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Structural Analysis and Design Method of Hybrid FRP-concrete-steel

Prestressed Double-skin Wind Turbine Towers

QI Tao', DENG Ran’", XIANG Yu®, LI Rong-fu', JI Wei-dong', WANG Xiu-wen', YU Tao’
(1. Goldwind Science & Creation Wind Power Equipment Co. , Ltd. , Beijing 100176, China;
2. Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Hong Kong 999077, China)

[ Abstract |

wind turbines, there is an increasing need for advanced tower structures that offer superior structural performance and economic efficien-

China’s offshore wind power sector is rapidly progressing with large-scale and efficient projects. To support large-capacity

cy. One such innovative solution is the hybrid fiber-reinforced composite materials ( FRP)-concrete-steel prestressed double-skin wind
turbine towers (PDSWTs) proposed by scholars at The Hong Kong Polytechnic University. PDSWTs boast excellent durability, high load-
bearing capacity, and exceptional stability, resulting in the potential to reduce production and maintenance costs throughout the service
life. A study on the analysis and design procedures of PDSWTs was presented using a tower that supports 12 MW offshore wind turbine as
an example, based on the provisions in current design standards and finite element modelling. The results demonstrate that: the tower
successfully meets the frequency requirements of wind turbine; the tower possesses high ultimate resistance under compression-bending,
shear and torsional loadings of ultimate limit states; the strain, stress, crack width and tower deformation under serviceability limit states
meet the requirements of current design standards; furthermore, a simplified method is proposed to check the fatigue resistance of steel
and concrete in the tower sections. The result is expected to provide references for the design and application of PDSWTs.

[ Keywords] Offshore wind energy; tower; FRP; structural design
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Fig. 1 Structural diagram of PDSWT-'!
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Table 1 Geometric parameters of PDSWT

BB EE/m #im igLs AM%E / mm N/ mm B / mm

FRP & 5 846 5786 30
5 WA 5166 5142 12
TREEL 5786 5 166 310
v 33.7 i
FRP & 6 466 6 406 30
4 WA 5786 5762 12
TR+ 6 406 5786 310
il 32 =
FRP & 7 056 6 996 30
3 W 6376 6 346 15
TREE L 6996 6 376 310
I 28.6 —
FRP % 7 582 7522 30
2 W 6902 6 858 22
| ” REE+ 7522 6 902 310
FRP % 8 060 8 000 30
1 rEes 7 380 7 336 22
TREET 8 000 7 380 310
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Fig. 2 Coordinate system of the loads
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Table 2 Ultimate loads of PDSWT

L gk F./ F./ M./ M./
%/ m , i ’
T kN kN (kN*m)  (kN-m)
max M,, 1288 -8695 111772 29 181
120. 30 max M, 897 -7 130 50 242 -97 267
(BT max FX), 3 455 -8 588 9 400 19 119
max F, 1270 -9 687 87 995 5 630
max M, 4391 -15746 473367 -29 863
0.00 max M, 1142 -13670 172927 -97 658
€3 max ny 5709 -16761 310 101 23 427
max F, 3645 -17707 246 252 5461
£3 SHWEERELEREE
Table 3 Serviceability loads of PDSWT
2R /m ﬁfzﬁi FX},/ F./ M,/ M./
T kN kN (kN+m) (kN+m)
max M, 1072 -6930 3109 8 768
120.30 max M, 800 -6 688 18 637 -24 374
(BT max F, 2018 -6938 15942 -9126
max F, 1780 -7 113 18 135 1 437
max M, 2046 -12884 237793 -8 163
0.00 max M, 789 -12 628 84 364 -24 429
() max F,, 2102 -12884 233 609 -8912
max F, 1869 -13063 220 856 1 439
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Table 4 Fatigue loads M atthe top section of PDSWT
P 55 1o 3850 NI 55 g 4/ kN TEFREL KN
AY(E/ kN 450 1350 2 250 3150 4 050 4950
-29 600 0 0 0 0 0 0
-28 700 290.560 4 0 0 0 0 0
-27 800 0 0 0 0 0 0
-26 900 0 0 0 0 0 0
-26 000 14 754.34 605.007 2 0 0 0 0
-25 100 581.120 8 290.560 4 0 0 0 0
-24 200 2 469.764 290.560 4 145.280 2 0 0 0
-23 300 1 598.082 290.560 4 0 145.280 2 145.280 2 0
-22 400 3 050. 885 16 957.43 290.560 4 435.840 6 0 0
-21 500 5956. 489 1 743.363 290. 560 4 290. 560 4 290.560 4 145.280 2
-20 600 19 955.91 2 179.203 1162.242 7 897.596 290.560 4 145.280 2
-19 700 34 801.11 17 134.84 1452.802 871.681 3 145.280 2 0
16 300 6 491.378 970.729 3 581.120 8 145.280 2 0 0
17 200 3 486.725 1307.522 49.524 01 290. 560 4 0 0
18 100 3972.09 726.401 1 726.401 1 145.280 2 0 0
19 000 1 888.643 435.840 6 0 0 0 0
19 900 726.401 1 0 290.560 4 0 0 0
20 800 581.120 8 0 0 0 0 0
21 700 0 0 0 0 0 0
22 600 145.280 2 0 0 0 0 0
23 500 0 0 0 0 0 0
24 400 0 0 0 0 0 0
25 300 0 0 0 0 0 0
26 200 0 0 0 0 0 0
27 100 0 0 0 0 0 0
x5 KAWHNSTRY BEAE TRBE L A5 | Sl B SR IR B 1 B AR
Table 5 Partial factors of permanent loads KAl | R M BRI R B R T =2
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FREAT I I SR 00 RE R A ; S AR B
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Fig. 3 Finite element model of the tower
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Fig. 5 Flowchart for the ULS design of the tower
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o max M, T Table 6 Shear capacity results of the tower
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300F
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Fig. 6 The compression-bending capacity of the
tower for ULS design
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Table 7 Torsional capacity results of the tower
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Fig. 7 Flowchart for the SLS design of the tower
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Table 8 SLS design results of the tower
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Fig. 8 FEM and displacement of tower under

serviceability loads
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Table 9 FLS design results of steel tube in the tower
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Table 10 FLS design results of concrete in the tower
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