23 | \ol. 23 Sup. |
2006 6 June 2006 ENGINEERING MECHANICS 128

1000-4750(2006)Sup.1-0128-06

( 210007)

TU318 A

THEORETICAL AND EXPERIMENTAL INVESTIGATIONS ON DAMAGE
IDENTIFICATION OF CONCRETE BRIDGES

“ZHAO Qi-lin, LI Zhi-gang, CHEN Hao-sen

(Engineering Institute of Engineering Corps, PLA University of Science and Technology, Nanjing, Jiangsu 210007, China)

Abstract: The methods for bridge damage identification are usually of low precision due to measurement errors,
random environmental factors and model errors. Fundamental theories of statistics and random analysis are used
to develop a new method that identifies damages such as cracking of concrete bridges. The proposed method
firstly identifies the main factors that affect the monitoring response magnitude and regards them as the major
cause. A statistical model is then established to relate the magnitudes of response and cause used to predict the
health of a structure. Using this method uncertainties such as random environment factors, measurement errors
and so on can be effectively considered, and the calculative model error in structure analysis can also be avoided.
The precision of damage identification can be effectively improved. Model tests of two concrete beams
demonstrate the effectiveness of the proposed model.
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Fig.2 Long-time monitoring of a healthy structure
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Fig.3 Monitoring of a damaged structure
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Table 1 Statistical properties

1# 0.0737 -0.00226 \ -0.118

2# 0.02925 0.000468 0.00616 -0.137
4 5

4.2
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2 4
1# Table 4 Prediction and damage identification of the healthy
structure
) £=2S
y=0.754x+0.1896x" -0.001766 8 0035 0043474 0008474  0.02547,0.06147
X y 0015  -0.00177 0.013233 -0.01976,0.01623

0.054 0.062324 0.008324  0.04432,0.08032
0.052 0.057046 0.005046  0.039048,0.07504

10 0.09 0.089469 -0.00053  0.07147,0.1074
4 20 2cm 0.012 0.023116 0.011116 0.005117,0.04111

0.035 0.041212 0.006212  0.02321,0.05920

-0.006 0.002757 0.008757  -0.01524,0.02075

5 0.034 0.03518  0.00118 0.01718,0.05317
0.026 0.015575 -0.01042  -0.002422,0.03357
2 2# 0.09 0.085699  -0.0043 0.06770,0.1036

0.075 0.078913 0.003913  0.06091,0.09691

Table 2 Identification of beam 2 in good condition

=28 5
0363879 0390197 0026318  [0.332,0.449] Table 5 Prediction and damage identification of the damaged
0569947 0577962 0.008015  [0.519,0.636]
0563974 0568379 0.004405  [0.510,0.627] structure
067746  0.669952 -0.00751  [0.611,0.728] -2
0444514 0.46753  0.023015  [0.409,0.526] 0169  0.148282 -0.02072 0.130,0.166
0513203 0518791 0.005588  [0.460,0.577] 0.257 020785  -0.04915 0.189,0.225

0.390758  0.400935 0.010177 [0.342,0.459]
0.510217 0.496992  -0.01323 [0.438,0.555]
0.486325  0.438354 -0.04797 [0.380,0.497]
0.67746 0.649691 -0.02777 [0.591,0.708]
0.632663  0.624606 -0.00806 [0.566,0.683]
0.805879  0.758921 -0.04696 [0.7,0.817]

0.182 0.148282 -0.03372 0.130,0.166

0.186 0.150544  -0.03546 0.132,0.168

0.078 0.059308 -0.01869 0.0413,0.0773
0.109 0.084191 -0.02481 0.0661,0.102
0.096 0.064587 -0.03141 0.0465,0.0825
0.137 0.098517  -0.03848 0.0805,0.116
0.132 0.099271 -0.03273 0.0812,0.117

324 0.179 0.136972 -0.04203 0.119,0.155

Table 3 Identification of beam 2 in damage condition 0.157 0.125662 -0.03134 0.107,0.143

0.246 0.198047 -0.04795 0.180,0.216

£=23 0216  0.179951 -0.03605 0.162,0.198

0913392 0.823793  -0.0896 [0.765,0.882] 0.304 0.255352  -0.04865 0.237,0.273

1.176202 0.929054 -0.24715 [0.871,0.988] 0.25 0.214636 -0.03536 0.197,0.233

0.952216 0.846185 -0.10603 [0.788,0.905] 0.139 0.118122 -0.02088 0.100,0.136
0.964162  0.868481 -0.09568 [0.810,0.927] 0.049 0.026886 -0.02211 0.0089,0.0449
0.641622  0.566831 -0.07479 [0.508,0.625] 0.097 0.063078  -0.03392 0.0451,0.0811
0734203  0.643389 -0.09081 [0.585,0.702] 0.074 0.048752  -0.02525 0.0307,0.0667

0.695379 0577014 -0.11836  [0.519,0.636] 4 5

0.817825 0.695887 -0.12194 [0.637,0.754]
0.802892 0.674057 -0.12884 [0.616,0.733]
0.943257 0.788881 -0.15438 [0.730,0.847]
0.877554 0.786355  -0.0912 [0.728,0.845]
1.143351 0.919738  -0.22361 [0.861,0.978]
1.053757 0.899931 -0.15383 [0.841,0.958]
1.316567 0.972366  -0.3442 [0.914,1.03]
1.155297 0.952497  -0.2028 [0.894,1.01] 5
0.823798 0.772632 -0.05117 [0.625,0.920]
0.555014 0.469441 -0.08557 [0.322,0.617]
0.698365 0.571869  -0.1265 [0.424,0.719]
0.629676 0.538535 -0.09114 [0.391,0.686]
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