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Prediction and application of improved GA -BP neural network
in land subsidence of shield tunnelling
WANG Xueming', LIU Shannan', XIAO Xiaochun®, BAO Zhen’
(1 School of Urban Railway Transportation, Shanghai University of Engineering Science, Shanghai 201620, China;
2 Shanghai Tunnel Engineering Co., Ltd., Shanghai 200032, China)

[ Abstract] In the past, super large diameter slurry shield was mainly used in river crossing and sea crossing projects. When it was
used in the construction of Expressway in urban central area, attention should be paid to the land subsidence or uplift caused by
shield tunnelling and the influence on the buildings above the ground. Based on the new project of Shanghai North Cross Passage,
focusing on neural network method in prediction of ground settlement caused by shield tunnelling, this paper analyzes the effect of
BP and GA-BP neural network methods in the prediction of land subsidence ahead of shield tunnelling, compares the applicability
and limitations of the two methods in the aspects of calculation principle, data fitting ability and so on. On this basis, by optimizing
the population selection mechanism of genetic algorithm,an improved GA-BP neural network method is proposed in this field with it
s distinctive advantage in its rapid convergence and stable optimal operation.It has a good application effect for the prediction of land
subsidence in the process of shield construction.

[ Key words] slurry balance shield; BP neural network; genetic algorithm; land subsidence

A 5 22T B A A P s A S AR AL BP 2
28 R AS B | ST AR RG] 1l 7K AL 5 ) 5 3 E A T
S, U6 W 1T T R 15 3B T K A A 7R — B0 1
A E RS A g TR SO BP B ZoC il Bk
XL, TR T S0 5 58, RIS s A 51 x4

0 51 §

TEAL GE3 Tl B T8 it 15 | A b T 73 2 1 0 5 3k
WA Peck A3 A RYOCHEZED ) SIHORE, #f
22 W45 T 1k DR G R A B 11330 AL PR R 75 15 2

N ASCHHGAC R B TR, TRAH -/
EAR R 15.56m e K <P JE F LT 28 30T 4%
SR IX PR I BRI 0 TS A 1 5 R Y B 1 AR
T 8 3 P 2 25 1 5 1 AT TRNAF 5%

PN 6 30 3 PRSI ORE T 0T AR B L
AT43HT , 10 AR AR 3000 5 Ak 5 1) FH o 22 D) 286 T L2 Xof
JE R B T it T3k R 0 2 S B A T S sh AR S

EEWMA . bR TEARAFA /RS H (2015-SK-06) .

FadtAT Ik, FEH] BP 28 #EAT RS BE I 2, bl 1 k4
25 MBI, G T R /NIRRT HE B, SR E T 2R
[ TTODRG BE ) £ A LA 900 TR, i i 5 5t
(1) BP 22 W 25 5 it AL Sk A 45 5 i 7 1, L BT
XS BREEIE T AR T 2805 Bl A 2 1A B 1E
TS ATT , TR ) T 80 AR T YR 4 10 A T K S AP
SRR

YEEE N EHW(1996-) I W58 A | FEERFFE 7 ) - H 0 25 D0 205 114 ) Ik Tt T o T s i 5 XU B (1973 =), 2 W+, R #0d%,

FEHFF T BRE IS T TR S5 T A,
WIEE . XIPim
WiE A 2020-12-06

Email ; shannan611@ qq.com

PV Y EXREET] o+ 424t 5 & A




162 BOfE

2 N |

| B

2545 LML TS o e B, #4226 5 1k B He—
FRHNLAT7 A TEI JE A 2 it 15 | e ot i A2 v
AR FH ISR AE IR | (ELTR T 0 B A T i af e o 22 o
260 2 1) B R R BB A TR AT

AR SCHVR AP 4 2 0 Ak BRI 5 %, DA BP
M2 25 ST, R R AL S A DU A B I 25 B
it BB AR AL, R TS AR A5 1, ot s
TEBIRIEREAZ BN, HR 5T BP 2 0 45 Jm) S dw AL )

LSl

1 HEEE

1.1 BP #HEMZIRE R & HERE
BP it 22 W %%, Bl Back — propagation Neural

p —fuEkiss R R 53 ﬁfﬁ%;“f
o IEERGEAR IR EET T YN & ! /?:fz
A A = IRan]
% B i
¥ PEREFESEAUA |

e

B )=

E N T

Network , > FAUE BB E W AERS T8, ) & IE /) 7
TR BAE AT YNGR A, BIAR FHE A 1) 2 A5 50 Bt B
IR AL 25 T2 0 32 45 AU RN 1, % ) 28 i A2
TR B ANYEE b A BUE ST I A BE R T
N | S I S R UL i 2l M O v AR A
THIRA BTNt P LG ) A T A (Y
R L TRy AR RN Bl M U TR
TR 0 245 110 Foe 2 A A, 44 D0 246 5 Bt 5 H A
WIATIRZE TR IR 2E (AN R TS SRR, S 1n]
1B IEAS 2 I HAUE B, 752 3R A 30 A2 D 2% 93
W2 — e Mg Il 2k Hor, B 4% 188 pR AL
—J A S RIRREL, i 2 — R purelin pRER, Bk
PERREL S THRIEHANE 1 TR,

ek PREL

SRR Woparige W PRRERLS R
RELTTHE TN o il e EIBOEIT
= = %
A DA i W posrr 8
[ A i JaEIE
R

