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Experimental study on material properties and recyclability of grout for
offshore wind suction bucket foundation
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(1. China Three Gorges Corporation Science and Technology Research Institute ;
2. College of Environmental Science and Engineering, Ocean University of China;

3. School of Civil Engineering, Sun Yat-Sen University )

Abstract: To optimize the composition of grout materials for offshore wind suction bucket foundations and verify the recyclability of
suction buckets after construction with different grouts, 18 fluidity tests, 21 unconfined compressive strength tests and 6 suction bucket
recovery tests were carried out to investigate the influence mechanisms of water-solid ratio (0.75, 1, 1.1, 2.5) and bentonite content
(0%, 20% , 40%, 60% , 80% , 100% ) on the fluidity and compressive strength of grout materials, as well as the recyclability of
suction buckets in clay with different grouts. The results show that at a fixed water-solid ratio, the fluidity and compressive strength of
grout materials decrease significantly with the increase of bentonite content, and the grout basically loses fluidity when the bentonite
content is no less than 60%. At a fixed bentonite content, fluidity increases with rising water-solid ratio (210-290 mm for 20%
bentonite content) , while compressive strength decreases accordingly. Suction buckets with grouts containing 60% and 100% bentonite
can be successfully recovered by positive-pressure water injection inside the bucket. In contrast, grouts with 0% and 20% bentonite
content fully solidify and completely block the water injection port, leading to recovery failure. It is recommended that the initial
fluidity of grout be controlled within 250-300 mm and the fluidity after 30 min be no less than 200 mm. A bentonite content of 60% is
preferred, and the water-solid ratio shall be increased until the required fluidity range is satisfied to balance the requirements of
constructability, structural strength and recyclability.
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Table 1 Scheme for suction bucket retrieval test
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9 Retrieval test results

[, i AL R 0, B 368 a0 R 42 1 5 A




188 ERCPNE N B 54

P20G2 AR [ 45 5 BUR KRR /K D 34, ok MR 7 16 FE [ g, 3 aed A r 38 1) 7 {5 17 bR LR A8 4k
WME 9(e) FiR, M THEIKBOKIR & B3R, 45 )5 5 06 LR G IR LR 4h , % AL R a8 0k IR
V2 P FLE PR 2o (o7 A P R 0 0 Fi 4k R B B N LR AR E S . 2 B S 1 AL
POG2 £ (4li/K 8 ) RREJCEEREAT IE IR [P, H R 9547 POG2 41iR 5 . X EE P20G2 . P60G2 5 P100G2 5,
[l WA ISEL BB 3 fe PN A 45 1 K T AT, A5 55 e s TR R - W R (TR /K M35 28 ) B3k W ) fke
SEOLRE R A S T, WE 9 (e) BTN, RIS i ) b 2 0 B0 R g,

3 & it

a. K[ L — 7w, B R B a0 R0, /K e RER AR I 0 B S H0 a8 B YRR B B i —
B, Bt K T EG G, K U TE A AL L 0 B B T BT HE SR T B s ZE 45 K 181 FL A R[] i 145 1 i K e i 2K
WRMAREAH R SR 0 251 T, K U TE A 5 B AT B RS2 11 = 5 B 1 I i R 41K

b. Uigh B ARG i B SR A A T T TSN B A S S 5 R R, DRl SR K RV S A R

G B0 BE A I E 250 ~ 300 mm , 7 E 30 min J5 BN T 200 mm , DAGR BRI G 78 v 0 3 st As e, b A

PRIt T ZE B S SRR K

c. I LB EHR 60% 100% W 7 58 AT A T K A RN, A8 45 10 T W 0 8 J0 1k 58 B 7K T
MU, 25625 TEMESM ) ) 27 e 5 W ) FaT i mT et | R UR Y 609% R 45 4 1 /K U HE S A LT e 7
PITEEIK 0 B A R K [ B (A R e L R AU sl M 5 4 e s B [T (R B gy i g Tl it

S Xk

[ 1] International Energy Agency. Global energy review 2021[ R]. Paris:IEA,2021.

