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TIME SERIES EVOLUTION FORECASTING MODEL OF SLOPE
DEFORMATION BASED ON MULTIPLE FACTORS
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Abstracts: A lot of factors such as topography, geological conditions and rainfall influence slope deformation. The
importance of rainfall is difficult to determine. Based on the analysis of the multiple factors of slope deformation
and observation of monitoring deformations, a statistic method to correlate slope deformation and rainfall was
developed including the hysteresis of rainfall. Whereafter, by applying observation to ordinary statistic model
comprising rainfall, temperature and time factor, the main factors affecting slope deformation were extracted by
stepwise regression. According to the factors extracted and time series observation, a recursion model was
obtained with multilayer recursion analysis method of dynamic system forecasting. At the end, a time series
evolution forecasting model of slope deformation was presented combining with regression model and recursion
model. The model syncretizes the merits of regression analysis and recursive analysis for enhancing the capability
of forecasting evolution of slope deformation. Through comparison between the forecasting and the observation of
monitoring deformations, the deformation and stability of slope can be monitored. The engineering case analysis
indicates that the model is effective and has big value for forecasting of slope deformation.

Key words: slope engineering; slope deformation; rainfall; evolution model; forecast

T FR RS HEGE I L, BRRLL IR A& F
RRAER T AT AL, BAAREE. &
TRl 35 B T B A I ) B TR B8 % F) o 5 4%

UBRFERREEZ TR ENSIEAEE  GREGSFESHETATEENIERE" TR
EHHERREW. WRBBMRESHERN s YEIENRNR RN, ZEHRRSHILTIESL
WRFBERELAHFM, —HREMERTER  HRE TR -NREREE DO TEY,

1 5

i

BWMBM: 2005-02-24: EEABM: 2005 -04 - 25

SOME: EXREALMFAERURIO7ITH (2002CB412707): BEXK BAR ¥4 F S0 H (50139030)

TEMMA: FHREBA965-), B, 1985 FEE TR REAERKTEY, BAFNEE, TENSKTEAMZLRBERAONT T ROHESHR
T4E. E-mail: zhengdj@hhu.edu.cn. .


http://www.cqvip.com

Ful F17H

HERBE. AR E N AR TRRRR

£ 000 http://www.cqvip.com]

*3181 ¢

BEHEEHEUSTENAT IELF. 75—
S g Pk} i I () B R ST R AT A A O, B
TENELE—BRREA KNSR, H
DMEmmR LS FHEERTRIRESE. &
WERhANN —ROFBAB TR . KSR
%, A BERRR, AMUEBIRE A RERAE
WA M B REB) 7 IR, L R % d ik W B
BT, BANANRBEBRHHLE. BN
MR, XAEOHARENREFHIEEANE
MG E5EE%, FERE I R TE
TP, MAEERER. B, 1963 4£H
AEEFEBERHVTRBHENER AL ER
E— 7 BETE; Hoek(BH|, 1969 )32 HIE i@l
FIBTIE] - SRS B2k A1 3ETL; F. O. Jones (1961 £E), P.
C. Stevenson(1977 %), T. H. Nilsen(1979 %E),  T.
Endo(1970 4£), E. Fussganger(1976 &), G. Guidicini
(1976 F)F 5k /5B E MMM A RIERL I F
EHAT TR, IBFEkR, $TUBERSRENS
FEAELR A ER R MR R BBt 3[6~9)
MRREESEY T ORISR, (10, 11]
RETETHEME DB B IR A% 3X[12)
RW T UL B EE R BIERL, N BRI
2. ATHGREL. RTEIL. RELHIEN P
AMFERUR “38” FAMBHSHSELM
REBRITUET MR RRANHARRBBRIR
RN, b SRR — R R ek RORH T A R 5 A L
BRI, B> (8P NS I R R AR A
KXW, Lhrt, BB ZENENREREER
B, BRI R A U B R,
BY DA % 5 i OR 28 53 i 3 R T 7 B AR o0 R
B 1B i T MR TS PR BT IR X 1 S sk
BB [B) R BYETA, EGEELNGTER S
BRI R AR R S H B e, e TS
BERORFAR — A B 28 RGO PR Y ) Tl 6 7 &
MR, BESTEHESHAFNTRE, EEE
WAmE R T EMMEREE. Ak, AXERF
NG ATA AT 1 R R AR AL L,
BLE RS AT R R MR S, BN
ZRRBA B MR, RGOS BE E 55
PR, WAL ARk ES, —REH
WRAEEMTRBERNET ZRENSE, ST
WAL BMREEEER .

