5 28 54 6 ] #OSOW oM o B Vol. 28 No. 6
202646 H Progress in Steel Building Structures Jun. 2026

£ F s T M U 04 R B 0 4 R AR M RE TR

WU AR BT B ETAS, R
(1.E RIS AR (XA K bgiE TR E R E IR EK 4000745 2. J v 28 XU A BRA A,
BERK 4011225 3. HER K2 AR T RE2:Be , K 400045)

1 T JRCHLATL 20 B0 - TR R TR 5 65 R 5 B v, A e BRI B RITRL B 1 B B e ok W VR T R B RR U0
B R A KA DB AT 4 o BT AR B AT, 75 4T T 28 2% 52 J I 2 42 Bt AT WO ) ik it 1, RAGR
UE T 25 0 i R e k|, axX R TR I E T B B £ A2 ) T2 — o BN g 84 N B B F 2
23 ] 52 J3ARAS DRt %o it T B B A 422 B g 2 P i AT M EL A R B o AR S DA S B TR R 5, X UL AL
2 AN TR BE 1 TR 5 65 W % 06T e T Y B A e B sk B N ) JE 1 A2 D0 Pk R AT W 8 5 4 BT DG S AN 17 M 00 4
P, 91 54 PR oC 8 ST L B0 TE T A7 BR oA B 4 B LA R AR Uit T e B B e A L BT AT BROTE
TUEAT S 8000 B DL AR % 52 Wi e £z B I IR R 4800 1) DG B S 400, 45 SR 3R W1V B8 - 58 8 AR fn 80 Ul JEE B ) ft 4 B U
IR 7 2K 3 05 ) e R e S R T T g (B 1 % e BOR BME R 1 U A 9T, AT R IB AT B B 1 B K
HPERETUE TR S %

KEWR: KL WA B FEB i T GRS T KR ; BUE TS

FESZEE: TM315,TU312 XHRERE: A XEHS: 1671—9379(2026)06—0030—09

DOI: 10.13969/].jzgjgjz.20241113002

et

Research on the Bearing Performance of Hybrid Tower Adapter
Ring Based on Construction Monitoring Data

TAN Jike"”, RAN Yudong', ZHOU Yang", LUO Wei*, WANG Yuhang®, LI Yan'e*
(1. State Key Laboratory of Mountain Bridge and Tunnel Engineering, Chongging Jiaotong University, Chongqing
400074, China; 2. CSSC Haizhuang Wind Power Co., Ltd., Chongqing 401122, China; 3. School of Civil Engineering,
Chongqing University, Chongqing 400045, China)

*Corresponding author: tanjike@cqjtu.edu.cn

Abstract : In steel-concrete hybrid wind turbine towers, the adapter ring serves as a transitional component that connects the
steel tower section with the concrete tower section. Its bearing capacity directly influences the operational safety of the
entire wind turbine. Prior to assembling the steel tower, prestressing the adapter ring is essential to ensure the
stability of the lower structure, which is also one of the primary loading conditions during the construction phase.
Under prestressing loads, the adapter ring experiences a complex spatial stress state, making the monitoring of its
mechanical properties crucial during construction. Based on an actual engineering of a prefabricated hybrid tower, the
mechanical performance of the adapter ring after prestressing was monitored during construction. By analyzing the
monitored strain data at key points on the adapter ring and comparing the results with the finite element model, the

validity of the finite element model and the safety of the adapter ring during construction were verified. Building upon
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this FE model, a parametric analysis was conducted to investigate the key parameters that most significantly affect the

yield capacity of the adapter ring. The findings indicate that the concrete strength and the thickness of the stiffeners

have the greatest impact on the yield capacity of the adapter ring. Finally, an early warning study on the load-bearing

performance of the adapter ring, based on stress thresholds, was proposed, offering valuable insights for the

performance warning research of adapter rings during the operational phase.
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Fig. 1 Steel-concrete hybrid structure tower and

adapter ring
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Fig.3 Arrangement of strain gauges
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Fig. 4 Strain analysis of concrete section
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Fig. 5 Strain analysis of stiffener section
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Fig. 6 Strain analysis of the middle cavity section
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Fig. 8 Comparison of concrete section strains
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Fig. 9 Comparison of steel shell strains

4 BRTSHDH

it — 2 T A5 S RO 4 B T R 48 7 1) 52 i B
T, W BT BT, T AT DL IR f5 AR R Sy
MR, R FHAR ) f) S 468 05 0k 64T 2 B0 W o 90 20 0L LA
AR 1) IREE LRI 2) WA BRI 5 3) AR
BB IR SO TR R E | DN AR S A AR
VA B £h WIS RE o 7853 B 5 — S 50t FoAth 2 B4R 540
U B R AN AE 8 o o A 4 BT o 52 8% iy 48 LA 3R A e 4
B Je AR L A



