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Structural damage detection based on modal shapes and L1 regularization

MA Shenglan, LIU Yuhao, ZHANG Zheng, WU Chen
(School of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract: Considering that the regularization algorithm based on norm 2 has over-smooth effect on the
structure recognition results, a damage detection method based on modal vibration and L1 regularization was
proposed.Taking the finite element model of a 2D simply-supported beam as a numerical example, the effect of
using different numbers of vibration modes and that of using different damage degrees on the damage recogni-
tion effect were compared.Simulation results show that, for multi-damage cases, when the product of the num-
ber of vibration modes of the damaged structure multiplied by that of the undamaged structure is larger than 6,
the presented method could detect the structural damage location preferably and give a qualitative description
for the damage degree.
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Fig.1 Model of the simply-supported beam
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Tab.1 Simulated damage scenarios
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Fig.2 Identified damage results of three cases
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Tab.2 Identified damage results of Case 1 %
K- FAITSLRR ANIE nxm T A RIE
WE Ix1  6x1  1x2  6x2 1x3  6x3  1x4  6x4 1x5 6x5 Ix6  6x6

Aa,=0.0 00 00 00 00 00
Aa,=0.0 00 00 00 00 00
Aa,=0.0 00 00 00 00 00
Aa,=0.0 00 00 00 00 00
Aag=0.0 00 00 00 00 00
Aag=0.0 00 00 00 00 00
Aa,=0.0 00 00 00 00 00
Aag=200 200 200 20.0 20.0 20.0
Aa,=0.0 00 00 00 00 00
Aay=00 00 00 00 00 00
Aa;=00 00 00 00 00 00
Aa,=00 00 00 00 00 00
Aay=00 00 00 00 00 00

Aa,, =0.0 00 00 00 00 0.0
Aa,=0.0 00 00 00 00 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
20.0 20.0 200 200 200 20.0 200
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Tab.3 Identified damage results of Case 2 %
9 BT H 7 A nxm T A ANE
P 1A 1x1 4x1 6x1 1x2 4x2 6%2 1x3 4x3 6%3 1x4 4x4
Aa,=0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,=20.0 0.0 199 20.0 0.0 20.0  20.0 0.0 200 20,0 200  20.0
Aa,=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aag=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,=0.0 0.0 0.0 0.0 7.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aag=200 220 200  20.0 173 200  20.0 16.7 200 20,0 200 200
Aa,=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,;=0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.0 0.0 0.0 0.0
Aa,=00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Z-3 ST M 7 ANIF] nxm B G ISIE
i {E Ix1  6x1  1x2  6x2  1x3  6x3  Ix4  6x4 1x5 6x5 Ix6  6x6
Aa,=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
*x4 BEIRIBGHAMNER
Tab.4 Identified damage results of Case 3 %
K HICSEbR I nxm 15858 M0 BIE
i 1x1 4x1 6x1 1x2 4x2 6x2 13 4x3 6X3 1x4 4x4
Aa,=0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,=50.0 0.0 5.9 49.6 0.0 50.0  50.0 0.0 50.0  50.0 149  50.0
Aa,=0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0
Aa,=0.0 0.0 33.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.0 0.0
Aag=0.0 0.0 0.0 0.0 0.0 0.0 0.0 34.6 0.0 0.0 0.0 0.0
Aag=0.0 0.0 0.0 0.0 17.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aa,=0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aag=20.0 319 0.3 199 200 200 200 3.4 20.0  20.0 0.3 20.0
A ay=0.0 0.0 13.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.7 0.0
Aa,=0.0 0.0 11.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.1 0.0
Aa,;=0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.3 0.0 0.0 0.0 0.0
Aa,=10.0 0.0 0.0 9.8 0.0 10.0 10.0 0.0 10.0 10.0 0.0 10.0
Aa;=00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aaq,=00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aais=00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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