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In-situ dynamic monitoring and analysis of high slope stability

. 1, 2 . 2 : 3
SONG Xiu-guang ', ZHANG Si-feng”, LI Ying-yong
(1. College of Transportation, Southest University, Nanjing 210096,China;
2. Research Centre of Geomechanics and Structural Engineeering, Shandong University, Jinan 250061, China;

3. Highway Bureau of Communication Department of Shandong Province, Jinan 250002, China)

Abstract: The stability of high slope is a complicated problem in geomechanics, in which field that lots of factors may be involved;
so the in-situ monitoring has become an important measure to ensure its safety. Related to a practical project, and based on the
analysis of data that have been collected about the deformation of slope and the stress of support units, the stability of high slope
during the period of construction and operative process is analyzed; and various influencing factors for the stability of high slope have
been brought forward. These conclusions have provided a reference for similar projects.

Key words: high slope; dynamic monitoring; stability of slope

1 ik

R e TSR KR R O RS IR . 25
Hoa L0170, JUI TR AR . ROR
PG T (N B R, PR REEIR T IR 2 2L
FREs, waidrahA AR S i
EeUE ETTNG N YAV S EE LY AL/ IR INA Y )
DRI BREATERG 0T, A BEHLIR B T
ARARZS s I H b R B e v At T 5 5 DARS D it 53

2 LREMEN

2.1 TFEHEREN

ZEBS TR ik, AT R TR L,
LAAHEIR R BEAE 460 m DL b o B 5 B dp K2R &
ik 80 £K. BREUAHLZE K W R DRI KA A
Y, HUERANES, FEAHEKOPEZKE . K
ORI WO ERTICH RS, FIRA

W e gaet,

G SRR N R 2 k24+236~Kk24+580 B
5 ST T3 B AN IR BEAN R i R TS e 1207
HION R AR o B AR Bidia B
R E S REL . IR R AR IR A R
kBRI T A T RIE T LA B, I
B TRERERB AR ER, WO AR &
A W it Y 2% R 4

Wk H . 2004-02-26
g K9, B,

BRI R H: 2004-06-17

[l = E e e ARG, B/ LA A
ZHFREHER AR, TS S K
JEH)Z . SZREsgm, AFRKES athmBok.
AR H 390 m A LAR, 20 35 VYRS AR,
Lot okl 100 3, LR Z LK. Ba R
ZESt, A RNMRREERCR, JeiE . Jea e AL
VEFRZY, SEBEMETe. DREERES . AOH Rl W]
T, MLRRRARE . AR,

1966 FA4, 15, EIEd%, FEENFE L TR BCAFEETAE. E-mail: songxiuguang@sdu.edu.cn



1154

i
+

2005 4F

2.2 IABNE RS

FEATREA, MR I 28 A 16 s R 4 %5
AN R FAAT A 2 2> X IR 5 5o B B
WX EESAARSAA S G B 1:1 B3 TN A&
IR EA S Ak, RS RE R, 86
AT RE s A KR S A 5 R P et SR At LIk
A N 22— IR FE R A A, B A R AR
PPk R, PR KB BAARHEAKCR FH K
ST AL I A v B U A B I AR I B
2.3 3 E i T RE

AT B AT 6 S FF 4R, SR
R It2 o Gl (vt Ty, RIAE T 2031
THEMIEIE, akhr B aiaR . [R5
TR I DA RS o ATt T 2001 4 8
HITHR, %2002 4E 4 458,
2.4 B T-EE

A RGBT ARG S H ORI, . DG U
S T B SN o R B S S A W
FIXALE . Sish, TN ) ER N )4 R R
T R BT A AR S5 SO o [ Ak R g5, ik
AT o 1 B IR 2 S o A I g el

WA RWR: (D BRI  Wm: AEEH
SSEN AR A BB R v, U IES R I TN, )
AR R LA IAE DL (2) A P AR T W«
SR P SO 3 R L) ok S 300 5 9 v a0 R — o

WHINA . (3) FUiEMEZ . PRt
Hs 5 W AEAR 2 AR 5 . (4) BdkaK

Fe SN eI A Sl AL B AL UK s o
RIS A K s ARG DL RO AR5 . (5) 3¢
AR T T A sl ASOUL 00 B A i T 8- 21
SN . HARRO I AT E e 1, SRR
Tkl 2 Fizs .

