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Abstract: The settlement of surrounding underground pipelines caused by foundation pit construction is a dynamic
process. The traditional prediction method of underground pipeline settlement cannot reflect this dynamic process,
so it is difficult to truly realize information construction. Based on the monitoring data of the settlement of the
surrounding underground pipeline during the foundation pit construction, the convolutional neural network (CNN)
is used to extract the feature of the monitoring data, and the neural network based on long-short-term memory
(LSTM)is used to analyze the settlement. The prediction model of underground pipeline settlement based on deep
learning network is established, and the influence of hyperparameters and building types on the prediction
accuracy is discussed. The results show that the predicted value and the monitoring value are relatively coincident

by the using the CNN-LSTM combined with artificial neural network. The initial learning rate, number of hidden
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units, and the maximum number of iterations can be set as 0.006, 240 and 60, respectively in the network

design. The prediction results of the network are independent of whether the pipeline is rigid or not, and the order

of the agreement between the predicted value and the measured value is power pipeline (flexible) , water supply

pipeline (rigid) , information pipeline (flexible) , telecommunication pipeline (flexible) . The results have a

certain reference value for the safe construction of foundation pit engineering

Keywords: Foundation pit construction; Underground pipeline settlement; Prediction; Convolutional neural

network; Long-short-term memory based neural network
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Fig.2 Embedment of settlement monitoring points of different types of underground pipelines

2 MR A LD TN CNN-LSTM A%
SEEavA

2.1 HTNE LI PE TN RS H B E

R T TR G SR S N, N A T
ER I8 GRAC A B RSP Ol R VA AT
FU A S R B LR TR RS A . AR 1R LR
GXO1(HL 484k, Z&tk) Wi 45 DLO1~DLO8 AT F%
WEDNME 55 B 4R UL IR 3.

2.2 HUEIREL

SR TR 20 M A T TN 25 SR 1)
Wi B M2 Bz ARE T, R A S BT S

F[0, 1)bRAEMLALIE, AbFEAR

v, =(x;, -x)/s (1)
K(DT, y ARG B AEDE ;. ~ 0 )RR
BABAE;  x WIEAERAR M s s R B Y
PrRifEZE

2.3 CNN-LSTM &2y 37

AR MR A LR T CNN-LSTM T #5574 v |
FESHBEE N - WA VIR A R 56 TE AR AR B8R
100, KA B 75% F125% 43 S R ke Al
WUEFEA, W) ih A7 2] FRH0.005,  FE e 5 5T AR
200, f KIEREE IS0, /Mt HER /N 27,
AL 33 B R FH adam 88075, b BB RS K/NELS . KR
HE32, B8 HIEE L.

CNN P28 48 K 2 2] AN R S50 28 R AR, JF



2521 W SRR A  SEBTHE 15 A S8 0 48 4R TR 1) — A TR B 2 2T A 169
IR I
50 100 150 200 250

-20.00

HLRYIE fmm
g
8
T

-40.00 -

-50.00 -

-60.00 = I I

T

o DLO1¥E

—— DLO1 %4
DLOZs I & |H

__4—— DLOZ¥iR 4
o DLO3M I

—— DLO3IR 4k [§
o DLOAM I

—— DLO4%IR 4k [
o DLOSY I ]

DLOSHE 42

o DLO6M il

—— DLOGXIE £ |-
o DLOTMIE

—— DLO7T#iE 4
o R _ | o DLosgmIfE
Ry, 00009 —— DLOSKIIRE

Pl 3 Wil 4 DLO1~ GXO1_ DLO8 TR Wl B 55 s 42
Fig.3 Settlement monitoring values and related dataset of monitoring points DLO1~GX01_DLO0S

H#E AR AW RAE . BT L, A S el
CNN [ 260 5 i) by T 45 2 UL I 104) JIT A5 AR i A i 422
VE R 48 s N 2% 20 BUIRAE I ARAE .

LSTM S PR 4 28 ) 5 (RNN) H (1) — P e ik 245
oy, 38 3 3G i = T ok B R A A W 4
By ABR, SCIBE IR B RS T, RRESR AT
PUAE FUASK (5 B A ORI, A 80 2 T 9 B
o RHIE

AR 335 B CNN-LSTM W 264 Ry FE B it 15 |
M R A LR TR VR 2% S B RY i b T 45 4R 0L
Ko W DU B HEAE R I 48 5

2.4 CNN - LSTM M & IiE M f54r

T 25 SVE AL S 8O B 7 iR 25 MSEL B R
25 RMSE , “FH4aXtiR2E MAE . 348X | 5 L
R2E MAPE | XFFRES8940 5% H 4 Uik 22 SMAPE, 11
BT

o

MSE:;Z(% _5’1‘)2 (2)
- (3)

! (4)

5

n ; Yi ‘ ( )

swapE = 100% § v - 7 o)
no S+ 5

b, ViR G, YO ECSIE, o MEIN AL
OUAFEAREOR, W52 80K .

