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Abstract: [Introduction]Large diameter monopile is the most common used foundation in offshore wind projects. The Self
Weight Penetration (SWP) usually takes up a large component of total penetration. To better predict the SWP of monopiles, three
methods employing design parameters as well as CPT data have been studied in this paper and the preliminary back analysis have
been carried out on the basis of the monitoring data on site. [Method]In detail, the method calculating the soil resistance during
driving from design parameters, the SWP prediction method recommended in DNV manual and a directly derived CPT method
were adopted to predict the SWP of monopiles and the interpretation to the difference between predicted and real penetration depth
were made after the analyses. [Result]The results indicate that the SWP prediction with design parameters have better theoretic
background but the result are strongly influenced by human factor, the latter CPT methods are based on CPT test data that are more
objective but the key coefficients are heavily depend on local experience. [Conclusion]The real SWP depth are also significantly
affected by fluctuation of subsoil layers, penetration rates and pile installation procedures; Not a single method can accurately
predict the SWP under all conditions; Comprehensive interpretation of analysis results from different methods can improve the
reliability of prediction.

Key words: offshore wind farm; large diameter monopile; self-weight penetration; CPT; SRD

FIT, KRR AR (B >T m) fEi A AR 2 . SRR HE TR BT 5
MBEAK, APCRGE . FREE, PR AYURE ., FTHE
AR 20200100 ERIEM: 20200228 SR R KEAR S DT (SWP)

EE£TE: PEEE ARERHLIE « W R RS 2 T AL R . . .
AT S AR TTGE "(EV04631W) %%ﬁﬂﬁ@lﬂ@ﬁ%%w , &%’E&Eiiﬁz&ﬁ‘ﬂ‘]




41 FE 7 RETR Ak

b RN A TR R PERS A DGR e 2 Y
MBI, I B BESERIS SER B 28 .
SREARESLRIE B TR, B2 TR,
RV 210 N = D 7S P 91, s e 1 N

BRAE I 22 ) UM L Aty B DOCTREE Y D ik 32
FNIET CPT WAL T LM TR 2t H
Fde ARG CPT £, REfS L
P Wi vr B 3t = B T R S A2 A, (R IR 2
ZRWBRORIT AR ImEL AR ) . BT30S
B ITE e SR, AR L) TR el 5¢
MBI S EORBIEIZ R T A R e . TR
TR BB FE R, CPT RIRSE AT /D J5Uf
AT o

TESE PRI TAR ML FE T, o 52 2T R 5
) = ML SR AL L e B PR R R B it T
BARSE M N R BN, HE A b S TR 1 52 PR
SER S WA Z 0] 277 — 2 W 22 . A SCES &
BT b XU H PR LA i T 0 SEBR SR B, 435
VAL EE T CPT MBSO LT R AR, I
A SE Bt T AR o A 52 A A ) H al 37 R R Y
EENER, IR LLR R B 22 2 it T ATl
HSEZ R

1 MET=EMRFEMN

1.1 IR

TR XA I H 3 KOS E AL = 4b
T E B 29 10.5 km, 2 PG00 A4 = A2 1% e e i
B2 10 km,  F ARG A9 8 5E B 00 S R B 2
15 km, ZARAM/NJT 15 19 5530 B 25 24 20.5 km,
TR IR bR m A T8 12 m~-22 m, J& TIriXH
Y. MR EE Y 51 km®, @SR A R
FUEL 300 MW, THRIIZEHE ML 56 .
1.2 7R

X3 X K R =AM oG, MR
AR ETE =12 m~=22 m Z ], VRN, B
& IR B AUAE R 2 22 AR, T PRI A AR I T .

YK b )2 PR AR A . 565 D0 R A e g A
TUB 2RISR DU 2R M T B el b 28 B TR )2 . 5
VU 2R B G AT UM 2 A B )25 R0 AR
U Gt A8 BT MR S 2 R 23 B
Ak, MRS RN 2

2 BRI

H At E X, SRR N 2
(IERE 2 —. AT H iR T S LAl
PAREIEA A T 3 AN N LA AR

1) b i 3l ELE AT S IR

2) Jihnfnds, bR U BT E

3) FRAT CAnfs ) LA THERR DL ik B AR TO

4) AS AR, ARSI RSAE A =R
YRS H L.

