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Study on p-y model of monopiles with different length-diameter ratio in silt
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Abstract: Monopiles are the most commonly used foundation type in offshore wind power, and pile-soil interaction is a key factor in
pile foundation design. The recommended formulas in existing design specifications apply only to the two extreme soil types—sand and
clay. However, transition soils with both sandy and clay-like properties (non-zero cohesion and non-zero friction angle)—silty soils—
are widely distributed worldwide. Considering only a single property may lead to uneconomical and unreliable pile foundation designs.
In addition, conventional p-y models are developed for monopiles with a single length-diameter ratio, while studies on generalized p-y
models that account for varying length-diameter ratios are limited. In this study, a finite element model of monopile-soil interaction is
established using ABAQUS. A calculation formula for the horizontal ultimate bearing capacity of silty soil is derived, while the
influence of varying length-diameter ratios parameters are also considered, the influence of horizontal ultimate bearing capacity and
monopile lengh-diameter ratios on the lateral load-displacement response of monopiles is quantified , furthermore, a p-y model for
monopiles with different length-diameter ratios in silty soil is proposed. Finally, the model’ s accuracy and applicability are verified
through comparative analysis of pile foundation cases.

Keywords: monopiles; silt; different length-diameter ratio; p-y model; offshore wind power; pile-soil interaction

%5 B H#A . 2024-08-01

BEEWE . HE A RPAREE I H (51979257) 5 o @ 8 FE ARl 45 2% 4 350300 H (202413018) 5 1 A48 425 301 H (SDCX-ZG-202400218) 5 7
77 5 5 H (QDBSH20240101013)

TEE BT R (1982—) , 3+ BIH% , 3250098 07 0] e T AR5 3 143 M7 . E-mail :1xm0318@ouc. edu. cn

hE4M  https://www.cnki.net



62 TS . N $43 %

FURT, R b XURE e it 7 A PR IR b1, Sk A SRR 32 260 11 XU TR O A58 1) 277 1
PR, [l 32 3@ 2 T LA A BHRBTAE 7 A B K P Aip 8 8 o S2 4T S Y BET T T Winkler 1
L Reese Fll Welch 4 Hi ) p-y B8, APUBIE P A9 4L 58 p-y 7 iR AE B RERE A Sy . APLRLYER T
2 T B O B BB, IR s e bR AR SETT bR . AR, ORISR L 5 p-y
2RI FANSE 43l 1 T B X AR B+, R R AT R 45 S WA D T

B G LG p-y B A T B o A AR — R TR AR 2 R Ao B A i
PR Nl A7 A B B LR b BB R AR N R AR R B A o A b TR AT AR
TR, A0SR R T b i 1 8 U3l - AR IS 2, T BE 23 Bl p-y R A9 P B 1R 22 , DA T X S B
TARERIZE T S G VRS B o [ N AD 738 A 0 e BRI ST A/, o8 SRRt Ay e v By 1] e 1
FEME /D Beak Al Kim' "l i A5 BUAR I S0 DL 1 A 0 32 A A AL 20 v (88 16 WA AT 24 5 Li ALY ang! i 1y
DRI R B 8 TR EB B p-y 25 VLD ZE 2 i aod 2 AR R 1 21 1 B89 = A U R -t B
(Y B p-y 2K 5 PR BB A5 AR TR A I A S e 57 1 b v BRI R PR M S RS AR 1 LR
I C R o X LSRR DR R A ST A AR b PP A AKSPfF 20- 8 OGBS A AEAR RS S T
B —  RNRESE Axid T I L SR b R BT

BEAN AL GE p-y BERIR 25 JEAE AR AR LU AR AL RSN o BABEAE I P00, BER BT EARIE B 5 m Zi Ay, 3
BRIE N 25~40 m, ST HRAR HE (L/D, RIBESEIE IR B4R 69 LUAED 76/ T 10 RO Ao BEE SpE I I T
SR PR AT, MR PR S 47, BB AR B2 AT B B 2 39 R, BRI R SR AR L XA, AR
LU ) 5 WERE B E , ok ) B R AL TR 5 s PEAE T o AN B AR L S ), 7R RE L0 7T fiE
ST A BT B B A M R ANERSE L PGP E ARSI A PO VR AN ] 240

