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NUMERICAL STUDY OF WAVE-CURRENT LOADS
ACTING ON FOUNDATION OF FIXED OFFSHORE
WIND TURBINE

ABSTRACT

Wind energy is one of the most promising renewable clean energy, and
it plays a more and more important role in the filed of new energy. The use
of offshore wind turbine is one of the efficient way to exploit wind energy.
And to make the wind turbine work properly, it is necessary to set up a
corresponding foundation for the offshore wind turbine which can keep the
wind turbine at its position. With the development of computational fluid
dynamics (CFD) and numerical method, CFD is playing an increasingly
important role in prediction of dynamic performance of fixed offshore wind-
turbine foundation. Due to viscosity effects have been taken into
consideration, CFD method can provide more detailed and accurate
prediction about the pressure and forth for the foundation.

The foundation of offshore wind turbine has varies kinds of types. The
monoplie foundation is the most widely used form of fixed foundation. The
elevated pile foundation can work in deeper water than the monoplie
foundation, and the jacket foundation becomes more and more popular. This
research is to understand more about the influence of the water depth, wave
height and wave direction on the environmental loads of different
foundations.

In this paper, a series of numerical simulation is conducted by the help
of a viscous flow solver named naoe-FOAM-SJTU, which is based on the
open source toolbox OpenFOAM, for the foundation of a 3MW wind turbine.
The combined wave-current loads on varies types of foundations in time
domain 1 calculated. The different dynamic characteristics of those 4
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foundations are discussed, and the influence of different flow direction,
water depth and wave height on the loads foundation is studied. More over,
the wave elevation for each foundation in different working condition is
calculated. And the result in this research is chosen to be compared with the
relative experimental result which is conducted in the State key laboratory
of Shanghai Jiaotong University in order to validate the simulation. The
result calculated by desigh specifations is also discussed. Conclusions from

this research may provide practical information for the designers of fixed
wind-turbine foundations.

KEY WORDS: Fixed offshore wind turbine; monopole foundation; the

elevated pile foundation; jacket foundation; wave-current
loads; naoe-FOAM-SJTU solver..



oSS N T e S VAT

B X

. — 1
ABSTRA@.’.}".. .................................... IV
..m.ﬁ._..ﬁ._.. ..................................... VI
B S— . S— 1
1.1 WIS B e e . 1
1.2 1 ERNUIER S Aae- e 3
I L Lo 1 — - 3
1.2.2 g L RALEE RS S- — 3

1.3 g EJH i R fr [ N M FE e BR- —_— 7
1.3.1 BT E T EARFE- e 7
132 ¥AH T EMFG e 2
133 HEBEEHE- 00— - - 8

R et - e — 9
= s o — 11
2 :1m.m:f7'|~.ﬁ"..~ sesmesossmsnsasnssns . e 11
2.2 FUESRMEEEA 1L R B e pladbaal 11
221 PEHHFFFE- e e 11
2202 HETHA - 0 ee— 1
223 HFREEL e e 12
2.2.4 HEEIREE TR e 12
225 Bk — 12

2.3 MVETHE AT I Pl e 12
2.3.1 BOZAERR RS- e 12
ORI Tl iR e o — 15

PR iU e — - 18
2.5 b S— S— 19
F=F HA PR REES R ETE S 20
34— e — 20
30 R AL e e . 20
3.2.1 HEEREEL. e e 20

VI



3.2.2 T
3.2.3 T4t
3.2.4 A4

oSS N T e S VAT

33 B LR AT e

3.3.1 PEIIE XS
3.3.2 NS

T K 20 R R B
T K 20 R R B

3.3.3 JKIRNT B LRt /K B S T et

3.3.4 HPEIEALSZ )

RRERE —

3.4 THREARN IS oA —
3.4.1 SR T N BUE RS R 56 45 S-S
3.4.2 BUE LSS B 5 R06 45 A YO R A SR AT ) b

3.5 Asdi-

FNE KiEMEHRE
43t

4.2 AR
4.2.1 TR
42.2 St
4.2.3 TS
4.2.4 St

BUR R M T B S X -

4.3 B E GRS H- 0 eee—

4.3.1 PWiFEATEK
432 N EXK

4.4.1 AT HUFEL
442 BUEITHEAR
4.5 AT
ERE EEHSITAE
5455
5.2 TR kL

HE M8 R A A 5 KB AR VA -

PERE S A 5 SE A K B0 4V -
4.3.3 FRKIRN E A 6 FEAL 7K Bl )R P -

4.3.4 KHERR S b & B0 2 1R IE LR Aot

AR LT 2 - —

4.4 THESE RN LIS iRy e

(ETHR S5 R U6 45 SR 464

5 ulI6 45 KAV T 545 R B A& 35 e o) B

BRI R E T B S X e

VII

21
23
24
24
24
28
30
32
34
34
36
37
38
38
38
38
39
41
42
42
42
45
46
48

49

50
50
52
54
55
55
55



oSS N T e S VAT

52.1 ﬁ—ﬁ*;ﬁ;aj&w ......................
522 ﬁ—ﬁ{ﬁﬁw ......................
523 Tl e
524 @ﬁv%w ......................

