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Fig. 1. The steel plate with free support conditions and
damage zones 1, 2 and 3
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D1 Damage State D2 Damage State D3 Damage State
Nl\lilr(r)l(li)ﬁ;r Undsatz'tzged Damage Severity (%) Damage Severity (%) Damage Severity (%)
10 20 30 10 20 30 10 20 30
1 13.608 13.603 13.597 13.591 13.605 13.601 13.597 13.595 13.591 13.587
2 16.225 16.216 16.205 16.193 16.222 16218 16.215 16.213 16.210 16.206
3 30.181 30.159 30.135 30.107 30.175 30.168 30.160 30.158 30.151 30.144
4 32.248 32247 | 32246 32.245 32.239 32.230 32.221 32.217 32.208 32.199
Table 2. Natural frequency values of the first four healthy and damaged modes
(4 2) Cgme 5 ol a 50 IS0 Lol s o l5 ¥ J gt
D1 Damage Severity (%) D2 Damage Severity (%) D3 Damage Severity (%)
Nhﬁ;%zr 10 20 30 10 20 30 10 20 30
Blil,dl Hiu,az Hiu,a3
1 0.0086 179.98 179.97 179.98 179.96 179.93 0.0550 0.0639 0.0803
2 0.0194 0.0427 0.0711 0.0230 0.0482 0.0764 0.0632 0.0738 0.0929
3 0.0496 0.1068 0.1738 0.0386 0.0828 0.1341 0.0891 0.0863 0.1085
4 0.0005 0.0011 0.0018 179.95 179.89 179.83 0.1621 0.1994 179.75
Table 3. The angle between of healthy and damaged mode shapes
S 5 (o 250 sla S (MAC) Ul g Olabl Jlne F d g
D1 Damage State D2 Damage State D3 Damage State
Nl\friizr 10 20 30 10 20 30 10 20 30
MacH* MACH* MAC®
1 0.9999999 | 0.9999999 | 0.9999997 | 0.9999998 | 0.9999994 | 0.9999986 | 0.9999991 | 0.9999987 | 0.9999998
2 0.9999998 | 0.9999994 | 0.9999984 | 0.9999998 | 0.9999993 | 0.9999982 | 0.9999987 | 0.9999983 | 0.9999998
3 0.9999992 | 0.9999965 | 0.9999908 | 0.9999995 | 0.9999979 | 0.9999945 | 0.9999975 | 0.9999977 | 0.9999995
4 0.9999999 | 0.9999999 | 0.9999999 | 0.9999991 | 0.9999964 | 0.9999913 | 0.9999919 | 0.9999878 | 0.9999991

Table 4. The MAC value between of healthy and damaged mode shapes
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Abstract

The health of structures, provision of safety, and the sense of security are among constant requirements and
perpetual challenges of engineering and managers in the field of crisis management. Erosion and occurrence
of minor local damage to structures and structural members in the early stages of construction or during
operation, especially in critical structures such as power plants, tall buildings, stairs, dams, airports, and
hospitals, have always been among major problems. As time passes, Structures are affected by a variety of
natural and non-natural destructive factors such as earthquakes, non-systematic excavations, dynamic
vibrations resulting from explosions and heavy vehicle traffic. In addition, factors such as serviceability
expectation beyond the design capacity of structural elements and failure to meet the latest expectations
imposed by regulations, use of poor-quality materials and execution problems will reduce efficiency and,
consequently the service life of structures. Also, the spread of local damages in structures can impair the
overall health of the structure. Undoubtedly, knowledge of structural health and safety is of vital importance
and structural health monitoring is recognized as one of the most important subjects that has received a lot of
attention from researchers. Plates are one of the most important structural elements that can, when damaged,
progressively transfer damages to other elements and lead to overall structural damage incurring irreparable
social and economic costs. Due to the increasing applications of steel plates, especially in building structures
(as steel plate shear walls) in the present study attempts were made to focus on damage detection and
localization as one of the most important steps of health monitoring using modal dynamic data (natural
frequencies and mode shapes) and a proposed diagnostic method based on two-dimensional discrete wavelet
analysis. To this end, the modeled steel plate was subjected to frequency analysis in ABAQUS finite element
analysis software and the modal data associated with damaged and non-damaged states were extracted. The
results showed differences between the frequencies and lack of correlation between primary and secondary
vibration mode shapes based on the modal assurance criterion (MAC) and the angle between the primary and
secondary mode shape vectors. Using a propoed damage localization index (DLI) based on the wavelet
coefficients obtained from the diameter details of the two-dimensional wavelet analysis of the primary and
secondary vibration mode shapes, the damage zones were detected by creating a maximum relative jumps in
the DLI diagram. Studies showed that DLI values are sensitive to the damage severity of the damage zone
and with increasing the damage severity, these values increase in fixed spatial coordinates in the damaged
zone. Also, the DLI of one damaged zone is independent of the damage severity of the other damaged zones,
and this is a positive advantage in the damage determination process. Otherwise, failure to detect one
damaged zone may affect the detection of other damaged zones, and consequently pose problems in the
process of damage detection and localization in cases where we are dealing with multiple damage zones.
According to the results of the present study, DLI can be proposed as an efficient and effective index in
detection and localization of damages in steel plate elements.

Keywords: Structural Health Monitoring, Modal Data, Modal Assurance Criterion (MAC), Two-
dimensional Wavelet Analysis, Damage Detection.
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