FmE (RwE) €7 /Ut
L. - Wii7e EOMBELENSE, BMICREL R D TEMEET VB X
O DIE % T,

© OO THAMEEETT MZZE )2 B E U B 2 a5 hE, ODRE)
FEREANL, ¥ T—TETOIEEH T,

@ @THROLNTICEEZODET VIEHSE 2 Z & T, EEE~ ORI EH
I,

k. ORVCO@OOREEZ A SELHELHIT SN TS

(FERRER I & R R S 2 B S B ToMRiT £ 7 L O 2E)

Rotor-Nacelle-Assembly

Control System

! t s

Electro-mech.
System

Aerodynamics | T

Rotor

Tower I

LACflex
!
|

R A L

Foundation
system
Foundation matrices
and load
vectors

Hydrodynamics

3

Soil

oyl

Lo
Figure 14 Integrated OWT model m LACflex with foundation and loads from ROSA

6

FLERADER

4-145


https://backend.orbit.dtu.dk/ws/portalfiles/portal/122903957/Offshore_Wind_Turbine_Foundation_Design.pdf
https://backend.orbit.dtu.dk/ws/portalfiles/portal/122903957/Offshore_Wind_Turbine_Foundation_Design.pdf

ITAREL IRLX—ZEL BERWMINEES FLRANSHE
FLERDFEBRMICET SBRINEBIRGAZE, 2026

(T ERH R TE)

Load Calenlation Approaches Chapter 3

Generation of dynamically equivalent o

substructure model and hydrodynamic loads
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£4.1.1 Partial safety factors 1y

The desien ressstance shall be determuned with due
consideration of the parial safety factors vy accord-
mg to Table 541, For calculations of deformations
withm the scope of second order theory for towers
made of remforced and  prestressed comcrete,
¥y =12 may be assumed for the modulus of elaste-
1y of concreie.

Table 5.4.1 Partial safety factors for the material yy
Ultimate limif state
Material Serviceability Hmit state
Fracture and Fatigue
stability failure
Concrete L 1- 15 Lo
C (1.2)° ! B
. 14!
pun concrele (12)? 14 10
Beinfore g ad 115t 1.15 10
prestressing steel

L For umimml desimn stuations, e 2 earthaquake calculstions. ;= 1 3 can be set for concrete and spm concrete and 7y = | 0 far rinforcing
siea] and precizessing sheel

* For the calcalation of deformatons when takmg account of non-lineamties of the grometry and'or the material, 1= 1.2 may be taken
[valne in brackets)

For precast concrete elements, » reduction of the partial safety factor for concrete s allowatde of this reduction s given 1o the recog-
nized destgn code ueed {EC 3 or DIN 1045-1) In fhis case, the condiiions of the code for the reductson shall be fulfilled Fequited meas-
mres shall be specified in conmultstion with GL. Mixing of the two codes is not parmitted.

(I3 HT) pp.5-21
5.4.1.2 Fatigoe analysis

(1) For components of remforced concrete or
preswressed concrete, detaled fangue analysis shall be
provided for the concrete, the reinforcing steel and the
prestressmg steel with the loads of proup F The ven-
fication shall be performed by means of load spectra
and comresponding mean vahues or Markov matrices
CEB-FIP Model Code 1990 [55 ah]. Section 6.7 4
and 675 or equivalent shall be applied for fatigue
venficahon
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16 Fatigue
16.1 General
16.1.1 Applicability
Clause 16 presents general considerations and methods for verifying that fixed steel offshore structures
satisfy the fatigue limit state (FLS) at all locations in the structure during their entire life, from fabrication via
the in-place situation to the removal of the structure.
16.1.2 The fatigue process
Fatigue refers to the cumulative damage done by repeated application of time-varying stresses at a specific
location in the structure. These time-varying stresses are caused by variable actions, especially, but not
exclusively, due to wave action. For general reference, a brief overview of the failgue process is given in
A16.1.2.

16.1.3 Fatigue assessment by analysis using 5-V data

Normally, during design a fatigue assessment is performed by analysis using 5—-V data. The following major
aspects for determining fatigue damage due to wave action are addressed in Clause 16:

a) general requirements for a fatigue assessment (see 16.2);

b) a description of the long-term wave environment during the design service life (see 16.3);

c) a description of particular aspects of the siress analyses needed for a fatigue assessment (see 16.4);
d) the characterization of the stress range data governing fatigue (see 16.5);

e) the long-term local stress range history (see 16.6 to 16.9);

f) the geometric stress range concept, including stress concentration factors (see 16.10);

g) the fatigue resistance of the material (see 16.11);

h) the fatigue damage assessment during a period of exposure (see 16.12).

