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Abstract: Shield tunneling in urban metro systems often causes ground settlement. To address the dif-
ferences in the mechanical properties between the rigid pavement layer and the soil layer, a modified
Peck formula that considers pavement thickness was proposed. First, the tunnel depth in the classical
Peck formula was modified, and a functional relationship for the equivalent burial depth was proposed.
Then, ANSYS numerical simulation was employed to analyze the influence of different pavement lay-

er thicknesses on the ground settlement during shield tunneling. The results showed that: (1) the pave-
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ment layer had a significant impact on surface settlement, with the maximum settlement decreasing
from —29.38 mm without a pavement layer to —23.27 mm when the pavement thickness was 0.5 m.
(2) Under identical soil layer thickness and tunnel depth, both the settlement trough width coefficient
and the maximum settlement exhibited a linear positive correlation with pavement thickness, with cor-
relation coefficients exceeding 0.972. (3) Based on the simulation results, the Peck formula was modi-
fied, and the equivalent parameters for pavement layer and soil layer thicknesses were 2.55 and 1.00,
respectively. Finally, the method was applied to Suzhou Metro Line S1 and Beijing Metro Line 7.
The results showed that the evaluation indicators of the prediction results in both regions decreased.
The Mean Absolute Percentage Error (MAPE) in Suzhou was reduced by 5% and 19%, while the
Root Mean Square Error (RMSE) in the two sections of Beijing was reduced by over 0.97 and 0.53,
respectively. The application with different pavement thicknesses under two different geological condi~
tions and design standards confirms the multi-regional adaptability of the settlement prediction method
considering pavement layer thickness.

Keywords: Peck formula modification; shield tunneling; surface settlement; urban pavement; predic-

tion
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Table 2 Fitted key parameters and calculated burial depths under identical tunnel burial depth

1% SR 0.5m 1.0m 1.5m 2.0m 2.5m 3.0m 3.5m 4.0m 4.5m 5.0m

a 3.15 3.08 3.02 2.96 2.92 2.87 2.83 2.79 2.75 2.72
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Bk S./mm 2327 2176 205 19.38 1847  17.57 1686  16.2 15.64  15.14
R i 9.58 10.16 10.75 11.34 11.9 12.51 13.11 13.7 14.29 14.86
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a 3.15 3.07 2.99 2.93 2.86 2.78 2.7 2.65 2.62 2.57
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Zyw/m  13.62 14.7 15.89 16.96 18.21 19.73 21.21 22.49 23.18 24.36
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