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Influence of free surface numbers on the energy distribution and
attenuation of vibration signals of underwater drilling blasting
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Abstract: Aiming at the problem that the free surface not only affected the blasting effect but also the blasting vibration effect,
an analytical method of exploring the influence of free surface on the vibration attenuation law of underwater drilling blasting
was proposed from the energy point of view. Taking the field monitoring data of the underwater blasting seismic wave between
the river reach of the Three Gorges Dam and Gezhouba Dam as the research object, the characteristic information on time and
frequency scales of the monitored signals was analyzed by wavelet transform. Similarly, the total energy of the blasting
vibration signals, the energy distribution characteristics in variety of frequency band on different free surface, and the main
frequency range were extracted. Combined with the method of the SPH-FEM simulation technology, the vibration velocity
attenuation law of different numbers of free surfaces was verified. The results indicate that underwater drilling blasting
vibration has the characteristic of low frequency, the short duration and the fast attenuation. The main frequency band of the

underwater drilling blasting is focused on the frequency band of 15.625-31.250 Hz. Most of the explosion energy will be
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consumed as seismic energy in the underwater slotted blasting due to the restricted of a single free surface. The specific
vibrational energy A, of the single free surface signal is 13.14 mm?(kg-s?). However, with the increase of the number of free
surfaces in subsequent excavation blasting, the A, of the double free surfaces and the three free surfaces decrease to 1.36 and
0.28 mm*/(kg's®), and the reduction rates of the peak particle velocity (PPV) of the frequency band are 65% and 37%. Besides,
the energy of the subsequent explosion will be used more for breaking and throwing the rock mass, and the main frequency of
it will also develop from low frequency to high frequency band (31.25-62.50 Hz). Therefore, the influence of the number of
free surfaces on the vibration energy distribution and attenuation law should be considered in the design of underwater
controlled blasting. Using this regularity and characteristic, it is possible to more accurately determine the controlled explosive
charge of each segment and reduce the resonance hazard to surrounding structures.

Keywords: underwater drilling blasting; free surface; time-frequency analysis; vibration attenuation
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Fig. 1 Diagrams of blasting vibration measuring system and measuring point layout
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Fig.2 Schematic diagrams of blast hole distribution and free surface
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Fig. 3 Vertical velocity curves of monitored blasting vibration signals
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Table 1 Energy distribution of blasting vibration signals
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1-1 1-2 2-1 2-2 1-1 1-2 2-1 2-2
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Fig. 4 Blasting vibration components of signal 1-1 at different frequency bands
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Fig. 6 Energy distributions of blasting vibration signals at different frequency bands
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Fig. 7 The three-dimensional numerical model for underwater blasting
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