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Research on Shield Tail Deformation and Neural Network Prediction
Analysis Under Iron Plate Sand Stratum Environment
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Abstract:In the process of shield tunneling, due to factors such as geology and shield operation, the
overall or local deformation of the shield tail will be caused. When an overseas large-diameter underwater
shield was excavated in high buried and iron slab sand stratum, the local deformation of the shield tail of
the shield machine occurred, and the shield cannot continue the excavation. After the analysis of the
causes of the deformation of the shield tail , the hole coring exploration and correction construction of the
shield tail , the local deformation of the shield tail was restored, and the shield was freed from the trap.
The causes of shield tail deformation and the control measures were analyzed. It is concluded that the
local maximum deformation of the shield tail is related to the following factors such as formation
parameters, shield attitude, partition pressure, penetration, imitation cutter opening stroke, and radial
hole sand discharge. The artificial neural network prediction model is used to train 25 groups of shield tail
deformation samples, and the prediction model of the maximum deformation of the shield tail after each

ring excavation was obtained. The accuracy of the model was verified by the other five groups of shield
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tail deformation data, which is used for the prediction of shield tail deformation in subsequent shield

tunneling. Through practical demonstration, the error between the predicted deformation value and the

measured value of the BP neural network model is within 10%, and the predicted value is larger than the

measured value, which can be used to predict the deformation of the shield tail of the shield in the high

buried depth and the iron plate sand stratum.

Keywords ; overseas project ;shields ;shield tail ; deformation ; BP neural network ; prediction
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Fig.1 The actual shield tail deformation
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Fig.2 The deformation measurement result

of typical section
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Fig.3 Contrast of deformation before and after correction
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Fig. 4 Calculation model of shield tail
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Fig.5 Torque trend of ring shield from ring 533 to 613
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Fig. 6 Tunneling attitude of the first 80 rings prior to
deformation of ring 613 shield tail
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Fig.7 Trend of the sum of radial shield tail gap
of deformation area and adjacent area

during the 533~ 613 ring tunneling
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Table 2 Training samples of shield tail deformation

prediction models

MR LT g AR BE g o
Fe5 e X2/ K/ (mm- LIy 73 TR/ -

Bt/ MPa MPa ! ) m’ cm fkps

mm mm
1 2 120 22 8 23 10 25.1
2 143 58 11 20 10 2.2
3011 165 13.3 22 L8 10 25.3
4 8 17.3 200 21 0 8 41.8
5 12 17.3 200 21 Lo 10 36.8
6 45 142 17.8 20 0.8 10 37.2
7 71 149 233 14 1.0 12 37.0
8 60 160 223 13 0 8 54.3
9 77 160 223 13 0.4 10 46.7
10 111 186 182 11 0.7 9 311
11103 17.2 187 12 L4 12 15.4
12 123 17.8 17.5 11 .55 12 14.4
13 131 135 17.7 13 L2 12 12.9
14 13  13.2 185 8 L6 12 14.0
15 131 85 209 13 L2 12 15.1
16 114 10,9 21.3 14 Lo 12 16. 4
17 119 1.2 186 19 0.4 11 23.9
18 124 135 181 10 0.4 11 2.7
19 118 122 209 13 Lo 12 22.0
20 91 126 21.2 14 0.5 12 17.9
21 69 21 188 27 0.3 12 21.8
2 58 7.2 155 29 0 9 23.4
2386 85 229 20 0 9 20.2
24 29 83 1.3 26 0 1 22.0
25 61 1.9 17.4 33 0 8 24.7
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Fig.8 Correlation coefficient of optimal neural

network training stage
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Table 3 Normalization criteria for shield tail deformation influencing factors
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0-1 X (D) (1) X (D) X (D) X(2) K(2) A (1)
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Table 5 The optimal artificial neural network model information
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Table 6 Validation sample of the shield tail deformation influencing factors

Fe FEJA i o 2% ETFXEHZCF-L)/ EHRKIENZ(E-H)/ AL/ rEfLig, PRI,
fi#% 3t/ mm MPa MPa (mm-r") m’ cm
1 56 10. 1 6.1 33 0.4 6
2 48 5.9 1.9 36 0.8 6
3 68 10.0 0 38 0.4 8
4 83 10.3 7.9 40 0 8
5 86 7.2 8.9 34 0.8 10

5 ARG 5 1Y) BP 5 R 28 T 45 SR 5 5
DB XT e 6 Fis
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Table 6 Comparison of BP neural network prediction

results and measured values

Giv  WNH— EIERORSE, SCWECRME, BRE/%
(4 mm mm
1 0.33 26.5 28.3 -6.36
2 0.38 29.0 26. 1 111
3 0.31 25.5 23.6 8.05
4 0.32 26.0 26.6 -2.26
5 0.12 16.0 15.6 2.56
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