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Abstract

The external morphology of cracks on tunnel lining surfaces varies widely. To comprehensively
quantify the irregularities of tunnel lining surface cracks, this paper proposes a multiscale method
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that combines macroscopic and microscopic quantification of waviness. Based on image processing
techniques, the method extracts crack contour curves from collected images, fits the central line of
the contour using the least squares method, and automatically extracts parameters «a reflecting
the macroscopic undulation and R, reflecting microscopic waviness. The combination of these two
quantified parameters of crack contour curves enables precise evaluation of the degree of wavi-
ness in tunnel cracks. Experimental results demonstrate the effectiveness of this combined ma-
croscopic and microscopic approach in quantifying the degree of waviness, providing an objective
basis for a more rational assessment of the cracking situation on lining surfaces.
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Figure 1. Barton’s ten standard profile lines [14]
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Figure 2. JRC value of

tunnel surface crack
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Figure 3. Comparison between
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tunnel surface crack images and standard profile line images
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Figure 4. Tunnel surface crack R, statistics
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Figure 5. Comparison of R;, values for different cracks on the tunnel surface
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Figure 6. Tunnel surface crack macroscopic fluctuation a
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Figure 7. Schematic diagram of R, values for cracks on the tunnel surface
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Figure 8. Extraction of crack skeleton on the tunnel surface.
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Figure 9. Contour centerline of tunnel cracks
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Figure 10. Schematic diagram of fracture sampling length selection
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Figure 11. Diagram of crack sampling length over a long period
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Figure 12. Sampling length is too short fracture sample R, statistics
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Figure 13. Statistical values of macroscopic undulation for tunnel crack samples
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Figure 14. Crack images with different macroscopic undulations
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Figure 15. Statistical values of R, for tunnel crack samples with a sampling interval of 10 mm
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Figure 16. Display of crack images with different microscopic deviation undulation degrees
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Table 1. Quantitative parameters for the flexural deformation of different crack contour curves.
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