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Abstract

The close-proximity overcrossing construction of double-line shield tunnels in soft soil inevitably
induces soil disturbance, which may lead to deformation of existing tunnel structures and pose po-
tential risks to structural safety. To investigate the deformation characteristics and their evolution
of existing tunnels under such conditions, a case study of a double-line shield tunnel overcrossing
an existing tunnel at close proximity was conducted. A three-dimensional finite element model of
the shield tunneling process was established using ABAQUS to analyze the deformation response of
the existing tunnel during the overcrossing process, and to investigate the influence mechanism of
reinforcement measures on tunnel deformation. The results indicate that during the overcrossing
construction, the existing tunnel predominantly undergoes vertical uplift deformation accompa-
nied by slight torsion, with an influence range of approximately 3.5 D (D denotes the tunnel diame-
ter). The uplift deformation exhibits a pronounced lag effect. In double-line construction, excava-
tion of the trailing tunnel induces a significant secondary disturbance to the existing tunnel, result-
ing in an increase in the uplift magnitude and influence range, as well as a shift in the location of
maximum uplift. The application of MJS method piles in the overlapping zone of the new tunnel ef-
fectively suppresses the final uplift deformation of the existing tunnel. The findings of this study can
provide valuable references for the design and construction control of close-proximity overcrossing
shield tunnel projects in soft soil conditions.
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BEIE R A MUIS T2 i o 2] F -~ P A i P ] 2 s

DOI: 10.12677/hjce.2026.152021 23 T AT


https://doi.org/10.12677/hjce.2026.152021

HKRE 5F

HTH

10. 7m

6. 28m 55 4R IX ] i =

I1.123m JL.170m

R=1m

TEHK X [8]

X ]

2ELRIX kit
(b)

Figure 1. (a) Plan of interval reinforcement for line 2; (b) Section of interval reinforcement for line 2
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Figure 2. (a) Longitudinal section of tunnel MJS method pile reinforcement for line 5 interval; (b) Transverse section of tunnel
MIJS reinforcement for non-overlapping interval; (c) Transverse section of tunnel MJS reinforcement for overlapping interval
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Figure 3. (a) Overall model diagram; (b) Structural position relationship diagram
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Figure 4. (a) Schematic diagram of tunnel structure; (b) Schematic diagram of loads
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Figure 5. Pre-reinforcement area of existing tunnel
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PL 43 W7 R FH 2 245 R84 e ) i o T 000 (Caase 1), 3@ HERR N DR 2 (520, m S8 03 i b ik it Tt
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Figure 6. Simulated and monitored values of vertical deformation profile curve at vault of existing tunnel on line 2
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Figure 7. (a) Vertical deformation contour of existing tunnel upon completion of single-line excavation under working condition
5; (b) Vertical deformation contour of existing tunnel upon completion of double-line excavation under working condition 6
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Figure 8. Profile displacement curves of existing tunnel under different working conditions
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Figure 9. Horizontal displacement curves of typical positions of existing tunnel
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Figure 10. Post-reinforcement area of MJS method piles in newly-built tunnel
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Figure 11. Comparison of vertical deformation between reinforced and unreinforced existing tunnel
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Table 2. Statistical results of maximum vertical displacement of down line of existing tunnel
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