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The ground cave-in accident caused by shield tunnel excavation in Chofu, Japan in 2020 revealed that ground
loosening and subsurface cavities potentially cause ground cave-ins even deep in the ground. Although ground-
penetrating radar method has been utilized to detect them, its applicability 1s limited to the shallow ground about 1.5
m below the ground surface. This contribution 1s a fundamental study aimed at detecting loosening depth in the
ground, with the goal of measuring dynamic waves from inside a tunnel. To understand wave propagation and
particle-scale response around loosened sandy soil, this study adopts the discrete element method (DEM).
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1. Modelling approach 2. Inter-particle contact forces
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1) Particle generation
- Spherical particle
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2) Air-pluviation process
- Hertz-Mindlin contact model
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3. Wave propagation simulations
The particles inside the region of the transmitter were excited in the Y-direction to generate elastic S-waves, with a single period of cosine wave
form (double amplitude displacement: 10 nm; frequency: 1 kHz)

Excitation inside Dense area Excitation inside Loose area

- In model grounds with loosening, the decrease 1in energy as the wave
passes through the loose area 1s indicative of lowpass filtering effect.

- In model grounds with loosening, residual energy around the bottom
loose area can be observed.

- The property of the transmission energy 1s also explained by the
concept of acoustic impedance (Z1)

- Especially 1in Case Loosened -S, the first traveling S-wave 1s
transmitted, but the second is reflected at the Loose-Dense boundary.
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