5) FEIRFTARRE, FFafkEd DO 2T HREE

6 ) HaETTHkAE,

FAREAL IR & |, WA R 591 A
VIR 5, BOAZAT B o7 A B R A5l R 2K
SR THEERCE TR, A gi s, BRAE ST
MR AEER NG ATl M AviE
Aoy A 5T AR

TEARTH d, BAREEERE & 1350 t e 4y, HF
FAl 5P RS H T 2000 t A4

3 HEAMBMREHERZE

PR B D0 Rt BT 5 A
P o MAERERH T = EE R TF AR, HERERIHFLE T UL
2 P SAEREA (SCEAEEERIN E TR SE) A
VA

R=W . ng:ngobal ( 1 )
A ROWEBETT (kN); Wy NI F H (KN);
ngobal RERERE S TN RS R H E (kN).

TERBA TSR, AVUERITIR—2, W
SRS R LS EOR AT G N S PR AR
— . BEEERIDIBER G A O EE(E, (e it
TSl i) H AR C 28E, A8
VA F S TEAEILAE T TS FEAY 1B 13158 . Toolan
and Fox (1977)", Stevens et.al (1982)"', Alm and
Hamre (1998, 2001)* J& H i TR & UL A B0 )
HWEIT: . XEETT ek 1o RS TS24
EMEET CPT J5ik. W4, FETSH0E RN
B2 AR B SO R DT A i R BE
1o FET CPT NI EHARYE CPT Ml & i1
PESEAE T OO R P A B o PRI R A I
CPT A LA BT ELIERA A S0 M J2z= i B2 Y8 AL
EJZ USRI H A ATE R CPT, JU CPT A IR L



51

BEKCE, A U B X AR AT A OIS A 42

ATRE S /NF RS A 0 BT IR B . X Rl AS CPT %X
TR T B RT3, IR 2 T 5
o R (RSB E 2 AR
SR, IRV = SRS AN [ Y TR I AT e 2
NG e e i@

PRI H o, ST AT T
M LSBT IO R H R . AT
SRR DA A LA 1 H DTIREE , AR SCo 5 (3
TS50k . DNV 45 CPT J7ik Ml CPT ks
AR ATTIREE .

31 ETFigitsHx

BT 280k FE AT API RP2GEO (2010) [5]
FRTE AR g ) R 2R AR SO R . TR
JEMESEAE T 0 R v 0 BE ) EE R O AON, X
API RP2GEO (2010) ®! fyr&ak St BiisiE, 251
TN 1 P, AU EE BH A Ak o B A BRAE 4n 3=
2 fim. HFHAATHECR A P

R =R+ R, = fAs+qA» (2)
e £ WBEMIEERL ) (kPa); 4 Ja#fiimBi J) (kPa);
As FHEJETEAL (m?), 5 EHK B & A 1 %8
MMERARAG, — MBI e N AMI A Z A A
ORISR (m®), HIEFK EAR e & A+ 2ERY
WERARMR, — BB H A

F1 LHENHEFERSHEEX

Tab. 1 SRD calculation methods and parameters

At Wt
= as.Js,
e e
Igﬂjj {(?5'5502 % i 11)) f=0.5pitand
p
Jm%ﬁ q =158, g =Ny
u o (—);
(kPa); =% NN 2
N e T (kPa); Ny ﬂ Te i Y4 SRR T R AR

S, — ML RBUE (—);

(AR - F A U0 B BE Rt B i AR R FRAEL
&2 Wbt yEMIEERE S KA iR BE S L FRIE

Tab. 2 Limiting unit shaft friction and unit end bearing for piles in sand
MEL AR / (°) MIEEREL TS fiw /kPa 3BT Gim/ kPa

15 49 1900
20 67 2900
25 81 4800
30 96 9 600

35 115 12 000

3.2 DNV £ CPT %™

R =k,A,q. + LAskiq. (3)
A g, JumBlRE, BERCA R 35 & OIEH
R, BUEBLA R 3; g, A CPT #ERFLTT (kPa).

