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Abstract

This study aims to propose a seismic damage identification and assessment method for Reinforced
Concrete (RC) frame structures based on fractal dimension. A three-story, single-bay finite element
model of an RC frame was established using ABAQUS software, with the El Centro wave, Kobe wave,
and an artificial seismic wave selected as inputs. The box-counting method was employed to calculate
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the fractal dimensions (Dz) of displacement and acceleration response signals of the structure un-
der seismic excitation. The study compared the changes in fractal dimensions of the response signals
before and after damage and analyzed the correlations between the fractal dimension and the central
frequency of the seismic wave, the story level, as well as the degree of structural damage. The results
indicate that the fractal dimension of the response signals increases significantly with the degree of
damage, and the fractal dimension of the acceleration signal is more sensitive to damage. Based on
these findings, a novel “Fractal Damage Index” (FDI) is proposed, along with suggested FDI thresholds
corresponding to three damage levels: “Basically Intact”, “Slightly Damaged”, and “Moderately Dam-
aged”. This aims to provide a supplementary indicator for structural damage early warning and rapid

post-earthquake assessment.
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Figure 1. Dimensions and measurement point locations of the RC frame structure
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Figure 2. Stress-strain curves of concrete (left) and steel reinforcement (right)
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Figure 3. Seismic waves and their Fourier spectra
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Figure 4. Fractal dimensions of displacement (left) and acceleration (right) response curves
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Figure 5. Maximum inter-story displacement ratio and PEEQ contour plots
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Figure 6. Gaussian white noise
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Figure 7. Changes in fractal dimensions of structural displacement (left) and acceleration (right) before and after damage
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Table 1. Growth rate of displacement fractal dimension after structural damage

1. IR RN S R4 RIEK R

Mz 1 i 2 iz 3
—Jz 8.15% 7.92% 9.38%
iy 8.55% 7.70% 9.40%
=z 8.10% 7.42% 9.48%
Table 2. Growth rate of acceleration fractal dimension after structural damage
2. GEMIRREINRE S T ERIEK R
HE 1 M7z 2 Mz 3
— = 13.05% 10.07% 14.83%
iy 13.84% 13.44% 18.24%
=2 13.92% 13.83% 15.78%
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Table 3. Damage index values corresponding to different damage levels
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