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Abstract: In order to predict the nonlinear time series of

geotechnical engineering more precisely, a wavelet-
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optimized LSTM-ARMA model is proposed. First, the
monitoring series are decomposed into a trend term and a
noise term through wavelet analysis. Then, the trend term
is predicted by the long short-term memory network
(LSTM) , while the noise term by the autoregressive
moving average model (ARMA). Finally, the sum of the
predicted values of both terms is taken as the total
predicted results. The performance of the method is
validated through the case analysis of an ultra-deep
foundation pit which also indicates that the combined
model gives a more precise and stable prediction than the
LSTM network. Besides, the elastic-plastic finite element
method is also used to predict the ground settlement
induced by foundation pit excavation, and its results are
compared with those of the artificial intelligence method,
verifying the rationality of the latter. The analysis shows
that the prediction error of the artificial intelligent method
will increase significantly when the deformation
mechanisms of the previous and the subsequent working
conditions change suddenly, but it will decrease gradually

with the progress of the subsequent working conditions.

Key words: geotechnical engineering; nonlinear time series

prediction; wavelet analysis; long short-term memory

network (LSTM) ; autoregressive moving average model
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Fig. 4 Plan and monitoring arrangement of the ultra-

deep foundation pit
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ent sample quantities
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Tab.5 Soil parameters of finite element model

+2 (L\/] Es E Ex ¢4y
= ) /kPa /kPa /kPa  /kPa /(°) /()
©, 18.6 9000 9000 45000 10 30 0
@ 17 2700 2700 13500 3 27.3 O
®, 17.6 4000 4000 20000 1 38 0
®, 17.8 5500 5500 27500 20 26.7 0
®, 19.5 7000 7000 35000 6 31 0
@ 19.5 12000 12000 36000 1 38 8
®, 18 550 5500 27500 16 28.9 0
®, 18.5 6500 6500 26000 15.7 30.1 0
© 19.4 15000 15000 45000 O 346 8
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Tab. 6 Structure parameters of finite element model
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NS 335 2 1.5 45 000 8438 32.0 3.0
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Prediction results of DB1-1 in working con-
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Fig. 16

4 HERE

0o T RRARR ) A Lo P Pt ] o 471 i )
ASCHE T 2T/ LSTM-ARMA B27Y . {1
RG] W HGz FH R A ISR TR R DT
RTINS S TR M Y He g, A B DL T 458

(Db TR F 22N SFRENLE R 1T, ek
SRl 36 e R el SR P UMY 2 i
ARSI ] L LS b S R B AR T R

(2) B4 B AR TR] P51/ NI oA R 40 5 Mg it
FE43HE FH LS TM A AL S ARMA AR HEFTF0 , T
EZAWER S AT T . I BRI R 2R G T
LSTM 5 ARMA M3, THRZEHIFERH, LSTM-
ARMA R L i fifi F ) LS T BRI TR 22 5 /)N |



5 8 1

AR, 45 BTN AL LSTM— ARMA BEBU (4 25 - TR ELR 1tk i 18] 773 it 1115

R ARG E , ISR i AL 5

()R HTRW] 45 IS L TSR E TR

FEAHAT, TR 220 Iy A — B DU 220 K
PR 25 I B AR

(4) 2R FHHIAVEAT ROTXITHZ 5 K R 3D T E

A3 7 B, Bk N T BT S B . AEARTT
FETOUAIHZ TOLRALpr B, H— N TR RET AR
T AT RE " AR IR 2E , BEE IS S THZ T A,
N T RETIN R 2R B8/ o

(5) A BRI T AR TR P51 ) 20 b,

A TR, AT AR T SR AE R AR EA R
LRPERRE . PR IR At T i T
IS F1 AR AR e T AL

1E& STk AR -

A ETIR 518 S URE RS
AL RIS IR SR

TR RPN TRRYOR

B - BRI SE T REBERL

TRHL AR T

SE K

(1]

(2]

(3]

Wi, AELIbR . R L TR AR T ). a4l (A
SRBEERR) , 2000,28(6) : 636.

YANG Min, REN Honglin. Preliminary research on characteristics
of intelligent geotechniques [J]. Journal of Tongji University
(Natural Science), 2000,28(6): 636.

SAGASETA C. Analysis of undrained soil deformation due to
ground loss[ J]. Geotechnique, 1987, 37(3): 301.