5.3 B ELEHRAphF e

5.3.1 IS A X R B = A K 5 7K Bl F R PR RS e
5.3.2 IR X FE AT B iR A K 65 7K Bl 735 PR RS -
5.3.3 JKERNTREAE R = 7K 5 7K 3 0 RF A
5.3.4 FEMERR AR A G BLAH 52 TIRVE SR o b

53.5 BEBZ RS- e

5.4 T L AT R TS —

5.4.1 WA O BAETHE S5 R U6 45 R4

5.4.2 BUETHRE SR 506 4 R A E TR A5 R S A F 0T b2y A

5.5 Aciiapebgli S—— .

¥ s i
7N

6."'1”'”‘3'["‘%""" woemememsmsemememimsos e

5 SFERTARRBMTERETE S

6.2 HEE A - ee—

6.2.1 EEEEL. e
6.2.2 HEEF - e
623 TFEERHE- ee—
6.2.4 BFFAE~ 00—

IR Q1 - A = —

6.3.1 LI R A XT T QBRI K B )RR et -
6.3.2 NS 0 38 QA K B ) R e e
6.3.3 JKIRXT S8 BRI R K B S R PRS-
6.3.4 FELILANZ S IR E SR

6.4 H AT LR T 407 —

6.4.1 JALT 0T BE T AR5 ol 45 SR et

6.4.2 HUETHR SR 5145 R TH R 45 R SR H X L o) B

6.5 il R .
BLE DigERE- 00—
7.1 DA R .

VIII

55
56
58
59
59
59
62
63
65
67
68
68
70
73
74
74
74
74
75
77
78
78
78
82
84
86
86
86
&9
&9
91
91



a3 b DN e el VA

WS AT D& R R e

IX

93
94
98
99



oSS N T e S VAT

B8 i
L1 IRBE5EX

NN BRI A 6+ 3 I A 7 52, FE251E AN 3000 4 FiT A5t & 46
R RN, g BB RS, 7TELACH I B 2D 90 EARKIE A THE 2
SRR AN BRI T IEP, AR 1990 fELLE, BT EREEG Ye i E H
m R, ANMIUTEE R B RETEA S R0, GFE KRR LE N I — L85 T AU
TG BN E AR, 1 K7k B R AT RE R R ZERI A . Bt 2d DA
K, Bl BXCEL R BB TR, T ORI A 26T XU 75 SR AR B s
W R RAEAR S — 3 1 iig R kR, H ¥ A BT &R
Y b R i R ] 1 RE TR BUIR AR S DR # A 1R i 0O (R E o XURE A& — i
EHTREIRREIR, 25t A B Mo I ki ERGEAGE — B2 i AL se i
K E R, BRI ST AR A A BRI N 4 . 1] 1-1 BRI R E i
X =5 R XBETE A J7. 75 2006 4F,  H T s AN B A BEYR 2 A 1 1 5 e
XTRIT R BEAR I A 5 R Rk, B b l KB 6 1 SR
FARBERIIBR . 2012 4F Hp B BUS B AT HT R BEIRIECE, 21 2030 4 7] FAE Reds g4t
(R T2 T REVRTH AR 20%. THVE RETR IR R KA, a2 B R SR RE
VRN PEE T 1), AR R RO e A, 1 P — L [ A FIAA A AE Ky L T A
—E R . Az SRR AR IR+ B REYE A F EL R T H AT IR
ZE N F RS 2 AR PR HS 5N B XL i 2t



oSS N T e S VAT

B 1-1 v B JE L R A oA D)
Fig.1-1 Potential offshore wind energy in China

i ERWLA T ORFFIES B ARTERE, #5247 A [F) SRR A SRRk (8 75 KU LA
AR TAFGLE R RE ST o IR B SCPR AR DISCIR A A B 1 15 e iz 8l 70 i s
SER AT E A S . HATHrBG JREREE B XRE R A £ Z L i, T
P 2 A iy R XL A T UL, ARt e XML & 2
B AR YE PRAEAR, 10 NS A 25 R AN &)+ S0 o A S ok,
H ATBY B X7 (1 704 K 22 Ab T 40 JRIKER LAY I IX 3, DA BT X[ 5 52
PEAEK R T E NSRRI T, [ A 2 0 SCHE S5 M T8 QSO HE R AS . BVA
11 5 LA g ARy =1, PR AS SCRORIE T R AR R AN R 8 L fp b ] 5 XL
ST B 1-2 R B X RE R

A 12 & EREHTER
Fig.1-2 Offshore wind plant
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Fig.1-3 Foundation types of offshore wind turbine structure
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Fig.1-6 The elevated-pile foundation
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Fig.1-8 Semi-submerged platform of the offshore wind turbine
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Fig.2-1 Pressure distribution on the pile
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Fig.2-3 Coefficient 3
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Fig.2-6 State Key Laboratory of Ocean Engineering
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Fig.3-1 Experimental model (left) and Numerical model (right)
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Fig. 3-2 Illustration of the pressure taps
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Fig. 3-4 Illustration of the numerical grids
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Fig. 3-5 Comparison of Fx in different flow direction
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Fig. 3-6 Comparison of Fht in different flow direction
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Fig. 3-7 Comparison of pressure in different flow direction
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Fig. 3-9 Comparison of Fht in wave of different wave heights
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Fig. 3-10 Comparison of pressure in different wave height
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Fig. 3-11 Comparison of Fx in different water depth
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Fig. 3-12 The time history curve of P10
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Fig. 3-13 Comparison of pressure in different water depth
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AR T 5 S IIRAEREAT SR G 0, FRATTRE 1 P o0 N S At 52
BB ZKPJ7 ) S HE ST HEAT LU 5T, A SR B Wy B B it ) 32 0 R PR AT 2 o