Points e) to h) are specific to the particular location in the structure being considered and shall be repeated for
all locations that are fatigue sensitive,

The various aspects a) to h) are integral parts of a fatigue assessment and cannot be seen as independent
elements. Despite the fact that they generally involve distinctly different technologies, which are often
developed by different specialists, they shall be treated in an interrelated manner. This is essential in view of
the large influence they can jointly have on the results obtained. Lack of appreciation of these
interrelationships presents an inherent danger to any fatigue assessment. However, the various steps in the
assessment are usually performed separately and in sequence; therefore it is most convenient to also discuss
them separately.

Clause 16 provides the fundamental requirements that shall be met to achieve reliable results. It leaves
flexibility where possible or necessary to accommodate differences in the details of calculation procedures
that are embodied in established practices or in computer programs that are used in the industry.

The design assessment is concluded with some observations on fatigue damage due to causes other than
wave action (16.13) and some practical design considerations (16.14).
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1.3 Methods for fatigue analysis

The fatigue analysis should be based on S5-N data, determined by fatigue testing of the considered welded
detail, and the linear damage hypothesis. When appropriate, the fatigue analysis may alternatively be based
on fracture mechanics. If the fatigue life estimate based on S-MN data is short for a3 component where a
failure may lead to severe consequences, a more accurate investigation considering a larger portion of the
structure, or a fracture mechanics analysis, should be performed. For calculations based on fracture
mechanics, it should be documented that there is a sufficient ime interval between time of crack detection
during in-service inspection and the time of unstable fracture.

All sigruficant stress ranges, which contnbute to fatigue damage, should be considered. The long term
distribution of stress ranges may be found by deterministic or spectral analysis, see also ref. /1/. Dynamic
effects shall be duly accounted for when establishing the stress history. A fatigue analysis may be based on
an expected stress history, which can be defined as expected number of cycles at each stress range level
during the predicted life span. A practical application of this is to establish a long term stress range history
that is on the safe side. The part of the stress range history contributing most significantly to the fatigue
damage should be most carefully evaluated. See also App.D, Commentary, for guidance.

It should be noted that the shape parameter h in the Weibull distrbution has a significant impact on
calculated fatigue damage. For effect of the shape parameter on fatigue damage see also design charts in
Figure 5-1 and Figure 5-2. Thus, when the fabigue damage is calculated basad on closed form solutions with
an assumption of @ Weibull long term stress ranae distribution, a shape parameter to the safe side should
be used.
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m which
N = fatigue life. ie. mumber of stress cycles to fatlure at stress range A
A = stress range i units of MPa
m = negative sicive of 5-N curve on loghlog$ plot
loga = intercept of
ter = reference tbicbmf's trer = 32 mm for tubular joints.
E—jmﬂl for welded connections other than tubular joints. such as guth welds
t = kness through which the potential fatizue crack will grow: t= t,¢shall be used in expression when
[ = thittgess exponent. also known as scale exponent. see Table 7-14

The S-N curves for the most ﬁ'egml}' used stmctoral details in steel support structures for offshore wind
turhines are gneum'l'able 7-14 use of the S-N curves mn Table 7-14 15 an option. They can be used when

ject-specific or mamnfa —‘%pec:ﬁc data are not available for all ranges of applicability of S-N curves.
ﬁx of the S5-I curves in Table 7-14 depend on the attachment length [ see Figure 7.9 for ifmiliml

(BB A — (Miner DIEHI) B I ORGHRRE A A —Y (FREHE T ELR
%)) p.134

When Miner’s rule 15 uzed for prediction of hnear cumulative damage. the characteristic cumulative damage D 13
caleulzted as

"
D=t
- N

= charactenstic cumulative damage
I = totzl pumber of stress range blocks in a sufficiently fire chosen discretization of the stress ranpe axis

¢ number of stress cyveles m the ith stress block, mterpreted from the charactenste long-term distributon of
sfress ranges
E(_‘_i = mumber of cyeles to failure at stress range of the ith stress block, mterpreted from the characteristie 5-I

curve
~—g-T--—of—G-1-1-0-3-0-Cc-8—D-0-f-8-—
~10.4.2 The design cunmlatrve damage Dy, 15 obtamned by mmltiplyme the characteristic cunmlative damage
Dy by the design fatlgue factor DFF
Dp=DFF D

