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Damage identification of simply supported beam based on normalization of

modal curvature difference
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Abstract: Aiming at the proposed three hypotheses, the damage identification of simply supported beams was
studied by normalizing the difference of modal curvature. The modal curvature difference was normalized, and the
relationship between indexes and damage identification was theoretically deduced based on the normalization of
modal curvature difference. Then a completely new damage detection factor (DDF) was obtained by fusing the
normalized results to identify the damage of simply supported beams. The damage evaluation curves were
constructed by extracting the maximum modal curvature difference, and were used to predict the remaining life of
structures. Taking the simply supported steel beam as a numerical example, considering seven damage conditions
under a single damage and multiple damages, the index DF’ and the new index DDF were used to identify the
damage, respectively. Furthermore, simple supported steel beam tests show that the identification of DDF index
has excellent robustness and accuracy.

Keywords: simply supported beam; model experiment; damage detection; damage evaluation curve; data fusion;
life prediction; normalization; robustness
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Fig. 1 Damage identification hierarchy
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Fig. 24 Waveform of various measuring points
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Fig. 25 Self-spectral analysis
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Tab. 4 Damage cases of testing beam
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Fig. 26 First order DF* values under second damage
case
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Fig. 27 Second order DF? values under second
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under second damage case
Kl 29, &l 30 73l NS5 H P AT AN 2 R4
15~ DDF [, R4 B b JRUE xof b2 A1 s vl DA
B IR E . S5 EEERE G A5, 5T
Yo UE P44 s DDF i TR n] 47 S SR A

o Sy I
LT P R TTTTRC S S T, T
0 6 12 18 24 30 36
W

29 TA=T &M= DDF {&
Fig. 29 DDF values at various measuring points
under third damage case
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Fig. 30 DDF values at various measuring points
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Tab.5 Maximum values of § a)) under various
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Fig. 31 Testing damage evaluation curves
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Fig. 32 Life prediction curve
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