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ABSTRACT

This study presents a methodology for damage detection in shear-frame structures
under seismic excitations, based on a combined approach using the continuous
wavelet transform and approximate, sample, and fuzzy entropy measures. Entropy
is employed as a quantitative indicator of signal irregularity, enabling the
assessment of structural changes caused by damage. First, the structural
acceleration responses are mapped into the time— frequency domain using
continuous wavelet transform with the Morlet mother wavelet, which facilitates the
analysis of local signal features. Subsequently, wavelet-based entropy measures
are computed across all scales for different damage scenarios and all floors, and
damage events are identified by monitoring variations in the entropy-based
damage indices. The performance of these measures in damage detection is also
compared. To identify damage-sensitive modes, the equivalent frequencies of the
wavelet scales are checked with the natural frequencies of the intact structure for
each mode to find the effects of damage on the structure’s vibrational modes. To
evaluate the performance of the proposed method, a five-story shear-frame model
is developed in MATLAB, and dynamic time-history analyses are performed under
two earthquake records. The results indicate that damage leads to noticeable
changes in entropy-based indices in specific frequency bands, which reflects
increased irregularity in the structural dynamic behavior. The average of damage
index based on sample entropy for the structure's floors is generally greater than
the corresponding indices from approximate and fuzzy entropy, suggesting that
sample entropy is more sensitive to damage-induced changes. Furthermore, the
maximum differences between entropy values in the intact and damaged states
occur in frequency bands close to the natural frequencies, enabling the
identification of damage-sensitive modes. Moreover, sample entropy based on
wavelet coefficients exhibits higher sensitivity to damage in the first mode across
most damage scenarios, whereas approximate and fuzzy entropy measures show
their highest sensitivity in the third mode.
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