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Prediction of Convergence of Large Cross-section Soft Soil
Tunnels Based on Neural Network

HAO Fei, SUN Quansheng, ZHOU Xiaojie
( Northeast Forestry University, Harbin 150040, China)

Abstract: The convergence of soft soil tunnels is very complex. In the paper, the convergence of soft soil tunnels is pre-
dicted by means of BP neural network method, with the construction of the tunnel on Baojian Road in Harbin as an ex-
ample, so as to simulate the convergence of soft soil tunnels and to provide guidance for the safe construction of soft soil

tunnels. The practice proves that the results of prediction by BP neural network are accurate and can provide guidance

for the construction of soft soil tunnels.
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Fig. 1 Cross-section of tunnel
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Fig. 2 Layout of monitoring points
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Fig. 3 Structure of BP network
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H Amdan )1 22 38 B T AR, DA T 75 28005 T 19 2 $ A 2 12°FR K1 +490 SN BUE
FRME , 2375 B AT 18 2054 5 10 X 2% 45 46 3 AT Table 2 Input data at K1 +490 of No. 12 main tunnel mm
FBE fif l/d Wi fiffil/d L&Y
. P . 1 ~1.03 27 3.91
W2 222 NG G , B s TUIUAE A i an A ) AR N 0.88 28 4.60
AR FFH B3RS B Fe U 45 G540 1 B AR B (EL X 3 -0.78 29 4.91
s g (1] 4 -0.31 30 5.89
REAATI 5 -1.32 32 6.08
2.3 BETHH BP MR 6 ~1.81 34 5.77
M FizbE TR X 4 R 2, LR s & 7 0.45 36 5.86
. . - 8 -0.49 38 6.38
SR ATEL . A SCTE B S5 R AT 5T A0SR i 2L Rl 10 -0.56 ) 6.24
©SASRTEN TS ARRGAES R A 1 T “ 65
FAAR TR AR ML S T 2 B[R] P 7 48 o 13 211 48 8.10
1) 12" FiRE L& 120 d, NIKSUETE RS & BT T 14 -L.79 50 9.91
. . 15 -1.3 52 9.03
ke 2 AR AR PER Ik (K1 +440 F K1 + y o " .o
490) HATIRE , FAEFURR 17 ~0.28 56 9.39
HOELA LR MISBR R S0d BURfEy 8 0 5 b
i"gﬁﬂil/‘l?ﬁ/\mﬁﬂ‘]ﬁ/’iﬁﬁ/\ﬁ@i&ﬁﬂ”%,?X@E 20 _2: 12 63 10:73
FIRANIZRiT R Gy )5 40 d B T %508 , (7] 52 Fas 21 -2.21 66 10.61
BT X H, B AE BP R4 B RR . A R - o o o
i N BUHE B 4 3B 52 e I 4% 14 27 > PR BB , X6 A %X 24 1.22 78 14.49
PR 1) #4715 — e AL B, S A 8088 L3R 1 A zz ;Z 80 15.81
*£2, :
A= (X = X)X = X ) o (11) #R4 Occam , srazor JFLIN , 7 1 4% 5] 4% J2 B A o (o
A X HIH—LHIE W JE R 1 I 45 R BT 2. 1989 4 Robet Heat Niel-
F1 12°ZF K1 +440 S BIE son WL T A — N RZR 3 2 BP MR LIRA
Table 1 Input data at K1 +440 of No. 12 main tunnel mm BB BRI . AP RA—IRIZEN 3 Z
Hffil/d Wegifi Bl /d gt fi BP W%, 7E BP Ml Zki A K6 1 d, FRES
2.23 2 .65 s .
) B . oo $8 AR P AT LR P9 s 2 B MO SR P T
3 2.28 29 8.92 Ao 1) 8 VR shEE AR , v DAE fim v b 20 47 0
‘ 0.5 o o6 SR IEIRBUR IR L LF 3 R 4. S B
6 _(): 16 34 1():39 {EE"JXULI:MHIEM FE S i,
7 2.51 36 10.01 P .
8 0.85 38 10.02 ®312VER KL+ 440 FER
9 1.90 40 10.94 Table 3 Prediction results at K1 +440 of No. 12 main tunnel
10 2.20 42 12.53 - BP M4
11 2.40 44 14.24 g j .
12 2.77 46 15.78 H i) /d FhE/ - L N Ll
: : mm BME, MXHRZE,  FWME, AR/
13 2.78 48 16.18 mm % mm %
14 1.95 >0 17.41 84 2.52 2430 7.89 23.42  4.00
15 2.82 52 19.39
16 5 67 " 20.75 88 22.28 20.39 8.49 21.77 2.30
17 4.78 56 21.22 92 22.62 24.10 6.54 23.19 2.50
18 5.29 58 21.39 9 22.45 23.61 5.15 21.75 3.10
19 3.64 60 20.57 100 22.74 21.61 4.98 23.33 2.60
20 5.95 63 21.85
21 s 66 21.06 104 22.93 21.73 5.23 23.39 2.00
22 7.09 69 21.71 108 23.00 24.48 6.45 23.16 0.69
23 6.74 72 21.51 112 23.73 25.45 7.25 23.44 1.23
24 6.49 8 21.35 116 22.94 21.68 5.48 23.44 2.18
25 7.15 80 21.70
2% .40 120 23.21 24.52 5.64 23.29 0.34
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Table 4 Prediction results at K1 +490 of No. 12 main tunnel

