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A simplified analysis method for the response of existing shield tunnels
underneath pipe jacking construction considering uplift effect
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Abstract: The construction of the new pipe jacking will cause the longitudinal uplift displacement of the existing shield
tunnel below, affecting the normal operation of the subway. However, the current simplified analysis methods have not yet
considered the significant floating effect that occurs during large-diameter pipe jacking with sufficient grouting or jacking
under groundwater level. This study proposed a simplified calculation method, utilizing the two-stage method and treating
the existing tunnel as an Euler-Bernoulli beam on the Pasternak foundation, to assess the impact of new pipe jacking on the
response of the underlying existing tunnel. The calculation method considered the floating effect and accounted for the
non-uniform convergence mode of soil. It is shown that both the uniform soil convergence mode and the non-uniform soil
convergence mode of pipe tunnel sinking will underestimate the free displacement of the soil under the new pipe jacking
and the longitudinal displacement response of the existing tunnel below. The rationality of the proposed method was verified
by the measured data. Additional parametric analysis reveals that decreasing the ground loss rate can effectively reduce the
vertical displacement and bending moment of the existing tunnel. Moreover, increasing the pipe-soil stiffness ratio between
the existing tunnel and the soil reduces the vertical displacement of the existing tunnel but increases the bending moment

of the tunnel segment. Furthermore, increasing the vertical clear distance between the pipe jacking and the existing tunnel
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is conducive to the control of the vertical displacement and bending moment of the existing tunnel.

Key words: new pipe jacking excavation; floating effect; soil convergence; above-crossing tunnelling; existing tunnels

uplift; two-stage method
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Fig. 2 Calculation model of new pipe jacking crossing

existing shield from above
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Fig.3 Diagram of non-uniform convergence coefficient and

pipe-soil contact considering uplift effect
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Fig. 4 Diagram of displacement field components
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Fig. 5 Free displacement of soil under new tunnel under
different convergence modes
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