5 6391

5Tt T M 0 A0 R R A B BOR AR M RE AT S 35

41 RELTEE

FAE RS EOR BT 8 o As e )2 R B +
SR, B Ok 8 9 HL o B i B e I B O R, e R R U
JE 42 904 ) R €30, C50,C65,C0, B X H 45 i B T
K10, fh I 10a) A LLE Y, Bl TR BE 1 58 2 45 2\ C30
PETHE) COO, T 122 B 11 it R 7 2 0 ) b 2 %5, Y 95 MIN &
AR FEE] 120 MN . 0 46 WIS 75 30— 72 B 0 4 e, 4
I A e AR B 0 AR 9 COO MY LT L il £k i 31
T A R B . AN B 10b) L BE T Y, Bl TR R R
(R T, B 0 B 1 Jeth R 2 T S R PR G o, BT 0 mT LAGA
e A 5 PR A ) 15 0T, 4 1 e 2 TR O R T LA
0 b 3 T 1 B A T IR e

150 -
120 |-

90

Tz / MN
=y
3

0 1 2 3 4 5 6 7 8

(i / mm
a) ANATREE R R G i 2k - 0 AL 2k
150 -
§ 120
ﬂ;f »—/—‘/’/.
= ogoT
60 1 1 1 1 1 1
30 40 50 60 70 80 90
TREE LR / MPa

b) ANIRIEBE 5 EE N AR 4 J A AR 3 T
B 10 B EE 158 B X E ARk & 1 8 82 M
Fig. 10 The effects of concrete strengths on yield

bearing capacity

4.2 MR E

PRAE A S HORAS 05 DL R 38 5 o 28 B0 4 5 5 ok
P 5T G 2 B R T ) B2 L BB R R A 2R 43 S B
Q235.Q355.Q390.Q420, ¥ X e 45 SRAL & T & 11, %5
4 & 11a) FE 11b) 0] LU H 4K 50 5 55 90 Q235
TF3] Q355 I}, 4 452 Be 1) J i 7R 48 0 42 T+ 5 o B B, R 2
97 MN$2£ 73] T 103 MN; fHJ& 78 Q355~Q420 35 [l 4
A 5 A Ak X B B e IR R AR T I R R AR R A T
103 MN~104 MN Z [a] 22 4k, W B $& Fh At AN KB & . Af
PLIA Sy 75 Ho At 2% 10 A TR] 9 4% 30 T, 7E Q235~Q355 i [
DAL, R R R B R B 4 B N iR R R 5 7E Q355~Q420
UL TR P, R R R P 4 B R B A AR AN B B

150

120
% 90 it
Zeor Q235
= - --Q355

1 i

0 | 2 3 4 5 6 7 8
i / mm
a) ANTRVHIBA R B T AR ) o k-1 FS il 2k

200 2;0 3(I)0 3;0 4(I)0 4;0
AUBIIE | MPa
b) ARl BH I B R

Bl 11 W47 5E B Xt JE BR A #k 1 59 #2 i
Fig. 11 The effects of steel strengths on yield bearing capacity

4.3 WMHEE

XFF AR R RE H A S BOR AR 1 LT BUR A
BIR T R A B TS B A 0.5 4% (1.0 4% L 1.5 A5 Fn 2 F5 ik 17 S 44
G3 AT, B AT G AL T Y A 1 NS BRI AR BE L Ab
A JEE i 0 2 A JEE B L P RS AR RE B AR R L AR R
BE B9 FCE B 10 mm . 20 mm . 30 mm .40 mm ; i i 3 il &
FE R B EC 6 mm .12 mm .18 mm .24 mm.,

Bl 12a) Fe7n T % M J5 B b % 132 B st Al 7 3K T 19 52
i, AP H ] LAt B JRC AR JEE B AN 10 mom 328 1 i )
40 mm, % #z B 19 )8 R 2K 42 07 AL 99 MN $2 3| T
107 MIN, 82 FH 2 B2 /I e 88 1 8 MIN; ) B I 2 4
JUTP A . AT LR Bl 2 7 42 BRS AR SR B2 (B
B B ) i R i 25 B R M TR T

B 12b) R 7R T B JR B8 X % 4 B et Al i 2% 1 5%
M) il 25 P9 AP AN 10 mm 38 1 £1] 40 mm, 5% 12 B A9 it IR
Ak J3 101 MN 42 F+ %] 7 105 MN, H 4% 7 F2 B A W
B AER R T 4 MN, WIS L AN A2 5 55 Ab D ef 28 -5 # it
LABREE H, WAIMEILFEA . B LUA R f 3 B
DA JEE ) 728 T o B 07 B 1 Jee IR i 3 S e AR /)

Bl 12c) R T A1 M IS BE X6 % 12 B IR A& 2% 7 19 5%
i) il 5 A RS AN 10 mm B8 0 5] 40 mm, 5% 122 B 9 it fIR
ARSI 99 MN T E] T 107 MN, & B $2 T+ B 4/
P T 8 MN, R JL-F A4S . 78 i IR 2 g i 2 v, Ak
A JEEE 10 mm 30 2] 20 mm . M 20 mm 31 2] 30 mm
(o B, JE R R 2 ) B 9 8K {H M 30 mm 1 fin #|
40 mm [, Ji IR 7R 8 7 AR TH T 1 MNL B B aT LAk ok



