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Wind turbine foundations: A review of the past decade
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Abstract: Wind turbine foundations directly determine the operational safety and service life of wind farms through their
bearing characteristics, settlement control, and durability. Current research remains fragmented across isolated domains such as
foundation selection, load analysis, settlement prediction, and material degradation, lacking a systematic examination of the
coupling relationships among bearing capacity, settlement, and durability. Drawing on literature from Web of Science and CNKI
over the past decade and current design codes, this paper presents a systematic review across four dimensions: bearing and
seismic behavior, settlement mechanisms and prediction, durability degradation and protection, and mass concrete crack
control. Key findings are as follows: a water—depth—driven technology roadmap for foundation selection has been established,
with foundation design for 15 MW +turbines already entering engineering practice; APl standard p—y curves exhibit three
fundamental limitations for large —diameter monopiles: underestimation of initial stiffness, conservatism in ultimate soil
resistance, and mismatch of cyclic degradation coefficients; the distinct impacts of chloride —induced pitting corrosion versus

carbonation —induced uniform corrosion have been clarified; and intelligent temperature control technologies have achieved
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substantial progress in mass concrete crack control. On this basis, the intrinsic logical chain linking bearing capacity,

settlement, and durability is elucidated. Three critical scientific challenges are identified: the revision of p-y curves,

cyclic degradation of the pile—soil interface, and multi—field coupled deterioration models. The future research directions are

also envisioned, including intelligent scour monitoring, digital twin—based operation and management, and deep —sea

floating foundations.

Key words: wind power; foundation engineering; bearing capacity; settlement control; durability; advances and challenges
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Table 1 Comparison of onshore wind turbine foundation types

oA I FH 15 T8 FHK TR (R /KA | 38 FSALAS /MW PR (FEH ) AHXT A it T T 4)/d
P HREL ] =150 kPa MYREYAEG 1= || bR K ALK T2, 2~8 IV 2~4 m, JFEMR| 100 J7~180 J7 o0/, 1525
S s W 4 KR o T R T (=i 3~6) HAE 15~25 m AEXT AR

e | D JRURRT A AR L A " KR MK 15~50 m, B 200 J7 ~400 J7 J0/15 ,

LR | e n e | O PMOKPRIED)) Gosmie) | Roslsm  AIRDRAR 30-60
HEFELT ORI R DL oA, HUE RS | T ks B, (R 2~5 FFK 515 m, 4 60 77 ~120 Jio0/6 .| 0 o0
" Fyoesk | JCEE 2R B IS BER 5 CZEFBUR BRI | AfA=3 m AR I AR SRAIK

F2 FLEREBEEMOLERERE
Table 2 Advantages and limitations of onshore wind turbine foundations
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Table 3 Comparison of offshore wind turbine foundation types
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Table 4 Advantages and limitations of offshore wind turbine foundations
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Table 5 Main load types acting on wind turbine

foundations
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Table 6 Primary seismic design codes for wind turbine foundations adopted in China
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Table 7 Comparison of domestic and international seismic design codes for wind turbine foundations

( Waterproofing level system )
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Table 8 Comparison of domestic and international seismic design codes for wind turbine foundations

(Lateral load analysis of pile foundations )
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Table 9 Comparison of domestic and international seismic design codes for wind turbine foundations( Liquefaction site

treatment and strength degradation )
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