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Calculation Model and Verification of ShiélaTunnel Segment Flotation Based on
Grout Buoyancy Dissipation Characteristics

WANG Xianming*, WANG Shimin™, LIN Zhiyu!, ZHONG Meiyun!, CHEN Peng?, CHEN Jianfu?
(1. China Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, Southwest Jiaotong University, Chengdu 610031,

China; 2. China Railway 14th BureawGroup Shield Engineering Co. Ltd., Nanjing 211800, China)

Abstract: Addressing the frequent issue\of‘ségment flotation during shield tunnel construction, this study first employs a
self-developed testing device to reveal thgtime-dependent variation patterns of net buoyancy in typical single-component grout
and two-component grout. A unjvegsal mathematical expression for net buoyancy versus time is established using the ExpDec?2
model. Subsequently, by comprehensively considering grout buoyancy dissipation characteristics, segment self-weight, shield
thrust, ground load, and tail restraint, a finite element model for segment flotation calculation is developed in ABAQUS. This
model elucidates the flotatiomdeformation behavior of segment linings under typical single-component and two-component
synchronous grouting, and is ‘validated against field monitoring data. The results show that: 1) The time-dependent variation of
net grout buoyanCy/carre divided into two phases: a linear slow-decreasing phase (Phase I) and a nonlinear rapid-decreasing
phase (Phase I1). Notabty, the net buoyancy diminishes to zero while the grout remains in a fluid-plastic state, far from its final
setting time. 2) The proposed segment-grout layer computational model effectively captures the flotation characteristics of
segments encapsulated by gradually gelling grout, showing good agreement with field measurements. This model can serve as a
theoretical basis for flotation-resistant design in similar projects. 3) Compared to single-component grout, two-component grout
exhibits significantly shorter buoyancy dissipation time and physical setting time, enabling rapid stabilization of segments and
substantial suppression of flotation. Hence, for projects with severe segment flotation, it is recommended to adopt synchronous
grouting materials with fast gelling time and high early-stage strength.
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Table 3 Fitted curve equations and characteristics of net buoyancy
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Fig. 6 Numerical calculation model
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Fig. 8 Load and boundary conditions of computational model
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Fig. 10 Longitudinal floating characteristics of segments in Beijing East Sixth Ring Road Reconstruction Project
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