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Prediction of Ground Settlement and Optimization of Tunneling

Parameters of Slurry Shield Based on Neural Network
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(1. Geotechnical and Structural Engineering Research Center, Shandong University, Jinan 250061, China;
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[ Abstract] In order to study the influence of slurry shield tunneling parameters on surface settlement, based on the slurry shield tun-
neling and monitoring data of the left line of the Hesong-Heshan stacked section of Harbin Metro Line 3 project, based on the BP neural
network optimized by genetic algorithm, the different settlement output forms were studied. The tunnel distance label was introduced to
optimize the neural network fitting effect, and the parameter sensitivity analysis was carried out according to this network model. Three
most sensitive parameters were obtained, and exhaustive tests were carried out to further analyze the specific influence of parameters on
surface settlement. The research shows that the surface settlement performance of slurry shield tunneling is not closely related to the
tunneling parameters after passing through a certain ring for two days, and the surface settlement analysis can focus on the monitoring
value of the day. Before, during and after the shield machine passes through a certain ring, it will have different effects on the surface
settlement above the ring. Subsequent research on surface settlement based on neural network can be considered to include this index.
Among the parameters of slurry shield tunneling, reducing slurry viscosity and increasing slurry specific gravity can control surface sub-
sidence, and increasing propulsion speed can reduce the impact of construction on surface subsidence.

[ Keywords] meural networks; slurry shield; surface subsidence; sensitivity analysis; parameters optimization
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Table 1 Training parameter type table
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Table 2 Part of the excavation parameter data
o s 1/ HHE/ %&Eiﬂ:.:&*f/ [P REE 4 ﬁ%iﬁﬁ it ()Ed %iﬁfﬁfg/
IK ./ MPa (kN+m) (mm-+min~") JE11/MPa it/ m’ /s (grem™3)
1 0.23 16 000. 00 900. 00 15,11,13 0.30 3.9 29.30 24.71 1.16
2 0.24 17 000. 00 980. 00 15,17,15 0.30 4.0 29.60 25.44 1.16
3 0.22 17 200. 00 800. 00 12,15,15 0.31 4.0 24.10 23.30 1.17
4 0.22 17 000. 00 760. 00 15,16,15 0.32 3.0 29.20 23.50 1.18
5 0.22 16 800.00 900. 00 18,16,18 0.31 4.0 32.20 23.17 1.17
6 0.22 16 500. 00 870.00 15,17,16 0.31 4.3 27.60 23.25 1.18
7 0.24 17 100. 00 920. 00 14,13,15 0.30 4.0 29.40 23.60 1.15
8 0.24 17 825.00 893.00 14,17,15 0.30 5.0 29.30 23.60 1.17
9 0.24 17 394.00 942.00 14,17,13 0.30 5.6 28.90 24.10 1.18
10 0.25 16 500. 00 900. 00 15,16,14 0.30 4.8 29.30 26. 00 1.19
11 0.24 17 532.00 930. 00 13,13,15 0.30 4.9 29.80 26. 00 1.22
12 0.24 17 000. 00 940.00 15,16,15 0.30 5.0 29.10 25.80 1.21
13 0.24 16 200. 00 820.00 15,16,15 0.30 5.0 29.40 26. 60 1.25
14 0.24 17 452.00 973.00 11,14,12 0.35 5.5 29.20 24.20 1.15
15 0.25 18 000. 00 970. 00 15,15,16 0.36 5.5 29. 60 24.20 1.20
16 0.25 17 000. 00 900. 00 15,1411 0.40 6.5 31.20 24.60 1.18
17 0.25 17 500.00 987.00 14,1415 0.35 5.5 29.70 24.40 1.22
18 0.25 16 500. 00 960. 00 14,16,15 0.26 3.4 25.80 22.40 1.19
19 0.25 18 000. 00 950. 00 15,16,14 0.26 5.0 34.40 23.20 1.17
20 0.25 17 800.00 900. 00 14,15,16 0.26 5.2 30. 10 23.30 1.23
21 0.25 18 000. 00 800. 00 15,16,15 0.27 4.5 31.10 23.30 1.17
22 0.26 18 200.00 980. 00 15,14,15 0.26 5.4 39.36 20.35 1.23
23 0.26 17 000. 00 900. 00 14,1514 0.26 5.6 33.60 21.60 1.20
24 0.26 17 300.00 730.00 15,16,14 0.26 5.0 36. 15 25.80 1.17
25 0.26 18 800.00 880. 00 12,15,13 0.27 5.4 35.55 26.25 1.23
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Fig. 4 The layout map of surface subsidence monitoring points between Hesong-Heshan area
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Fig. 6  Genetic algorithm to optimize BP neural

network calculation flow chart
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used as the output training result
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Fig. 11 Training results after adding distance

labels to the input parameters
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Fig. 13 Parameter optimization process of sensitivity analysis
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Fig. 14 Settlement exhaustive three-dimensional results schematic diagram
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