A 3-14 FAr AL abhRKF 77 @ S ) ALY
Fig. 3-14 Comparison of Fht in different wave condition
M 3-14 HT DLE H, X — B FO0 B SR A 1) S AR B A T B R s
i, RGN, PR A P S AR 52 T W SRR s IR S A T B A R A ) S AR B AT
LR, AAESUER R ARELH RGRAREE, fERR R A 22.5 LI
FRTE TR Bt AR AT (R KGR AR IR 00 T A BT A A B R, BB Bk M itk — 25
TNz BT SRS, BRI 5 AR IR A K s KRN B S AL S A fir
RIS B RPN R, — o H T /K IR AS AT 3 S50 AR il A4 32 0 T AR
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A, AN T KGR AR AT 5 SO B il 7K 2 T B I 2 1) JLART TR () A
1, AR REUERIU S R T, KGR AT B Rl SR 52 IR /N

[FIf, T naoe-FOAM-SITU tHE I RAF2VIAE S, LLTHL A9 J9fIAT LA
PAHEE ZI E R A 3-15 Fias) DUERIARE K E - dnkE
3-16 7).

(a) AbTF-PWEAE RIS E R 1 (b) A& BeA A RIS B H 1 B
B 3-15 8 @ik io
Fig. 3-15 Illustration of free surface

(2) AETRMEAEIIN BAIRTANE IS (b) Ry FII 25 K T AT 7
B 3-16 kakk @l E 7 HoL
Fig. 3-16 Illustration of the pressure on surface

L 3-15 B 3-16 TR, 78 A9 TBLN, IRIET Y iy ey S ik 21 LA LA
W Bl AL, JF B AEAE A8 B A i . S5 LRI, B Al % i ) 50
JE 3B B i KA, B 7 e H A A SR A LA T [ SRR 5 [ A I B e 3
ALK, YImsh TR, IR R R I ST B AR P R R I R i
WIS S /N T 146 7K T 32 38 )
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34 T EERITELIGIES 54
34.1 BT A THETEER SR R ELISIE

B B S A ) S 6 AN B AR ) 5 BT LL S AN BGAIE . 75 T Fe e, R SCBA A2,
A10 1 A18 FJLLEC NG, EEBAMEFATIL R . Ph A2 (MRS mdl i R 1A

RN 20 AFNFHBEEXTG, Xf LA S2 2K 7T Fx oI s ARy 77 64T
XF eI T o

B 3-17 K-F4E7 Fx 3fit
Fig. 3-17 Comparison of Fx
EB 3-17 REAEELAEHE S Fx XTECE. MWEIHRTLUE H, BER AR 5
6 25 SRAE S A1 R BPLATE IR i G P8 1 R T e 2 AT R ) 5 (R IS B, BT A
FEVR IR 3R I 7 1R 52 BT B8 1R, PSR At 32 1 ) e KA I 7E 60N /2
A1, REBIRIRKIFEAE 27N » m Aifq o

(a) P1 (b) P2
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(d) P3 (e) P4
®H Po (g) P7
(h) P10 (i) PI1
(g) P14 (k) P15

B 3-18 ME & JE 7 3t
Fig. 3-18 Comparison of the pressure
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M mL R XS BRI 3-18 sl A Y, AR AFLE, A5
AR I0AG, 5w N EEBAR 2PN EES, R JIA 14 15 4, PR
L2 DAEE R A S 21, B LAt 52 21 1) e Kbl T 02 IR 70 A 2 B, HHE
29759 2200Pa. AR U EAE ALk (K AR A DL SR S A R 6 2 SR W) &

342 WEWHEERSHBERMIEH EER D BB XL 547

N 3-19 2P RECE RS R . VIS AR 25 R AR L,
A TR ae 45 R A RE B SRR, MOAS SOR BB S5 R AN 25 SR A e AL
N REEFAT e (b O EFR VG T R A AU R WA e 4 SR 4 Bk
SR AR BB L A 5 B A 2 SR S RUBE R« AN JRATT AT
DL, =M me s R G R ERr. [EAH MR, AMiidEH/d=<02
Hd/L<02mfH/d>02 g d/L<035k}, st Pogell &% oo a K 1.5-2 Z[AfH—A
B, AT ELHE TG AR R ERHAIREHE % & PR s
M, FEEIR SN AN ESEIT RS, EBHE 0 1, R & S EORIRRR
21 FIFEAR /N . MRS 45 R BUE AR ARG TH R A5 RAE RS V)& —2,
FEAR S v AN BT i L = F AR ZEAN T 10%, AEAENR SRR T )
R0 45 ARG /I T BB 45 R K. ORI, WEERIESS EF, KIR
X RV AR AN HORAE 2 AN K, T3S KR A 4l SRARR N, AT BLA XA 4
RiEHEZ AT IR Z R R RGN, SR =G PoR%E . WEIRESS.

