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Stability of high bedding slope of rock based on comprehensive
geo-mechanical model test
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Abstract: The geo-mechanical modelling experiment combining the reduction method with the overloading
method by oblique lifting frame is proposed in order to investigate the stability of high bedding slope of rock. The
expression of the comprehensive safety factor in the proposed method is deduced. This method is applied to the
high bedding slope of rock on the left bank of Baihetan hydropower station and is compared with the result
calculated from the numerical simulation with FLAC®®. The deformation characteristics, the failure mode and the
safety factor of the slope calculated with two methods agree well. Therefore, the safety factor expression deduced
in this paper is reasonable and the method proposed is feasible. The comprehensive safety factor K, = 1.526 -
1.575 from the test and the safety factor K, = 1.45 - 1.52 from numerical calculation. The controlling factors of
the slope are the bedding plane C,; and dipping weak structural surfaces above Cs;. The reinforcement measures
taken on LS, are effective.
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Fig.1 Diagram of loads on the slope
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Fig.2 Diagram of slope overloading method
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Table 2 Mechanical parameters of rock masses
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Table 3 Mechanical parameters of structural planes

o Egem  ARHE ¢
[ R BB YRR R M sy o
i B GPa MPa % % MPa KPa
N44°~55°E,
Cz g SE/13°~17° 10~40 0.130 0.2 1.00 0.350.35 0.04 0.20
N20°~45°E,
LS337 SE/18°~30° 20~50 0.180 0.2 1.00 0.38 0.38 0.07 0.35
N20°~25°W,
f101 NE /85°~90° 0.3~050.002 01 050 025025 O 0
(N10°W~ ~ o
Jios N5°E)iff | 10~30 0.100 010010 O 0
N30°W,
Jito SW./88° 5~10 0.040 010010 O 0

Jizs SN, E£80°~85° 5~10 0.040 - - 010010 O 0

R4 REL BB ESH

Table 4 Mechanical parameters of concrete replacement plug

e I HOBUE B
pp RGN - m ) MR HEIMPa $RE/MPa
G BUN JAAUGPa BUMPa A BUN SR HUT
C3o 24 24 30 150 20 0.1 2 0.01

EEMEIAE S AR AR S AL BAFIOK

T ABEMAAE) AL, WIE\EARNES, Bin—
%EWKMN,fMKHmméw,ﬂm@éﬂ,

28 BY - 100 - H ) FASHLE fil A [F) R T Hedde s H
FRHWE . B B R NS
SRS T RL = ZEARHE B 5 o B A AR AL O R IEAT
TR, £ RKEMEHRLE, DLESAAER. YUl &S5
FERE R E B Al B ORE, TG A AN R
RHTHIEE, SRS IIL 25 48 55 T 0 87 Wy o B AR AL .

MRYERIEAT S5, ARUGRLS 75 ZEX R T LSasr
F Cy o 5, Sy bk e B 1) R AH B (0 A2 5 AR AUR
AR IR AT R KA B 1 57 77 24 A R b LS A4
PER TR AR R B R R, TERCE T
R R KRG FHEIER T, ARG s
SR AEA,  BETTIA BB R BT W s BE B D PR AIK
FIRCROO, R S IR A R 470 B TR FEE F A A
RAHATIRRL, e HESAM P, TSRS
FMRMRC A, B AR IEAR A R, 285 AT
RIS R UL, 15 A EAR AR R T
SHisiWaniE « FIot R, WA 4.

WK 5 Frs, ARUGREGTE S5 3R R Ak
IR B YUAMOE AT B 7 19 /S0 AR A7) 1, H
HRL RS T2 B [ T T AN A L, A AR
E A AE R NI HT & S BT E AN B A, FELE RN
[ LSy F1 Cyy FARE TIRIBFRS, BFEHARIE