DR , Ay it DA% 52 -y RORL FP £ A ) A 5 T SR , SR R A Tl R AR BB AR L AR 1] g 17 64T 140
M. T ABAQUS A EROCHME sr = HERUE /3 WA AU, 7 36 UE A A D7 12 A VR PR Rl L, Xy A BR
RIS P AT 04T, 48 T = TR By A PR B 735528 20 [ I3 S A R A BE T A B 14 £ 226 -
IR ZE P2t T — LR 5 JEA R AR AR Al p-y BB . SO B A p-y B GRKN T A2 58 p-y 22
ARG AR LUAZ A A o PR R SR L 7T A B b Hh ) KPR A S 58071

1 BUEAR K 5E

FET A RICH A ABAQUS BNy 42 RS k- - AH B A AR AY 38 dxb X6 A7k B il e A4 7K -7 A% e 4 il ke
SR
1.1 AWER KBRS
JEE JR A R PR DU Ay 85 3R b A A 2 114 90 ek B0 SHEBTUA sk P 2R T X it J32 348 5% 17%) 3 Tk A0 1A B 482 £ o)
PEm M L BRAVE R A5 A8 B R B 26 RetE GEF N R J)) Fd R (IR Y BRI A ) i M I, iz
FHIZ MR AR WA A S R A A S AR o B2 R P e IR ) i) b =X n
T.=c+ o0, lang (1)
K e WEREER T 50 A ERNEEEE S ;o Fl 7, 43530 0 RS T L B9 I 3 A1 7 o
ST 1) AR A SR R RS R - S B VB AL IZ AR R A+ TR hig ) iz BE R -
SPIRPE AR B 4SS0 18, 530 24 SRR S8 CN R AR 5 K A7) 0 2 A 2 80 (e 2R 07 J I 7
X o A X SR AR ) o 4SS [ e 2 A AR S R 1 I B e A TR o
VERH R + H RS LR S 5% 0 — AN R+ T PR S O R 1, RS T
RS2 Rt A 25 0 AN A, TR S A ), LR I p,=7.850 /)’ , SRS B E,=2.0x10° GPa, A FA [ v,=0.3,
RAFE TR H B 55 5 G B AN [ AR L, SR AR VE B D=0.2~8.0 m, HEVR A L=2~90 m, HEJEMR I
APUALAE " o b IXUBL it P52 5 2 1 2 5
¢ = 0.006 35 + D/100 (2)

=z o

Horb o R SHEREREIR , D IHEARE

hE4M  https://www.cnki.net



%55 PR, A5 AR R AR HE AN - P A p-y BT SE 63

®1 TESBSHES]

Tab.1 Soil parameter analysis case

S8 Bl S8 HfE
SRR E /GPa 3.6 SRk AA/C) 0.1
P p/(tm*) 1.8 N EESE S o/ (°) 25
THIA v, 0.25 B 1 c/kPa 20

1.2 HEHRE

PRSI ST S R, O TR E T RACR
P AT ALY 30 B RS 29 50, RO Bk o - 254
REAY 2 3 RS RO X T8 RO i M s i)
DAL 1 s w5 ROT LU 56 R R
R ARV A S OR AR R B s - b B AT 1) 2 TR
JH RS2 fih, 70 1) 422 ik >R P JBE 488 42 e, FH 331 7 > i
ST 2 R] A EE A5 A A B R A I PR .
ARG 58 4 1 2, X6 Bk P T B i Y S L )
JE , 3 BTN FRF Y AR A e AR R i F

Sy Sl B O A WA, FRTIE 5485 SR RS B A L XK , 1 A LR
Fi 11 R 7 1 B - AR L R R 28 T R A 2 Fig. 1 Three-dimensional finite element model
HRHERT TN AL B

N T ATE 5 AR B B AR [ 45 i LSRR ERR UL 1 e EER AR AT W R B
185, 2% R ad o BE A S AR it T g I 2=9.8 mi/sP S s B R 3 ) S AR Oy S 22y
BrERI UG I I3 5 fe i TEAEAR PR LR AL AN [F] B9 7K 2 8% L LA SR o il Ak B O 1) A8 0 o O sl e R 2 Ak kB
SREWIVARE S S G U VAE AT g eSS iy |8
1.3 HEHE

RS i AR 5V B RO , X Wang 552U RIFSE T 3 S ARRIAEAR (D=5.0.3.0.1.5 m) (9 T A0 HEA T AR AL
o B2 R T S0P A IROTEUES RS Wang FE 2 THREER e T R dy SR 8 BB PEROA A sl A ad
e P A I — e -2 RS T 26

