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Abstract: During the shield tunnel construction in composite strata, there are complex interactions between the

shield machine and segment due to spatial posture deflection. Causing multidimensional deformation response in
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various parts of the segment, resulting in extreme floating displacement and segment dislocation. In order to
investigate the structural response and derivative mechanisms, this study established a three-dimensional
numerical calculation model under multi-source load coupling. Finally, the spatial deformation distribution and
evolution characteristics of segments were calculated and analyzed by field 3D LiDAR testing. The results
indicate that under the spatial deflection, 64% of the long-axis deformation of the segment occurs before
detaching from the shield tail completely, and the long axis deflection is opposite to the circumferential rotation
of the shield shell. In addition, 50% of the average increase in longitudinal rotation angle of the segment occurs
after the segment detaching from the shield tail completely, while 44 % of the increase in circumferential rotation
angle occurs during the gradual detachment from the shield tail. During the entire process, the continuous
development of circumferential displacement of the segments is mainly caused by the circumferential rotation of
the shield shell, and after the segments completely detaching from the shield tail, their radial displacement
development and shape changes are mainly affected by their own circumferential displacement changes. The
lateral rotation of the shield shell would promote the longitudinal displacement of the segment in the same
direction. After detaching from the shield tail, the further development of its longitudinal displacement is mainly

affected by the longitudinal deflection. 3D LiDAR point cloud measurement could accurately and quantitatively

evaluate the segment deformation.

Keywords: shield tunnel; process response; segment deformation; numerical model; 3D point cloud
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Fig.1 Evolution of shield shell spatial deviation and

engineering response
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Fig.2 3D Numerical calculation model
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in the numerical model
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it (kg/m”) GPa lby  J1/MPa T 2

J& 58 7 850 281 0.29

i 7 850 281 0.29

Eh 2500 36.5 0.22

2 7 850 210 0.15 640/800  0/0.021
WA 7850 210 0.15 302/455 0/0.0754
JERm 7850 70 0.31 302/455 0/0.0754

TR R EMILE S A RO L &R
B ) KOS RS L I S BTG R
A s ) YR e o AR B K I RO M DL
PR B [, © 20 S R R R K I K 32 AR TR
FEIEM . I T, Bla w8 R A28 g S
B kAR AE b 2 i LB K 23 e B 1A R
Fil 97 3h SR 4, DA 3 B0 R 485 4 7R 37 A0 - A
LBREVER . fE5IEF T 7 T KW J7 R H
M EAE ot B b 7 e 2 IR AN 27RO b
TR N IR . 8 R 454 2 05 S0 fof 485 A
BXWME 3R, FIEFRRESAASRRES
T B T i AR A A 4 PR .

W 3TN, AR A T S I R iy 30 0 3t 5 2R, 4K

3 SREHESBREAER

Fig. 3 Multi-source load distribution and action mode
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Fig. 4 Analysis process of numerical calculation
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Table 2 Shield shell engineering parameters at different stages
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J1/MPa Ji/MPa  #feJj/MPa  #ftJj/MPa  #:J1/MPa  Ji/MPa ") ) ) #/mm  #/mm
1 9.2 9.4 20.3 20.3 7.9 20.3 0.09 0.03 0.02 39 10
I 13.9 13.5 14.5 11.7 9.5 14.3 0.13 —0.08 —0.07 39 8
Il 15.6 17.7 17.7 9.1 1.1 9.6 0.20 —0.18 —0.17 35 10
I\l 15.8 16.5 16.6 8.5 11.5 7.2 0.17 —0.20  —0.20 31 8
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Fig.5 Treatment measures and floating

displacement at different stages
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Fig. 9 Distribution of three-dimensional displacement differences of segments in different stages
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Fig. 13 3D laser point cloud testing for segment deformation during the entire process
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