[y
al
1

\‘\4\

*

10 20 30 40 50 60 70
R TI°C

(10 2kg - cm~?)
[
o

5

K4 AR RGBT R o SIRE TR R IL

Fig.4 7,-T curve of material with temperature similarity

— KPR
b REAA T

20m

2.65m
K5 AN RSAmE K

Fig.5 Locations of measuring system in model test

J it FEE B B
CIEGLEN
RIFET R B et AT PR aRikne, T semid i
Fa BRI Cyoy A LSqsy BEATFHIE BESE, THELT
R4y 20 MRIRSD, 18 A e TH AR AR A k)
WHRE T 5PUBIWERE « SR MLk, #eEd MK
A2 T T THT R BT BT W i 5 i o I R R, ad e iR
RGUE B FRFFRE A, £ &I S AR A A AR
Jo s VAR RGUAR) S — NI 0 Broxt B iR B
B, fn bk 3 JEC T T AR SR AR AU Rt B W o R B A
TR A IR ITTZ AP BRI B B, TR TP BY W ok
FERATRACY) 1.2 £ ERFFRRICE R S50k
7, ﬁﬁﬁﬁ%m&ﬁ%,xﬁ%ﬂ%mﬂﬁm

FEIRN B DR T TR B s A2 1Y

SO WU, BB EIE R TR ), R
5%x%%hﬂ%05,5§ LR IR R A E
H A1k,

3.2 REARRRESR
(1) AR FEHFE
B 6 ¢ H T I SRS SR K gk A



* 136 - B TREAAR 2018 4
50 16%/14" 12 2% 10 6Y8* 4* 7 é{:l—\'i}j TK@&Q%%TI‘Z%%K@ E@EE%W:%
45F s e
i et AR

s K.=1575
35 g g K.=1526
s 30F ‘
& o5t )
bGP e S 1
15F G Tttt K.=1.140
(L] S K.=1.105
e Kc.=1087
~50 0 50 100 150 200 250 300 350 400

K7 AL Imm
(2) BRI AT A AL R 2k

0 , , , , , , , ,
0 50 100 150 200 250 300 350 400
K T7 AL Imm
(b) Ca-1 A M s /K P A5 1755 2R i 28

6 IO I AR AL SR P 4R AR R BOR R

Fig.6 Curves of displacement of monitoring points in slope
model vs. experimental steps/synthesis method
coefficients

R RML. WEFTTLLEBL: Wx 4, 6,
87 s AR AT AR T AR SR, B AR
BRI EZEMT Coy EMS fin HEKIEEX
i, SR IR 317, 8T A AR LA KT T3
ff) 28%, 26" (AN, Tt SEIT I RS R A L L
W SR mAS AR 12, 147 S AR AL N, B
Jorv ] DX 45k P AR A /N AR 0 X3, 5 R e A B

A AL 2R K R AR R kB 2~
6(Kc = 1.05~1.087), ZA&fr h 4k A 2 4 14 N 3
Kep 625 8~16(K = 1.105~1.14), #4 th£k T4
RAERAT, BB, KK 20~22(K: =
1.196~1.202), B¢ i b i il ae ik Nk 2 ilas, A8
fra B kst K, WP 35~37(Ke = 1.526~
1.575), KB Ahrth 2 A4 . HIAh S, AL
AR AR AR B RaRN, ARA(EIGIR B R IOK s S R
BANAWIIGEK, BN R AR

(2) WDHERIR IS FE

o

(b) R562H 8~16(Kc = 1.105~1.173) BRI BIR T 2

l:.l =4 i Y

() R 17~26(Kc = 1.181~1.313) A BRI &

(d) 625 30~37(Kc = 1.406~1L.575) BRI B2

(e) FEHMWIRTERS
e BRI
K7 AFERRID (S5 2 80) PRBBRTE A
Fig.7 Failure pattern of model in different experimental
steps(synthesis method coefficients)



F37 % H 1 ZEARE

BT b 5T 2 R I SR BV B2 o O e T 3BRR E TR AT

* 137«

ME 7 aTUEY, RSP 2~6(K. = 1.050~
1.087), JEIFI Cs 155 LSy AHARFEI R R AL A4
R, BRI A KR Kb 8~16
(Kc = 1.105~1.173), Jugr fiors Juas AHAKTES R 5
Wb, RRIE AT A TR RE, WP 16(Kc =
1.173), Juo 5 Co o REETUEH Jypo A2 TR JE,
LSsy kS M 9 KR P 17 ~26(Kc =
1.181~1.313), i fEMR M ERALER, Ffin K
%’ f1015 Cs-1 ﬁﬁ’ 31365 LSss7 ﬁﬁo ﬁtgﬁf/': 30~
37(Kc = 1.406~1.575), Jios 15 C3-1 B1I8, Juo 5 LSay
TUl, ZULPTAREIC TR, &5, SatERss
TPRWIE, WBATSA RS, s B
FasE, WA IAS, BRAMINESE 7()Fr.

