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A Ranking Approach to Estimating Structual Damages

Yasuhiro BONKOBARA, Takahiro KONDOU, Yuya HANAUCHI, Takayuki HAMAHATA

Abstract

Recently, structural health monitoring for assessing safety of buildings and constructions has received a lot of
attention as a practical method for detection of aged deterioration or earthquake damage. The damage identification
analysis based on filtering theory has a potentially effectiveness as a global monitoring both for identifying the
damage locations and for estimating the extent of damage. In the computation process, the natural frequencies of the
analysis object are utilized as observation data, and then the inverse analysis are performed recurrently to obtain the
estimate values of system parameters. However, it is difficult to experimentally measure a large number of natural
frequencies accurately. The purpose of this study is to develop a ranking approach to estimating structural damages.
In this method, it is needed for only a few lower natural frequencies which can be measured experimentally.
Although the location and extent of damages cannot be determined, the damage potential rankings are obtained as
minimum required information to detect damage locations. In this paper, the evaluation method for choosing the
observation data appropriately is newly proposed in order to improve the computation accuracy. The validity of the
present method is confirmed by the results of the damage detection experiments.
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3. 1R 3 WE TOEAGIREEZ WV TRO 7R EREL
Damaged section Damage coefficient Number of
number Z 2, Z 2 Zs Zs Z; Zs filtering
1 1.000 0.993 0.987 0.989 1.002 1.015 1.005 0.988 14
2 1.000 0.989 0.980 0.981 0.992 1.010 1.007 0.997 36
3 1.002 0.979 0.961 0.960 0.978 1.022 1.008 0.973 740
4 0.992 0.968 0.952 0.953 0.967 1.010 1.025 1.004 200
5 1.001 0.998 0.985 0.972 0.958 0951 0.989 1.013 137
6 1.008 1.012 1.009 1.000 0.973 0.932 0.942 0.965 300
7 1.002 1.005 1.003 0.999 0.988 0.956 0.952 0.962 1000
8 1.001 0.998 0.997 0.998 1.018 1.012 0.908 0.902 1000
Fd 1RO 5 RETOBAIRBEZ TR TR ERE
Damaged section Damage coefficient Number of
number Z 2, Z 2 Zs Z6 Z Zs filtering
1 0.991 098 0989 0999 0.993 1.007 1.028 0977 16
2 0946 0947 0960 1.019 0991 0983 1029 0992 48
3 0983 0957 0949 0955 1.015 1.000 0988  0.992 38
4 1.014 0999 0971 0913 0992 1.022 0997 1.018 16
5 0.997 1.003 1.014 0974 0925 0.961 1.030 0.984 75
6 0993 0991 1.005 1.023 0952 0944 0937 0967 400
7 1.013 1.007 1.005 0.981 1.004 0968 0919 0.982 429
8 0.983 1.006 0997 1.040 0955 1.037 0935 0.882 29
®S5. 1RO TIRE TORA KRB Z FHVCRO TR G
Damaged section Damage coefficient Number of
number Z Z, Z3 2 Zs Zs Z; Zg filtering
1 0.897  0.965 1.026 0972 1.005 1.008 1.022  0.980 23
2 0.921 0.935 0.974 1.012 0988  0.992 1.019  0.996 28
3 1.056 0992 0911 0.983 1004 099 0997 0987 158
4 0.898 1.035 0.961 0911 1.002 1.008 1.008 1.014 29
5 0.984 1.003 1.009 0986 0908 0.982 1.011 0.991 38
6 1.004 1.009 1.000 1.002  0.993 0900 0975 0952 180
7 1.021 1.001 1.006 0987 0.993 0.981 0910 0.986 30
8 0.949 1.027 1.000 1.008 1.005 0.978 0977  0.869 168
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Damaged section Highr — Risk of damage —  Low
number Ist ond | 3rd 4th Sth 6th 7th 8th
1 1 2 8 3 4 5 7 6
2 2 3 1 4 8 5 7 6
3 3 4 | 2 8 1 5 7 6
4 3 4 5 1 2 8 6 7
5 1 5 6 4 3 2 7 8
6 6 7 8 5 4 3 1 2
7 7 8 6 5 4 1 3 2
8 7 8 4 1 2 3 6 5

x7. 1RPD 5 RETOBARBEEZHNTRDIZT % 7R

Damaged section High « Risk of damage —  Low
number Ist 2nd 3rd 4th 5th 6th 7th 8th
1 1 8 E 5 4 6 2 3 7
2 1 2 4 5 8 3 6 7
3 3 4 | 8 7 2 6 I 5
4 4 7 3 6 5 2 1 8
5 4 5 8 6 1 2 3 7
6 1 6 | 7 5 8 2 3 4
7 5 7 8 4 3 6 2 1
8 6 8 7 5 1 2 4 3

#8. 1ML TRETOEAIREIEEZ HNTRDZT o F 0 TR

Damaged section High « Risk of damage —  Low
number Ist 2nd 3rd 4th 5th 6th 7th 8th
1 1 4 8 6 5 2 3 7
2 2 8 6 5 3 7 1 4
3 3 8 4 6 7 5 2 1
4 3 4 6 7 8 5 1 2
5 5 8 1 6 4 3 7 2
6 6 8 5 7 3 4 2 1
7 7 8 6 4 5 3 1 2
8 1 8 6 4 7 3 5 2
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