CX

1

T8I
M2l m(m SIS
ML ML

TL1 TL2 TL3 TL4 TLS ML8 TL6

ML9
W CX—gHE TL— s & ML—4lil f it
HW—— K75

B 1 AR GeAr B T

Fig.1 Distribution of the monitoring system

B MR B i

C2015 'Jf/Ju»L [
B2 ) MLS

VB2 ML3

B 2 S TR AL AT B
Fig.2 Distribution of the monitoring bores
of typical section

3 MR

3.1 BRI TR B 4 A

B ZR N AL AR AR S T it T8 A0 DR 200 A
RN I sEm. K3 Frosch 2 S54RI I8 10 il
LBl S TIXE R IR 2001 48 11 A1 =20
258G, IR 12 P R )T s — 0%
TR 20 T, FHZE R, 2002 4F 2 F b 4]
FHZE5ERG 3 AR TREEASE T, K 3 AT
Fih, (el TR N ) R K E S, 2
WA R, B 12 HNA), W3 5 S 5 4 Ir G
HILRLE, H 2002 45 1 H R R, &
KEGEXF] 2 cm %, #2002 4 4 J P TR
JEHER N A E K R, M TR L
RS R7 AN ER (L SN 5 o B N 1 N [SNP S PrS e
B Tz S A e, S g B i . I
UEARI, it T R T i TR, X T T K
INEAT T VR, ORUE T 224

800 — I HITTE
00 |<_’|
600 W
5()0
400

2001-11-3 200212 200233 200252 2002-7-1 2002830
BT /41-T1-H

B3 ML2 #RENHZb 2k &

Fig.3 Fluctuation curve of stress of the second prestressed
cable ML2

TR A /KN

Tih, K 3B LU, R 2001 4F
11 A 3 Hikfrseml)a iy 10~15d W, BRI N )
WAEANT AR IS R, BAR R N R, X R
IS 3 (R0 AR AEAS TRE o 32 B 2 phy T e LI i
PR A AN CREERRID Frid ak
(), SMAEARRIK P 5 15 d 247 AT # MK B 2



57 3] RAET 55 B IA S AW 5 7 1155

X TR A () e AT R AL .
3.2 ML RS

TR T AR B A b, T R
DT ARG B 4 K 45 LR E
A . TLLE Y, Hs ) vHEAE it T 0] [ 4
R THE—FF BB, BEX BN RIS A4 N )
IEAE T R rh, HLBEAE S8 TREAE 2002
4 AR T, EIMED RIGKES, 22002 45
H A REnE s 1 A2 5, N E G
Rt Tt AR P 0 1. ) S48 PR A v i A I ]
XA N [ TR, 5 TR0 [ B SE I EAT
TP, LA N AT I LB A A, R i A
211 Jaata o8

1-1 4-1 7-1 10-1 1-1 4-1 7-1 10-1

20021 2003 4}
IS /A=

B4 TL4 SR ik

Fig.4 Fluctuation curve of stress of soil of TL4

3.3 KPR EE R

DRSO I 3 0 U e e 2 B £ 2 [ SR
PR AR, SRR I N i (7 8 1) R P AR s o
H1 T AR 1) 2R AR M AR T, B LUK
SRS A A B I s T R I H 22

bR R T T RO NI 5 A B R TN
D8N, R HEE K IS AR LR (I
Kl 5O BAFR] T B, M 2001 4F 12 H~2002 4 2
HF40 R 1.0 mm, KA 1.2 mm. {HIEF] 3
HIRSCH TRESE R, MR mEmsb, el 2001 4F
12 JJHUE, SO RIK P58 5 K7 7 W 4 sk
N, BT R I 2 DR sk it £ 380 P A, P e KA
1.3 mm.

X TR B K e T N 2 R UK. T2
2003 4F 4 HHIE] 9 HJIKIKA I RE R 152 m, 2
2003 FEMELEH, 3TMAHL AR 1.3 mm,
AHR 5 S b s v R IR PSS CILIE 4D K531
SEIEARARER, ANl i 1T (%) 57 % o R A B i 2 AR
K WL RS e A e R A . ST, )
A HEK RGEHAT T — A Bl . W24 S
PR T BAT RS I G ,  UEI I R HEACIR B
3T E.

fr A /mm

- 1-H
——2001-12-25

—8—2002-2-24

2002-3-26
———2002-4-23
—6——2002-5-28
— - —2002-6-25
—6——2003-7-18

—=—2003-8-31

2003-11-16

B5 3FLALR-R AR A 2R
Fig.5 Fluctuation curve of displacement vs.
depth for Bore No.3

