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Analysis of vibration propagation and influencing parameters
in dynamic compaction of miscellaneous fill slope
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Abstract: Dynamic compaction (DC) is a highly effective, cost-efficient, and environmentally friendly ground

improvement technique. However, the intense vibrations it generates can irreversibly damage nearby structures,
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making it essential to evaluate DC-induced vibrations based on site-specific conditions. This study examines the
impact of DC on miscellaneous fill slopes and flat sites, analyzing the effects of vibration source distance,
tamping energy, and settlement on vibration velocity at energy levels of 4 000 kN-m, 12 000 kN-m, and 25 000
kN-m. A BP neural network model was developed using these factors as inputs and vibration velocity as the
output. Sobol sensitivity analysis was applied to quantify the contribution of each factor. Results indicate that on
slopes, vibration velocity follows a negative exponential relationship from the shoulder to the toe, with the slope
shoulder experiencing an "energy concentration" effect, leading to higher velocities than flat sites at the same
vibration source distance. Vibration velocities on slopes range from 4 to 25 mm/s and exhibit a negative
exponential relationship with tamping energy. As settlement increases, vibration velocity initially rises rapidly,
then stabilizes. After the "concave" inflection point in the cumulative settlement-settlement curve, velocity or its
growth rate increases; beyond the "convex" inflection point, velocity decreases or its growth rate slows.
Settlement has the greatest influence on vibration velocity, with a sensitivity index 1.55 times higher than
vibration source distance and 5.93 times higher than tamping energy. Reducing settlement is the most effective
strategy for vibration mitigation, followed by increasing vibration source distance, while tamping energy has the
least effect. These findings provide valuable guidance for managing high-energy DC-induced vibrations in similar
slope conditions.

Keywords: dynamic compaction; vibration velocity; miscellaneous fill; slope; BP neural network; sensitivity

analysis
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Table 1 Physical and mechanical properties of rock and soil index
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Table 2 Dynamic compaction vibration test parameters

CELE 75 il fig/(kN-m) 75 T 5 G B /m HE1¢/m R/t A /m
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RH o e 12 000 a, 1~4) 1.9 2.4 67 18.2
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25000 e eg-(1~4) 3.9 138 18.5

I 12 000 a a-(1~4) 1.9 2.4 67 18.2
4000 ¢ cg-(1~4) 0.7 25 16.3
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