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An approach for predicting shield construction ground surface settlement of
complex stratum using dynamical strata identification

Gong Siyi', Kong Xianguang', Liu Dan’, Qiu Fengtao’, Chang Jiantao'
(1.School of Mechano-Electronic Engineering, Xidian University, Xi'an 710071, China;
2.Intelligent Technology Branch Co., Lid of China Railway First Group Co., Lid. Xi'an 710054, China)

Abstract: The geological information cannot be fully dynamically perceived in the shield tunneling process, which makes it difficult to
accurately predict the ground settlement. To solve this problem, one kind of dynamical stratum identification model using the adaptive
complex stratum changes is proposed in this paper. This method is based on the exireme gradient boosting ( XGBoost) using shield
construction parameters to implement the inverse deduction of stratum changes. In this way, the changing rule of construction parameters
can be clarified when the stratum changes. The fusion model of error back propagation algorithm (BP) and support vector regression
(SVR) for ground settlement prediction is formulated to obtain the intrinsic relationship of the ground settlement at different distances
from the initial excavation face, stratum conditions and parameters of shield driving. The proposed method is validated by the 590-ring
data of a metro construction. Compared with the traditional method, it can achieve higher prediction accuracy.
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Fig.1 The ground surface settlement scenario
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Fig.2  Prediction method of ground surface settlement

incorporated into dynamical strata identification
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Table 1 Original Data

IETENL SETERL FIT T . JE AL FEIFZT /S 20 m
L HEEAY \ \ TR I T R
7852 L2374 A/ 1/ L . %/ Rh RV
MPa - (remin™") (kN-M) (mm-min™") p vl
(r-min”!) kN-M kN mm 7/ mm
1 0.91 6. 30 35.00 2 120. 40 1.08 1234.8 54. 88 23 982. 69 38. 06 3
2 0.91 6.49 47. 11 2 211.60 0.59 1 020. 6 48.70 23 946. 11 35.39 3
589 0.92 5.30 66. 23 2 319. 14 1.17 1121.4 61. 84 23 920. 46 35.63 NA
590 0.9 6.91 68.76 2 196.78 0.63 961. 8 51.79 23 916. 13 35.97 NA
F=2 lGEHE
Table 2 Training Data
. BEHEAL T \ . o BRI S
L G \ o TV VR, MR R/ N P )
7852 e/ SAES/ . » 5 o 20 m bAYHLET
MPa ~ (r*min”") (kN-M) (mm-min~") MPa m e p v
(r-min”!) kN ik
1 0.92 5.58 2 563.10 1.22 1104.6 61.07 0.20 0. 68 37.12 3
2 0.91 9. 66 2 359. 04 0.99 1184.4 50. 25 0.19 0. 66 37.18 2
470 0. 89 6. 30 2 171.32 1.13 1 146.6 55. 66 0.2 0.78 36.33 3
471 0.91 3.74 2 721.94 1.02 1 020.6 65.71 0.21 0.58 35.49 1

*®3 WEEIE
Table 3 Validation Data

Ly BEEHRE, TR JTERE/ I, MR ddRd EREY BEIFSIES 20 m by

55 | ,
MPa (r-min!) HE F1/kN (remin™") (kN*M)  (mm-min™") MPa m? iRV mm
472 0.91 6. 30 2 120. 40 1.08 1234.8 54. 88 0.2 0. 64 38. 06
473 0.91 6.49 2 211. 60 0.59 1 020. 6 48.70 0.18 0.78 35.39
589 0.92 5.3 2319. 14 1.17 1121.4 61. 84 0.2 0.79 35.63
590 0.90 6.91 2 196.78 0. 63 961. 8 51.79 0.17 0. 69 35.97
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Fig.3 Prediction result of the dynamical strata identification

model based on XGBoost
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Table 5 Models of ground surface settlement prediction

at different distances from the initial excavation face
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O m A b T I70 o6 T AR 5 L NN-5 A SVR-5
5 m Qb1 TR TN A 75 fEi# NN-6 FEHI SVR-6
10 m 42b -4t i 370 8 THUM A L Fi# NN-7 KT SVR-7
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Table 6 Comparison of model error results

s NN-1 NN-2 NN-3 NN-4 NN-5 NN-6 NN-7
MXTIRZESIE/ % 4.96 516 4.89 2.09 5.52 4.67 5.94
8 SVR-1 SVR-2 SVR-3 SVR-4 SVR-5 SVR-6 SVR-7
MXFIRZEE/% 3.61  3.17 3.72 3.94 3.39 2.29 4.43

4) i TR PN AL AL

RS I8 2R A 2 ) SR AL A AR B4 B LA (R4

BB AR AR R P BAUE DB E S 0. 05, %) 7 AR Y
F % R TR G AR BT R 7 AAAIAUE A o A G RRAY
FUH LA B Rl R RIS IR 22 U0 3R 7 FT7R o
x7 HERBBELEE
Table 7 Weight combinations of each group model

Ll LR AR
ko g1 0y, PO AR
AUA W 2/%
i EM-1  #5% NN-1  0.40  f€&ISVR-1  0.60  1.53

iR EM-2  BEAINN-2  0.20 EAISVR-2  0.80  1.84

iRl EM-3 %I NN-3  0.80  BifISVR-3 0.2 1.89

FiR EM-4 B NN-4  0.75 fEAISVR-4  0.25  1.95

iR EM-5  BEAINN-5  0.20 EAISVR-5 0.80 2.12

Rl EM-6  Fi% NN-6  0.65 %I SVR-6 0.35  1.57

i EM-7  fEAINN-7  0.35 fEAISVR-7  0.65 1.71
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Table 8 Models of comparison analysis
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NN-1 95.04 BP 2 4% BT BP Pz W2 AL I AT 75 20 m Ak (%R b 2 b T TR T A
SVR-1 95.39 SVR T SVR M EE A TFRZ AT 7 20 m AZb A9 - b S22 b 1T b T 170 28 0 465 7
EM-1 97.86 BP+ SVR NN-1 F1 SVR-1 Hi T 7T F4 50 00455 700 g
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Fig.4 Comparison analysis of the prediction effect

integrated into influencing-factors analysis
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Fig.5 Comparison analysis of the prediction effect taking

model fusion
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Fig.6 Comparison analysis of the prediction effect using different methods
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