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Damage identification using multi-level modal group response reconstruction

in the presence of close spaced modes

ZOU Yunfeng"?, DONG Huanzhi', LU Xuandong', HE Xuhui'?, CAI Chenzhi"’
(1.School of Civil Engineering, Central South University, Changsha 410075, China; 2.Hunan Provincial Key Laboratory for Disaster
Prevention and Mitigation of Rail Transit Engineering Structure, Changsha 410075, China)

Abstract: Limited by common situations of closely spaced modes and large structural dimension, damage identification based on modal
parameter is difficult to perform in civil structures. A damage identification method based on multi-level modal group response reconstruction in
the presence of close spaced modes is proposed. Several modes with small intervals are grouped together, and response of the entire modal
group is extracted as damage sensitive characteristic. Based on the collected modal response, a multi-level damage identification strategy is
adopted. In the super element level damage location, the original structure is first converted into a super element model with fewer DOFs
through model reduction, and then the minimization problem is solved by defining the modal group response strain energy as a damage index
to achieve the location of damaged super elements; In element level damage identification, the minimization problem is expressed as the
discrepancy between reconstructed and actual modal group response to achieve elemental damage localization and quantification. A numerical
simulation study and the experimental verification were conducted to demonstrate the operational process and feasibility of this method.
Compared with traditional methods, the results show that the proposed method improves the accuracy and efficiency of damage identification
through multi-level identification strategies and model reduction, and on the other hand, improves the shortcomings of modal-analysis-based
methods that cannot accurately identify damage when faced with close spaced modes. Regardless of the presence or absence of close spaced
modes. Damage identification can be performed based on multiple dynamic responses such as stress, strain, displacement, and acceleration

of the structure.
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®1 FHEHERFL

Tab.1 Information of chord section

FFOF TR Bl /m? Xt A AR Y /10 m?
T RAT 0.0261~0.0432 1.77~5.19
L%k 0.0244~0.0432 1.52~5.19

BT 0.0133~0.0192 0.505~1.77

T 0.0085~0.0093 0.197~0.233

#2 BTABARFS

Tab.2 Serial number of elements and nodes

AT A '
LT NI1~N41
e N42~N80

T AT E1~E40

L5ZFF E41~E78
BT E79~E118
T E119~E157

TEMTAL e in i 8 0 10* kgf A4 B i o7 28, 7E
SUTEIE 2 bR i o 2l 28 e Ry o — B f 455 4R 2 5 1]
o FHE, O HTET 10 4 OR BRI, A LA R
0.01 FYBHJE Lo Ak, 38 5 4 41 . 2% MR A 45 9
%)t BT 0 T S I A T S e e 1 e, DS ABLIN R
B 52 5 o R A B e {5 R, SR AR AR AR ik
h 5 kHz, RAE B FFLLIS ) 5 s, I AR 95 SCHER [20] H
1) SR W e Ak A SRR AT IRy o 3 2 AR TR R A SR s
e S AT B R B MG R, B KRR R
e 25 449 1) i ) 5 1 I e T e R Ak b AR AT S AR
B B3R T %30 33 AN BETTHA 0 &

W AMTERK 5 10 A F 254, 38 2o 6 B AR e A il T
S PR FE SRy 90%90 (1 B TR AL, ANl 4 R o WFAfT
IR R 4 i 5, 3R 3 s .

TR TR G R T R 2 AR IR, T e



AR W, S 2 SR JT] 22 3 AL R 7 A 194 8 SRR SR 0 1R 0 O iR 1959

@ [k

A R

B3 s ERRE
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Fig.8 Damage location results at super element level
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Fig.9 Schematic diagram of reconstructed super element models for each damage scenario
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Fig. 10 Schematic diagram of reconstructed super element models for each damage scenario
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Fig. 11 Damage identification results of direct searching for left-span elements
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Fig. 13 The model for modification of plate parameters
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Tab. 6 Modification results of plate parameters

BIESH BIATE/(N'm™) ETEME/(N'm™)
ky 3000.00 2891.52
k> 3500.00 3501.16
I 4000.00 3868.46
ky 3500.00 3615.69
ks 3000.00 3073.22
ks 3000.00 2955.18
k; 3500.00 3639.62
I 4000.00 3916.80
ko 3500.00 3581.05
ko 3000.00 2896.40
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Fig. 14 Schematic diagram of the super-element model

KT LERRRMAEHTI R

Tab.7 Comparison between actual and analytical frequencies

B BRI/, SRRz MRHRZE %
1 28.812 28.728 0.2924
6 51.491 51.546 0.1067
10 84.216 84.309 0.1103
11 87.148 86.921 0.2616
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Fig. 15 Schematic diagram of potential damaged regions
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Tab.8 Damage scenarios of beams in the railing
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Fig. 17 Schematic diagram of accelerometer layout
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Fig. 19 Damage location results at the first level
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Fig. 20 Damage identification results at the second level
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