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Research on nonlinear time series evolution statistic model
of high slope displacements
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Abstract: Based on long term displacement monitoring data of high rock slope, the factors of slope displacement are presented firstly.
Then the monitoring model for high rock slope, called nonlinear time series evolution statistic monitoring model is established. It is
also applied to the high slope project of Jinping Hydropower Station. Time-effect and rainfall are assumed as two main factors of high
slope displacement; and their formulas are also presented through the analysis of long term monitoring data. The parameters of the
monitoring model are obtained by the nonlinear regression technique on the platform of Matlab. Meanwhile the monitoring model is
improved by using ARMA method to fit and predict the residual of regression of slope displacement. The result shows that the
monitoring model can characterize the behavior of high slope displacement and has a reliable fitting and predicting precision.
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Fig1 Rheological behavior curve of typical rock sample
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Table1 Observed data of displacements of TP12—1
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/d /mm /d /mm

2005-12 1 0.6 0.3
2006-01 31 1.3 3.7
2006-02 62 0.6 7.4
2006-03 90 1.9 2.9
2006-04 121 205 9.0
2006-05 151 653 39
2006-06 182 75.5 7.4
2006-07 212 1472 9.0
2006-08 243 1562 128
2006-09 274 1152 113
2006-10 305 48.6 13.4

2006-11 336  14.1 15.3
2006-12 365 0.6 14.9
2007-01 396 0.6 18.2
2007-02 427 1.3 224
2007-03 455 1.9 23.5
2007-04 486 18.6  25.7
2007-05 516 67.8  29.2
2007-06 547 1306  30.6
2007-07 577 1434  31.0
2007-08 608 151.0 33.8
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Table 2 Fitting values of nonlinear statistic time
series evolution model
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/AR S A /mm / E- sz B /mm

2005-12 0.3 05 -02
2006-01 3.7 3.7 0.0
2006-02 7.4 4.6 2.8
2006-03 2.9 54 25

2006-11 153 15.2 0.1
2006-12  14.9 16.9 2.0
2007-01  18.2 18.8 -0.6
2007-02 224 20.8 1.6
2006-04 9.0 6.2 2.8 2007-03 235 22.8 0.7
2006-05 39 72  -33 2007-04 257 25.0 0.7
2006-06 7.4 82 -0.8 2007-05 29.2 27.3 1.9
2006-07 9.0 93 -0.3 2007-06 30.6 29.8 0.8
2006-08 12.8 10.6 22 2007-07 31.0 32.3 -1.3
2006-09 11.3 12.1  -0.8 2007-08 33.8 35.0 -1.2
2006-10 13.4 136 0.2

B BT SR LU, AT R
VLA T (L BRI 2, TR AR TR 3
WX AN . FER M TE S BH Cepn 6n v 0;)
A TE Tk A IR B BRI R A B 25T
DI BTN, AT H A TR
AT B AR BB AR ZE 0.9 BLE,
FL B B e WL I 0T
3.4 BEFFIN ARMA M7

1 T IS TR R O, HSG
b AT B I A T e, A M B 2
5 T 22 2 Bk o PSR e s P A
B S0 ) T4 B A T 2 3 A S DL 4 R
WK

IR TR AR, T TR P Ml i 2
SR LI 4« o st TP 5 I A 6 e
HH (TR SR R ) WA, BbL
S e PRAOBERUR Sy, T ARMA KO i)
Bty T T 5 5 U T TR



1636 b +

b 2010 4F

IR T s 2 — AN I TR 41, TSR Lk
S FEATRIEST,  E RSB TN AR S v B FiR
SETHS Sy, XTRENLI, dE B G AR 22 () ARMA
B . A AR TEAE TR, PR e I (R
JEIN ARG v AL [ FRIIME A BENLIT (%% ARMA
BERL) (PO HEA T 0, 73380 S 1) 00 45 SR A
e R FOEDNOR o
3.4.1 ARMA (n, m) %!

W {1} T e B2 7 7

Vi—oV —oV s, _"'_(oth—p =

a,—b6a_ —6a_,---0a

D)

Lf: g (i=1,2, -, p) NARIESEG 6G=1, 2,
o, Q) AW ISEG o WIRZE.

