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APPLICATION OF NONLINEAR TIME SERIES ANALYSIS TO
EXCAVATION DEFORMATION PREDICATION OF HIGH SLOPE

ZHOU Jiawen, XU Weiya, SHI Anchi
(Institute of Geotechnical Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract: In the course of high rock slope excavation, the deformation data in the locale can be monitored, and it's
useful to predicate the excavation deformation of high slope with the monitor data. According to the nonlinear
characteristics of the excavation deformation of high slope, the displacements of the high slope of the Three
Gorges are predicted by local-region method. The idea of the local-region method is introduced to the neural
network, and the training samples are formed according to the theory of finding near points. The predicated
displacements by the trained neural network are very close to those by the local-region method, and computational
time is saving. The result shows that, based on the one-dimensional monitoring data, the displacement can be
predicted by the method of nonlinear time series, and the method has practical value.
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Fig.1 Displacement curves of monitoring point TP/BM28GP02
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# 1 WEI S TP/BM28GPO2 [ y J [ v #% $d
Table 1 Displacement data in y direction of monitor point

#2591 SN A
Table 2 Training samples of point No.91

TP/BM28GP02
i i .
R %*@3(%$$) o muggm%%) s
/mm /mm

91 4081 40408  —0.985 050 4059 ~0.539 080

92 4098 40578  —0.980 970 40.63 ~0.854 080

93 4109 40.800 —0.705770 40.73 ~0.876 130

94 4123 40759 —1.142370 40.81 ~1.018 680

95 4058  40.650  0.172499 40.93 0.862 494

96 4144 41160 —0.675680 41.01 —1.037 640

97 4276 40379 —5.568290 41.32 —3.367 630

98 4166 40571 —2.614020 4154 ~0.288 050

99 4145 40765 —1.652590 41.68 0.554 885
100 4203  40.853  —2.800380 4163 ~0.951 700
101 4158  40.617 —2.316020 41.34 ~0.577 200
102 4111  40.995  —0.279 740 4155 1.070 299
103 4254 40581  —4.605 080 41.72 ~1.927 600
104 4161  40.815 —1.910600 4151 —0.240 330
105 4138 40712 —1614310 4162 0.579 990
106 4092  40.995  0.183 284 41.32 0.977 517
107 4111 41200 0218925 41.43 0.778 399
108 4147 40337  —2.732100 4156 0.217 024
109 4162 40561  —2.544 450 41.68 0.144 161
110 4149 40715  —1.867 920 4161 0.289 226

FEABAEAS (AR 4L), BIAT 73 309 2 e, +F
AR 1w, AT TR ES T .

B 1 nJ AN, SR RTR el e 25 ) 4% 15 28] 1) 93
DR 55 S DA RS AEAH ZEAR /AN, Ry a2 TR 1) s K
w7 A 5.568 290%, I/NiRZEHN 0.172 499%, 114
RZEA 1778 501%; TR VLA 28 19X 298 ol {1 1) e K 13
724 3.367 630%, fm/NikZEA 0.144 161%, “FIJix
754 0.857 610%. [K] g YA 26 9 265 2 AR B S 4y
() AR IE N ZRREAS, B AL 545 S Rtk i)
THE S R BT, T X g kAT T A1k,
HAt SR A i .