2 AMERRS ERFTRE

2.1 MERR KN E KD
T % AR AR T ML PR K AT RT &, R
BWAREEZNY. BENEMBESRENEN.
B, S AL T HE R T UL B i R
Oo~ PR B 6y MIRFE S B 6 ARk, BP
6=04 +6y +0r )

2.1.1 B8 6
RAE A ENRBMWERR IR &%
X[5), M BERARIR KT BAIRRN
Os=ci1(60—6y)+c:(Inf —1nby) 2)

X AMBUEHZ G H KR REBRU
100; 6 HEEREARTIE IMUERRGRRAKR
HRB BRLL100: oy o AR FEARE
212 BEWSE Oy

BT RERABEE TN, SRS KE,
MTT X B AR = A g, B — e B 18] R
Ja e VST, AT BOWA H AT R R AR R
BER B 7Y, Bp

8 = Y IbU; U] 3
i=l

A U AW HRr RN ESE. sriENEm
—fRAELS AU, AITHIRAEIREHXRBRE KK
MR FERSEENETF; b ABRNEFRIERE.
2.13 BENES

ERINERE WP EMN S, Bikxd
Rt AR, —RE SRR, ATRA
TF RO R AERL, B

- . 2mit . 2mito
or= b,,»(s n——- ) +
Z;[ 365 " 365

bzi(coszE —co 2mito H @

s
365 365

A A BRI E BEAKR B MRITRE: o
HEEBREARTE AR EBGRERITR
¥ b b ABERFEIEFRE, i=1,2, --» m
HAERI. CEERR, - , —RRE1~2,
2.14 FIHERFREN

SR ERTR, RYE RO R O BRI I
RIS, 1830 AR R W I 2R TR R


http://www.cqvip.com

* 3182

BANFESTEFER

£ 000 http://www.cqvip.com|

2005 £

3(t)=as+ci(0—-6)+c:(In8—1nb) +

DU -Ua)l+

i=1

n . 2mit . 2mitg )
Z by;| sin———sin +
pary 365 365

2mit 27ty
| cos=——¢ 5
bz[ %365 365 H ®

AP: a AHEHOA.
22 AMERHE AR TRE

AT TR R R HE T R S 2 uE I3 ot
TEZRR, FZ RS R EHEXEFES
BAEPHEEER, XEINEHERELFTRHA
MIENEE ST, B (SRR S BT R S
ST RLE R
S=ay+afi(t)O@-6)+c: 5 (t)Inf-1nb) +

z”:[b,-ﬂ,-,,z WU -Uo)l+

. 2mit . 2mit
igl[bliﬂ&ﬂi(t )(Slﬂ 3—215— —sin 31250 J +

2mit 27ty
bz.ﬂ7+2;(t)(cos—3E cos 365 J:| 6)

AF: s by by bu¥HEAERE: L) AH
MEIRRBFINTS K.

KBEXGMEA BB AN ENHZESENE>H
TERBERFHAMMMOEE R, REBEER
HEHINMEEETRRERERRFNEwE
T, ERESHEFEPHOTESBRELSHE TN
RTS8, M@ LR EHER TS e B, &
I KE RN LR ITR RF R 8T, R8T
MR BRGNP SEERE, @S RSN
IS BPRES RS ITRERRAD, SBRWTF:

(1) ABZEEAERBEE R, b,
by, hi&ﬁﬁlﬁi\aoﬁ’ éY(t):b‘(t)—ao, %[ﬂfwﬂ
REFLLQ~ @M &N EFEIFHEF
Xi(0), Wy BABBIHBNE, X.() AFH
EWAF. Bro M x.o ARG, &

Yo=Y A0X0 ™

SR P i3 #E 7 2 I R S HUR R SR X
A3, 8

B@w=Bue-n+

Xi(t)l:Y(t) - iB,-(t -DX; (t):l ®)

