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Influence of MICP reinforcement on static properties of monopiles of offshore wind turbine

HE Rui'*, WANG Haiyu'?, ZHENG Jinhai'*
(1. Key Laboratory of Minstry of Education for Coastal Disaster and Protection, Hohai University, Nanjing 210098, China;
2. College of Harbor, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China)

Abstract: The influence of microbial induced calcite precipitation ( MICP) reinforcement on the static properties of large diameter
monopile was studied by the numerical model, including the bearing capacity, internal force distribution and deformation mode of mono
pile, and the sensitivity of different reinforcement range, reinforcement shape and reinforcement strength was also analyzed. The results
show that MICP can effectively improve the bearing capacity (up to 70% ) and the internal force distribution of monopile. As for the
deformation mode of monopile, it does not change, but reinforcement will change the deformation range of soil around the pile. For
different reinforcement ranges, the critical reinforcement depth is one pile diameter (1D) , and the critical reinforcement radius is 3D.
For different reinforcement shapes, the bearing capacity from large to small are the cylindrical shape, the inverted cone and the positive
cone. Considering economic factors, it is suggested to use the inverted cone reinforcement in engineering practices. As the strength of
reinforced soil increases, the bearing capacity also increases.

Key words: offshore wind turbine; monopile foundation; bearing capacity; MICP; static property

g IRLEAE LRI 4 ~ 6 m , BEIE 9 WAEAR 10 1% KA —FBAE 2 ~ 10 220811 3% T T /K /T30 m
LY PR - A 35 e MU,y R LA B B A G T R L, ELES R T B o R TR B R
i DR /IN LA S TG Sk, R TR v XU BRI i F IR 3 60% LA 1

WL XML BB S5 R 7R 2 K [ 7o 0T, Bl 23 7 AR eSS | VeI — R B — 5 5 (A (B SR B R
BN KRR ST — R A BREATE R 5 AT R ATk T LA R R R R i e
AR, ELE TSR AN A 5 ZPERE A AR R R B L Yang 4512 X He AR BT T AN 7 #2055 s e B At 7K
SRR 0 R B 2R R B FRRAS T RORE S5 B 0y Ak, fal o) 3 T = 4 B T
D% TR, 25 R BEE AN 8 22V Sk i B BRI B 8. 75D (D W BESEREAY B2 ) o S s it A BR oA

BEEWA . HEAAR e E S EREETIE (5191001076)

YEBE® AT ¥ (1987—) 5 B0, L, RN IRIERE 3) IR EATSE . E-mail : herui@ hhu. edu. cn

SIRARST: BUs, T A4 MICP N (5005 _E XL AR RN J0 A5 RS ma [ 0], T R 242 ( A SRR ,2022,50(3) :65-73.
HE Rui, WANG Haiyu, ZHENG Jinhai. Influence of MICP reinforcement on static properties of monopiles of offshore wind turbine[ J].
Journal of Hohai University ( Natural Sciences) ,2022,50(3) :65-73.