MBS g R, mr DA H 0 2 TP/BM28GP02
(AR LR I o) 3 2 T 2k, il 2 o

b N G || vy LTI vt
1 1499 1513 1522 14.99| 26 2521 26.68 26.77 26.99
2 1499 1513 1519 1430 27 2668 2674 2699 27.28
3 1499 1513 1499 1497 | 28 27.64 28.38 2948 33.14
4 1499 1513 14.99 14.99 | 20 2833 2948 3121 33.58
5 1499 1513 1499 1528 30 2048 31.21 3314 3557
6 1513 1522 1519 1694 31 3121 3314 3358 35.71
7 1522 1519 1528 17.76| 32 33.14 3358 3557 35.93
8 1522 1528 1694 1911 33 3571 3593 3557 36.04
9 1528 1694 17.76 1925| 34 3571 3593 36.03 34.16
10 1694 17.76 1011 1077 35 3358 3571 3557 34.48
11 17.76 19.11 19.25 2034 | 36 3358 3557 3416 32.40
12 1925 19.77 2034 2021 37 3121 3314 3358 33.90
13 1977 20.34 2060 19.63 [ 38 3478 36.66 3631 38.23
14 1911 1925 1977 1958|| 39 37.86 3823 386 37.29
15 1025 19.77 1963 1074 40 3823 37.20 3805 36.22
16 1077 19.63 1958 10.86 [ 41 37.29 37.39 37.24 38.58
17 1063 19.77 1974 19.86 | 42 3860 38.23 38.05 38.61
18 1977 19.74 19.86 21.04| 43 3823 3805 3858 30.11
19 2034 2060 2021 22.09 | 44 3860 3858 3861 38.58
20 2034 2060 21.04 2344 45 3860 3861 3858 39.36
21 206 2104 2209 2450 || 46 37.86 37.39 37.49 38.97
22 2104 2200 2344 2521 47 3936 4025 40.14 40.61
23 2209 2344 2450 26.68|| 48 40.25 4054 40.61 40.59
24 2344 2450 2521 26.77|| 49 4054 4061 40.25 40.20
25 2450 2521 2668 27.64|| 50 39.36 4025 40.14 40.61
A IR
—X— R ¥k FE
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Fig.2 Nonlinear time series curves of monitoring point
TP/BM28GP02

& &

A AL I 18] 1y 51 T AR ik o v 1 BT 42



* 2800

HAT D1 TR

2006 4F

AL RE P AR LA 2 e, RT3 A
AR KIS IO B . ASSCRI AR Z R I 8] 741 7
V5 R = W i) i A ) T2 A TE 1 S Y el
BEAT 70, AR TR R IIN AT R . AR JEIE R
IR EAR I B g X, Gl RS
FErp S HRARIL (0 ARG TN ZRFEAS, JF HR
A2 A 2% 45 21 10 TIN5 Jeg 3l A5 2 PR R0 (L L A
PO, WREH R 2. THRAURERW], X
AR TR ) RN AE e AR R I T
FUR T35, T A FCEA T R T A, X sz
TRER VA B R S A H

S &3k (References):

[1] bEE. A b TR RS RS S TR IM]. bt RhEm
fiR#t, 1996.(Yang Linde. Theory of Back Analysis and Engineering
Application of Geotechnical Engineering Problem[M]. Beijing :
Science Press, 1996.(in Chinese))

[21 B4, ELR, XIBUR. As e T (iR 22 P 2% 75 VA D).
B % TSR, 2004, 23(22): 3 808 - 3 812.(Huang Zhiquan,
Cui Jiangli, Liu Handong. Chaotic neural network method for slope
stability prediction[J]. Chinese Journal of Rock Mechanics and
Engineering, 2004, 23(22): 3808 - 3 812.(in Chinese))

[8] Z=HBZE, VBEEE, MiRGEE, S5 JET = 4EHh AR BT S M I A AR
JETRM R GET T[], A4 12 5 TRESEAR, 2004, 23(21): 3673 -
3 678.(Li Shaojun, Feng Xiating, Yang Chengxiang, etal. Landslide
monitoring and intelligent analysis on deformation prediction based on
three-dimensional geographic information[J]. Chinese Journal of Rock
Mechanics and Engineering, 2004, 23(21): 3 673 - 3 678.(in Chinese))

[4 s, WEEE, X4, S gt a g o B ) 4k R
IE] FACK 2R (A KRB R), 2004, 25(5): 497 - 500.(Yang
Chengxiang, Feng Xiating, Liu Hongliang, et al. Evolutionary
identification of analysis model for nonlinear displacement time
series[J]. Journal of Northeastern University(Natural Science), 2004,
25(5): 497 - 500.(in Chinese))