[ 2 ] Global Wind Energy Council. Global offshore wind report 2024[ R ]. Brussels : GWEC ,2024.

[ 3] Oh KY,Nam W,Ryu M S, et al. A review of foundations of offshore wind energy convertors ; current status and future perspectives
[J]. Renewable and Sustainable Energy Reviews,2018,88:278-293.

[ 4] kL& AR AL/NEE S5 i b E B A I AT B A AAT M 85 i [ ) ] TREE A48 B, 2022(6) :85-91. (Du
Jiangiang, Li Musheng, Fu Xiaojun, et al. Trend analysis of offshore wind power construction costs and investment suggestions for
petrochemical industry[ J ]. Engineering Cost Management,2022(6) :85-91. (in Chinese) )

[ 5] Zhong Fan,Lian Yushun,Zheng Jinhai,et al. Effects of shared lines with different materials on mooring response of the floating
offshore wind turbine farm[ J]. Chinese Journal of Ship Research,2024,19(4) :59-70.

(6] FEEA, kM2, AURT, 4. RINBTENE LIF XL RI AT ]. P EET-6,2023,38(3) :16-21. (Kang Siwei, Zhang
Yurong, Luan Chenyu, et al. Application of mooring anchors in offshore floating wind turbines[ J ]. China Offshore Platform,2023,
38(3) :16-21. (in Chinese) )

[ 7710, 244, 5. ENANER SRR RIARGEH AR KBTI [T]. MR TR, 2024,46(11) :175-180. ( Dai Jun,Li Jiajia,
Yang Yi. Research on technological development of mooring systems for floating offshore wind turbines worldwide [ J]. Ship
Engineering,2024,46(11) :175-180. (in Chinese) )

[ 8] skakA:, E7E, 2K, 45 i Rp OXHLNER SO AM i WF T R [ 9] 0 R 2224 ( FAARRA ) L, 2025,53 (1) : 103-
110. ( Zhang Jisheng, Wang Junlei,Li Haoran,et al. Research progress on pitching and its suppression of floating offshore wind
turbines[ J . Journal of Hohai University ( Natural Sciences) ,2025,53(1) ;:103-110. (in Chinese) )

[ 9 ] Kirkwood B P. Cyclic lateral loading of monopile foundations in sand[ D ]. Cambridge ; University of Cambridge ,2016.

[10] Faizi K,Faramarzi A,Dirar S, et al. Investigating the monotonic behaviour of hybrid tripod suction bucket foundations for offshore
wind towers in sand[ J]. Applied Ocean Research,2019,89.176-187.

[11] Haigh S K. Foundations for offshore wind turbines[ C]//Proceedings of the 8th International Conference on Physical Modelling in
Geotechnics. Perth ; CRC Press, 2014 :45-50.

[12] XUHE. B N E 6] =) 0 A AR E R T2 (], kB 5 % 8 ,2021(12) :28-31. (Liu Hui. Grouting technology
for China’ s first three-pile suction bucket jacket foundation[ J]. Enterprise Science and Technology & Development,2021(12) :
28-31. (in Chinese) )

[ 13] Bhattacharya S. Design of foundations for offshore wind turbines[ M ]. Hoboken ; John Wiley & Sons,2019.

[14] Rk, 2R, 35 ) BT ARXTEE T XU S SR e BO [ )] IR A SR R, 2014,36(3) :72-74. ( Zhong Weiqiu, Teng



55 5 1 DN A i R XU R RE R PE SRR KT [l i P 189

Lirong. Influence of shear key shape on grouted connections for offshore wind farms [ J]. Low Temperature Architecture
Technology,2014,36(3) :72-74. (iin Chinese) )

[15] BEdEst, PMEM, 502, 55 1 B XHUAERER 5 B2 SR e He BRI 7 A7 [ 0] DR B SRR 2 2 i ( FLARBLA 1)
2013,29( 1) :77-85. ( Kang Haigui,Sun Daoming, Mo Renjie, et al. Optimization analysis of grouted connections between offshore
wind turbine pile foundations and superstructures| J]. Journal of Shenyang Jianzhu University ( Natural Science) ,2013,29(1) :
77-85. (in Chinese) )