N EIVE| BP %%
I B B
BOE, AEXRZE, BOE AHXHRZE/
mm % mm %
84 15.58 16.61 6.59 16.08 3.24
88 16.33 15.22 6.78 15.98 2.12
92 16.69 17.56 5.24 16. 88 1.15
96 16.74 17.52 4.64 16. 56 1.05
100 16.78 15.83 5.68 17.17 2.30
104 17.02 15.66 7.98 17.30 1.64
108 17.30 18.76 8.45 17.34 0.24
112 17.23 18.86 9.45 17.00 1.34
116 17.53 16.52 5.79 17.83 1.69
120 17.93 19.18 6.98 18.04 0.64
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Fig.5 Comparison and contrast between convergence values meas-

ured at K1 +490 of No. 12 main tunnel and prediction re-
sults
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Table 5 Training and prediction of engineering data
o T BE Rl WL ETeW WL 5
S/ kPa JERE/m HEYR/m THd BEE/m HEE/m S/ mm

K1 +400 28.4 6.4 47 22.5 120 22 0.34 14.22
K1 +410 16.1 6.8 46 23.5 120 21 0.4 25.34
K1 +420 14.3 7.2 47 22.4 118 23 0.28 29.24
K1 +430 11.1 6.5 46 24.6 90 24 0.34 24.45
K1 +440 30.8 7.4 46 23.5 120 22 0.3 23.21
K1 +450 24.1 6.1 45 24.1 106 23 0.29 28.19
K1 +460 27.3 6.9 49 22.6 114 23 0.24 17.55
K1 +470 30.9 8.5 48 23.5 114 25 0.25 20. 46
K1 +480 28.4 9.4 52 22.6 126 26 0.26 26.44
K1 +490 28.4 5.1 50 23.4 120 24 0.3 17.93
K1 +500 30.1 10.3 49 26.8 116 23 0.31 16.29
K1 +510 20.4 6.9 47 26.4 118 21 0.25 22.56
K1 +520 20.4 8.6 46 25.9 109 26 0.25 24.29
K1 +530 23.2 9.7 45 24.6 108 29 0.31 14.22
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I A 2] BP W 2% A 2B 47 I 2, o PR IE s A B8
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Table 6 Prediction results from K1 +500 to K1 +530

W SEH WME,  dixhiRE/ MXHRZE
SE/ mm mm mm %
K1 +500 16.29 16. 66 0.37 2.3
K1 +510 22.56 22.90 0.34 1.5
K1 +520 24.29 23.97 0.32 1.3
K1 +530 20.52 20.70 0.18 0.9
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Fig. 6 Comparison and contrast between measured data and pre-

diction data of main tunnel
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