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The propagation characteristics and prediction of vibration induced by
horizontal-hole blasting in soil-rock strata
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Abstract: Clarifying the blasting vibration characteristics in soil-rock strata is a critical prerequisite for controlling
the effects of blast-induced vibrations. Based on an underground blasting project in a typical urban soil-rock stratum,
amodel test of horizontal-hole blasting in soil-rock strata was designed and conducted. Combined with finite element
numerical methods, the influence of the blasting source and site conditions on the propagation laws of blast-induced
vibrations in soil-rock strata was analyzed. Finally, a predictive model for blasting vibration in soil-rock strata was
established based on dimensional analysis. The results show that the soil-rock interface exhibits high-frequency
filtering characteristics, while the free surface shows a vibration amplification effect. The R-wave develops in the
direction away from the epicenter, resulting in a segmented attenuation characteristic of the vibration velocity at

the free surface. Increasing the burial depth of the blasting source suppresses the attenuation of vibration velocity

YR AR 2024 -08 - 19; EEIEHI: 2024 - 11 -04

ESWE - 0 TREH L E T SLI ST B H (BL2021 - 12); WHLEEE TARIAHORITFIH (F2023032); 5K 4827245 B0 H (41972286)
Supported by the Foundation of Hubei Key Laboratory of Blasting Engineering(Grant No. BL2021 - 12), Scientific Research Project of the Hubei Provincial
Department of Education(Grant No. F2023032) and National Natural Science Foundation of China(Grant No. 41972286)

EEEST: 01997 -), %, 2019 AL T E R 2 GRUO) TR Re, DO LR Fed:, 2 NG R TR S g B 3 /g 2% 55 7 Tl R BT 98 T
ff. E-mail: mxianzhong97@cug.edu.cn. MiRFE#H: EFE(1994-), ¥, L+, DALPHIT. E-mail: ricardo@cug.edu.cn

DOI: 10.3724/1000-6915.jrme.2024.0631



¢ 738 o A 1S TR 2025 4

across discontinuities, weakening energy dissipation at the soil-rock interface and site amplification effects.
Increasing the wave impedance ratio of the rock and soil slows down the attenuation of vibration velocity at the soil-
rock interface, while accelerating energy dissipation at the interface and vibration velocity attenuation at the free
surface, thus enhancing site amplification effects. Increasing the soil thickness does not affect the vibration
characteristics at the soil-rock interface but promotes vibration velocity attenuation at the free surface, suppressing
site amplification effects. Under small-angle assumptions, the dip angle of the soil-rock interface almost does not
affect site vibration. The constructed blasting vibration prediction model considers the site characteristics of soil-
rock strata, providing a theoretical basis for blasting vibration control in such conditions.

Key words: numerical simulation; soil-rock strata; horizontal-hole blasting; blasting vibration; model test;

vibration prediction
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Table 1 Physico-mechanics parameters of rock mass and soil mass

MR EE(kg e m %) PEEIE/MPa AL AEEEEM(C) B IJuKkPa BUEIRE/MPa PUREREE/MPa R4S/ MPa
EBREE 2300~2700  3000~20000  0.20~0.25 20~45 2500~ 18 800 15~67 1~3 -
FRALE 1 2550 309.46 0.21 40.16 490 1.85 0.11 -
SEfRAAk 1800~2 000 - 0.3~0.4 18~25 30~130 - - 11~30
iEAPSRUEN 1980 - 0.30 23.00 4.41 - - 228
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Fig.4 Blasting pressure time history curve
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Fig.8 Typical acceleration waveform and time-frequency analysis
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Table 3  Fitting results of different prediction models
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