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Simulation of Blasting Vibration Waveform based on
Magnitude-phase Variation Law in Frequency Domain
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Utilization of Critical Non-metallic Mineral Resources, Ministry of Education,
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Abstract; The refined evaluation of blasting vibration safety needs to consider the whole process characteristics
of vibration waveform. The common time-domain superposition method has limitations in accurately controlling spec-
trum characteristics ,and the simulation research of frequency-domain waveforms remains insufficient. This study pro-
poses an amplitude-phase joint waveform simulation method based on Fourier analysis to meet the needs of blasting

vibration analysis and safety assessment. By analyzing the frequency domain characteristics of blasting vibration sig-

%% B 8A ( Date of reception) :2025 —03 - 05 X 4% B % H #5 ( Published online) ;2025 - 05 - 19

EZERB AT (2000 - ), % BUEAFFEAE , FENGRG SRS T T IR TAE , (E-mail ) wangmiao@ whut. edu. en,

BIEIEE 2051986 - ), 55, BB -, FRONFRE SR 2255 )7 TRV ZCE SFHIF AR, (E-mail) lifeng. 1i@ whut. edu. cn,

EEUR : HXK A AR RS T ER A G IH (52104098)

About the author : WANG Miao (2000 - ) , female, master's degree student, mainly engaged in mining, blasting and other aspects of scientific re-
search , ( E-mail ) wangmiao@ whut. edu. cn.

Corresponding author: LI Li-feng(1986 - ) ,Male, Associate Professor,Ph. D, mainly engaged in teaching and scientific research in mining,blasting and
safety, ( E-mail) lifeng. li@ whut. edu. cn.

Fund Programs: National Natural Science Foundation of China( Grant No. 52104098 )



156

O

2025 4E 12 A

nals, the attenuation characteristics of the main frequency and its magnitude with respect to propagation distance are
verified. At the same time, it is found that the dominant frequency component of the unwrapped phase spectrum is lin-
ear,and its slope has a logarithmic function relationship with the proportional distance. Based on the variation of mag-
nitude spectrum and phase spectrum with the propagation distance ( proportional to the distance) ,and the introduction
of random parameters within the confidence interval and waveform envelope function, this study establishes the quan-
titative expression and calculation flow of the magnitude-phase joint waveform simulation method in the frequency do-
main. The time-domain reconstruction of the blasting vibration waveform is realized. On this basis,a Monte Carlo sim-
ulation is performed on the proposed method,and the statistical distribution of the results is compared with the meas-
ured peak particle velocity( PPV) attenuation curve. The results show that the PPV statistical distribution of simula-
ted waveforms is in good agreement with the measured data, which verifies the effectiveness and feasibility of the
magnitude-phase joint waveform simulation method. Compared to the time-domain superposition method , the frequen-
cy-domain magnitude-phase joint waveform simulation method proposed in this study can more accurately characterize
the distribution and variation of each frequency component, providing more accurate input loads for a fine analysis of
the dynamic response of complex structures. Future studies will further investigate the influence of geological anisot-

ropy on phase propagation and develop a dynamic parameter correction model based on machine learning to enhance

the adaptability of this method across various engineering scenarios.
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