% 3 DNV R CPT £ & HHEFE
Tab. 3 Recommended coefficient of DNV CPT method

LRI R T (R ) LRI (R )

BN

kp kf kp kf
hici et 0.4 0.03 0.6 0.05
i+ 0.3 0.001 0.6 0.003
HAAEENE, S EmE, ROTE SRR
faifb & W) CPT TH50RS - ASHE K BY )58 B A 0h
S.= 35 (4)

1E DNV 285050, R L agpEsmBL s R, .
g =0.4qg.=8S., XM4RYE APL P HEFE R 98,
e AR AR, PRk LR AT 55 A = A 2 1 390
F8) T80 T AN S AR A AR 32 I 30 T MRE

£=0.03q. = 0.65, = 137 = 5" AEFIVLREEMN, Kt

(AT B30 H AR, # IR APT 53 A AT B2 B 4%
T 0.9~1.0 S, o EFEAE TR T —4 1.5~1.7 /Y
SRR« R, P - AR R
KFR, WA 0 k Mk WEEAEZL
(2R ) o
3.3 EECPT&

7E Toolan & Fox (1977)" A AE ELEF TAEAY I

T, MEsBH AT PASE T CPT RO HEA P e, Alm
and Hamre (2001)™ HEZEEESATHEAINE LT, AEdG
FH AT DIAET 0.6 £ CPT BYHELusRE 9e o kLM
JEE B 7 3% BB ZE T CPT AYMIBE Ml £ . Xk
ARSCRIE R T — A F Ak B B A 2L T CPT
AR AR XA S A CPT %
IR 25 B 142, RERg RS +
LA HARN G RES TR ITAS B B DR .
R =0.64,q.+ ZAsf (5)

4 HESER

41 MEIREE
CPT A EE R A5 TR, - s s
]: = Su-remolded ( 6 )
KRB S iR an T =0E AT DU



43 FE 7 RETR Ak

CHNES

AN CPT YRR TP 2. WK 1 PR, A
Rl R 2.0 HeAEE L
—m
5= (7)
_ Ghe
Su_Nk[ (8)
N =20 (9)

0 5 10 15 20 25 30 35 40 45 50
WRIE /m

E1 #MEIREES HFEE
Fig. 1 Sensitivity S, profile

42 HELER

AR T E 2l T58 8 5 AP AL S S
DINE RS R BE T Avia., Hrf WT07, WTI1,
WT27 =AU A A #E 4T CPT ik, &5 R0 A LA
K B UTRBE Nk 4 PR

x4 HATRETESERLCA

Tab.4 Summary of SWP calculation results m
QZ‘ IV

DNV % T

TR DNV 4486 By

M o ceronk TR crTir i
i BH T )

WT07 24.5 17.2 12.5 17.4 11.0

WTO08 23.0 I X ¥ 23.5

WT09 32.0 T o I 25.25

WT11 27.0 19.8 16.3 245 235

WT27 28.0 20.1 17.4 18.9 24.0

N T A FEAN R T 2 2Z [ it A B
Ak, K28R T WT07, WT11, WT27 LA 4k
14 - BH T TR B2 1k
5 HRHM

R LaTLER], b AU SR RA
— R R ZE . T H AT RS A Y it
T, Horp B = AR CPT IR, BEAER RN,
HARSRIMAGITHE L I, AU EA

RS 5O 7 Ty e B4 3 BT R B

BT WTO8 HELLAN, FETFiRiF S50 k0Tt
B A o TR PRE A DR T REAY IR R R T
SO ARRETE N HZ G, ASFRIRENLAY T
BB RESZ TSI L)L K WTO8 7E 23 m 75 47 (I Hh
T HZRRASAE . TGS % Rl ROy 3k, WRETE
WTO8 i/ # fe 2 H AR & A5 BA7E 23 m 247

&7 WTO7 #ELL4N, DNV 25 CPT J5 it
AR AL T PR A TR X5 R b i)
B T2 9007 [R5 3] DNV 22485 CPT Jiik
2200 ZR B R BUE S T AU IR (1) 2 S RD AR R 45
BN, ZT R R A X, X2 SR
B,

ARG T BN A LY ELEE CPT Jiidk. %
J7 1 I RS 1 5 LT 2 (R B A — 25 W . 7
R ERIE TRES S S A =+ TR =1
AR G REMS PRH E A S Y A UOER N & BT RE
TEAE A TR RS

6 EREEZSN

1) B eEEERl A VIR E T, iR 2 —BL
BF], — BRSNS R] - A SR A5 A
PR, S5 RF IR IA] AT RERG SR ] . 71X By 1]
B, TN —E R . AR
BB ESE AL

2) WEIERN T UUH A —E R B T
HAE L JE PR 2 UHERERN T TUH R A e
BERY A RPN S, RE R R AL ShE
1o HEEREA L DRBEEHGIN, ARG N DOEEEE BRI,
BES 22 I ek s

