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Abstract: Quality defects in segment assembly, such as misalignment and ellipse deformation, often occur during shield-
tunneling excavation. Construction quality defects threaten tunnel stability and safety. To ensure the safe construction and service
of shield tunnels, a quality assessment of the shield segment assembly is necessary during construction. Limited by manual
detection methods, traditional site-quality assessment is challenged by low efficiency, limited accuracy, and missing data. Three
dimensional laser scanning was introduced to collect point-cloud data during the assembly of the shield-segment lining. The
ellipticity and misalignment values of the shield segments were calculated by the long and short-axis algorithms and the

improved slope segmentation algorithms. Based on the theory of center-point extraction of ring-seam data, a method for

extracting the central axis and center point of a tunnel through ring- segment data fitting was proposed for high precision,
efficiency, and automation to detect shield-segment assembly quality. A shield-tunnel project was conducted to demonstrate and
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validate the proposed method. The results show that the proposed method can efficiently and automatically assess the assembly

quality of shield-construction segments.

Keywords: urban rail transit; shield segment; assembly quality; 3D point cloud; deviation detection; inter-ring misalignment
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Figure 2 Diagram of cylinder model
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Figure 3 Diagram of non-average segmentation
of point-cloud data
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Figure 4 Non-average segmentation of point-cloud data
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Figure 6 Side view of circumferential segmentation data
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Table 1 Ellipticity calculation results %0

K5 01 02 iEE A
52 — 3.846 06 5
53 — 3.846 06 5
54 3.503 93 3.84597 5
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59 1.899 74 3.842 21 5
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Table 2 Calculation of maximum misalignment

value between rings mm
5 A A RE AAFE
52-53 13.0319 12.46 0.5719 7
53-54 7.771 0 8.35 -0.5790 7
54-55 9.941 1 9.45 0.4911 7
55-56 12.030 5 11.46 0.580 5 7
56-57 14.998 4 13.84 1.158 4 7
57-58 12.794 3 11.53 1.264 3 7
58-59 12.337 6 11.84 0.497 6 7
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Table 3 Calculation based on loop-data center point
and deviation

5 x/m y/m 1 £ %5 Ak Z A8 /mm
52 0.043 15 —0.006 50 51-52 —
53 0.056 70 0.016 28 52-53 26.5
54 0.045 96 0.003 18 53-54 16.9
55 0.044 30 0.003 94 54-55 1.8
56 0.034 30 —0.000 97 55-56 11.1
57 0.042 27 0.001 96 56-57 8.5
58 0.044 11 0.004 35 57-58 3.0
59 0.045 67 —0.010 48 58-59 14.9
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Table 4 Calculation based on ring-seam data center
point and deviation calculation

Vi x/m y/m Z%%5 Ak Z{i/mm
51-52 0.043 52 0.005 68 51-52 —
52-53 0.061 31 —0.011 00 52-53 243
53-54 0.052 09 0.002 01 53-54 15.9
54-55 0.040 26 0.001 00 54-55 11.8
55-56 0.034 15 —-0.075 88 55-56 77.1
56-57 0.040 40 0.003 94 56-57 80.6
57-58 0.047 91 0.006 56 57-58 8.0
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