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Estimation of shield tunnelling-induced ground surface settlements by
virtual image technique
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Abstract: The accurate estimation of ground surface subsidence induced by shield tunnelling is crucial to the protection of
buildings or structures in the vicinity. Under the hypothesis that the soil is a homogeneous isotropic incompressible
linear-elastic semi-infinite half-space, equations for calculation of tunnelling-induced ground surface settlements under different
surrounding soil intrusion models are derived based on the virtual image technique. Compared with those of numerical
integration methods, the predicted results by the proposed method are more accurate. For the soil in reality is anisotropic,
layered and compressible, the transverse ground surface settlement trough width is over-estimated both by this study and the
numerical integration method. A modification parameter of trough width is introduced into the deduced formula. The modified
method is proved by the field observations to be an easy and reliable method for prediction of ground surface settlements
resulting from ground loss during construction of shield-driven tunnels.
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Fig. 2 Computational model for even intrusion of surrounding soils
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Fig. 3 Sketch of soil movements under even intrusion model
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Fig. 4 Computational model for uneven intrusion of surrounding soils
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Table 2 Fitted results of field-observed transverse settlements at some instrumented sections

W " R DR PR B A B EH
W T A7 W i 2o/ e 7% = , X, 7% = t/d
W-G1 21.01 0.27 020 098 7.72 0.25 020 097 6
W-G2 21.33 0.27 0.23 0.99 7.45 0.25 024 099 5
. W-G3 21.33 0.23 0.22 0.96 10.06 022 0.23 0.95 5
FRAR (P2 W-G8 25.83 0.25 030 099 8.62 0.23 0.31 0.99 5
W-G9 2644 030 032 0.94 5.94 0.28 0.33 0.94 5
S5 2319 026  0.25 0.97 7.96 0.25 026 097
W-S1 29.83 0.39 0.92 0.97 3.90 034 096 097 5
W-S2 31.73 0.33 0.79 0.98 5.30 0.29 0.81 0.98 5
PR BT (T 4k) W-S3 31.83 0.41 1.05 0.98 3.40 0.36 1.12 0.98 5
W-S4 3124 040  0.89 0.99 3.59 0.35 0.93 0.99 5
S5 31.16  0.38 0.91 0.98 4.05 034 096 098
E-S2 30.84 032 0.38 0.99 5.66 0.28 0.39 0.98 5
. . E-S3 31.68 033 0.37 0.99 4.89 030  0.39 0.99 5
FR S (450 E-S4 31.91 0.37 0.41 0.95 4.19 0.33 0.42 0.95 5
S5 3148 034 039 0.98 4.91 030 040 097
E-N2 2672 031 024 095 6.29 0.27 0.25 0.94 5
E-N3 26.60  0.29 0.32 0.96 6.67 026  0.32 0.95 5
JER SR B (AR ) E-N4 25.45 0.28 030 098 7.21 0.25 030 097 5
E-N5 2457 030 026 091 6.11 0.28 026  0.90 5
S5 2584 030 0.8 0.95 6.57 0.27 0.28 0.94
E-HI 2428 027 0.18 0.97 7.69 0.25 0.18 0.96
JE Rk T B (AR k) E-H2 2416  0.27 0.13 0.91 7.80 0.25 0.13 0.89 5
e 2422 027 0.16 094 7.75 0.25 0.16 093
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Fig. 8 Observed and calculated transverse surface settlements
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