B 3-19 %452 sl KB 3L B

Fig. 3-19 Comparison of Fht by numerical simulation, model experiment and designing specifications
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3.5 RE/NE

FAESL AR I 45 S TR LO0 R AN B AR _EIRTE Do = X B A LA R
SARETA o WLR BRI, PRGN, PSR A AR 2 T B RN AR
KAy 22.5 FERT BRI AL AR [R] KR AIBR 00N 0 3ea #2 i K, BEE Pk
A EE— DRI SZ 2B RIS, EERT S AR IR EEA K, KB #AE
HEAIL KSR S TIR AN R AR 5, BUESS R MVEE RIS R sy &
MIBLhs . BUE SR SRR A5 R AT EIAR X R ZE L E N 9.8%.
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4.15|8

A AR B 3 Y R A ] SR LAt . A T B A iR B RE A
ANTRIPBE IR A B U I T B8 e, [R5 SRR iR b K & L Ai4E 7 #fi K
38 RN, Tk s AR & BRI RS oL, IR BUE R ES R SRR
e ARG TS R X B AT 73 #r

42 HEEESTR

AHigs AR G 24 M R BEREGT A s AL & TOLRI S, N et
7R G AU E AU A AT 2

42.1 HEER

AT B TSR ARt R 3 IR T e SR LA A I s b K & 54 X L
1:30 #4k 1ok . ZmbiA G 3R E B EEAA. Bimehi. 1 FER 8 MR B AR
MRk, FERKERAAIERS, BAN 43 K, BRI RN 0.143 K, T/
R 4K, BHRAEAN 149 K, BB REE T 0.500 K, FHHRH 8 HRHURHE
BRAT K, YR T R OB LR B B . A ST TR 5 T i K
B IERAOATY RUBE,  FRAEXS NHEILAE 1 AR S48 ROAREE . A N I 42 2 250mT DA
H TR R ESEAS M. SRS EA A 4-1 B, BT 2
Wi & AR I 14T b, AR SCHE iR G2 RER A E T 15 MES, &
IR A i B 4-2 Fiiw
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B 4-1 K d (£) BRAEREE (&)
Fig.4-1 Experimental model (Ieft) and Numerical model (right)

B 42 0 E & & E
Fig. 4-2 Illustration of the pressure taps

422 ETITR
AR F KA S A G A, 5 R = RRIRE A, e XN
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1) ARG 3, SZPR/AKIEE 25.7 K, FAEKEE 0.857 K,

2) RIGKIE 2, SEFR/KIR 24.0 2K, ALK 0.800 K ;

3) Wi I, SEPR/KIER 22.2 2K, ALK 0.740 K.

[FI, FERVE AU, BN sl . — IS AN BRI A, 5l
B E ), PRI AN 0 B

BTN, PRI 90 B

BRI —, PRI AN 22.5 B

BRI =, PRI AN 45

BART7 M~ 4-3 s

K43 HAxATER

Fig. 4-3 Illustration of the wave and flow direction
BRSEUN TR 4-1 FIE 4-2 FioR

k 4-1 KL AR & KRB RS R
Table 4-1 Wave parameters of full-scale foundation

N o N R IR
AT W) Ame O
(m/s)
KRz 1 7.78 10.95 1.73
KRz 2 5.52 9.5 1.73

& 42 KA & AR 6 AR A RO HUR AR
Table 4-2 Wave parameters of model-scale foundation

. N TR
LS V% e (m) I HA(s) Lo
(m/s)
KR 1 0.259 2.000 0.316
KRz 2 0.184 1.734 0.316

THY5 W T3 4-3 Fios
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k43 KA AE & TN

Table 4-3 List of each working condition

TiH5 ERE et PRI KRG
B1 1
NN =
B2 ) WIRIE ]
B3 1 .
IR IEE
B4 2 . -
BS : R KR 3
B 6 5 PR —
B7 1 v A
B8 5 PR —
B9 1
i v2s IS
B 10 ) PR IE R
B 1l 1 N
IR EE
B 12 2 . -
B 13 | TRI6 KR 2
N syragaN .
B 14 5 P EHA
B 15 1
N e
B 16 5 P EHA —
B 17 1
i 2 IS
B 18 ) PR IE R
B 19 1 e
IR EE
B 20 2 Al 2 AR
Bl | e it v 7
B2 5 PR A —
B 23 1 e A
B4 5 ¥ i d 1 -

4.2.3 HE M

A BRI 2 N A6 o B 56K F POINTWISE %0 A st 52038 4 1)
A OpenFOAM #24EH) snappyHexMesh T 54 il i Ak & A& [l A 22 T

O 56 A8 P R T R 3 N v AT A £ SR it P ) A S T

R —MIE TR, AP x ShERVATEYIE B /KT b, ARFRE SN
A B K ZR TN AL G o BRI — MK TR ((5<x<<20,-7.5<y<T7.5,-h<
z<<20, HA h X THLIZKERD . THE MR EAE 200 Jie 4 GRAEKIRA RN
W E A M) . BRER T y+HEHIE 50 it . — NS B 2 J7 1)
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NECRT 20 Ao BEARELFE B 48 P44 9 78 AR AT A% A 78 0 AR I . AR IR A 7~ 7
K& 4-4 A

K 4-4 B3R (£) 52 amRE (F)

Fig. 4-4 Illustration of the numerical grids

424 W R &H

L FEAE T, BARFISRIR e wavevelocity; 7K ERANEER S5 1436
[ L FEBET 25/ fixedValue, HEN 05 WBIRMKIH HIAIIEFE zeroGradient, 0
BEEESRAT; B BRI (R HPimighl) 1E#E pressurelnletOutletVelocity 2544

TEIE T FAT7 10, PRSI TR 7K AN At 45 44 5% T #10 10e 42608 =
A0 k4%, fixedFluxPressure 25145 vHH IS SR 1 BRIz ) ik totalPressure
FE, RS9 05 ARG 0 B ST, zeroGradient.

4.3 BUETHELS RO

AR BT SRR T 2 T BT OB A NIRRT KRS KA
SRV AR 5 A AT R P SO R AE SR U4 i AR 6 J Al ) R AR 52 T
.