M3 (9) REME LEAff 48 7= I 1) 45 R FR
I, W {a } A A, B BAT p B AR5
q I S5 1) ARMA(p, q) B,

AFRZEN (X} (RISl i 4552
IR (Y, } 5 o R g B A {7 (s
W) z7, Rf

X =Y-Y

t t t 2

=1+1,1+2, -, I+n) (10D

3.4.2 AU B iy

BRI AR S . DARISS A SE ol
RS L e B A St SEAR S REA T A B
TR R, « FAHOCEREL p, FURAR OGRS, 5%
Z& FAHC R BRIV L AH G RR BRI, i p, W62 o,
R, RN AR(p) B o HiE. p, #E, K
o MA(q) 25 p v o, BWHERE, N
ARMA (p,q) %,
3.4.3 REIALH e Sk 2 T

FRPEAL TS HORBE AL B, W] i ik 22 1 )7
(X} [f1 ARMA(p,q) B

X —oX -0 X, _"'_(prt—p =

0, +a —6a_, —b6a ,— - gqat—q

UK S C RN IBR ZE N P ) n SRR, 455 m AP T0
WAE AEFRN PRI

X,,(m) = 00 O X, — 0 X _'”_q’aner—p -
0,a

—0,a -y

q " n+m—q

an

(12)
3.4.4 5 BIRIEUPARTEINAR G vt R
T AR TE I (S, } B0 T E P a2 3 R 2k
PEIN A GEvt B (Y} 1K) P00 B 5 5k 22 I 1 { X}
TiEL S

S =Y+ X, t=l+n+1, [+n+2, -, [+n+m

(13)

FH# 2 nf, BRZERTF N {-0.6 3.9 —0.5 —1.8
3.1 -14 02 —0.6 22 0.6 28 1.0 —1.6 —0.8
12 -0.6 —0.8}, ¥Rz PRtk RIS & AR

WSER . p M, FHLBIRE 2, BHIKZE
754 AR(n) 584, n=14,

3 R FH 320 35 75 T A 28 2 1 AR G v B R R
7% ARMA BB AR 6 AN ZI A3 A U T
TR, S5 RIEE 3. R 3 LR, F B
26 T R 2% ) AR P G v A 2R 1 Tt B A X 1% 2 A A
3%LAPY , 3B 2 L8 I IORN [ R TR 35 TR AR R PR e v A
TR0 2% L8 N 250 B4 R Ry 32 B DAL 38 1) A B R L 1 Y
D BE -

K ARMA REROOTE 22 P AT i, IF 5
K RIS ORT B N IR 25 () AR Z MRS A T 45 S sk
172N, WIREA3 25 m TS 5 . Wb & 1,
7 L8R 2 2% LB N Z5OR B R DR R I AR e v e T AR A
P AR TR A0 h OR 4 T S S RS, OF
X I TAD R FI0 5 R AR e o AR LR ST AR T
PRI AR 52 22 8 NI S4B R 2.2%, 6 ek 2 1)
LR PEG VPRI 1.3%.

1.0 ¢
08 F
06
04 r

02 [

0 L] l l L T L]
-02 [
-04
-06 |
-08

H AR R 5L

0 2 4 6 8 10 12 14 16 18 20
I i) 7

(2)

05

(LIELEP Y

AR
R

0.5

) i )
{ 1

0 2 4 6 8 10 12 14 16 18 20
I i) 7
(®)
B2 Sk AR EOR W B AR K4
Fig.2 Auto correlation and partial correlation
coefficient of residual



%5 BN LA ARG IN A G BT

1637

R3 FIRBRENFELUESTHEETNER
Table 3 Comparative analysis of prediction results
between multi-factors nonlinear statistics model and multi-
factors nonlinear statistics model with residual-fitting
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2007-09 37.8 375 0.3 0.9 0.4 379 0.1 0.3

2007-10 393 403 -1.0 26 09 394 -01 03
2007-11 430 434 04 038 03 431 -01 02
2007-12 469 463 0.6 1.3 04 467 02 0.4
2008-01 49.0 49.6 0.6 1.2 04 492 -02 04
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