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Abstract: Based on the vertical segmental freezing reinforcement of the shield’ s starting end of a section of
Fuzhou Metro Line 6, the influence of segmental and full-section freezing on the temperature field was
analyzed, and the influence of frost heaving on the surrounding environment during the segmental freezing
process was explored through the surface displacement. The finite element software was used to establish the
numerical model of segmented and full-section freezing, and the evolution process of frozen curtain was
dynamically simulated. The numerical simulation results of segmented freezing and full-section freezing were
compared with the field measured data. Findings indicate that during the active freezing phase, the freezing
effectiveness improves with proximity to the freezing center along the same temperature development path. The
freezing efficiency is least effective at the end of the freezing tube, with the bottom of the tube exhibiting the
poorest performance, identifying it as a weak freezing zone. Following the active freezing period, the thickness
of the freezing curtain at the tunnel crown reaches 4 m, while at the invert, it attains 3.5 m, fulfilling the
design specifications. The time required for the freeze curtain to form is shorter in segmental freezing than that
in whole-section freezing. Additionally, the surface uplift in segmental freezing is measured as 24.4 mm, which
is less than that observed in whole-section freezing, i.e., 27.6 mm, suggesting that segmental freezing is
marginally more effective. These research results serve as a valuable reference for the design and execution of
freezing schemes for shield end reinforcement utilizing the vertical freezing method.
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Fig.1 Geological profile of shield end
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Fig.2 Schematic diagram of segmented freezer structure
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on the left line (unit:m)
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Fig.7 Vertical displacement change of surface

cross-sectional monitoring points
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Fig.8 Contour plot of segmental freezing temperature field development
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diagram of segmental freezing
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