\?:1.05 PO \51.05 [ §:=1.05
E i E E /k*
el 0.70 N e 0.70 e 0.70
¥ % %
= 035 ) 2 035 ) & 035 \
~ — SO > SO > —— SO
ljrr A WangZrugh g rlrr = WangZFRugh R rll'r *  WangZGuzh
- 0 0.15 0.30 0.I45 0.I60 - 0 0.15 0.|30 0.;15 0.I60 B 0 0.i5 O.I?)O 0.;15 0.I60
I3—1k A K SEALy/ D IH—Ak AR E ALy D I3—Ak KPR/ D
(a) D=1.5m (b) D=3.0 m (¢) D=5.0m

P2 A BROTHIR 5 Wang S 25 50T LE

Fig. 2 Comparison between the finite element model developed in this study and the example results by Wang et al'

HI P& 2 AT U Y, B AR R AT 58 45 R Wang 552V I THEE 5 R W) 5 B0, RE RS VA M S Ak 5 1) 7K F
P SIFIAEARZS o DR, J5 SR P50 8 e T3 p-y BB R AT

2 p-y FRAIBFSY

p-y RS A T e ST KPR BR AR AR R 2 R TN AR S KPR BR AR B AR IR RE
TR Z W e KOKPAif 288, BRSE T HANERTRE A LE MR RS o MR AT p-y i ZR AR BGE (], £ S PRl

21]

hE4M  https://www.cnki.net



64 2 O N 543 %

BT IR DI A 9 AR E B R R IR B 57 IR Zat (GL) MLRE , KUK il € T 4k 728 8 AN 15 i
0.002L , MMLAEBET I B R ) Jhg e 1 S22 /NVISHE | J5 S5 32 B8 X 12 (2<0.5D ) Bk B Wi 57 A7 70 B o
2.1 BMEKRFERRABATELAXES
IRV BRAREL T p, 52 22 Tl N RS, ELAN[R] 1 B 78 7 145 57 76 APTRLYE ™ b, 26 O AR BRAR 8007
b AR RN JEE B4 40 5 5 R L KA S8R A E TR b D) B T S AR BRSO R R
(0 B AR i P b 5, A B LAY B XU A (5 R — JE I, 2 S EOIN A R AR5 R
1,38 TR - AR BR AR T 28 3, i35 25 RSk A AR BROAR BT B2 R 3R B3 A OB
APLHLTE" B X0 2 W BROARE O B A =0k

pu:(3+'§)su+}/z (3)

AP RN E RN T 55, RAHKPTIT RS 5y S B AR (3 + J2/D) s, /R 58 BEXE R ST/
TUHR 5 y'2 278 R TR SRR ML 7 A 1) = B B AR 2T Y BTRk . A RTE R R A - B ik SE 2B Y,

RIVEE#E R BN 0.
APLHRYE" Hr X 00 M BR =Bt 1 iR A N
p.=(Cz+C,D)y'z (4)
p.=CDy'z (5)

Hrp, ¢, .C,.C. RN TS HvEm Rz, X@EHTEwE LR, XG)EHTmETLE.

FHIETH IR B IS — AN EESRH—EEE R M o, B ST Rl oRDRE AR . A% EE I R B
Xof A A R A 357 B SRR AT AR A0 S PR S TR A K AR L (/D=6 15) 51 T HA T o8 40k
T I 5E 4 KR =22 10 A [ 14 B 4 2R 5005 SRR R Ak Sk (R 7K S fr 3810 B8 5 2R |, HUE K SR 38 7

MR 3ET LA Y, AR AR F i T 007 5 2 BE 48 2 80 T 26 I M — 2 il AR Tk i 3 . W PR R 38 7 i 25 8
J82 Z R B T A8 R, U A REURE 32 D T A5 25 5 6T (=0 )RS, B R AR 38 ARG R, XIS 25 e A
181 (AW 34 FH 5 7 S AT B8 RORE A e, IO R 88 R B AT T 2R DRIE AR AR R AR 48 77 SR At v 114
WA

B3 JELRAEAE Sk A AN [R] BE 45 2 K0T O 280008 OC &
Fig.3 Load-displacement relationship of pile head at the mudline under different friction coefficients
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Fig. 7 Comparison of finite element and formula-based calculation results
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