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Abstract: In order to study the deformation characteristics of subway tunnel under the unfavorable geo-
logical conditions of overlying water-rich sand layer, a typical tunnel, in dynamic water-rich and weak-
ened sand stratum of Qingdao metro No.2 line (the Pi-Miao section), was taken as a research model,
FLLAC3D numerical simulation software is used to study the displacement of tunnel excavation surface
and the variation characteristics of plastic zone under different thickness of water-rich sand layer and

waterrepellent layer. The results show that the larger the thickness of the water-repellent layer and
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the smaller the thickness of flowing sand layer, the smaller the deformation of the excavation surface
will be. The thickness of waterproof layer is the main control factor affecting whether water and sand
inrush occurs on the excavation face. In the process of excavation, maintain a safe distance between
the sand layer and the tunnel. Once it is less than 3 m, tunneling should be stopped immediately and
corresponding advance reinforcement measures should be taken. Taking the critical condition as the re-
search object, the stress and displacement deformation law of tunnel’s arch, waist, and face during ex-
cavation were analyzed, and the displacement release coefficient and stress release rate were intro-
duced to reveal the relationship between surrounding rock and the excavation face during tunnel exca-
vation. By further fitting the prediction equation for the instability and failure of the excavation face, an
important conclusion was drawn: that the inflection point of deformation release rate of excavation
face 1s prior to the radial deformation of the surrounding rock in the same section and occurs before the
excavation reaches the target section. Therefore, the deformation of the excavation face should be re-
garded as the primary sensitive monitoring index during the actual tunnel excavation. The research re-
sults can provide some theoretical guidance for the stability of the tunnel excavation face and the selec-
tion of pre-reinforcement timing under the unfavorable geological conditions.

Keywords: quicksand stratum; numerical experiment; tunnel excavation surface; deformation charac-

teristics
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Fig.2 Tunnel model and monitoring section layout
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Table 1 16 numerical simulation operating parameters
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Fig.3 Boundary conditions and model schematic drawing of

c2 numerical model
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Table 2 Mechanical parameters of rock mass
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Fig.6 Numerical test results of computational cloud images about part engineering conditions
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Fig.7 Stress change curves at different parts of the monitored section under ¢3 condition
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Table 3 The data curve fitting parameters and

the correlation coefficient
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