(3) itaE %4 RHL

Wl 6 F1 7 KB, 1IETEES 35~37 (K. = 1.526~
1.575), A2 s s, AL REW R, AR
BAZIC B, AL B R R ss, W50
Wk e AR % 4 R Ko = 1.526~1.575,

4 BIERH

4.1 RBUEST

HUE TSR FLAC® #ift:, FLAC™ SR T3&
A TR AR TE in] /5 1 f A B H 5%, o] DU i
BRAE MR R . BB S . Bk, RBRSE
JIEEAT Y, DR SR AR 3 2R RA iR 1) R | B A
K

XTI R AT AR, W] 8 Fw, B
PR ST IT, o R A, R4
WA JRTI =2, 1 E S A A A o

K8 HiaitHmn

Fig.8 Meshes of slope for numerical analysis

HERZIH, 5K Mohr-Coulomb #E, e
RURADL Y ] 5 1 o ) A — 3, MRS B B
R 2~4 iR, RFSREEPTIRaE AT Y, sk
THE E BN I E NG /13, TR EEAT b X)
JEHTTH Cyoy 1 LSaq BEAT HRFEHTIR, B 213 H B
87\
42 HEBRSH

(1) I ATERFE

B 9 MK PR E, SR U
WA LA R XA T Coy LRLA fip A
TR B X ek, H ST 3 3R 18 0 KT 3 o ) AR
Bz, FABEAL I 2 AR AR N, Fe B LSaq; 0N
EEiE R

.000 0x1
4.000 0x10~'~6.000 0x10~!
6.000 0x10~!~8.000 010"
8.000 0x107'~1.000 0

1.576 8x10~2~0.000 0

0.000 0~2.000 0X10 !

2.000 0x10~ '~ 0x107!
1.000 0~1.194 6

K9 KA = E(HA: m)
Fig.9 Contour of horizontal displacement of slope(unit: m)

(2) LIRS

AT B R AR U BT AR T B K
DR AW, AT LA 3o S5 AR B KB A
Bz BRI A R 55 A SR K R R . 18] 10
T ARFITER SN BN A B R, d
RRTLAE . HEFOR, Csy HERAMBEMIZE 1
T AL A AE R BB IX,  (E BT AR SR B s 2
Ks = 1.2~~1.45, Cq., JIGIE TSR X 1 RIS T ) 35 A

() BERILEY A B <



«138 AN E TSR 2018 4F
E
=
W&
=
S
10 b 1 1 1 1 1 1]
0 200 400 600 800 1000 1200

(b) Hrim 1.2 fi5 5 AT &= 2

() Hridk 1.45 fi5 BY B AR 2 K]

(d) Frim 1.52 {5 BT RAR S B <

K10 AR R BT L35 5 8 A8 1 B <
Fig.10 Contours of shear strain increment of slope under

different reduction coefficients

RFE, HBIN AR BIRMEIE R, fo A LSs, JEINE
DX 3 1) BY B AR 1 B IR AR — e K, fi 5
CoHERIXATBZ #, HE Ke=152, 55 Cyy
IR IX BEAR B, R HATE &, Wik LfE,
T RIS

(3) WHikaE w4 R

M 11 FTAGHE, SA I AR i 28k SR R R
WA 1E Ks=1.45 Z 0, Wil s ARy FEAS 2 28 P 3
K, M Ks= 145, G54 Cyqy Juo 1 fion FEHE R
B 30%, 32%, 38"MWa il AR fr e A h £k Bl

K J5 R B imm

Bl11 SRS I KPR AL OC ARl 2
Fig.11 Relation curves of displacements at typical monitoring
points in the slope vs. reduction coefficient

ARLIRIEIG K, BEE RS RS, AR E S Y
o, BEEBYREREE.