B SLPRE T, FEAEERTE RIS, HFAS
Sefbit, MU M)y, 1EAEE A T UL,
DAL R A A8 S PR T DT 32 A TR 3R

3) ASCH IR R 8 T AL K& DINE R S
WA, IR B BB P A PR RS
X KA L B

4) BOFSE H R EAESERN Y R 2
RETT o I LR R0 A B 45 2] e & B S 80 i
HA T AR T2 . CPT Jy ¥ ) AT LA f 3

ARl



BECE, A U ERR

WTO07 L7 /MN

0 10 20 30 400 5 10 15 20 25 30
.
5 \\'\ ‘
R\ ™ q. /MPa
ol \ N\ f IkPa -
TR T
15] sl e
AN Y| e —
g20 \ I
N
o5l
— 2Rk
DNV CPT
30) DNV CPT & e
—$% CPT§
35| —HERIR S A & 2000 t ~
- S2BR H U 40
40

0 50 100 150 200 250 300
(1) WTO7 &b 1-FH3 5 FULRIE (Z2) K CPT ik (1)

WT27 L7 /MN

0 100 720 30 40 0 5 10 15 20
ko
, 5k
. 10 f /kPa
15 |1
20
IS .. 25
25 e SHDL24 m
— Mk
30]—DNV CPT } 30
DNV CPT 5
35| T[4k CPT ik 33
—MERI ARG A 2 000 t 40

401 S PR TR EE

0 50 100 150 200
() WT27 4b+-FHJ3 5 AUUREE (4) K CPT ik (4)

AR AN H DUREE AT 44
WT11 +BH 5 /MN
0 10 20 30 40 0 5 10 15 20 25 30
b
50¢
5y i q. /MPa
\ 10 & f /kPa
AN :
\‘\\\ 15 |4
15 \s NS §‘
£ 20 [
Mzo \ - 5
S < ey 25 B
25 §§&% 4‘%%&&
DNV CPT § 30 !
30! DNV CPT 5
35 — H$% CPT 35
—HEMIZR S FI T 2 000 t
s AR 40

0 50 100 150 200 250 300
(b) WTIL AL -FAT3 5 ATTIREE (Z2) K CPT fhk (£7)

WTO08 +[FH /) /MN WTO09 +-FH /1 /MN
0 10 20 30 40 50 O 10 20 30 40 50

SH 5
\ \
10} | 10} |
\ \
15 15 “'\
£
M \
e
25

30l — S UL
35 —HERI R4 H 2000 t 3 —Mﬁ%éi,é\éi\@t

SR HYURE SEPRADIRE N

40 40

(d) WTO08 4k+FH N5 ADIIRE  (e) WTO09 4b+FHIJ15 A DLRE

2 WTO07, WT08, WT09, WT11, WT27 #ifrsb BN EBMEENIEE
Fig. 2 SRD and SWP profile at WT07, WT08, WT09, WT11, WT27

5) DNV 22500 2 JE TR b i b O
e, FRrh 2 25l HAE T A0 ks
S5 K01 D i R 1N YT (1 e v (2
SHTHEN T DNV R Z 1], e i A
TE A AR At = 25 R 37 s, 750 R AR
AT IE S iEEE

6 ) BRI LT (0 B T 2200 B, SRR BApE
HUTERE H DNV AU S5 R ER . T B iy JRL
ETERRIZ 1~1.5 m RN, W TRERAK I EREL
B T7 A B SRR ky AN ke AOME

7) U R RE RS — ik #] 7~8 m, X F
FKOST AR LR [ TR AR5 T B 0 R0 B B
filBo — M CPT 43k HA 10 em®, —MHEf—

> CPT Sk 52 45 48 B HE LA T AR5 0T 24
WL, FLRIRIZ LR L6 RRRAE IR . &
SRR 7 L AR 78 P 2 A B ST 14
PUARSE

7 DNV 255 CPT R5&31h

AT AR M2 TR LR o8 . e EERRE
10~20 m {5 Bl PN K20 X R S e AR o £ iR
Il NI L w4 e s A KB U ¢k R i S BT AR |
Kl (R AR, B Bk [ TR 4R
AT S RH ) slib 2 PR b s pmR g . BRI, 7
i B Y &, A ke b X EAUAE B TR R Bk
(R0 ke AP0 &, o BIFRAASSC R AT XX



45 7 RETRAL IR

NSRATIE— 5y BT, BE T WT07, WTIL,
WT27 = AHEAL ) CPT %idis, (S84
TR, SRR SR B A DU RS R SR
SR 5 s

®5 HMHERANERAYIETLE

Tab.5 Resistance coefficients and increments used in back-analysis
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