36

H O R

528 %:

M J5 B 30 mm J& |, % e 42 B IR 7 48 0 A TR
AN, PRI 25 P B 2 5 Ak A, R AR JEE 4 i 7E 30 mm
B & B

P 12d) J 7 1 T s i V5% B2 ) B e B It IR AR 300 B4
Wi, PR LA BE A N £ T JE RN 6 mm 3 i #
24 mm , 5% 1% Be iy JiE i 7k 2077 A 91 MIN 271 21 113 MN,
TR RO I LS T 22 MIN, [ B e AR
3 HR i B J5EJRE Xk B 3 BE 14 JiE I AR 48 5 R AR LE T
F14 5= J3E 6 B 2 B 1) Jed Bl 7R 2 T S i de K. T LA Ol 7
BARE IS L, ) e e 0 o JRE R R AR AT B G 60 B
it I 8 JEE 482 TH SRR,

150 1 110
108
1201 106 |
§ 90 | §104 r
= =102 ¢
o >
= 60p EIOO-
30 98 1 X
9 | — JE R3]
94 ~ - -
0 12345678 10 20 30 40
{3 #% / mm JEMRJEERE / mm
a) A[RNFEAR R X6 IR AR 287 0 52 )
150 1061
120 105
§ ol § 104
> = 103}
& 60 ~—NB10 &
= ---NB20 =021
I -~ NB30 _
= ~ NB40 101~ IREE S
— 100 - - ,
0 1 2 3 4 5 10 20 30 40
i / mm PARJELRE / mm
b) A[r] PR RE X T iR 7 2 0 s
150 108 ¢
106
Z
S 104}
Ziof

=
=

100 ¢

— Ja R T

98 :
0 12345678910 10 20 30 40
{5i#% / mm AMRJERE / mm
) AN[RIZ MR X AR A 281 0 =2 )
150 15
120 . 1o}
< g9 - < 105 |
# 60 JIL6 100t
et ---JILI2 e
I b I .
30 — TI24 95 ~ i RS
0 12345678 4 8 12 16 20 24
{7 % / mm JnZh RS / mm

d) [ Al JEE T e iR 0 ) 5
12 W BEEERAE S IE
Fig. 12 The effects of steel thicknesses on yield

bearing capacity

5 FEMEMERR

(o 5 4 BERE AE 22 42 VW TRl N 58 JHOR 380 T A1
P 5 T e 4 BOR UM BE I BIUE B 5, AL B T4 e
Fe B IR BE - AR AR A BT R B ROIR A TR B0 )
{EL A i 00T B9 1 7 B — IR AT XS EE, =3
HA AR i /ML R B FE B IO BRI . A S PR 00 T IR BE L
A Al A KR T /0N T R g R DA e e B Ak T %2
Eot /O NTTEENE Bk A SN

51 ERKETHNASESSH

38 AoF X EL 50 A A PR T ASE R e Jin 437 B e 4875 2 R
ARAS TR 12 B v A 7 RTRLBE 4 00 e RS % o i IR S R
TR A T 45 M0 v 1) S K BT TR SR 2 K 10.98 M P
e K IRPTBL SR FE £, M 2.15 MPa, 5852 2 1 45 Wi i s o
1 f5c K AL S8R B £ M 74.75 MPa e K BT R38R B £,
410.23 MPa,

5.2 #im TR THE N EES T

1252 B AR 0 A i B T B 2 R R A 4R M,
(63.74 MN+m) .M, (3.83 MN-m) , DX 1t % %% 2 B jiti
o7 4%, o A5 B 76 AR i T T R B B ) B . fE R
Ui T8 1R B A A M I e Y e R BT SR £
10.08 MPa Fil f5c K IR T 4758 FE /14 2.67 MPa, LA K
76 2% T 5 ) 04 e KT T 8 ¥ G, O 109.31 MPa Fl g K
Ji IRBTHLSR FE /i, 67.61 MPa.
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JE, B3 R 8 /M O B 1 B I g R, b R R IR
B B PR SR E £ 29.7 MPa iR BE £
2.09 MPa'"™' s #5% (%) JE IR 71 £, 47 360 MPa ™"

HUVR B - foe R R N ] e RO BRI )y LA
KAt e i J3 BT/, o ) dee /MR DA R BE B e N ) B
Sy » BIVR BE 42 F N 77 B 4H £, R 10.08 MPa, HUIR B 1 5
R WAL R T3 0 e KA BRBLRE Sy ) A R B 5 B i 3
{EL /v 0 e /ML A R R B B0 ) B £, . BITR 66 £ 4r
I 77 BIE fry M 2.09 MPa,

BN B 5 Rt IR I 7 o B KA BRI T3 s LA 2
Jet B 23 f v 8 B /ME AR SR BB TR S A /e o BB AF
FE B I3 A f, F9 74.75 MPa. BUB b f5c K R B2 57 )
Sroo IR KA BRBLRE T7 £ LA B i RBE T3 f, o0 84 e /INMELAE Ry
B LI ) B £, BB S0 T B £, >4 10.23 MPa.
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