66 WK E el (AR RS R ) 55 50 %

TR R B, Bt ) 7R BR R 28 g |8 o) A R A 38 0 A B 470 7255 W PR R 3 49 Bt A L B R G
He 4517 5@ 1 P TR DFSE 1 R ELAR BAME NI B HAE T 1 2 Z5E M % . OpenSees 15— BAT 5 (b4
BEAH BTSSRI SO - & | REBCRTBAT AR ST I AR L R AR, 7T 3 A 3158 AR H R 3l R 2tk
FEPEN . Wang %57 ] OpenSees H1 14 2 BT+ 3 bk 2 B0, A 7 % AR 25 REE #0190 007 445 2R
'ﬁﬁﬁﬁ#xﬁ%@&‘ﬁﬁﬁ IRV RAF. Amin 5 R TEOC 2 I (PIMY ) A A R RUAEA0) 4 44 I 11
AR S RIS A TR L IIE . BRAR E RIS B R AR T R RS R SE S I R
'JEUJI] [R5
GrUEAE TS R ISR BB 00 A 2 R A DU S AR 2 R B S A LRE BT, B Ik vk
i, TfiJ: W R U8 T AL 1 whOR B P B0 AR Wi & f# A DUBE (microbially induced calcite
precipitation, MICP) "> Jill El H R RS AU 255 A 55, I 0 T b 6 B b | DASE IR R R 2 % &, MICP il
[ H AR T LA R R D £ 0 TRRARRE Y 3T MICP IR AR | 14 222 2 X6 AS TR 1 RSF 94 o [ = 4 3k A
TR PR RS, & B MICP i [ 35 KIS SO Ak B0 b il 1 s A AN TR (42 e
iz 1 MICP BAN A R AR BB RER 5 1 A HOm [ 1 A4 2k, 4Rk 1 2773 X MICP f]l]l
WO HEAT TR AT, A E TN A 36 5 N EE A R R Cui S Ul = RS 15
MICP 6>+ , B F A 35. 65° F T+ 39°, FHBR Iy M 0 EANE 50. 2 kPa, Paassen 5% i iof % KA RS
BEIBORE AT BN =t e S5 a6, ) 8 A1 B3 R o DU A 5 0 i o ) JBE 48 A RN G SR g, U E P Ak
PR RSB RTIR JI VT35 920 kPa, BEHE A1 24020y 50° . SR X 1 4 i iR SHEA T I 5, R BN T A2 - 1 2 2R
3R PR JEE B2 £ (18 18 R R T A (L 65 ) o A T 285 L R 8 v B P 05 A AR B DR i, AR SO MITCP i [ 4 AR
IO D R B R BRSO SEA , BIFS MICP i 112 J22 - (e B Bl 7R 2 AR AR | P g 431 45 0
PR SZI , U RE R 5 82T MICP Bifr bk et 5%

1 = 8 & 37

1.1 #ERSH

1 R B AR B SR ( AR KT 3 m) 8% 12 W F il ifg
R H i B RALRZ 2 ~5 MW7 A SO (B AR R
PEHCEAE 4 m (Y ERATEFERRAE R 0 0 X 52 o A A B AR A A
-t 45 0 B R o e il TCE RS O B R ko, XUPLE S
il 7EE(d ] stdBrick BT (K 1 2@ on)  HWEHA 3 MEH B,
TCIESR IR SO N R e T B AT (B 1 o) . R
MEER 50 m, Hid A+ % B 26 m, BE R 40 mm, 89 A 501 A
210 GPa, JAMAFL 0.3, % # 7. 8 v/m’ , 43 HT HARIRE 52 m, K3 1)
T 40 m, WA AN S 08 R 0 AH 56 22 i IR T ( PDMY ) 444
RS FL B AR in 1 s F e JE 6 22 Jg IR 1T ( PIMLY ) A5 44
BRI BT RRpE 0 Horh PDMY 4570 i AR v 5 2

i :%[S - (p +pi)eal:ls - (p +pyal =M (p' +p)’> =0 (1)

Hrp M = 6sinp/(3 - sing)
s Sl R 5K s e Ry i 07 ) 3 TR v ST R PO AR BR B9 B iz Sh i ok & MO JE IR TR R0 N
FEAES 5 p' F-RIARON ST 5 po F—TEHE, byl G 70 A v T8 SO Al v e i e S

PIMY A5 5 Jt i 1 7 72l

1t B (BAI.m)

Fig.1 Pile-soil model (units: m)

fr=3(s-a): (s-a) - M =0 (2)

RS T2 A0 A5 T LI P B R 1000 6 174 %5 8 AL B L DA R AT LA ] = ) s % 5 DI {1
UL R R ) N R A S 2 IR A 2 25 S0 [39 ], A PR T A% 24055 31 000> BT, i 5



