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Abstract: [Introduction] Under the guidance of energy policy with the goal of "double carbon", offshore wind power generation, as a
new energy technology, has been widely applied and rapidly developed in China. Monopile foundation is the most economical and
widely used foundation in offshore wind power. In order to solve the problem of deformation and erosion protection of monopile
foundation, a foundation reinforcement technology is proposed, and the reinforcement technology is studied and analyzed, and the basis
of reinforcement method is given. [Method] Researched and demonstrated the method of pile foundation reinforcement technology,
selected a foundation reinforcement technology suitable for offshore construction through research on the technology roadmap and
process of reinforcement, and used numerical analysis method to conduct a detailed analysis of the reinforcement effect and
reinforcement influence range. [Result] The results show that under 1.15 times of load, the horizontal bearing capacity of monopile
foundation strengthened by foundation can be increased by more than 15%, and it can be applied to larger capacity models through
foundation reinforcement. In this analysis case, when the depth and horizontal range of foundation reinforcement reach 8 m, the benefits
obtained from the soil in the direction of reinforcement depth are greater than those in the direction of reinforcement plane. [Conclusion]
The technical scheme of using cement soil reinforcement has been verified to be reliable through numerical analysis, significantly
improving the bearing capacity of monopile, and the reinforcement range is reasonable and economical. It can provide reference for the
application of monopile foundation reinforcement technology in subsequent offshore wind power engineering.
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Fig. 1 Layout Plan for Reinforcement around Piles
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Fig. 2 Z-Soil finite element model
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Fig. 3 Displacement nephogram
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Tab. 1 Typical soil layer distribution
TREE EN=2A S +REREMmM  +EbRE/m FEEANmM tkiE/Mpa  JAMEL KR JikPa BERES/C
it W Eks -+ 2.3 -7.15 19.4 53.7 0.32 5 37.5
mi /Ay 12.4 -17.25 16.4 6.33 0.42 11 2
2 b 20.2 -25.05 18.5 16.02 0.38 16 10.5
m3 ARG 1 293 -34.15 19.3 34.35 0.32 6 35.5
V2 g 31.7 -36.55 18.6 46.05 0.30 4 35
V2t ARG - 452 -50.05 18.6 19.74 0.32 20 16
\Y 3 BOR £ 57.5 —62.35 19.0 20.31 0.32 30 14
VI braEi L 66 -70.85 19.7 41.37 0.30 2 335
VIt 3 OR £ 67.7 -72.55 19.0 20.31 0.32 30 14
VI braEi L 73.5 -78.35 19.7 41.37 0.30 2 33.5
I FyTORG L 76.9 —81.75 20.0 40.05 0.30 3 375
Wit bragi L 79 —83.85 19.5 28.20 0.32 45 15
Vil F3TORG 1 80.05 -84.9 19.7 36.54 0.32 84 14
%2 SEMREL =5 MEREZE
Tab.2 Material properties of monopile Tab. 5 Deformation before and after reinforcement
T Ty (kNm ) AP A £/MPa FA Ly IR AKP-ALAS ST S A S KPR iR A
W 78.5 2.06e5 0.3 m frd m frad
BEWE 2| 0.1376 0.00487 0.13010 0.00435
£3 AREHEEME T R 0.0571 0.00293 0.05500 0.002 82
Tab. 3 Material properties of cement soil . R
o PR TARALL ARORSER S RN TR 15%.
LREH Y (N-m®)  EMpa v ¢/kPa gl 3.3 it E AN ElSE Bl 4T
ARt 220 80.0 020 50 40 Sk AR b 35 o 51 3 ] A A 5 4 AR TR B LA
g5 RVHLA 25 40 R0 b 5 45 44, SHEAT 1 [ 0 L
=4 RoER I F ) ABORE 43 0
Tab. 4 Load of wind turbine 1&&%%1}[1[2@%5@@@%&%—1200 m, ﬂﬂ%
MO AIRR, F R R, A1
BRI WENEEME 6m, 8m, 10m, 12 m,
3.2 fNEIXS BT BB M 53 AR Hi I AR BE 4> 00 6 m, 8 m, 10 m, 12 m, 434

Sk PEA 1 35 T [ 5 AR ok B FE Atk A S AR 2 7
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WA R 15%, L R g 215 A FR TR Y v sk
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U RT DA BH SR FH i 356 T [ £ BEATE L Atk ) K 7 R 3K

