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Safety assessment of floating foundation structures for floating offshore
wind turbines

ZHANG Ruigang, SUN Haitao, LEI Hang, LIU Hesheng, JING Weiyu

(Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China)

Abstract: Focusing on the structural safety of a three-column floating foundation for floating wind turbines, this
study systematically assesses its stability, ultimate strength, and fatigue strength. A full-scale finite element model
is established using the SESAM software suite. Intact and damaged stability analysis is conducted according to
relevant codes. The result indicates that all parameters comply with regulatory requirements and demonstrate
excellent anti-overturning capability. In the ultimate strength analysis, based on load conditions considering various
wave directions, amplitudes, and periods, it is found that the maximum structural stress concentration occurs at the
connections between the buoyancy tanks and columns. Nevertheless, the overall stress levels remain within the
design resistance limits. Employing the hotspot stress approach, fatigue strength assessment of critical connection
areas shows that the fatigue damage at all checkpoints is less than 1, satisfying the design life requirements. The
floating foundation structure meets all applicable code standards for stability, ultimate strength, and fatigue strength.
Therefore, the research provides a significant safety basis for the engineering application of floating wind turbines in
deep-sea environments. It also offers valuable methodology and guidance for safety assessments of similar projects.

Key words: floating wind turbine unit; floating foundation; stability analysis; ultimate strength; fatigue strength

FERFRAEHE S “XU” HARESN T, XAE
TR SR, I B U R G R« D) AR /N
A o Bl AR S 4 RO B A SR T R o T AT B
PRETEERGE, R K 60 m IR IR JE
AR o A g ] e T3k Al 7R TR T 3 T W A4 R B
W MRS 5 AT LT B AR SR
IR BT A SRS N 8. B AR B

Y %= B 5
£ & W B:
Supported by:
E—EEEN:
BIEIEEEN:

2025-07-23
BN FFF R IEETH (TQ-24-TYKO06)

& @ B H: 20250011 3 F

TR AR KRR B, WA IR T B, 23 gE
O bS8 RO 425, P IRt b it T A 1) 55 XU D
SEOLS, BONMRBIARIZHE X RE SR AZ LT 5.
AT Al “ i 5« =0k 5| 457 e
g7 “HERI RS DU “HIRRS 7
WP B4 B G RIERMACT G AL, 32X
HLIE AT 6 A A0 SCHE AR Gr it v i BE R 2R IR i

H HB: 2025-00-16 M4EE%LHEA: 2025-10-27

Public Co-creation/Research and Development (R&D) Fund Project (TQ-24-TYKO06)
JkImNl (1982), 55, mid:, EmR LN, FEFFIT RIS, zhangruigang@tpri.com.cn.
INEVE (19970, 5, Wik, TRRIN, EEBFFOT AT M B RE BTt R 51T, sunhaitao@tpri.com.cn.



%1

ES IR s A ERE S Y i Y e oy K ] 57

WO, TR IR WAL MR AR A1
F, JEHRAE G RS, Wi 5 IS G ok thxt
T IR ) 25 4 SE R PR ™ EE b, BB R R E
AN R EIZIBAT T St 540 . IR, 7R
AL B4 2B = B R, Sy 2 e T g 4
TPEAL, B EE RIS E S TRAEMME.

HT, AR R R IR A 4 ) e 4
P, EERE TR WRMERE g5 R
PIVPAL o FERRVERT 7C 5 T, BN SEBIE B)) SESAM 1)
GeniE Al HydroD #idk, oA [ )OS 2URAL
FERbRIFRRMET 5, R AR MBI 5
B, RHLEERE IR E R (GMD $8K, i
W/, SR D9 4R 5 AT A it 2 %) Bl T AR L
N, RS RIS, TRk SESAM A,
iF JK LA 78 XN LIE it ) 56 B AR M A e Rkt
FPRIRSE, BOAIE 7% 7 R AT . AT S I
THH 5.5 MW 208 sOXANLEEAL, 4R R T8
TF g e B Aa R A fatt o dr, RS =y 2 X
RALEER L & R R e P