CRA A I i AR AT it 24 5, AR B AR
BN AR R R B TR IS, T BAAS
Wi (a8 2 4 R Kes = 1.45~1.52,

5 PMGEEGERIIL

5.1 R TRFHEXEL 4T

X LA R GG AN SUEL T S 45 R T LUK B, 22T
BRI EEN T Coy EREE fion AE LA
BRI 35, HL I SBR[ 38 A AR 9/ 1 e
TR ] X AR AR /0N U W ] 00 SR A AT 2 5
T3 BRSO Hi LAy Bdl K/NEA R 2, W Cy 7
WA FE AN 5, AR, 4 K = 1.502 I,
KPR 73 mm, AHUETHE A, 3 K= 141,
IKCPARAFE 78.32 mm, R WL ) ARG 45 A
RS AR EUR BRI SR, AR SOFTHE
b )5t g SRR R £k 45 1% REAR B b S R o T v
IR AL o
5.2 HIRMIFI IR AR RILL 554

253 F IR T R 2 2R B e A T F A
B BY DIRSIA XY ERTE T Cy o AIBCER H R A AN B 1 35
PR BRI DX I BEMZR B AN _EAE R A R
BYUIA DX I i ZEBRR DS FLAIE B0, TRk
T AR, B RIG T LSy, 0 X I AR
BT BT UIR A, (E N XIS AR DS R BB
JEREEIT 2, FEBCA ISR HT I LSay AN s il
THE LSag INIE X33 AT BT DI ARIR X 3, X
PR TN A . 2 AORERBER IR



FEITE F1

Wy HESE . T 50U ARG 45 Bk A= o o el SR R I

*139.

B T 108 AR ORI - R RLRLIR, A
R EEM . R
5.3 MR ERERBIL S

R ) SR BRI SR AR R A REUN Ky =
1.526~1.575, #{EH 1T HAF B FER L2 R Kes =
1.45~152, ZRETRIRES 24 R EME K TR ST
HAE T E R 24 R

gx BRI, 135 7 SR KR SRS I R A
AR B, R e RS EE T 4
REEAR I YA SRR M BRHE TS FHR
B it FH 45 45 TR b R ) 2 A BRI 5 A R T AT 1,
FITHE S 13 57 ) ARG 25 B v e 4 R R IA 0
SEAEN, W T RN Z & A e P T
SRR TR BT 7T

6 ¥ it

FETARESEEA, ST L— 7 T SR 3 A
SN, RGBT R, =) AR A R
VESERITIIN , AR L SHE, AR BE IR
T3 TSN JRE, A3 e VE A
TR RN T 13, P A ml A AR SRR
AT A P T 7 AR AR T s A 2R K, AT A
55 PR L AR . X 6 R SR AR K X 3 (1 B e
PEPe A — B R . AR B TRV S URHA T
L, AL TR FUASRE € Gk L e A
RIEA, LG5 AR IR A 5 3R E T 7T
T E MK B A R A R e . T (ERT AT,
PRI A BUERI A I8 T BB Sy, TSR
WG LEA —EZR. £ F - PiRd, &
BT A FUSR, R IFHZ I SR F73X 2 AN
B IAIBAE RE M (5 2 RS R X AN A
DR B KRR B A T RESE B

7 4 #

oot o SRR S &, PRI TR
AR GG 25 5 R R T TR R e 3 3 A
PE, HES VIZINE T I % REERIE . A U5
1A IS £R G i 5 BB A, X e /e
W S22 o i 3 A R AT T AT, R X b,
BIE 1 AT SR B ) AR R SR Sk 1 S B
Pe. EER[BLLTEL:

(1) BURHA THE BSR4

Ji 5 BB I T A RER A AN K =
tan(0+g¢)/tang , Hrr, K, 503N )46 b
10 IR B TR BE 9 5. SREVERBEE
MEERER G, HRaREAN Ky =KK; -

(2) 456 A ESMEA B NZ o il TR T e
WEFT, T )R g AR I S5 A UE T R AR 21
I RARAR AT SR TR RRAE . A, FR
SE LA RBOEAR 3, UL S AR A A 4R
B VAR AL T B FOR= 2 T e 1 R R
AATH), BALMLREER e RBFRIEXE AN,
AT SR 2 G R R B s T 3 A 5 RIS