W A5 DLOT Hb ™R 48 42 U 8 T A -5 W 00 1 %o
P & 4 froR, U2k B an &l 5 fir s, MSE.
RMSE. MAE., MAPE. SMAPE 4 %l & : 0.20.
0.44. 0.36. 5.95%. 77.82%.

D, 7S S # CNN-LSTM A5 50 35 22 &5 /)8
AT LA b S L DT RE g T .

2.5 TEBSEHMAN

T LAY 7 MR 22 (RMSEE i #5452
PR v 2 2O S E (W IR 27 2 3 . BT ORI
T R AR ) X6 Wi i A5, DLOT 5T [k T30 3k S 1 5%
TP Y Y TN N AT 1B P e S
A4 HE 06, 0.8, 1.0, 1.2, 1.4 1545 %y
RMSE ULE 6,

HE 6T LLEH, =S EO0 iR 2
(RMSE) 5 Wi 3% 4 B B A8 f a3, (BAEwI R4~
4 0.006., e ITECR 240, Fe K EUE IR N
60 i 43 51l 3k B 5 /M o 3 6 S 80mT VR Ry
CNN-LSTM #5584 3 47 b T 48 2 D0 R T 00 B ) o 2
BEHMH.



Mo = 43 %

—rHi?ﬁ'J{ﬁ /mm
-3.00 | —— B /mm]|]

£
ifaar \§-

0 5 10 15 20 25
Ik i) /d
(&1 4 Wil £ DLOT Ml T A8 TR i Bl {155 S i
Fig.4 Predicted value and measured value of underground

pipeline settlement at monitoring point DLO1

0 10 20 30 40 50
¥ X
5 s F 1R A 4RI CNN=-LSTM 0 2% Il 2ol 7
Fig.5 Training process of CNN-LSTM network for the underground

pipeline settlement at the monitoring point F'1

1
€ £
£o08 £ oot
(11} [11]
N 0
E Eos-
o % 0.7
= ==
Roe 206}
T "
' ' . 0.5 : : :
3 4 5 6 7 100 150 200 250 300
VUG 22 3] %1073 Ra e B G B
() RRWI 25 % (b) 7R 7 B T
0.78 -
E \
E |- \
w 076 \\\ \
y \
Eoraf \
ﬂ“ \
% 0 - \
72
R \
& \
0.7 : :
30 40 50 60 70
o KIEACH R
()RR RS

K6 Al SEAAF T HE 5 DLOT M T AL ITFE CNN-LSTM AL f) RMSE
Fig.6 RMSE of CNN-LSTM model for underground pipeline settlement at

monitoring point DLO1 under different hyperparameter conditions



23 B AR A8 BEBUI 15 S S 300 A R DU ) — TR JEE 2 ) R 171

. s )Gl e 1AL, FRTIA BT CNN-LSTM
JET CNN-LSTM AR BB N A LRUT  pgmnt s F ops Dipeatt (5 000 . S [ el 2400 F
el LR LI O CNN—LSTM 9 45 F5 0 i 55 5900 {8 % He
W7,
AEH T BB — i F AR (R RS %

-0.50 — : 2.00 - ; : :
—tewifi /mm — WM fmm
£ -1.00} ——— i /mm]| E — WM /mm
' v
£ = I
= =
R -2.00f g
® %am-
® 250t =
-3.00 : : : - -4.00 - , , :
0 5 10 15 20 25 0 5 10 15 20 25
W R ZID i} 1) /dl
1.00 - - -4.00 - - - - I
— W /mm — W /mm
E 0.00 | — Wi /mm|] E 5.00 —— FI mm|]
% -1.00 | g -6.00
%2”' ﬁmm
}.L
F-3.00¢ = -8.00
-4.00 . . . : -9.00 . ) . \
0 5 10 15 20 25 0 5 10 15 20 25
i al /d I i /d

P 7 AN [ M 00 ot A R LR A CNIN=LSTM 5 2 o0 {5 S0
Fig. 7 CNN-LSTM predicted values and measured values of underground

pipeline settlement at different monitoring points

F1 CNN-LSTM RIS HEITELER
Table 1 Calculation results of evaluation parameters by using CNN-LSTM model

CEF R e | W A5 MSE RMSE MAE MAPE SMAPE
DLOI 0.22 0.46 0.39 0.03 8.57
DLO02 2.54 1.59 1.34 0.13 18.48
DLO3 0.13 0.35 0.30 0.01 1.34
DL04 0.78 0.89 0.75 0.03 2.76
1 H ek
DLO5 1.56 1.25 1.08 0.04 4.02
DL06 0.99 1.00 0.82 0.03 3.45
DLO7 0.17 0.42 0.34 0.01 1.55
DLO8 0.17 0.40 0.34 0.01 1.69
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