1 BP &M% EEERIZERE

Fig. 1 The principle of BP neural network algorithm data training
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Fig. 2 The principle of improved genetic algorithm
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Tab. 1 Table of physical and mechanical properties parameters of soil layer

+REEY + 24 FA(KN/m)  JEGRHE (MPa)  NIEEHEF(°) KT (kPa)  BERE(em/s)
@ ATHA+ 18.5 3.28 13.7 13 1.3E-04
@1 W~ R+ 18.2 4.40 14.5 16 5.0E-07
® TRAE 8 B A 1 17.2 2.70 14.0 11 5.0E-06
T IRERY Bk L 18.7 9.80 30.0 3 4.0E-04
@ YRERSIA 16.8 2.30 10.8 10 2.0E-07
&) KR B R+ 17.8 3.70 15.4 15 2.0E-07
© W 2 R ST 19.6 8.00 15.9 48 2.0E-06
@1 T ~ RO 18.9 12.70 31.4 2 7.0E-04
@2 BUH ~ KA LD 18.7 12.70 32.8 1 9.0E-04
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Fig. 3 Distribution of strata in some sections of North Cross Tunnel
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Tab. 2 Input and output data of neural network model

AR BrEE, fiirie ;94 SAET1/ i v N EESEEf / bivE A Mo UTRE/
m (mm - min™") KN MPa (°) kPa mm
1 23.56 25.20 85 448 4.56 17.33 14.83 1.20
2 23.42 27.60 86 611 4.52 17.23 14.91 2.07
3 23.09 24.70 86 803 4.40 17.00 15.10 1.33
4 22.96 26.00 84 955 4.35 16.91 15.18 4.22
5 22.73 25.20 80 777 4.33 16.87 15.19 4.98
6 22.56 24.00 80 800 4.32 16.85 15.19 4.73
7 22.33 25.50 79 646 431 16.82 15.20 3.11
8 22.21 21.30 79 964 4.30 16.80 15.20 3.38
9 21.91 25.70 77 163 4.24 16.65 15.22 1.00
10 21.50 26.40 73 401 4.22 16.61 15.23 3.07
31 18.55 18.10 61 820 4.02 16.16 15.29 -3.25
32 18.51 16.40 60 635 4.02 16.15 15.29 -2.76
33 18.39 18.90 64 012 4.01 16.13 15.30 -0.93
34 18.35 18.50 64 227 4.01 16.12 15.30 -2.22
35 18.22 20.20 63 967 4.00 16.10 15.30 -1.27
36 18.14 19.40 61 292 3.99 16.08 15.30 -0.85
37 17.98 19.20 58 116 3.98 16.05 15.31 -0.65
38 17.90 19.90 55 964 3.97 16.04 15.31 -0.91
39 17.78 20.70 57 168 3.96 16.01 15.31 -0.92
40 17.69 20.60 57 629 3.96 16.00 15.31 1.04
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Fig. 4 Three—method training mean square error variation curve
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Fig. 5 Three—method training fitting curve
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Fig. 6 Three—method predicting fitting curves
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Tab. 3 Quantitative analysis of three methods

YIREA Y Jr 1 22 TR REAS 1) 5 8 2%
Tri : :
BP Jr ik 0.32 2.05 41.05 0.78 5.67 257.52
GA-BP Jrik 0.23 0.80 1.46 0.47 1.46 3.55
Mk GA-BP Jrik 0.09 0.10 0.66 0.45 0.46 0.83
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Fig. 7 Improved GA —BP method predicting mean square error
variation curve
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Tab. 4 Analysis of predictive accuracy
FEAR 1%L 1 2 3 4 5 6 7 8 9 10

JE ik M TSI A (W 4 ) /mm -0.45 -150 -0.87 -1.00 191 -0.68 -0.40 -0.22 -0.98  1.12
1o £t/ mm 1 000 X -049 -1.65 -0.71 -1.10 1.67 -0.63 -047 -0.18 -0.76  0.24
300 ¥k -0.47 -125 -0.62 -0.94 210 -0.32 -022 0.14 -039 058

100 X -0.70 -1.72 -0.89 -125 144  -0.57 -0.63 -047 -0.69  0.22

RZE(EH/mm 1 000 X -0.04 -0.15 0.16 -0.10 -024 005 -0.07 0.04 022  -0.88
300 ¥ -0.02  0.25 0.25 0.06  0.19 0.36 0.18 0.36 0.59  -0.54
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Fig. 8 Improved GA-BP method predicting fitting curve
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