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Dislocation variations in tunnel segments in lining structure
experiments using image processing techniques
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2. China Geo-Engineering Corporation, Beijing 100093, China)

Abstract; With the development of shield tunnel techniques, the problems such as segment crack, difficulty in
connection, and hidden water danger become more serious and obvious in practice. These problems may
directly affect the safe-construction and normal-usages. In order to investigate the dislocation variations in the
shield tunnel segments subjected to the lateral force, a lining structure experiment was conducted. After
introducing the experimental processes, including loading apparatuses, loading processes, and monitoring
techniques, dislocations of joints between various tunnel segments before and after reinforcement with
composite materials were investigated using the image processing techniques for the images photographed
during the experiment. The particle image velocimetry technique was used to compute the dislocation features
of the concrete tunnel segments at different times. The results shows that before the lining structure was
reinforced, the dislocations were the largest, medium, and smallest, respectively, in the top-side, side-
standard, and standard-bottom segments; after the reinforcement of the lining structure, the dislocation were

smaller, similar, and greater, respectively, in the top-side, side-standard, standard-bottom segments,
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whereas the changes in magnitude and variations in displacement of composite materials were the largest,

medium, and smallest, respectively, in the top-side, standard-bottom, side-standard segments; the

displacement of composite materials was mainly caused by the equipment vibration. The results in the current

study may provide references in investigating the failure mechanism of the lining structure of tunnel.

Keywords: full-ring experiment; image processing; shield tunnel seqment; dislocations variations
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Table 1 Loading level

TR P,/kN P,/kN P;/kN
1Y 30.0 19.5 24.8

59 150.0 97.5 123.8
15 9% 350.0 227.5 288.8
20 % 390.0 253.5 321.8
25 % 415.0 269. 8 342. 4
530 2% 440.0 276.3 358.2
35 9% 465.0 276.3 370.7
540 9 490.0 276.3 383.2
545 9 515.0 276.3 395.7
550 9% 540.0 276.3 408.2
55 9% 565.0 276.3 420.7
2 60 2 590.0 276.3 433.2
562 600. 0 276.3 438.2
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Fig.2 Appearance of experimental setup
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Fig.3 Gray images of joints at various load stages
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Fig.5 Displacement vs time after reinforcement with composite materials
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