Ak 4 2 L £ O R Vol. 44 No. 4

2023 4F 4 H Chinese Journal of Scientific Instrument Apr. 2023

DOLI: 10. 19650/j. cnki. ¢jsi. J2210159

SR REMAMRIERT @ BRI
%5 b (G40 77 SRR 5T

R B BAR AL

(1. BPRRF AT TR 400044 2. R RFEAE Z9 T 1095 213332
3. MM ERGRAE bl 1001605 4. FATEM TR ARBMARAE K 400013)

-

/

TR R B S RTINS (O RGN v o e R AR [ — 168 e A R R I B A B
ARG ) 2% 0 B D i A KT 1) A R] A6 3l T o RT3 H W LA 5 — B Se i, IR AR SR s B — B G AR B, 22 %
FUAELREI 5 55 BE AR O 2R I 2 5 S MR 1 2 57 o I R0 D M 2 A O TR A, AR SCHE T 50 )y BE S5 A e T
G S T 2 A SRR R NG S S5 BET IR M SC R RS B R R R SIAIEIE T A S e N B gt it
L LA R B S A0 O W 38 5 A5 B 8 A T A 7, 25 B S PR TR I AEAE 1 22 50 R 3R R VRS AL TE 43 AN ] i
BESHTEAFIRUAIE 2 K 30,40 dB MR S2M N T4 7 12 R P , 5 45 R0 X rkL 25 1) S92 00 i 2 50 o A 7 7 BT E 5, B9
SRR ISS A LA MRS — B G A VR SRS b, 380 3ok s 2 R A 00 s Wy O S8 A LA £, RE A 00 20 1 Wiy 8 A Ay
DMMINRE FAL 7 B, JCAg HEAT o B4 HT I NI B S AL i e KA vm xd LE A B TESC PR G A TR P AR IR

KRR . GUTFAE LU AR, v B A A s B e A8

hESES: TH703 NIRRT A ERREFHIERD: 560.35

Research on detection of lateral stiffness abrupt change position of towering
structure based on statistical moment ratio

Yang Yang"?,Ling Yuan'?’,Gao Zhihao"*,Shen Qiwen’

(1. School of Civil Engineering, Chongqing University , Chongqing 400044, China; 2. Institute for Smart City of Chongqing
University in Liyang, Jiangsu 213332, China; 3. Powerchina Roadbridge Group Co. , Ltd. , Beijing 100160, China;
4. MCC CCID Engineering Technology Co. , Lid. , Chongging 400013, China)

Abstract: A rapid detection of the position of the lateral stiffness change of towering structures in the time domain is proposed. Firstly,
measurement points are arranged at equal height intervals on the same vertical line of the towering structure, and the synchronous
dynamic response of each point in the horizontal direction is obtained. Then, the second-order statistical moment of the response signal is
calculated, and the second-order statistical moment of the response of the adjacent measuring points is compared to draw the relationship
curve of the ratio value with the height of the measurement point. Finally, according to the sudden change position of the curve, the
position of the structural stiffness sudden change segment is detected. Based on the statistical moment theory of single-degree-of-freedom
structures, the relationship between the statistical moment multi-degree-of-freedom structural systems and the lateral stiffness of structural
segments is deduced. Combined with the matrix perturbation method, the feasibility of using the second-order statistical moment ratio
curve of the structural response to detect the position of the structural segment sudden change of lateral stiffness is firstly proposed, and
the applicability of the proposed method to analyze different towering structures under the influence of 30 and 40 dB noise and different
excitation forms is demonstrated by using numerical model simulation. Finally, the measured response data of wind turbine towers in the
field are analyzed and studied. The research shows that when the second-order moment of displacement is taken as the detection index,

the position with abrupt stiffness change in the towering structure can be preliminary identified by the corresponding statistical moment
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ratio curve of the adjacent measuring points. There is no need to compare data indicators before and after sudden changes in lateral

stiffness of towering structures, which helps to be applied in actual inspection projects of towering structures.

Keywords : statistical moment ratio; towering structures; lateral stiffness abrupt change
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Fig. 1  Simplified model of high-rise structure
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