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In this study, cosmic ray muons that penetrate the ground and structures are
measured to estimate density. The interaction between tunnel linings and the ground is clarified
using a combination of numerical analysis and model experiments to consider the seismic
reinforcement methods. For the density estimation using cosmic ray muons, experiments both in the
laboratory and at a rockfill dam were conducted, and the accuracy of the density converted by muon
detection is verified. In the numerical analysis of load experiments modeling the ground and tunnel
linings, Rigid Body Spring Model (RBSM) is used to verify the numerical validity concerning the
displacement of the loading plate, the internal displacement, the loading force, overall deformation

of the model, and the crack occurrence conditions.
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