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Vibration-Based Damage Monitoring in Model Plate-Girder Bridges
under Uncertain Temperature Conditions
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*Department of Ocean Engineering, Pukyong National University, Busan, Korea
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ABSTRACT: A vibration-based damage-monitoring scheme is proposed that would generate an alarm showing the occurrence and location of
damage under temperature-induced uncertainty conditions. Experiments on a model plate-girder bridge are described, for which a set of modal
parameters was measured under uncertain temperature conditions. A damage-alarming model is formulated to statistically identify the occurrence
of damage by recognizing the patterns of damage-driven changes in the natural frequencies of the test structure and by distinguishing
temperature-induced offlimits. A damage index method based on the concept of modal strain energy is implemented in the test structure to
predict the location of damage. In order to adjust for the temperature-induced changes in the natural frequencies that are used for damage
detection, a set of empirical frequency correction formulas is analyzed from the relationship between the temperature and frequency ratio.
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Fig. 1 Model plate-girder bridge
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Fig, 2 Test setup for model plate-girder bridge
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Table 1 Pre-damage natural frequencies of model bridge at
various temperatures

Frequency (Hz) of undamaged structure at
various temperature

0C 10T 20C 23T 25C 30C
1 76150 71822 68.034 66194 65328 63164
2 101455 98320 95185 94244 93617 92050
3 212223 203694 195165 192.606 190.901 186.636
4 295347 289123 282.899 181.031 279.787 276.674

Mode
No

Table 2 Post-damage natural frequencies(Hz) of model
bridge measured at 23°C

Damage Mode 1 Mode 2 Mode 3 Mode 4
Case 1 64.410 94.248 192.683 281.292
Case 2 62.475 92.395 190.863 279.937
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{(c) Mode 3: 192.606 Hz {d) Mode 4: 281.031 Hz

Fig. 3 Pre-damage mode shapes of model bridge measured

at 23C
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Fig, 5 Damage inflicted in test structure
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