M 5 LA ik ] FIRvT LA, AL R AEIR
JEE 77 I FF B ARR IS 1 Ul 3 A BUAA 52 22 Mt
) B IR 2, R IR W I ZE B
SURBEAR AL TR BN B i4h, R EHAR—H
TERER, T RALAE AW A R, B 2 i
75, UM N D135 RS ATIAE AT AL
3.4 BHEIRNE RS

AR SIS v R T RGeS IR
HK RS, (Hil e Bt KK NG F5, 52
FIBEKEAYE W, MR /K2 A5 2 R T EB R,
IAE TS EIRK . S A RIEREW, TRk 1, 2
IR AR KR

HIE 6 W LLE H, P4 VBT )28 4k 4k
W T AR N ERIB KR A, SR, B
THE AR, AZK /K B FRAIC. AR AE R 2 L AT
SEEELZIR 2003 FEWEEKEEFFX LT, HYS
2002 “Fi s fEHAH LA R B, HIE PR
P, UL P4 BIE VT ITAE I P A HE K DR
XA 0] A Y 2R P AR HE K T A5 2R S

< 40

s

<

£ N

-‘]:é 0 [ L L L L L L
2001-11-5 2002-5-24 2002-12-10 2003-6-28 2003-10-6

Bt /46~ H-H
B 6 P4BEIEANZNHEE

Fig.6 Fluctuation curve of seepage pressure
vs. time for Cell P4



1156

i
+

2005 4F

4

4 #E iE

SEER I, AERR AT IO [ TR L3 A
WIRGE, A Hg il TR AT I3 AR
Ul ROLRE,  FEXFBE A TR AT R . i
P AENE T AP BEORIE 1303 224, RN LA R
T TR . W TRESEBI T A, X 28Ek
FRER ST, O T ORIEIE A ) 4, gseb
LR, BRI, ErEhA
MAGEA > I TR iR
YRR, T AT BEARTE DS I 25 3L, R i ] 4 i
TLEZMIR, ERIEASC 22T, St
TR, PR TR, it T ES . —H

(1]

Z % X W

B, R, Bk, A A S P S sy
B[I]. I K24 441, 1999, 27(6): 98—102

LU Jian-hong, YUAN Bao-yuan, YANG Zhi-fa, at al.
Study on slope monitoring and quick feedback[J].
Journal of Hohai University, 1999, 27(6): 98—102.
B, SR, BREER. TN ) HEEBOR M. B
KRR L Rk, 2001, 270—271.

T, PRACHE, BrrE K L5 e 4 s e K
MM, Rt RN HRRAE, 1990.

PR A AL A I SRR D] RO T
Wk, 1999, (5): 3—12

LI Di. Practice for safety monitoring of slump and slide[J].

KIS IGE, SRR 55, DL fR I
it T (R 22 A REE

Dam Monitoring and Soil Test, 1999, (5): 3—12.

1T HEEESRETELTIENH
CGRBRBIgm =% K 32 JF 200 T 320 1 FRBEEE  fhfr: 15.00 o6 2005 4= 7 H H RO

APE A R H T A L TR RS SRS TR — 2 Be . B R SR S TR R
W, NGRS S BREAY R ) R a0 W R R wik v S B8 AU S T
G R VAR N = o = 7o B g G e LY e ) VA AN A~ R P = S vedsa N 087 = W B9
FEREIE TREFF AN L 55 5 Ty S (AR e PETHSOVE S TRE I I RSB SUSIm S5 B v 55
R RHAEGRIEGT TR R o A5 KR 20 AR A3 3 LAERMITI H R BRI 0 T AR SR 1 R 5
4.

BN G KA JKEL BT, AR SO KRB TR A TR N G A ek
RN WH5TAE

TARTRER TEHARERE (FXEH)
(CFPEEA TR AT 16 T 1500 T 1136 7 A% fifh: 96.00 ¢ 2005 4E 6 HR)
AP T AR TR Tl b 2 BAL ] B S A B IE A, BN AW TR (F, 45
R, W TR L. R TR SR AR, @R TR SR S TR Tl ¥
R @ TR R BT E S T HARTR OEIER—AS L%, SEFHXA K
4, AT DU AA MO H i g RN T DS R A
B g LART R T AR

(B Chriei B - BHEGHH5 H )