4.3.1 B R XK RR S HE A B KB DRI R

AR AN R I e 1 6 A R & BEmE A2 77 Fx ARG IR A7 A2, AN St
HEYE 1. FEIE 1.73m/sy KR 22.2 K (Rt i hn ) N NS 9 A 2058 0
B\ 22.5 FE. 45 FERN 90 FEAE NI AT %o TIHE 4-5. 4-6 F1 4-7 4345 KV 77
[ e 77 DA K LR s 55 Ak s g B4 R T) D R 2k
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B 4-5 RREEREAKTFIES FXx TF

Fig. 4-5 Comparison of Fx in different flow direction

B 4-6 RFHIR K AKF LIRS Ft ~ERE
Fig. 4-6 Comparison of Fht in different flow direction
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(a) P9

(b) P10

(c) P12

B 4-7 ZRER K AR &R A A
Fig. 4-7 Comparison of pressure in different flow direction
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HE AT, 0T @A G KX AN KRS, A Ee - & B7K 77
M HE /) Fht H—E M. rTLLER], FEHBORRMMIER, & 22MK}
JrTEAHET) Fht IZBETECDN . EAR BB NG R b, FATHE 1807 ok st IAE
BRI N 22.5 I, T REAG B A AR SR N, BT IE ).

WS e mAb B AR AL, FRATTAT UK B, 24 T30 BH I 7] [ 3 i B —
SEMIEA G, FERRHACR R E s 12 R JIiRAE A B i, 111 B RHAUR A (1 A
AT )R IR SR [ 1) 9 A 10 50 s sl He 207 Py, 31X 50V HRF S 18U
432 NEPEEHHCHERR S & & Bk sh SRR

ARV AN [F NS im0 s 2k 552 77 Fx Fht AR R 76050, JRATTiE
SEPETLIANA] . ZKR 22.2 K (Wi i) N NS IR S FE 2 il o 7.78 oK CGRLII
1) 1552 K GG 2) BRI S, TE 4-8. 4-9 Al 4-10 43 325 H /K
75 ) ek A 7 DA R AN s r b T 7 R[] T R R 4

H 4-8 RRIASE &S FAKFHES Fx =& H

Fig. 4-8 Comparison of Fx in wave of different wave heights
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B 49 REINHE & T AP L4 Fht =& B

Fig. 4-9 Comparison of Fht in wave of different wave heights

B 4-10 W E & 10 &)E 7 Tty 2 P10
Fig. 4-10 Comparison of pressure in different wave height
HH IR, 6Tk A & XA AR &, B R S Xt~ & 17K J7 1)
SAET) Fht AN A B s DA EEA T R AR . SRS, BT sos
M AR BT BRI, 13— S B ABIRAE FAE =& & 40l E 1 Fht [
FIZEACH S AS AT F] s 38 e B v R B TR i K 6 7 A2 R BT (e 27
R, (AT EIRAE T ) v FE Bk ok

4.3.3 KR SR B B AR DRI R

ARATERGTASFINZ KR BEXT SibE A& &2 71 Fx . Fht ARG B Ay B0s2m, A6k
EVER AR U 1, KIED B 25.7 m. 24.0 m f122.2 m. K& 4-11. 4-12 fi
K 4-13 G302 EbE AR & 2 BB 7K P x 7 T3 Fx PR 77 Pt ST LE .
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B 4-11 MR EA LA, AWK 1, AEKFER R ®IES Fx 3k

Fig. 4-11 Comparison of Fx in different water depth

B 4-12 AARLEA K AL ARE 1, KRB KFB IR T A7) Fht 2 1L
Fig. 4-12 The time history curve of P10

(a) P10
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(b) P14
B 4-13 ARIBA K A AN 1, REAKRENEEE 73
Fig. 4-13 Comparison of pressure in different water depth
HH B A, T AR B XN IR LU 5, KR e X s 2K 5 1 s
HETIFEMAANTK, TR AN s AL B B AT B R RS2, K IRBRIR IR RE
FE 2 SRR = BBk R, (AN AR IR R B R

4.3.4 KIERRSHEA S EMZ D5 HEE 20
AR A G GRS S VR REAT 204, BRATTIEEL 1 A oL RS K
05 1AL A AT LU BRI 7T, AEAA L3R W v A K 5 Bt ) 52 0 RF AT 35

B 4-14 KAkpr @K S KF 77 9 8 3 7) A8 4 B

Fig. 4-14 Comparison of Fht in different wave condition
1 & 4-14 AIRN, X EEEO R K & KSR BT A o BRI, %
AN, AR B YRR S TR G s i AR A A 5 S A e R L
8 2, E R B o A TR LR A0 22.5 B A & B0 B0 B,
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(ELEART H A IE AN KRN AR AR & S AR BT R i EE B FE AN R, —
AN T RKIR AR S BN s AR & SRS AR AL, 55— i KR
AR AT B R A AR 65 7K 2k i B 3 2 Ta] J LT IR 324k, meAs IRk 36 45 R =
TKIERAS At AR & BB A DT A K

4.3.5 HERRS: D45

AT 3 A R TSRS AR 77 B B . )RR AR G,
PRI O 2 AN RIS S A7 AR AT FEXT R, A5 2R HERRAE —
WA x J5 RS2 I RE,  WnlE] 4-15 For.

