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Prediction Method of Shield Tunneling Attitude Based on AWPSO-GRU Algorithm .
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ZHU Mei-heng' , CHEN Zhao-geng’* , ZHANG Dong-mei’”**, GAO Jun-hua', HAUNG Zhong-kai’
(1. Project Department of Shanghai Airport Connecting Line, CCCC Tunnel Engineering Bureau Co. , Ltd. ,Nanjing 211106, China;
2. Shanghai Research Institute for Intelligent Autonomous Systems, Tongji University, Shanghai 200092, China;

3. Department of Geotechnical Engineering, College of Civil Engineering, Tongji University, Shanghai 200092, China;

4. School of Civil Engineering, Qinghai University, Xining 810016, China)

[ Abstract] To solve the engineering problem of unclear standards and strong subjective experience when shield tunneling drivers set
excavation parameters, which makes it difficult to control the shield tunneling attitude, an intelligent prediction model for shield
tunneling attitude that considers the comprehensive effect of geological conditions, tunnel structure, and excavation parameters was
proposed. Firstly, AWPSO (adaptive inertia weight particle swarm optimization) algorithm was established. Then, a shield attitude
prediction model was constructed by combining GRU ( gated recurrent unit) neural network, where the AWPSO algorithm was used to
determine the optimal combination of hyperparameters in the GRU neural network. Finally, a case study was conducted to verify the on-
site monitoring data between Zhangjiang Station and Resort Station on the Shanghai Suburban Railway Airport Connection Line. The
results indicate that the proposed shield tunneling attitude prediction model based on AWPSO-GRU has high reliability and engineering
practicality, which can provide reference and basis for setting construction parameters during shield tunneling.
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Fig. 3 Schematic of shield tunneling machine cutterhead
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Table 1 Main mechanical parameters of the formation

WE/ R4 BRSO WEE BELE
(kN-m®) #H/kPa  kPa  f/(°) HEH
@R efE+ 16.8 229 10.8  11.1 0.65
®, Kagh+ 17.5 3.26 14.0 14.3 0.55
&y KEH+ 17.7 4.04 15.6 17.4 0.50

)2 A K

®2 EHSHSEITEM

Table 2 Statistical attributes of tunneling parameters

SH BARME  B/ME CPHIE
X, JI#%58/ (romin =) 1.2 0.2 0.7
X, JIBAHE/ (KN -m) 6956.8 2190.1 3893.4
X, R R/ m? 229.0 5.6 10.0
X, M I T S /KN 42 569.4 19 352.1 27 896.9
X HE#E 5 XEHE T (1) /kN 4057.0  656.4 2255.9
XAy XS (A5 1) /kN 10650.2  177.1 4 614.8

X, ek oy B (47F ) /KN
X Ml 4 X B (F) /kN
Xo M 43 XA 1 (Z2°F ) /kN
X e 43 X EHE S (72 1) /kN

27 640.9 2631.4 7789.6
17 276.3 4870.0 11 127.5
14929.0 2133.0 7469.7

4679.7 953.3 2324.0

Xy BT T AT/ mm 1876.4 1488.3 1811.6
X A7 L HEET T 0474/ mm 1918.0 1513.4 1839.7
X3 FHESE T 7 BT R/ mm 2004.0 1433.5 1886.1

Xy, FHESET T A7/ mm 2413.6 1728.4 1916.2
X5 22 F #EE T T 04742/ mm 2006.8 1776.1 1887.2
Xo 22 EHEH T A TFE/ mm 1922.1 1762.5 1838.6
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Fig. 4 Shield posture parameters
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Table 3 Statistics of shield posture parameters

BB SR WRME wME FH{E
Y, JI KPR 2/ mm 62.7 -40.0 0.2
Y, i 7KV A 22/ mm 72.5 -49.2 8.9
Y3 J1 4% B AR 25/ mm 87.9 -63.3 25.9
Y, i R % F R 25/ mm 35.3 -91.1 -46.1
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Fig. 5 Pearson correlation coefficient matrix of tunneling parameters
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Fig. 6 The iterative process of hyperparameter optimization
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Table 5 Prediction results of shield tunneling attitude
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