£ 5¥J:J§UJ§J\3F4‘%,

026
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DNV-0S-C502 Sec6M ZZ M &% L 91272 > T, p.139

8.5 Fatigue limit state
8.5.1 General

Fangue design shall be carmed ont in accordance with DNV-05-C302 Sec 6M. If stuctures are not planned to
be mspected the commulative fatigne damape shall be limited fo 033

9.7 7 0 MEAEORG EETIZBWTYH, SEAHOEAM T —DFEL XD
TEARIZ B DR TR TR DRI STV D, p.161

9.3 Fatigue limit states
9.3.1 Conical grouted connections in monopiles without shear keys

0.3.1.1 All stress fluctuations mmposed during the design life of the grouted connection and which are
significant with respect to fatigue evaluation shall be taken mto account when the long term distribution of
stress ranges 1s deternuned.
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% VEHSRZREE OHEE AU A, HFEEE, TOEAWISIR RSN TS
Fro, VEROERBROMEA L RSN TND

(KC %% p.156
D.3.1.6 Inthe case of waves, the horseshoe vortex and the lee-wake vortex form the two processes that
govern the scour. These two processes are primarily governed by the Keulegan-Carpenter number, KC,
which is defined by

Up TP
([ = e D.3
K== (D.3)
where T, Is the peak wave period, D is the cylinder diameter and um = 1.41u .. u. Is the standard

deviations of the velocity at the seabed.

(PedRiR = DHEE) p.157
0.3.2.1 Unless data, e.g. from madel tests, indicate otherwise, the following empirical expression for the
equilibrium scour depth, 5 due to waves may be used:

=13-(1-expl-003(KC-6)])  KC26 (D.4)

=T

Caution must be exercised when using this expression, in particular for large-diameter cylinders such as

monopiles. The expression is valid for live-bed conditions, i.e. for # > 4., in which the Shields parameter #

is defined below together with its critical threshold 4.

(AT OMFEIEE) p.157
D.3.2.5 For steady current the undisturbed bed shear velocity, Uy, is given by the Colebrook and White
equation

U,
—=64-25"In
fe

h +I’1‘U|r

25¢d 47ev
(— ) (D.5)

where n equal to 1076 m?/s is the kinematic viscosity. The bed shear is related to the bed shear velocity
1= pUE where p is the water density,
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[.3.2.6 For waves, the maximum value of the undisturbed bed shear velocity is calculated by:

f==
Upe = J%’ Uy (D.6)

where f,, is the coefficient of friction given by

_l 004 (a/ky) ™5 a/ky > 100 (0.7)
T Lo04 (a/ky )™ afky <100

Here, a Is the free stream amplitude, defined by

U+ T (0.8)

aT=
2

and ky, is the bed roughness equal to 2.5 + dsg, where ds denotes the median grain diameter in the particle
size distribution of the seabed material. The bed shear is related to the bed shear velocity =, = pllf,..

(BiR & IR ANRAET 2 56 ORI AW S)) p.157

0.3.2,7 In combined waves and current the bed shear stress oscillates around a mean value, 7y, and has
maximum value, rma,. The mean and maximum undisturbed combined bed shear stress is calculated as

fice ﬂ‘ll”'z(f :'“r
{9

(D.9)

U == J[ e c‘as{tﬂ)}: +1, sin{p) (D-10)

where ¢ is the angle between wave and current direction.

(VelE DR TH]) p.158

D.3.3 Time scale of scour
The time development of the scour depth, S, can be expressed as:

S =5(1—exp(-1/13)) (D.11)

in which t denotes the time, and T, denotes the time scale of the scour process. The time scale Ty of the
scour process can be found from the non-dimensional time scale T* through the following relationship

VeV (p 12)

T B

where T* is given by the empirical expressions:

1 &
= “LE o for steady current  (D.13
1 20000 8 y ( )
KCy?
T = 1[3-'\-(_6-) for waves (D.14)

1t shall be noted that time scale for backfilling is slower than found by the above equations.

P
Hx=,

2026

FLRASER,
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D2FIEE MR LIz, ZORE, 1T A EDSEMT, open-AE/target-GMM DHHLA
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R HRFEICES S BERM Y AT DEMEET HERC, B SRITH4 2 M)t

RTAUL, FEdhH T e RS T —F B R T LN 0 IR A5
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