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Damage Identification and Experiments of Frame Structure
Based on Second—order Frequency Sensitivity

XUE Song— tao"?, QIAN Yu—yin ', CHEN Rongl, WANG Y uan —gong1

(1. Research Institute of Structural Engineering and Disaster Reduction, Tongj University, Shanghai 200092, China;

2. Department of Architecture School of Science and Engineering, Kinki University, Osak a Japan)

Abstract: Development of health monitoring system becomes an important task for structure damage identification. The
variation of structural frequency before and after the damage is believed to be a most available and widely used modal
parameter because of its easy testahility and high measure precision. The second—order sensitivity of structural frequen-
¢y to variation of stiffness is for the first time to be deduced. Based on second —order frequency sensitivity analysis, a
damage parameter identification method is presented. The method used only frequency measurement before and after
damage to locate the damage location and quantify the severity of the damage. For a shear building, most of the frequen-
cies can be measured. Several frame models were made and studied using vibration test. Many cases, including single—
damage and multi— damage with different severity and locations, were considered. Test results show that for shear
buildings, damage severity and location can be calculated using frequency change method from structural frequency mea-
surement. Also, the identification method based on second —order frequency sensitivity analysis is more accurate than
that based on first—order frequency sensilivity analysis.
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s Tab.1 Parameters of 4— story frame structural model
/ /
/ em? /10" 8m* GPa (t=m™3)
’ T 6 8.50 3 1.2
7 0.58 3 1.2
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Fig. 1 Test of frame structure model
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Tab.2 Damage in 4— story structure
/107 8m* /107 fm* /%
1 d15 1. 166 67 0.999 8 14.3
2 d1510 1. 166 67 0.5833 42.8
3 d15 1. 166 67 0.9167 50.0, 21. 4
4 d20 1. 166 67 0.8330 50.0, 286
3
Tab.3 Measurement of frequency
wy/ Hz R wy/Hz R w3/ Hz R wy/Hz R
8.179 24. 689 40. 100 51.086

1 8. 057 1. 490 24. 689 0 39. 856 0. 608 50.476 1. 194

2 7.752 5.223 24. 872 —0.740 39. 139 2.397 49.377 3.345

3 7. 690 5.970 24.3%4 1. 235 39.017 2.701 48.462 5.136

4 7. 690 5.970 24. 0% 2.410 38.986 2.778 48.126 5.794
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Fig.2 Comparison of actuality and identifications
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3.5%; 2.49%.
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