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LU Dechun'?, SONG Tao'?, LIN Qingtac'’, MENG Xu'?, DU Xijuli'®
(1. Institute of Geotechnical and Underground Engineering, Beijing University of Technology, Beijing 100124, China;
2. Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of
Technology, Beijing 100124, China)

Abstract: Shield tunneling under-crossing existing operational tunnels can easily cause excessive defor-
mation of existing lines, posing safety risks to subway train operations. By considering the key factors
such as shield-soil interaction, lining-grouting layer-soil interaction, as well as synchronous grout hard-
ening process and pressure dissipation, we developed a numerical simulation method for the entire
shield construction process. Based on an actual project, a 3D finite element numerical model of shield
tunneling underneath existing tunnels was established. The evolutionary patterns of structural deforma-

tion, internal force response, surrounding rock pressure and adjacent stratum stresses during shield un-
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dercrossing were obtained, revealing the deformation mechanism of existing tunnels. The results
showed that the existing tunnel underwent both flexural and torsional deformations longitudinally. The
flexural deformation exhibited a V-shaped pattern with middle-section settlement and end-section up-
lift. Sectional torsional deformation showed greater magnitude in the middle sections than at the ends,
initially twisting counterclockwise then clockwise during shield advancement. For tunnel cross-sec-
tions, within the range of x¥=— — 0.8D to 0.8D, sections demonstrated lateral flattening and vertical
elongation deformation patterns. Beyond x=4-0.8D, sections exhibited lateral elongation and vertical
flattening deformation patterns. Deformations within the range of x= — 0.8D to 0.8D resulted from
soil unloading induced by shield excavation. Deformations beyond x=+0.8D were caused by trans-
mission of torsional and settlement deformations from central sections.

Keywords: shield; under-crossing construction; existing tunnels; deformation mechanism; numerical

simulation
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Fig.1 Schematic of shield tunneling simulation
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Fig.3 Interaction mechanism of lining-grout-soil system
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Table 2 Development patterns of in-situ stress, surrounding rock pressure, and deformation along the longitudinal profile

of existing tunnel
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Table 3 In-situ stress, tunnel surrounding rock pressure, and deformation development patterns of section x=0D
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