a2k HaAW W oE T B ¥ i Vol. 42 No.4
2020 4 7 H CHINA EARTHQUAKE ENGINEERING JOURNAL July, 2020

fof 25 R v, SR BRI L S Bk T 2 20 3 2 il 23 R0 R A Bl Y 5 H B 0 1R 0 [T ). b 7R TR AF I, 2020, 42 (4) £ 825-832. doi: 10.
3969/j.issn.1000—0844.2020.04.825

HE Rong, TAN Yake,GUO Qixuan,et al.Structural Damage Identification Based on Analogous Flexibility Difference Curvature
and Perturbation of Frequency[ J].China Earthquake Engineering Journal,2020,42(4) :825-832.doi:10.3969/.issn.1000 — 0844,
2020.04.825

BT RFEE i RN ZRF 3 1) &5 #1507 15 3

T &Y, BT, SRBtEeS, T 4R
(1. bk Rk B R 2 AR 55558 2 b5, IR FBM 4500455 2. 1 Fg 2 I B M4k A1 A BR 2 | 3T g RN 4500085
3. VTR I K A= T A B, VTR KM 452750)
BE: ARSGREXEMBG LB FE  RE—FEATREFELZ G R PRERSDGEMBA RN F
h, BARBELEMRIEZL. R X FELEEFTAAXBAAABESFEFESEHBG I RE G
WE RARTEEEZRRNGBRG A 4R, EXLEFE LM FE LCFC B4 1847, 541 12 5] #i
B RG A THERDAITEMMG AR ERAIN, LESHMG 0L, x5 —f) L RLEHFITHRG
PR FAAEMIEIE, EREAV AU — S, ELW R FRE Z M E LCFC 543 X &M H
BhRAL AR RIS AR, B F T TEARBG LA /G T, SMGEREEKR
T 10% 8 LCFC $#AFRA ARG ERGRERR T 25U 0. & TN B RANLERFERZ.
M AFiRER RS R R EAKLGE T oy ke R A B Aol b,
i MBRA; RFAZBE; RE; B
hESES: Ul43.35 MERAREED : A XEHS: 1000—0844(2020)04—0825—08
DOI1:10.3969/j.issn.1000—0844.2020.04.825

Structural Damage Identification Based on Analogous Flexibility
Difference Curvature and Perturbation of Frequency

HE Rong', TAN Yake’, GUO Qixuan®, HE Wei'

(1. School of Civil Engineering and Communication s North China University of
Water Resources and Electric Power, Zhengzhou 450045, Henan, China ;
2. Henan Sinolink Real Estate Group Co.,LTD s Zhengzhou 450008 , Henan , China ;
3. Xinlian College , Henan Normal University » Zhengzhou 452750 , Henan » China)

Abstract: To improve the efficiency of damage diagnosis of beam structures, a structural damage
identification method, based on the analogous flexibility difference curvature and frequency per-
turbation was established. First, according to the theory of structural vibration, the calculation
formula of generalized flexibility matrix was studied. Utilizing the high sensitivity of modal flexi-
bility to structural damage, the damage location index, based on flexibility difference curvature,
was improved, and the damage index of LCFC (the difference of likeness curvature of flexibility

coefficient) was defined and used to preliminarily identify damage. Identification result of struc-
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tural damage was confirmed based on matrix perturbation. Considering various damage condi-

tions, damage identification of the simply supported beam structure was verified by numerical

simulation. Results showed that the LCFC index has a good diagnostic effect on the damage loca-

tion of beam structures using only the first mode. Calculation workload of the index was small.

For multi-damage cases with boundary damage elements, the LCFC index was effective when the

damage degree was >10%. When the damage degree was < 25%, accuracy of the second-order

perturbation identification results was high and the relative error was significantly lower than that

of the first-order perturbation identification results, which proved the practicability, effective-

ness, and accuracy of the method.

Keywords: damage identification; analogous flexibility difference curvature; frequency; perturbation
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Table 2 Results of first-order frequency perturbed identific-

ation of damage degree under different cases

T8 A — B % Bl il / B2/ o
1 5.11 2.20
2 10.84 8.40
17.01 13.40
4 23.96 19.81
5 31.53 26.12
6 31.61 5.21 26.44 4.22
7 32.13 11.17 28.52 11.70
8 32.26 17.56 29.04 17.07
9 17.71 11.01 5.30 18.07 10.10 6.00
10 31.30 17.27 5.31 25.20 15.13 6.20
11 31.59 17.34 9.98 26.36 15.60  11.20
12 31.48 17.22  17.50 25.92 14.80  16.67
13 31.60 17.36  24.20 26.40 15.73  21.00
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Table 3 Identification results of damage degree

under different cases

T8 B W R sl i/ o W/ %

1 5.01 0.20

2 10.03 0.30

3 15.08 0.53

4 20.15 0.75

5 25.27 1.08

6 25.28 5.03 1.12 0.60

7 25.63 10.21 2.52 2.10

8 25.81 15.47 3.24 3.13

9 15.50 12.04 5.02 3.33 2.04 0.40

—_

25.83 15.46 5.04 3.32 3.07 0.80
25.96 15.48  10.22 3.84 3.19 2.21
26.24 15.64  15.67 4.96 4.27 4.47
13 26.31 15.74  21.17 5.24 4.93 5.85
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