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Abstract: The existing spatial random field theories can better depict the uncertainty of a single geotechnical parameter,
including the intrinsic randomness, global variability and local singularity. The current challenge is how to analyze the
correlated variables in multiple soil layers for soil-tunneling mechanics. The coefficient of cohesion, internal friction angle and
compression modulus are considered in the reliability index analysis of ground surface settlement due to excavation of
shallow-buried tunnels. At first, the geotechnical parameters of multiple non-stationary soil layers are converted into unified
anisotropic spatial random field using the local detrending method, and the statistical parameters are defined. Then, the uncertainty is
simplified into aleatory randomness, and the response surface method is introduced into the reliability index analysis. The
co-sequential Gaussian discretization is designed for the spatial random field and numerical analysis. Finally, the failure probability
(i.e., reliability index) of ground surface settlement is calculated stochastically by using the classical and subset Monte-Carlo
simulations, respectively. This approach is applied into the four shield tunnel paralleling zones of the 5™ and 6™ metro lines between
West Huanhu Road station and West Binguan Road station in Tianjin of China. The results show that the reliability index considering
geotechnical parameters as the classically probabilistic variables is smaller than that of spatial random field assumption. It may
support substantially the construction control and design optimization in complex shallow-buried shield tunneling projects.
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Table 1 Key geotechnical parameters of soil layers
RN R H/m B plkegm’)  FiEJIc/kPa WEEESM @ /() [R5 B E, /MPa
©, Z3E+ 22 1800 4.0 7.0 4.0
@, BmFF+ 3.5 1970 8.0 9.0 7.6
®, ¥ FEi+ 5.8 1900 11.0 15.0 7.1
®, M FZ 3.1 1950 15.0 14.0 73
Ok R E L 1.6 1990 15.0 13.0 6.7
®, M+ 5.8 1990 12.0 12.0 11.1
O = 9.0 2010 16.0 28.0 24.6
O, ¥ FF 2.0 2020 19.0 17.0 8.3
@, #r+t 3.0 2000 16.0 33.0 28.6
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Fig. 1 Cross-section of four parallel shield tunnels
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Fig. 2 Simplified three-dimensional soil-structure system
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Table 2 Mechanical parameters of segment and shield enclosure
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Fig. 3 Excavation scheme of numerical analysis
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Fig. 4 Reliability analysis using response surface method
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Fig. 5 Reliability analysis using classical Monte-Carlo simulation
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Fig. 6 Discontinuous drift of coefficient of cohesion
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Fig. 7 Discontinuous drift of internal friction angle
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Table 3 Statistical characteristics of spatial random fields
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Table 4 Comparisons of reliability indices of different statistical assumptions
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