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Experimental Study on Effect of Structural Cracks on Blasting
Vibration Response based on Piezoelectric Monitoring Technology
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Abstract; This study investigated the effects of blasting vibrations on tunnel lining structures through laboratory
experiments based on crack distribution characteristics observed in the Danjiashao Tunnel reconstruction and expan-
sion project. Using cement mortar to simulate tunnel lining structures and a high-pressure pulse fracturing device to

replicate blasting vibration sources, the research methodology was designed to analyze vibration-induced damage
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mechanisms systematically. A study was conducted on the impact of structural crack angles on the blasting vibration

response using piezoelectric monitoring technology. The results demonstrate that as blast repetition increases, struc-

tures with larger crack angles exhibit earlier peak response times in piezoelectric passive signals and more rapid sub-

sequent signal attenuation,revealing a distinct correlation between crack geometry and dynamic response characteris-

tics under repeated blast loading. The directional influence of crack angle on signal peak amplification exhibits signif-

icant anisotropy. Comparative analysis with crack-free conditions reveals that crack angles of 30°,60° ,and 90° pro-

duce pronounced signal amplification effects on the blast-facing side, demonstrating progressive increases of 22. 3,

40.2% ,and 90. 1% in peak signal intensity,respectively. However, the signal peak exhibits a decreasing trend , with

a maximum decline of 5.8% at a crack angle of O . Meanwhile, the study employed piezoelectric active monitoring

technology to evaluate structural damage around cracks before and after blasting, revealing that crack-free structures

exhibited significantly greater numbers and amplitudes of resonance peaks in piezoelectric signals compared to

cracked structures,with the latter demonstrating a distinct high-frequency shift phenomenon. As the number of blasts

increases , the signal attenuation rate progressively rises with decreasing crack angle, indicating that a smaller angle

between the crack orientation and the blast wave propagation direction accelerates damage development and intensi-

fies the severity of crack-zone damage.
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Table 2 The main technical parameters of piezoelectric signal monitoring system
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