TE MR R 50 FEERIF AT, A IS B T30 . IR
PO PEIA B 3R A DA R A 3 13, EF TS
5MW R 1K LA EE AR WL T &, R
T MW T RIRR GRS BRI 2 Vi
T g, @REY, T E P ERERITIR B
YIS S RHE M) AR X, A77E R 1R )
EhI G . FAAFOEFERE T8 5 MW RWLTE
BT ACE GO A %, RIS, H
BT G /KERTH . HrRE DA R G T 1) 285 7 7
BT RGO, EEREN, %7 R
PP G IR PRSE R, R RIGIE 7% G &t
TR e 4t . T = AR LT & 1
SER BT SRR, S Ak SRR B 5T R AL
BSE R T PG R TT 2%, TSN BRI
G GE R TT RV, S5 REW, = rAEaURWL
ST 65 PR B AR £ ) 8 P i B SR A S VE R, (HLTE
Hor R AT B I TR 7 PR b v 1 i)

KT I 57 VAL, PR R F 1 o B A
RO AR T B, S E S R IR
PSP AR i, PRI SR T AT
SR ZI FAE B 2 F e FAFTERPR, ANEE T
PR T R N (s, RV R A f Tz
PUERAT B R FROR . B X i A i XL S 3 4
FARIE S5 R IR AT, 25 R B 45 W e B AT B 1 45

http://rlfd.cbpt.cnki.net

PR R RS TE 221 , FredheimU210) F 4 I R 40L 25,
B S0 2% 4 ) ST 5 PR ) 2 XS e 9 Y 04
AL o EASE R, SR UL AN kA (e Y L
[FRE AN XA AT I W, L ELE T KT
B SRR EATX PR . &R KL
5210 R E ATt 2 0 S R 98 5 P AR ], X ARSI
ik 7R EF XML RS RO SO 5, TR
SRR . B, Nz A A AR LA
MR BIR AT BAE 2 P T BE 55 B
B 5B P Xt bR e B ik . RS ik,
SR T AR B INTRIX 3 MO RIS Tk, e
JAR B TR VR FH IR 5% 1 06 &5 4 9% 57 75 VP Ak 45 SR 1)
oz, HEE AT hE RS TR T
I E T R

B A i KL R PSR R, KR BT
FREBAH I IE, SR H R ORIR FOLA
FEAF IR 0 2510 2 VR LR P I T
ASCHELL IEA 15 MW HLA A, X =7k x0iF R
ST 6 TP R S5 2 A VR IR R G 7T, BAA
SR P R YR YA IR FL TR S A R R S ) HR A S
HHARREE,

1 FAEMGSRRE T E A

v g R LA R I b 5 4 e A T
il S FERR VAT B BIR 98 F5E VT AT DA B 5 53k i
Al
1.1 FRMiE A&

Faltk AR =0 G NRE F T, I
TEZ I bR JE B % F 315 2 HA IR F#RRAS 1
—FhEATEE 7. T SESAM #fthh GeniE bl
HydroD A&t o3 s gt A7 fate o Ak 5, IR 3
DNVGL-0S-C301 i, % FH Ui ith 2 o2
SERBIREEAT 8T, B 1 R FE R X1
2. Rt b EIE e R AT DL AR AR AT

ue)

B, U %

K
JIHE i |

IRt A7 3

&)

I
EA b HEAK H2sE A

B 1 ERDIEMRIRSIFE L

Fig.1 Curves of restoring moment and wind heeling moment
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Tab.1 Model parameters of the IEA 15 MW wind turbine
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Tab.3 Intact stability results of the floating platform
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Tab.4 Damaged stability analysis results of floating

platform
TiH 1M 32 28I HRL
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Tab.5 Load parameters for ultimate limit state

ER RIA(9 /M Ji s
TH1 0 8.17 6.8
T2 0 6.46 9.6
T3 0 6.96 10.0
TH4 0 8.17 19.0
TS 75 8.05 7.2
T 6 90 7.87 25.0
TH7 90 8.05 27.0
T8 105 8.05 7.2
TH9 180 6.46 9.6
T/ 10 180 6.96 10.0
T 11 180 8.17 19.0
T 12 270 7.87 25.0
T 13 270 8.05 27.0
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Tab.6 Hotspot locations and fatigue damage values of the floating wind turbine
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