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Analysis of consolidation settlements caused by shield tunneling

AO Ri-han, ZHANG Yi-tong
(School of Mechanical Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Following a tunnel excavation in low-permeability soil, it is commonly observed that the ground surface continues to settle
with time, as the dissipation of the excess pore pressure leads to the consolidation settlements. For studying the consolidation
settlement of soil caused by shield tunneling, an initial excess pore water pressure formula during the tunnel construction is presented
based on Henkel pore water pressure theory; and it can be used to calculate the consolidation settlement by means of numerical
analysis. This approach has been applied to the engineering case of the Shanghai metro tunnel-line 2; and the calculation results are
obtained based on the soil geological condition. As shown in the analytical calculation, the maximum value of the initial excess pore
water pressure is located at the spring-line of the tunnel. The calculation results of the consolidation settlements are in good
agreement with the field data.
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Fig.1 Soil element at the spring line level of the tunnel
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Fig.2 Pore water pressure distribution of the tunnel
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Fig.3 Disturbance sections of shield tunneling
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Fig.4 Model for consolidation settlement analysis
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Table 1 Physico-mechanical properties
parameters of soil strata

e B a0 MR
BRSO R
/MPa! /MPa Z#¥
1-D 1.0 3.52 0.25
2-® 50 051 097 187 3.27 582 046 0.6
3-@ 25 065 113 180 2.66 138 052 025
4-® 75 117 144 170 1.82 128 057 025
5@ 45 046 101 183 3.00 329 050 025
6-® 2.0 037 098 183 247 333 041 025
7-® 40 025 070 199 6.18 0.23
8-® 190 0.15 0.64  20.1 9.25 0.21
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Table 2 Physico-mechanical parameters of segment
L FRPER R
/(kN/m) /MPa
24.5 3450 0.17
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Fig.5 Contour diagram of excess pore pressures (unit: kPa)
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Fig.6 Distribution of excess pore pressure along the
horizontal line of the tunnel center
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Fig.7 Changing curve of consolidation settlement with time
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