BT 1)

&

A

2.047 2.050

]l 2 m3 w4 u5 w6 w7 w8

2.947

B A a5
2.155

o

]l m2 =3 4 m5 m6 m7 n8

3.24

W 22,555
7/

2.963

\ 4

3.186

]l "2 53 "4 u5 w6 w7 m8

P A 90

0.457 0.279

o
v

]l w2 583 4 u5 6 7 =8

B 4-15 &AL ) &R
Fig. 4-15 Illustration of the Fx on each leg

AT UL, WA e A A 5 10

BRI 7 BT 5 L S R Rk A

WY A RUEEYE, BESE NSRRI R A, SRRy [ AR R 32 77380, Tz 2
SR T3 7] PRI R 32 3 I/, 3% — AT A JATT A R o



BB
4.4 T EERISLIIES 4
441 BAT R THETELERS NSRRI LIIE
A5 Lha B T BB AR 2 W A 1) s DL 1 OB EERS R o Kbk
& Bk 32 B I ACE 7 FUSHE ST Fht CROKSFIT ) x Ay TR RS E T RN AR A%
AN RO T3 EAT VRGBS L 3 B o JKP D7 R HE S EE BB 4-16 B, $F

W BN 4-17 s, WS RRAAEEZSRE 42, IRTBBEARTH)EHIL
W, SCEARERUE AR LA R ) /AT

B 4-16 K- & 47 3t
Fig. 4-16 Comparison of the horizontal force

HT P xxxxx R, BB A R S AR 06 45 RAE 7T 7 1) S 9 70 (o B B
V)& LT, BORHEJIAE 120N A7, RIS TEUERAEE R, T R
R (2000Hz) , BEBS I 2 — & BIWFI B ol 5 77, XAVl CRFR 75Hz)
BRI F b, EEGR RS, AR BUE 45 R AR R
PR E T I Z AL KK, B R S ISR R, X EWRE AR
I, 3 SRR B R SCRAE BE 04T B T 3RAT I S 3 2 D BRI AL
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(c) P2 (d) P3
() P5 (m) P6
(n) P9 (o) P10
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(p) P11 (q) P12

(r) PI3 (s) P14
B 4-17 MJE &JE T 3Tk
Fig. 4-17 Comparison of the pressure

HI 1 6 W RN, Ao alae 25 SR 5 Rk 06 45 R AL K 2 B I ma v 5 bl L3
ARG EAR EIE R 2, 3105, BT A G KR e, BHRAASE
ISR G IR D — B [al ge g ff oy 2 8 i, EATEA BERARATILT
BARMIMRBRIE AL B X FAMEA G FARCN T 5. 6 A1 13 Sk A, EAIER
NBARE AN = — B [ B e A 23, B e — BN 8] A 52 2R R AR o ) 5
ZUERL, EATRIBER AR S R S, BORAFEE I RO IR X T AT AE AR
I A 9y 104 11 A 12 105, ENEREA R —/NBUR ] 9528 2 #& /K T 5
T N TH) 14 SRR, ENNIAT B i LU, Ak K. [H
FEEASRE A, XFIE S 5. 6 f1 13, FEBL CRAER 2000Hz) HEG5 4
PERN LU B AR 5 7, BT L i ooy T A F RO 205, DS A5 6 A

13 5%5F N2 (R B304 28 RAN A 1 2 R ATY IR AR (1 o

442 HEWTEERSREERMITCH EER ZIEE L 57

K 4-18 72w AR & BUEREE R . BVETH A R 2 R XS b,
TR A R RE S SE R AR, WO SCRA BB RIS AN 4 R et oy
SREBAT IR LR REE R T A R AR AU SR g0 45 R 49 55 A sk
B IE s BB AR R e M B T U A AU 45 R s S sSE R D T LR, B
SIS, BUEL R MEE RAYIRE R NS & 1B . KZHTOT,
B S5 R BRI SRR ZHAE 5% AN, FEA B Lo BI1 A 25% /A1)
e, [HHEE IR RAIE LB AR, A SOV N BUE S5 R AR X L T
SRELERCRT R, RZEW R TG R R = 51
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B 4-18 RALRP 42K & K E A7) 3L A

Fig. 4-18 Comparison of Fht by numerical simulation, model experiment and designing specifications

PA VRIS A & — BT R 3 BB (CAOKAL R Bk, Bl i
50 SRV i e ot S HE T, EJEA R 0 B2y 22.5 JEAT 45 LA
B TR T LA A

& 44 KAERR B AERK G BUR K A R RE S ZHIL
Table 4-4 List of wave-flow angle and velocity

sidesy |TOEXT TR T

(FE) AorE | R E
(m/s) (m/s)

5 0.3147 0.0275
10 0.3111 0.0549
15 0.3051 0.0818
20 0.2968 0.1080
25 0.2863 0.1335
30 0.2736 0.1579
35 0.2588 0.1812
40 0.2420 0.2031

NEE RIS S AR R R, BAVER, WIREATE 25 BEAAHRT
N, RN 152.4413N, FHXS TP RS D 145.2550N,  Hym i 2 M 52
RlF p AT BASE LU0 T

_ 152.4413
"~ 145.2550

ATPLAHN, XSEAREEA S — S, RIEARRBEAEL R, KPS FF3E
TEFR I M o, TMREA — MBI M CRIA TN 25 B Ik, Skt
2 18 PR E A A 1.0495 % .

p = 1.0495
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EE AR & — PRI A S S AE T
153
152 ° il
151
150 °
149 ® °
148
147
146
145 @

144
0 5 10 15 20 25 30 35 40 45

B ()

Fht(N)

B 4-19 KEMHERELALASRKAKFIHRAXZ
Fig. 4-19 The relationship of wave-flow angle and Fht

