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Abstract: When a shield tunnel passes under the main canal of the South-to-North Water Diversion Project, leakage at the bottom
of the canal structure can lead to more severe hazards. Therefore, to study the disturbance deformation patterns under the coupling
effects of bidirectional interactions, the FEFLOW software was used to simulate the influence range of groundwater seepage under
different leakage conditions in the canal. The FLAC3D software was employed to establish a model of the canal-stratum-tunnel
system, and numerical simulations of cooperative deformation under different construction conditions were conducted. The study
shows that when the local leakage volume in the canal approaches or exceeds 100 m®/day, the planar influence range of the leakage

exceeds 100 m. In the vertical direction, the stratum from the leakage center to the tunnel roof transitions from the vadose zone to
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the saturated zone, changing from an unsaturated to a saturated state. Comparing the simulation results of normal conditions with

leakage conditions, the deformation curves at the canal bottom exhibit “W-shaped” and “V-shaped” patterns, respectively, with

maximum settlements of 3.6 mm and 6.4 mm, and settlement trough widths of 27 m and 45 m. The results indicate that leakage at

the canal bottom increases the depth of the settlement trough. This is because the leakage reduces the soil strength and alters the

compression coefficient within the affected range, requiring greater deformation in the saturated soil layer to counteract stress

changes.

Key words: South-to-North Water Diversion project; shield tunnel; channel deformation; numerical simulation; engineering

geology.
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Fig.1 Location relationship of tunnel line 10 passing through the south to north water diversion main canal section
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Table 1 Distribution of strata in the tunnel underpass area
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Fig.2 Anti seepage measures for Zhengzhou section 1 of the main canal of the south to north water diversion middle route
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Table 2 Physical and mechanical parameters of soil
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Fig.9 Schematic diagram of geological profile of tunnel line 10 crossing the south to north water diversion main canal
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Table 5 Physical and mechanical parameters of soil
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Table 6 Material parameters of structural components
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Zone Z Displacement
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-1.0000E-02
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-2.9328E-02
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Fig.11 Cloud map of coordinated deformation between tunnel and soil layer under normal working conditions
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Fig.12 Deformation curve of main canal bottom plate

under normal operating conditions
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Table 7 Mechanical parameters of saturated soil under leakage conditions
+ 2 Ik % ¥ (kg/m”) Fi 2R J1(kPa) FESE () AL B (MPa) TR EE
il bRk 2.03 20.0 10.0 12.5 0.40
FLAC3D 6.00
22019 Itasca Consulting Group, Inc.
Zone Z Displacement
4.1148E-02
4.0000E-02
3.5000E-02
3.0000E-02
2.5000E-02
2.0000E-02
1.5000E-02
1.0000E-02
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0.0000E+00
I -5.0000E-03
-1.0000E-02
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-2.0000E-02
-2.5000E-02
I -3.0000E-02
-3 5000E-02
-3.9436E-02
13 B AT BRI — 122 Rl A2 B = 181 (B AL :mm)
Fig.13 Cloud map of coordinated deformation between tunnel and soil layer under leakage conditions
1 RHT X
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0r Table 8 Comparison of deformation between normal work-
-1F ing conditions and leakage working conditions
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Fig.14 Deformation curve of main canal bottom plate

under normal leakage condition
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