53 1 B Hi,AF MICP [ i b XD LB RE Al 5 0 52 67

A0 [ 25 HE K 35 D3R 58 0 A b v £1 +HihsH
A KA [ 5 5 77 W 35 47 19 MICP fin [ Table 1 Soil parameters
WRYRHI AN ESE A BAR SATES ™ D T R LA i RRRE B, AR
P RSEOLER 1, BT AT o (g-em™) MPa MPa kPa /()
971 R My . EEE 1.64 30 65 0 29.0
ﬁfiﬂiﬁ\iﬁ%&%ﬁﬂﬁﬁﬁ fﬁi,%ﬁﬂ {E 38 1.70 110 273 14.6 38.6
APASURLIEA T A3 ATT , i ofT A 1] 35 [ SRESIIETEN 1.72 132 284 30.5 39.9
FELIH KRR L2 y T, a2 RSREE N 1.74 162 349 46.9 41.3
J71 H B, - RN 1 R
1.2 mMEAE
TE AN [ o (19 0K o [ 58 B2 fn [ 3 %2t HEAN SR
il , ot % O I [ AT LAt 1 52 i ’/E\_Mij][] féil Table 2 Pile-soil interaction models
JIERILER 2, AR BRI EDE AR T e e ek weme ape
B2 B3 B, I A S L 43 5 e | 0.3D D TEHEIR (R R
B EEE R K 1D, E 0.3D 1D fl - %2 1D 3D MR R CRRIERE
2D PN TREE s [ 5 N N 1D, B8 1D . Bk 2D 5D (B AR e 9 A FPEAE

3D K 5D JnE AR AT T, RERFEA R AR LI E AR 705 i AR AR R R 5 A AR 2
XF T MICP il [ 80 77 A AN ] 588 B ) SR, 70350 e e o BE | 458 i R R i EEASE AR %1 A ] M Y S
B, 73 B E WIPEAE > RIPEAE RIS PRI

(a) MNEHREZO03D (b) IMENEE1D (e) INEHRE2D

(d) JmiEEz1D (e) fNEAE3D () 425D
B2 AEME:EEER

Fig.2 Different reinforcement range models

(a) BHR (b) IEHER (c) BIfER
3 AEMERRER

Fig.3 Different reinforcement shape models

2 FHREHH

2.1 ARMESEEEXTLE

SR R AN TR0 5 R ) 52 0%k E A3 B 07 A o [T 68 J3E AR [~ A2 B A fr 28— 8% | far 28— £ R B
WA B IR AR B A R EDRE I AR 0. BT N R 0 ~ 15D AR SO I
JEWCE NIRRT 6D Ab ., BEVREIAL RSB 0. 1D B, A WA S kA BR A 487



68 WK E el (AR RS R ) 55 50 &

2.1.1 mEREHHH

6] R T B A T iR B I B TR A AR, I 24 R 1D, B8 hn R BE R . D 4 (a) ~ (d) AT5T, 0
0.3D 1D 2D REENT , K IEIJAH LE T AN E AL 53 548 12% 27 % F131% , 7KF-far 284 60 MN (R0
[ A7), I 0.3D 1D 2D VR B 5 SRR AR RS A N T B 43 30980 1% \19% 121 % , 50 B 4% 43 ) ik
2 18% 31% F131% , & ATkt G i B i fask I, b Ikt S A AR I 5 OFE 2D o R B8 1A, 8 3 T e
RER TR 0 TSR e, Bt o T R B () B, B T YA R 3 ) 5 BEAE 2 5 2 i A, I R e 1D
I SRR T AT B2 @ & 4 (e) AT 1, it 60 MN 7K -7 2, 25 %6 % A8 AR ], 38 181 LA R 25 0 25 Bl
T R B A 348 o i k2L

— RIMEE = = IEEE03D - MERELD  eeeeen INEEE2D
80 2 80T 9
: _ 60} oy
E .-.«",;/
= 40 ,ar“‘.’
= 2%
® w0l g7
0 0.1 02 03 04 0 0.02 0.04 006 0.08
i #%/m 4 Irad
(a) frE-fiR ek (h) fargk-He M2k
0 0 g5 & 0 o
,.9"')‘
5 5 5 27,
g g g S
) £ 10 £ 10
i i X & 7
K15 K15 ¥ 15t &
20 20 2014
25 i L] P — 25 - ‘ ;
201 0 02 04 06 —0.01 0 0.02 0.04 0.06 0.08 0 500 1000 1500
i /m T ffi frad Z5E/(MN - m)
() ZKFFii 460 MNHHHE B (i1 5 (d) 7K 360 MNFHHE B £ () ZKFfii 460 MNHHHE 5 25 4

B4 FERMERERIUGE R
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