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Abstract: The power of wind turbines is gradually increasing with the rapid growth of the domestic wind energy industry, and
higher demands have been put forward for the load bearing and stability performance of the lower support structure,
leading to the creation of the steel-concrete hybrid structure tower (an upper pure steel tower and a lower concrete
tower). However, because on-site assembly and grouting are required, the building process is inefficient and the
maintenance costs are high. On the basis of this, this group suggests replacing the original steel-concrete hybrid
construction tower with a new kind of prestressed concrete-filled steel tubular lattice-type wind turbine tower.
Prestressed concrete-filled double-skin steel tubes are used for the four corner columns, which enhances rigidity,
reduces the use of steel and concrete, and facilitates easier movement and lifting. The hollow part is used as a
prestressing duct for through-length integral tensioning to increase the structural stability and axial hysteretic
performance. Few studies have been published on the axial complex stressing of prestressed concrete-filled double-

skin steel tubular members, while some researchers have currently conducted investigations on the axial tensile and
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compressive characteristics of concrete-filled steel tube. This paper conducts an experimental study on the mechanical

characteristics of prestressed concrete-filled double-skin steel tubular members under axial tension, axial compression,

and tensile-compressive hysteretic loading to overcome the shortcomings of the previous research and to provide a

theoretical and experimental basis for the development of design standards for wind turbine towers in China.
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Fig. 1 Steel-concrete hybrid structure tower
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Table 1 Design parameters of specimens
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Table 2 Steel material properties
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Fig. 6 Specimen measurement points
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Fig. 11 Load-displacement curves
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Fig. 14 Stiffness degradation curve



5 33

TR Hh 23 S J2= A0 AE TR B e A P TR i [ P R 1 6 T 5 19

XFFE & B, P AN A 7R 52 0 T 2 G Ak it 2 A T
G ALK A P-CFDST-3 £ 32 H 4] 9 (4 W B2 38 ook 2 458
B, 3K g B ) G N 98 T 2 TR R O o AR
) S B (A5 R BE - Re s PR AT R FEAE . BE A T
NN AR B E T E A . Z Rk
P-CFDST-3 Wil B 1R b i B A A4, sk 2 DR oy i 1 g
TEZ DL A T MY — 3 arhr 28 T e JR IR BE 1
(1) %4

3.6 ML
3.6.1 HEME

R T 2 SR A 0 R R Al g R 7 38 A0 e i & 4
TAT, 43 500 488 B A T 3 L3 A B rp R Y 4 A 9 i iz AR 4
P i P-CFDST-37F = AN B Ak i 9\ ) 1z A% 43 A 4 P&
15w o o 4R 28 T8 7™ 5 6 0 28 $008 % sl ad K, /b
Z: 2% M R A R UL RS 7E 4 mm DL I B9

2 - /=-3.0 mm
1 - /4=-2.5 mm
-+ /=-2.0 mm
0 ~+ A=-1.5 mm
o *4=1.0mm
71t < A=-0.5 mm
= - 4=0.5 mm
~ ot -+ /=1.0 mm
¢ ST e TS mm
3t 0/“\_0 - /4=2.0 mm
- /4=2.5 mm
4 —4=3.0 mm
_5 L 1 1 1 J
0 1 2 3 4 5 6
28
a) R L
27 - 4=-3.0 mm
- /=-2.5 mm
ok - A=-2.0 mm
> > v =—1.5mm
o« —@—* *A4=1.0mm
Nt ~4=-0.5 mm
= - 4=0.5 mm
z \\/ - /=1.0 mm
& -4t -+ /=1.5 mm
- /=2.0 mm
- 4=2.5 mm
-6 f —4=3.0 mm
_8 i L 1 L ]
0 1 2 3 4 5 6
bIP=Y
b) A
4 -
2r - /=-3.0 mm
——=t—3 - J-23mm
0r - A=-2.0 mm
~ A=-1.5 mm
Lo2T W ~-4=-1.0 mm
= 4t < A=-0.5 mm
~ - 4=0.5 mm
& -6} -~ 4=1.0 mm
-+ /=1.5 mm
-8t -+ 4=2.0 mm
- /=2.5 mm
-10 —A=3.0 mm
-12 : : : ; '
1 2 3 4 5 6
P
c) T E

B 15 X4 P-CFDST-3NEEEH
Fig. 15 Longitudinal strain distribution of
specimen P-CFDST-3

LA 0 A 3 1 7 S A S G 4 T
6] I8 A8 357 53 A5 34920 5 T 28 b 0 08 A8 Kl B 35 2l (i
BN, TR A 32 7 50 A ) SR TG0 i s [ A
TE TN R AL ) B B AT LR — A Y 4 A4S
S PR SR 5T

3.6.2 AR

SR FHENAE B4 B 1 A8 T 2R B0 OB ol I A% 5 90 1] i A% 174
FEAR ) o PPk 40 5 X TR 6 A 20 SRR, o Y A 1) AR JE R
BOK TR OIS L 0.3 B, e W AR A8 SR B 7 T 24
WERIEM .. HETIMRE, WRE X ZRE MY
FAE FH R W /I | oAb AN 25 1 N AR A VR

A TR A B 47 2 5 A A e S A T Y 1) AR R R By
56 Z M an 16 o o i 1032 52 ol 8 A 0
B for 2, SR Aof 28 F 5 592 D0 e K fr 2 F, 19 B A ok 22 1 it
2o PR AT LA M A T I A S B B B ) AR TR
FBHLARAE 0.25~0.30 3 [ P9, 4 0 1k i 40 A8 X VR i
AR WA B RAE T o Sl 422 30 e IR B B, A
) 75 22 BT IR SR A8 1 K B WiE i 0.30, 4 A I 4 4 1R
B I8 U TSR 2R B A T AR AR 2 K AR AE
TR T 8 5 4 30 0 D P AR 1) AR R AR B KA B T 0,75,
K F) 22 W (RS, F A el ™ TR O - R R
JEEE L ANAE SR BE A O &R R s N 2 & o &
WL RAER . [F B, 52 5 00 A% A5 8 &R 80k 0.5~0.8 i
W i 28K, 8% 1 A TR R B8 05 AR 4 M PR 4R 7E 0.3~0.4

1.0 ¢
0.8 |
L 06}
=
04 r —=— P-CFDST-2
—e— P-CFDST-3
02} —+ NP-CFDST
0 02 04 06 08 10 12
v
a) S
1.0 ¢
0.8 |
L 06}
3
Sy
04 —=— P-CFDST-2
—e P-CFDST-3
02} —+ NP-CFDST
0 02 04 06 08 10 12
%
b) ZHifml
B16 TH-BRETHERHEXLEZHLE

Fig. 16 Load-lateral deformation coefficient

relationship curves
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