VI, EUA, 5KE] . BRSO BRI IR AT S T .
A7, 2007, 28(9): 1879.

LI Xiaoging, WANG Pengtuan, ZHANG lJian. Calculation
analysis of circumferential surface settlement of soft soil foundation
pit[J]. Rock and Soil Mechanics, 2007, 28(9): 1879.

Wt , PELEN], BTN, 45 B DO S0 7 5 (e R M 4R T &
Sefgirh LI AL TR, 2011, 39(3): 18.

YANG Jing, LOU Xiaoming, HUANG lJiangfeng, et al.
Comparison of common settlement predicting methods in
application of a project case of surcharge preloading method[J].
Geotechnical Investigation & Surveying, 2011, 39(3): 18.
i, LIRS, WO BT 2R S A LA S I TR
FFRIBLT ] 2 TARAR, 2008, 30(S1): 216.

JIN Lu, JIJANG Annan, ZHAO Wen. Time series forecast model
of foundation pit deformation based on DE-SVM [J]. Chinese
Journal of Geotechnical Engineering, 2008, 30(S1): 216.
AT, BRBDE, BRHBET . —FhE T PSO-BP Mz M4 Bt 54
DURE BRI [T ] MRz, 2018, 43(6): 27.

(8]

[9]

[10]

[11]

[13]

[16]

DENG Chuanjun, OUYANG Bin, CHEN Yanhong. A building
settlement prediction model based on PSO-BP neural network[J ].
Science of Surveying and Mapping, 2018, 43(6): 27.
HOCHREITE S, SCHMIDHUBER J. Long short-term memory
[J]. Neural Computation, 1997, 9(8): 1735.

MR, B, R BT ST TS Y 14
BRI, A £ TR, 2012, 34(S1): 60.

MU Linlong, HUANG Maosong, WU Shiming. Soil responses
induced by excavation based on inverse analysis [J]. Chinese
Journal of Geotechnical Engineering, 2012, 34(S1): 60.
QIAN Jiangu, XU Wei, MU Linlong, et a/. Calibration of soil
parameters based on intelligent algorithm using efficient sampling
method[ J]. Underground Space, 2021, 6(3): 329.

ZHANG Pin, YIN Zhenyu, JIN Yinfu, ez a/. An Al-based model
for describing cyclic characteristics of granular materials [J].
International Journal for Numerical and Analytical Methods in
Geomechanics, 2020, 44(9): 1315.

FR—M . EET/INBE R AR OPAX Dy IR sGERIF ST K LD .
VEFH : PR FHI TR, 2020.

XU Yifan. Study and application of OPAX method based on
wavelet denoising technology[ D ]. Shenyang: Shenyang Ligong
University, 2020.

RHAE, IM, 1Al . IR TE R 2 25 22 AL TR TE [T].
BEREE T 2ABE AR, 2002, 29(5) : 581

ZHAO Qihua, SUN Jun, XU Wei. Displacement prediction of
underground continuous wall by the multi step neural network
method [ J]. Journal of Chengdu University of Technology, 2002,
29(5): 581.

BEG) . I RSAREL T 5T A 6 A AP A5 ) A e e 7 1 1
FE[D ], B ARIIE 2, 2019.

JIA Yi. Variable selection in additive hazard model for right
censored data[D]. Wuhan: Central China Normal University,
2019.

AR, A5, KET, S AR SR BRI N
BRI RE [T]. OO 2R (R BB , 2011, 36
(3): 285.

LI Zongchun, DENG Yong, ZHANG Guanyu, et al. Deformation
measurement of abnormal data in the wavelet transform to
determine the best series[J]. Geomatics and Information Science
of Wuhan University, 2011, 36(3): 285.

XD, EAUE, AL, 55 BL R X R T
RIS T]). A 25 TR, 2014, 33(S1):
3022.

LIU Shubin, WANG Chunbo, ZHOU Libo, et al. Application
and analysis of hardening soil model in deep foundation pits in Wuxi
district[J]. Chinese Journal of Rock Mechanics and Engineering,
2014, 33(S1): 3022.

ERAR . R RIS MR A T A (D ).
g IR, 2012

WANG Haoran. Prediction of deformation and response of
adjacent environment of deep excavations in Shanghai soft deposit
[D]. Shanghai: Tongji University, 2012.