Z:[Xi(t)]2

R @) S BOATEE, WEEH— &5
MBS EORBEEEIFR (B0} . (B 0) H¥E—
AEERA 16

() T EBI N ESBEEFT (B0} #
T4, BELARNEAE S, BREENNE
SRR, W AR HAGRIEDE, BIRNTSEES
B (B(0))

@3) LRI R -, WE#— ST
IR R 5 0 AR P W A LR B AR, BN

F0=3A0X0. 50=a+i®)  ©

3 IExH

T ARV K S A 3 AR T T A g 4T % BRI
FERTHERI 54T
31 ITENUBENER

RERI AR GAFETREBEL R 290.0 m, s
Yk 67Tm, ZxImMESE, WEAA 08~ 1), &
=24 190.0 m, 200.5 m, 215.0 m, 230.0 m 3%
FEAER2m MSE, BEUBEERPERE. &
UEHERREE, TEMANNESR 4 4, EH
FAMMER 2 4. XL NEE ABKE, FohH
PR —FEE, MERKA NEL65°~70°,
NW £50° ~65°, MiZH WL 05~1.0 m, FRIAM
HARE . BREXAKAK, L, TEX2~3cm
BHEAWER. A TZHANMBEUIE, WERE,
EHRBRRANERBREN. UBE AR, B2
MERE, REWE, ERBEFIZIES, ¥F
1993 4 12 A 23 HTEHHFEHE S 0—33.0~0+124 m §&
Bk A S A 30 7 m® (O KIRIK, MRTEIBHT T
B R S A, RiA Fs WIERHAE
TEZEMBIE 1214, FoliZMLEHEMAEBER 5 M F
HAB W S (GC - P1~GC - P5), % TEE
215.0~260.0 m ¥ & L, BAA—R. BR%EE
JF5I4 1995 -8 A8 H~2003 %12 H21 H. &
BHABRELLTIAIE, Lighf. NcilgeE,
MW EEE, B, H0ERETRFH
AT AT TR a4


http://www.cqvip.com

Fuk F179

BARBE. ABRERN L R RN RE

D000 http://www.cqvip.com|

*3183 «

32 B

THELL Fso WiEEEAM# GC - P4 Ml s k153
AT 53 BT 5 3 FH 2003 48 9~12 3 W 4 A1 45 55 SEFR
WEBATHER . BR(G)PI18 GC - P4 W R EEL
B4R, B

8(1)=—3.040 1+0.383 27 6 +35.1551n 6 —
0.058 367U +1.127 3cos 252 (10)
365
BHRA0)T4, GC-P4 YEFEHMNBELRE
By, ZEIPRBH S SLEE, TR S
B a~7d REMEEE R, EXESHHNTHY,
W (6)3 4

8(r) =—13.040 1+0.383 027 Bi@)8+35.1555 6,(1)
In6-0.0580 367 B, (1)U +1.127 3ﬂ4(t)cos%76t—lst
1)
AR R.(6) ~ (8) T ¥ 5118 B 25 28 B 445 8 15 51
(B}, F AR BRBHE, BT SHETM
R (B,(1)} . FIFIR S MR B R.(9)
BV v S5 /0 AR R R )RR B B T S B
BT, F 1 0% B SEE R % FH R
ROHMGER. BR 1 Ta, $EENTEIETR
W2 b MBI R I o, (E B TR
REERBEK, TRIMENREARR . B 1 4
ABERRINAEE, B2 HTESSEENE
FERI DL R 3 HIE VSR 0 ) Het B 2%

1 MBEIRMENR LR
Table1 Comparison between observational and forecasting

deformations mm
BH¥/E-HA-B L8E  E0EDER EPIE-3iE il
2003 -09-23 38.86 36.276 38.218
2003 -10-21 39.00 36.356 38.432
2003 - 11-21 39.30 36.148 40.591
2003 -12-21 40.00 36.030 42422

4 &5 &

FEMA 1435 2 AR E 1 BB 38 2 BRI [R) AR 1L P
FOTRBU AR 2 1) 2 B0 SR BRI 4 5w B R 0 B AR

Bl =il BRI m)

Fig.1 Layout of high slope deformation monitoring(unit: m)
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Fig.2 Relationship between the monitoring and forecasting
data
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