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Damage Detection of Bridge Structures Considering Uncertainty in Analysis Model
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Abstract

The use of system identification approaches for damage detection has been expanded in recent years owing to the advancements
in data acquisition system andinformation processing techniques. Soft computing techniques such as neural networks and genetic
algorithm have been utilized increasingly for this end due to their excellent pattern recognition capability. In this study, damage
detection of bridge structures using neural networks technique based on the modal properties is presented, which can effectively
consider the modeling uncertainty in the analysis model from which the training patterns are to be generated. The differences or
the ratios of the mode shape components between before and after damage are used as the input to the neural networks in this
method, since they are found to be less sensitive to the modeling errors than the mode shapes themselves. Two numerical example
analyses on a simple beam and a multi-girder bridge are presented to demonstrate the effectiveness and applicability of the

proposed method.

Keywords - damage detection, bridge structures, neural networks, modeling uncertainty, mode shape
differences, mode shape ratios
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Models with 5% modeling error Models with 10% modeling error
Modes True

5-A 5-B 5-C 5-D 5-E 10-A 10-B 10-C 10-D 10-E
1 7.268 7.251 7.341 7.236 7.246 7.276 7.249 7.251 7.072 7.133 7.269
2 28.80 28.56 29.01 28.66 28.97 28.80 28.86 28.85 28.36 29.25 28.45
3 63.62 63.63 63.88 64.01 63.73 63.91 62.99 62.85 63.66 62.88 63.89
4 109.7 109.5 109.5 109.6 109.5 109.5 109.3 109.3 109.4 109.2 L109.1
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Case 1 - - 10% - - - - -
Case 2 - 15% - - - - - -
Case 3 - - - 10% - - 15% -
Case 4 - - 15% 10% - - - -
Case 5 - 10% 15% - - 10% - -
Case 6 10% - - 15% - - 15% -
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Modal values of first mode
Node True True damaged Model 10E

No. intact (10% at EL. 3) intact

2 0.1914 0.1926 0.1865

] 3 0.3535 0.3566 0.3454

4 0.4619 0.4644 0.4542

5 0.5001 0.4994 0.4975

\\ . 6 0.4619 0.4597 0.4688

0 L A 7 0.3535 0.3511 0.3649

L U e LA 8 | o.1914 0.1899 0.1979

(—: True intact, —: True damaged (10% at El. 3), —*—": Model 10E intact)
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