4.5 KB

KA R A G FREEAA 2 BIR, A2 MRS, EE IR
B 2T o ¥ Ry X — B EN A AR & — (R S AR A 20 R AR, I s
AR B — BOREAR S T RGN, BRI A AR B — B R AT s LR R
7%, ERUEBI A RAVR BRI AN 22.5 B @R & — 2 3 Ea ok, HA
PRI E AR EEAN K, KRR s A & — AR 2 T3 i AN R, 32 B i R IE
AN S T BRI S, BUEAIR . VG S RAIRLSE R ) &
g AEAH AN BT T, wIaas R, WRas RV R ZABCK, AIRe
e T AR AR IR ZE 51 . AUE 45 R 5 YA il 6 45 R 1K) 1 B AR 4R 22 40 (B
8.1%
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5135|F

e AR B A VO R R B XL Al S 2 BTt 9 ) v R & kAl b
RS, BN DO AE T HERR R EANR], LA ORI T BRI A A
[, AEE BT T A K G SRR 22 R I S BT AR R (0 3 AT R R
25 G KRR HE A J vt AP 7K 5 Stk HE 77 80 S I 0 BT RSN, TR e B 7K 5 2 it
IBARIC R oL, FF2 BB ARSI A A S A T e 2 ROV TH SR8 2R X EE AT
I o

S2HERBSET R

AT R R AR A B JR A 24 PPOAS [R LA AN m A S TR S
B, MRS HEREUE AL RS AR ALE B .
5.2.1 i+ EER

ARFTEE AR 5 3 IR PO [ e UM LA BE b A & 448 R LE
1:30 ALK ZIEABE SAE A& & 8 B E A EHR. B AT b4
B FEFRER N 6 K, MBI R G 9 0.2 2K, B £ B %A R
Fo ARCHIFTA THE AR I TR RE S AR S B AR B, R BRI T
AR 45 RACER . AH S P BE S 200] DA TR AR B R S 405 50 S AERE &
WEA S FIBE AN 5-1 B BT BT JAT R A K & R 1T 0 #r, A
FEREMERE AR B RIATE T 15 ANWE S, eI R 5-2 fiw.
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B 5-1 RKBEA (£) BRMEBEA (&)
Fig.5-1 Experimental model (left) and Numerical model (right)

B 52 MEETE
Fig. 5-2 Illustration of the pressure taps

5221 EIA
RO T A G Bl —, BB EFoKEEA:, 2 aE SON:
1) AR s, SEBR/KIR 25.96 K, FEALKEE 0.865 K;
2) Vit EIAL, SERhRAKER 21.9 K, BEHUKIR 0.730 K,
3) ARIAREINAL, SLPRKIR 17.61 Ko BEKIE 0.587 K.
[FI, FEREEA T, BN ol . — IS AN BRI A, 0l
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BRI, PR AN 0 B
WREER], PRI HR 90 FE;
BRI —, B N 22.5 B
BRI =, PN 45 B
BART7 M 5-3 s

BS53 KAXxAT=R

Fig. 5-3 Illustration of the wave and flow direction
BORSHAN T R 5-1 ML 5-2 Fiow

& 5-1 42 AR AR & R RIS R
Table 5-1 Wave parameters of full-scale foundation

s o N R IE
LG W i (m) JEIHi(s) RLE
(m/s)
KL 5 8.70 11.50 0.89
KR 6 6.37 10.20 0.89

k 5-2 AR A AR & RBIRS SR
Table 5-2 Wave parameters of model-scale foundation

- N TR AL
W U 5 (m) JE 1(s) e
(m/s)
KRz 5 0.290 2.100 0.162
KR 6 0.212 1.862 0.162

THgm5 T 5-3 frios

& 5-3 JaAEB ARG & T4
Table 5-3 List of each working condition

TS RS P IS KRG 5

Cl 5
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C2 6 PR ]
C3 5 .
C4 6 WIRER
C5 5 e iy v A 7
C6 6 PR
Cc7 5 e ol e
a8 6 PR —
Co9 5 e
c10 6 IR F )
C11 5 -
IR IEE
C12 6 sl i g
c13 5 BerhE AL
N syragaN .
Cla 6 IR A ]
C15 5
s sdyragaN —
C16 6 P EHA —
C17 5
i 2 IS
C 18 6 PR IE R
C19 5 N
IR EE
C20 6 s e i g
Co1 5 B2 i A 6 A5
N syragaN .
c» 6 IR A ]
C23 5 s e
C o4 6 5 d 1

5.2.3 iHEME

WS A2 2 NP 25« 1 56K POINTWISE #0442 i S804 4 (0 7 5
FFIH OpenFOAM #Efit [ snappyHexMesh T ELAE B A 2K & FE At ] [l 1) 22 T 4
WA - 576 RS I TR B S A0 v A 5 SRt B 3 P PP A 2%
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K 5-4 B3R (£) 525R% (&)

Fig. 5-4 Illustration of the numerical grids
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B 5-5 REEAREAKFIES FX TF

Fig. 5-5 Comparison of Fx in different flow direction

B 5-6 TRBEIR K AKFEAES Fht T~ & B
Fig. 5-6 Comparison of Fht in different flow direction
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(a) P9

(b) P10

(c) P12

B 5-7 ARG K AR E m R 7 A
Fig. 5-7 Comparison of pressure in different flow direction
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B 5-8 NRIAGE & T AKFIES Fx =& E

Fig. 5-8 Comparison of Fx in wave of different wave heights
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B 59 RRIAGHE & FAKFEHES Fht =&