[16] FB4xitE, T AT BN, 55 NEET4AE FF i XL AR Al ] B> -0 S Xt [ 1] T R 23 ( F AR
) ,2020,48(6) :552-561. ( Zheng Jinhai, Ding Xingyu, Guan Dawei, et al. Characteristics of soil subsidence and convective
motion around offshore windfarm monopile foundations subjected to long-term cyclic loading[ J]. Journal of Hohai University
(Natural Sciences) ,2020,48(6) :552-561. (in Chinese) )

[17] Dallyn P,El-Hamalawi A ,Palmeri A, et al. Prediction of wear in grouted connections for offshore wind turbine generators[ C]//
Proceedings of the 26th International Ocean and Polar Engineering Conference. Rhodes : ISOPE,2016;680-687.

[18] Dallyn P,El-Hamalawi A, Palmeri A, et al. Experimental investigation on the development of wear in grouted connections for
offshore wind turbine generators[ J ]. Engineering Structures,2016,113:89-102.

[19] 2180, B RTTHK. AKPIRERT T e SRRl 52 R [ )] IRl ( FARBLA) ,2024,52(6)
97-106. ( Yuan Yuhui, He Rui, Zhu Yuanzhang. Experimental study on characteristics of rock-socketed monopile under lateral
cyclic loads[ J]. Journal of Hohai University ( Natural Sciences) ,2024,52(6) :97-106. (in Chinese) )

[20] B, e, 7, 55, W L XHLR B AR I a SRR AR 4t sl R [0 ], T R 22 4l ( AR B2 IR , 2025, 53 (1) < 121-
130. (He Rui,Jin Yu,Ji Ji, et al. Nonlinear dynamic characteristics of large diameter rock-socketed monopile for offshore wind
turbine[ J]. Journal of Hohai University ( Natural Sciences) ,2025,53(1); 121-130. (in Chinese) )

[21] M2, ERFE, EFR KT ABOREE LU 5T L[], IR FTH AR ,2019,41(6) :6-10. (Tao Guorong, Wang
Mengsai, Wang Baomin. Research and development progress of non-dispersible underwater concrete [ J ]. Low Temperature
Architecture Technology,2019,41(6) :6-10. (in Chinese) )

(22] ARHHME, EHEFY AL, A8 JE T FIG A1 GWO-SVM (198 3¢ Iy R I F7 B0 [ J ] Tt R 22241 ( A SR B4 L) , 2020, 48
(5) :426-432. ( Deng Shaohui, Wang Xiaoling, Shi Zuzhi, et al. Prediction of grouting power time series based on FIG and GWO-
SVM[ J]. Journal of Hohai University ( Natural Sciences) ,2020,48(5) :426-432. (in Chinese) )

(23] T #mvEReis B XRHERRHREOTFE[ D], T AR H T, 2021.

[24] Tebbett I E. Recent developments in the design of grouted connections[ J]. SPE Production Engineering,1987,2(3) ; 223-232.

[25] Cerfontaine B, Collin F, Charlier R. Numerical modelling of transient cyclic vertical loading of suction caissons in sand[J].
Géotechnique ,2016,66(2) ;121-136.

[26] Z=H5, PGl XIARAE 45 i 1 XUH S0 vh i i AR BT B o B8 A S D ik [0 ). F O RE IR AR5, 2021,8(4) ; 37-42. (Li
Zhongxin, Sun Xiaoxiong, Liu Donghua, et al. Practical methods for determining soil shear strength in offshore wind power surveys
[J]. Southern Energy Construction,2021,8(4) :37-42. (in Chinese) )

[27] Karlsrud K, Lunne T,Kort D A, et al. CPTU correlations for clays[ C]//Proceedings of the 16th International Conference on Soil
Mechanics and Geotechnical Engineering. Osaka:ICSMGE ,2005 :396-402.

[28] Wang B,Brooks G R,Hunter ] A M. Geotechnical investigations of a large landslide site at Quyon[ C]//Proceedings of the 68th
Canadian Geotechnical Conference. Québec:CGS,2015:355-362.

(ke A 91:2025-07 -03 - Gk BB )