HE W 6 Frow, 70l SRV BRI Ak 1955 £, 4%
SIHTALE R BRI 45 R IR T FR, 4 o i 4
BN B ARSI I AN 8 BR
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1) A5 3T T PR AT, 6% (i) o [ 3% B2 R F- 1 i 2] X
SN AP AR 25 24 D B A ELAR N, R AT AR AR D8
TET AL AP 7K S5 % R0 T ALk 109 A AT B A
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Tab. 6 Analysis combination of ground reinforcement scope

el /m R'=R+ R=R+ R'=R+ R=R+
6 m 8m 10 m 12m
JnE R E Z=6 — N _ _
T B Z=8 N J \ v
TN REEZ=10 — V J —
JinE G Z=12 — J — —

R7T BHOWMASTHREEE

Tab. 7 Monopile deformation under various analysis combinations

AR AR , R=R+ R=R+ R=R+ R=R+

$:4f1/rad B 6m 8m 10m 12m

MENREZ=0m  5.54E-03 _ _ o o
IR Z=6 m - —
DT TR % Z=8 m —  3.0E-03 3.52E-03 3.40E-03 3.32E-03
MEREZ=10m  — —
INEREZ=12m _

3.67E-03 — —

3.46E-03 3.34E-03 —
3.29E-03 — —

* 8 FENWMEAETHIRMEERE D LA
Tab. 8 Reduction ratio of monopile deformation under various

analysis combinations

R ST _ R=Rt R=R+ R=R+ R=R+

WD H1/% 6m 8m 10m  12m
TN BEZ=0 m 0 — _ _ _
JNEEREEZ=6 m — — 33.74 — —

IR EEZ=8 m — 3319 3636 3861  40.08
JInTEEZ=10 m — — 37.61 3978 —
JNEIREEZ=12 m — — 40.59 — —
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S, e 1 A B A K L RS B SRR AR, T Ak 9 A
AT B B F AR T 20 LT SR . it i AL A
FLBERER 73T, R TR B0 [ A0 R A 1) v e Y L 5
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Fig. 5 Layout of testing pile positions
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SR T AP 2 Tl R e . R i A R
43R 10 A F X, B 1 IR H2 45 4 4K Je s Pl
N, B FE IX A B 6 4K PRI FEAE 5 H A IR
FEREE IR . KK IR BEFEAE ELAREL 1.3 m, HEK
9.0 m, MR 4% e AR, TS A 8 —10.50 m, %
THE R R A —19.50 m.JK R /K Y58 £ A T Bl 22 1
FHABMEHE A /N T 250 mm. 7K T /K Pt HEdE 28 d
WA G BR A0 35 B A F) 1.0 Mpao o HE IS
PR FWEm T2, M2 1.2 m, #EK 9.0 m, HEK #e 55
R, B T AR -10.50 m, iR AR A
~19.50 mo 7K FIK PSSR FERE 5 5 R BEWTE I s 1A,
FEPETERE 300 mm, AL EA1E 6 TN

F34 HLAME TREE % 9 Fis.

F46 HILA A ) 1 5 o 81 2R FH e H JE M A R
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00 72 29 —10.50m, BT IR E R R —19.50m. N R
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42, WEJEER 12 TORDARGE RERS 43 0 12 A X, T
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Fig. 6 F34 position high-pressure rotary jet grouting pile+cement
mixing pile combination reinforcement layout plan
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Tab. 9 F34 reinforcement quantity

BA/m  ARKEMmM e inEAE/m
ISR 1.3 9 200 2389

AL 71 A7 35 RAI, X LR S5 R A0 3R 11 I o

* 10 F46 METIE=
Tab. 10 F46 reinforcement quantity

=5 e WA 1.2 9 108 1099

¥ () LI
o, CO) KR ~
it S5 TR
pcdgsa N ion
o LR e

E7 F46 tM=EEEHEMER BTG R
Fig. 7 F46 position reinforcement layout plan for high-pressure

rotary jet grouting piles
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Tab. 11 Comparison of inclination angle results at monitoring
pile mudline

IIE D EN Veimmifhe BRI %
F41 — 0.379 _
F34 i HEBEBIHE+K IRt HERT 0.293 227
F46 o e 0.159 58.0

P S e 25 51 S, F34 ML S F46 HLAL &
[ e, U TR ATy 00 35 AR, L o8 ) 4 v e s
D7 610 Fa6 AL 35 LA FH e e W A +/K U8 3 1
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Bl 6 TR AR o e 3 A I8 3 AR, X LU S5 RN 26 12 Bl .

F 12 RS TE E A i B 45 R T
Tab. 12 Comparison of acceleration results at the mudline
of monitoring piles

I I BEg  FREIRIREEE %
F41 — 0.03 —
F34  EBEmTHEK e 0.019 36.7
F46 Tr HETEME AT 0.015 50.0

P S e 45 R s, F34 ML S F46 MLA &
[P i, 906 T f R 32 25 AR, L0 P 4 v s e s v
TN J7 2219 F46 AL Lb A FH v e Jié ms A +K e i
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