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Abstract: To explore the influence of a cavity on a shield tunnel, a refined numerical model of a shield tunnel, considering ring
and longitudinal joints, is established. The variation law of the internal force, deformation, and section safety factor of the segment
are investigated under various conditions, such as the depth, area, and location of the cavity. Additionally, the influence of
different assembly points of the segment on a tunnel with a cavity behind it is discussed. The results indicate that the order of
the adverse effects of cavities at different positions behind the tunnel on structural safety is tunnel waist > tunnel bottom > tunnel
top. When the cavity area is 5.0 m’, with an increase in the cavity depth, the bending moment and safety factor of the tunnel section
at the center of the tunnel top or bottom cavity first decrease and then increase in the opposite direction, and the ellipticity of
the segment first decreases to 0 and then increases in the opposite direction. The bending moment is reversed when the cavity depth
was 0.3 m or 0.2 m. The safety factor of the section at the center of the left tunnel waist cavity decreases continuously, and the
ellipticity of the duct piece and the bending moment increase significantly. When the cavity depth is 0.5 m, the bending moment
of the tunnel section at the center of the cavity at the top or bottom of the tunnel is reversed when the cavity area is 3.75 m’.
The existence of circumferential joints within the cavity reduces the internal force of the tunnel section at the center of the cavity
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and improves its safety factor. However, its maximum joint opening is 2.0-3.5 times that of a cavity without a joint. The results
provide a reference for the safety evaluation of the cavity behind the lining of a shield tunnel and the selection of assembly points.
Keywords: rail transit; shield tunnel; cavity; numerical simulation; safety coefficient; internal force
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Figure I Numerical model of shield tunnel
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Figure 2 Bending moment comparison of
numerical and experimental results
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Table 2 List of working condition settings
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Figure 3 Internal force distribution of a shield tunnel under
the influence of cavities at the top of a tunnel
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Figure 4 Convergence deformation of a shield tunnel under
the influence of cavities at the top of a tunnel
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Figure 5 Internal force distribution of a shield tunnel under
the influence of cavities at the waist of a tunnel
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Figure 6 Convergence deformation of a shield tunnel under

the influence of cavities at the waist of a tunnel
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Figure 7 Internal force distribution of a shield tunnel under
the influence of cavities at the bottom of a tunnel
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the influence of cavities at the bottom of a tunnel
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Internal force distribution of a shield tunnel under the influence of different area cavities
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Table 3 Tunnel safety factor and joint opening extreme
value at different assembly points

x

%/B 10.8 0.05
FIA 11.21 0.06
1% 77
%/B 5.56 0.28
H
HIA 13.80 0.52
ZIC 9.05 0.05
~ F/A
9.52 0.04
&% A%
x/C 2.50 2.45
H
HIA 3.70 5.16
TIA 7.53 0.05
x
. A/D 9.34 0.09
%% J&,
E/A 6.95 0.67
H
#H/D 7.39 235

(c) C (BRAIRT T fiéf%18° )

K12 JE R BEIE A R P AT
Figure 12  Different assembly points of a shield tunnel
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