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Improved product scale method for quantitative evaluation of tunnel
lining crack diseases
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Abstract: Cracking in tunnel lining structures is a critical issue requiring effective prevention and control during
tunnel maintenance. The development of intelligent tunnel management and maintenance urgently requires a
quantitative evaluation method for tunnel lining cracking diseases that is practical and broadly applicable. This
study introduces an automatic crack image recognition technology and establishes a quantitative evaluation index

system and threshold determination method for both single crack diseases and multi-crack diseases in tunnel lining
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sections. This is achieved by integrating the product scale method with established specification requirements. For
single crack disease diagnosis, the primary evaluation indexes are crack length and width, with depth, orientation,
and development serving as auxiliary indexes. For multi-crack disease diagnosis, the main indexes remain crack
length and width, while depth, orientation, development, and distribution density are included as supplementary
indexes. Threshold determination incorporates the probability distribution characteristics of uniform distribution
functions alongside the safety characteristics of tunnel structures under stress conditions. The evaluation scores
have been systematically standardized to eliminate dimensional inconsistencies, and software has been developed
for practical application. A case analysis shows the scientific validity of this method, providing a novel approach
to intelligent identification of tunnel cracking diseases and automated maintenance decision-making.
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Table 1 Scoring criteria for the length of a single crack
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Table 2 Scoring criteria for the width of a single crack
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Table 3 Scoring criteria for the depth of a single crack
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Table 4 Scoring criteria for the development of a single crack
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Table 5 Scoring criteria for the direction of a single crack
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Table 6 Representative single crack evaluation values for minor and general grades

JF KEMST e EAF 4 WERSY RIERWMSS Hmfasas F,
1 6 6 6 6 6 1.000 0
2 6 6 4 3 4 0.795 5
3 6 4 6 6 6 0.9210
4 6 4 4 3 6 0.774 8
5 6 4 4 6 6 0.862 3
6 6 4 4 3 6 0.774 8
7 4 4 4 6 6 0.783 3
8 4 4 4 3 6 0.695 8
9 6 2 6 6 6 0.842 0
10 6 2 4 3 6 0.695 8
11 6 2 2 6 6 0.724 7
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Table 7 Representative single crack evaluation values of general and severe grades

5 KER o v Aoy WESRS KRGS TGS F,
1 4 4 4 3 4 0.6375
2 4 4 2 6 0.724 7
3 4 2 6 6 6 0.763 0
4 4 2 4 6 6 0.704 3
5 4 2 4 3 6 0.616 8
6 4 2 2 6 6 0.645 7
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10 2 2 4 6 6 0.6253
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Table 8 Determination of characteristics of single crack health state threshold

) KER o GEEAT T WERY  REWSS  Jrmfia F,
1 2 2 6 6 4 0.625 7
2 4 4 2 3 6 0.637 2
3 6 2 2 3 6 0.637 2
4 6 2 6 6 2 0.7253
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Table 9 Health assessment level and maintenance suggestions for single crack diseases
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Fig. 1 Diagnosis and analysis of health status of single crack diseases
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Table 10 Scoring standards for the length of multiple cracks in tunnel sections
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Table 11 Scoring criteria for the width of multiple cracks in tunnel sections

S
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b < 02mmAyZEE &L, 6 6 x iy
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b > 0.5 mm AYZLLE & 1L i), 2 2 X iy
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Table 12 Scoring criteria for the depth of multiple cracks in the tunnel section
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Table 13 Scoring criteria for the development of multiple cracks
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Table 14 Scoring criteria for multiple crack directions in tunnel sections
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Table 15 Scoring criteria for the distribution density of multiple cracks in tunnel sections

o bR i S3{H b 7oA 1,2)
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P > 200 cm/m* iy 245 5 1 i, 3 3 % i,
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Table 16 Multiple crack threshold situations

J¥ 5 KR i Aoy WER Y KBNS DT s R F,
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4 4 4 4 3 2 6 0.641 8
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6 4 4 4 6 2 3 0.641 8
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Table 17 Health status and maintenance suggestions for multi crack diseases
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Table 18 Case study of multiple cracks
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