Fig. 5-9 Comparison of Fht in wave of different wave heights

B 5-10 @JE & 10 &) 7 Efd & P10
Fig. 5-10 Comparison of pressure in different wave height
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B 5-11 MR EAEA. ANE 1, AEKFERET®IES Fx 3k

Fig. 5-11 Comparison of Fx in different water depth

B 5-12 AR K A AN 1, RE KRR @) Fht 3 it
Fig. 5-12 The time history curve of P10

(a) P10
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(b) P14
B 5-13 ABRER A K A AR 1, B KEMEEE )L
Fig. 5-13 Comparison of pressure in different water depth
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B 5-14 4E4ERE S 42K & K-F 75 m) & 4 ) AL
Fig. 5-14 Comparison of Fht in different wave condition
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JURTAR IR, I — N PR 2 AR PR AR I RE R A o A IR BB DL &5
RME, (LS FNEAGZBMAGER AR, MR 6 &4 H
TUWAREUN, FEIA K .
[FIf, FH T naoe-FOAM-SITU HE N IRAF 2GR, PATHL C1 Afw] LA
FAME I ZI A B rm B AnEl 5-15 Fra) DURYIE RS E A CnE
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(a) AL RIS E R 1 (b)Ab A3 A FIIN E Hii 1
B 5-15 A &g
Fig. 5-15 Illustration of free surface
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(a) AbTF- I WA FH B 45 A e THI B R 75 (b) AbTP B AE B S5/ R T Bh K F1 15
B’ 5-16 X alk &@mah & HA

Fig. 5-16 Illustration of the pressure on surface
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B 5-17 &kt =& R
Fig. 5-17 Illustration of the Fx on each leg
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B 5-18 K-FEIEA 3T

Fig. 5-18 Comparison of the horizontal force
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(c) P5 (d) P6

(e) P9 (f) P10
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(g) P11 (h) P12

(i) P13 () Pl4

B 5-19 MEEE 73
Fig. 5-19 Comparison of the pressure
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Fig. 5-20 Comparison of Fht by numerical simulation, model experiment and designing
specifications
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FRBCRRED 77, HIXMRE 7 BAA R TEATBEN L, i TR RIPE R, a2k
KT SR T AR SL AR T E IR, (EE IR FI RS s fim K R A
iR, R EREEROVER, BRI K B RO A R A R R A, AR
TR G g . SRR, FERUERU P A RO e 2] 7, SRR BT HTE R AN
BEIIRY

(a) P10

(b) THLCI, Ftotallgfl Thfd: /1R (¢) ILHC17, Frotallg&fE A fFd Bl %

B 5-21 484iHESAiR S Cl & C17Fht 3 b & A
Fig. 5-21 Comparison of C1 and C17 in terms of Fht
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Fig.6-1 Numerical model
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A 62 MEETE
Fig. 6-2 Illustration of the pressure taps
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B 63 hAXATER

Fig. 6-3 Illustration of the wave and flow direction

WIRSHIN R 6-1 f1FR 6-2 s

£ 6-1 8 REAR R BRSHEK
Table 6-1 Wave parameters of full-scale foundation

e i o RN ThU
ERTE RS 151 (m) JE BA(s) Lot
(m/s)
KL 3 5.63 9.80 1.73
KRR 4 8.70 11.50 1.73

* 62 FEELMBA R FHIRAKE

Table 6-2 Wave parameters of model-scale foundation

v e N R IE
NERU R P 7 (m) JEH#A(s) ML
(m/s)
KRz 3 0.188 1.789 0.316
KL 4 0.290 2.100 0.316

THgm5 TR 6-3 A,

%63 FERAMAME T2
Table 6-3 List of each working condition

THS BT BRI KR Gw 5
D1 W E A
D2 WeE s
D3 RN — A ity e
D4 3 )8 AT -
D5 B )
D6 WM EE W s AL
D7 WA —
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B 64 B (£) 5hBRAK (5)

Fig. 6-4 Illustration of the numerical grids
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B 6-5 RREEAREAKFIES FXx TF

Fig. 6-5 Comparison of Fx in different flow direction

B 6-6 RFHIR K AKFERS Ft ~EE
Fig. 6-6 Comparison of Fht in different flow direction
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(a) P1

(b) P7

(c) P8
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(d) P10

(e) P13
B 6-7 ARBlHR & ANE &R )3
Fig. 6-7 Comparison of pressure in different flow direction
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B 6-8 FRIASE & FAKFHES Fx =& H

Fig. 6-8 Comparison of Fx in wave of different wave heights
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B 6-9 TRIAAH = T AKFE4ES Fht =& H

Fig. 6-9 Comparison of Fht in wave of different wave heights

(a) P5

(b) P12
B 6-10 7B Ak & M E EE A7 5 kb

Fig. 6-10 Comparison of pressure in different wave height
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Fig. 6-11 Comparison of Fx in different water depth
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B 6-12 ARR A K A AN 1, REVREB R T @4k 7 Fht 31k
Fig. 6-12 The time history curve of P10

(a) P10

(b) PI3
B 6-13 AR E A AR 1, RRAKRMNEEES) 3
Fig. 6-13 Comparison of pressure in different water depth
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Fig. 6-14 Comparison of Fht in different wave condition
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B 6-15 K-F 24 A 2Frk

Fig. 6-15 Comparison of the horizontal force
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(e) P9 (f) P10
(g) P11 (h) P12
() PI3 (G) P15

B 6-16 MJE & &7 3
Fig. 6-16 Comparison of the pressure
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