[51 % WI, th&4, )i, & QAR K OTNEA]. &+
712, 2000, 21(3): 244 - 246.(Jiang Gang, Lin Lusheng, Liu Zhude,
et al. Prediction grey model for slope displacement[J]. Rock and Soil
Mechanics, 2000, 21(3): 244 - 246.(in Chinese))

[6] WEIFHE, RGN, RIVLL. TRALTLSIRIN R A T[], MR A0,
1999, 19(1): 35 - 39.(Zeng Kaihua, Zhang Zhongkun, Wu Jiuhong.
Application of fractal theory to slope prediction[J]. Underground
Space, 1999, 19(1): 35 - 39.(in Chinese))

[ &, B L RN RIS ML R RiRREBOR
H R 4L, 1998.(An Hongzhi, Chen Min. Nonlinear Time Series

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Analysis[M]. Shanghai: Shanghai Scientific and Technical Publishers,
1998.(in Chinese))

Torresa M E, Gamero L G. Relative complexity changes in time series
using information measures[J]. Physica A, 2000, 286: 457 - 473.
Zhang G P, Patuwo B E, Hu M Y. A simulation study of artificial
neural networks for nonlinear time-series forecasting[J]. Computers
and Operations Research, 2001, 28: 381 - 396.

Timmer J. Parameter estimation in nonlinear stochastic differential
equations[J]. Chaos, Solitons and Fractals, 2000, 11: 2 571 - 2 578.
Rico-Martinez R, Adomaitis R A, Kevrekidis | G. Noninvertibility in
neural networks[J]. Computers and Chemical Engineering, 2000, 24:
2417 - 2 433.

Timmer J, RustH, Horbelt W, et al. Parametric, nonparametric and
parametric modelling of a chaotic circuit time series[J]. Physics Letters
A, 2000, 274: 123 -134.

2ERA, ok FE. ARZRPEI P IR BEARE TR 2T S T[] REERAE
2#4%, 2004, 37(11): 1 022 - 1 025.(Deng Lansong, Shen Fei. Analysis
and predication of fund index of nonlinear time series[J]. Journal of
Tianjin University, 2004, 37(11): 1022 -1 025.(in Chinese))
FEOBE, S5 R IRBEAIRNZR A 5 S I U T[] A T
25 TRESAR, 2003, 22(12): 1 984 -1 987.(Tang Lu, Qi Huan.
Predication of landside based on chaos and neural networks[J].
Chinese Journal of Rock Mechanics and Engineering, 2003, 22(12):
1984 - 1 987.(in Chinese))

Kwok T, Smith K A. Experimental analysis of chaotic neural network
models for combinatorial optimization under a unifying framework[J].
Neural Networks, 2000, 13: 731 - 744.

Medviste, WHEEE, TFEWE, 5 HTHIR - Bk - MM IRT A
SRR A 1% 5 TRE#4), 2005, 24(4): 553 - 558.(Chen
Bingrui, Feng Xiating, Ding Xiuli, et al. Back analysis of rheological
parameters based on pattern-genetic-neural network[J]. Chinese
Journal of Rock Mechanics and Engineering, 2005, 24(4): 553 -
558.(in Chinese))

Sexton R S, Dorsey R E, Johnson J D. Optimization of neural
networks: a comparative analysis of the genetic algorithm and
simulated annealing[J]. European Journal of Operational Research,
1999, 114: 589 - 601.

Sadighi M, Setayeshi S, Salehi A A. PWR fuel management
optimization using neural networks[J]. Annals of Nuclear Energy,
2002, 29: 41-51.

HSEHE, PO 5k AR —FORINEE RN X R HTT L]
7+ 1%, 2004, 25(11): 1 823 - 1 827.(Liu Xianshan, Fei Wenping,
Zhang Lin. A study on a new method for divisional of dam seepage
coefficient[J]. Rock and Soil Mechanics, 2004, 25(11): 1 823 -
1827.(in Chinese))