(3) ZZMRIFIM Cs o S ERE RN IBEMIZR
Bt R S M e R I SRR e I IR R 3%,
RIGEIAE AR - PRI, RIU IR LSS
WA E IR HE B RYUE, R
e 23 T Bl 2R AR o FEIL I AT 2% ST T HY B AL P T
AT B IR B IR, XIS BT 3 R R A
N R

(4) 3T 5 AT S U2 6 0 it
WEEABALR AT, RAZMFBRAAR
T3 AN R i1 BEAR BRI 3 RASTEIA N, $R i 3
AR B GSERAT, AT A B AV F AR e M )
FEC B AH FLAN 78 1 R U8R

BE 3 #k(References):

[1] N B, Ta%%, & W SHEETRREIML. JEx: A
A8 AR AL, 2007: 3 - 4.(ZHENG Yingren, CHEN Zuyu, WANG
Gongxian, et.al. Engineering treatment of slope and landslide[M].
Beijing: China Communications Press, 2007: 3 - 4.(in Chinese))

[21 XA, BRAH. BRE LA E MY Jbat: B,
2012: 1 - 2.(LIU Caihua, CHEN Congxin. Layered rock slope
stability[M]. Beijing: Science Press, 2012: 1 - 2.(in Chinese))

[8] JA4EE, #k WG, 7 5, & BRI E =4 ) e
R[], &A J155 TR, 2008, 27(5): 893 - 901.(ZHOU
wei Yuan, LIN Peng, YANG Qiang, et al. Experimental research on
stability of Jinping high slope with three-dimensional geo-mechanical
model[J]. Chinese Journal of Rock Mechanics and Engineering, 2008,
27(5): 893 - 901.(in Chinese))

[4] Wk &, EEW, S RN ) AR R S R E AL ].
KAITRR BB R, 1991, 8(2): 68 - 72.(SHEN Tai, YUE Dengming,
GUO Chunmao, et al. Stability of ship lock of Three Gorges project by
means of geo-mechanical modal[J]. Journal of Yangize River Scientific
Research Institute, 1991, 8(2): 68 - 72.(in Chinese))

[61 Z 9, 5k W, FmwEE, S TFIE0UCR IR OB



*140

HA1E S TR

2018 4

[6]

[

(8]

[]

[10]

[11]

SRFFC). A LRESAR, 2011, 33(4): 667 - 672.(LI Ming, ZHANG
Ga, LI Chaofen. et al. Centrifugal model tests on excavation-induced
deformation of slopes[J]. Chinese Journal of Geotechnical Engineering,
2011, 33(4): 667 - 672.(in Chinese))

Difam, X k. HRBE m AR 5 ) SRR i A [J]. TR
KA EARRIFAAR, 2008, 27(4): 101 - 105.(MA Shigiang,
LIU Bin. Experimental study on Geo-mechanical model for stability
analysis of Jinping high slope[J]. Journal of Xihua University: Natural
Science, 2008, 27(4): 101 - 105.(in Chinese))

HEM, 81 %, E m. LR BIRHLE] R AR ]
LR L5, 2004, (1): 16 - 18.(XIAO Dangi, HU Hua, DONG
Yun. Floor-friction for deformation and failure of slope[J]. Technology
and Economy in Areas of Communications, 2004, (1): 16 - 18.(in
Chinese))

8, SRR, EEAR, A5 IBYTEE R N TT SAET FE ).
b J1%, 2012, 33(3): 713 - 718.(WU Jian, ZHANG Zhenhua,

WANG Xinlin, et al Study of inclined loading mode on slope in
physical model test[J]. Rock and Soil Mechanics, 2012, 33(3): 713 -
718.(in Chinese))

FRER, XUMEAR, 2N, & SRR X TR IG5 ) A
W] AA %S TR, 2010, 29(5): 1 023 -1
030.(XIAO Shirong, LIU Defu, JIANG Fuxing, et al Geo-mechanical
model experiment on Qianjiangping landslide in Three Gorges
Reservoir area[J]. Chinese Journal of Rock Mechanics and
Engineering, 2010, 29(5): 1023 -1 030.(in Chinese))
iKOM BROWR BREEM, SR KRG R RS K TR
MIM]. Jbxg: RBRsEHRAE, 2015: 79.(ZHANG Lin, CHEN Yuan,
CHEN lJianye, et al Application of model test of dam and foundation to
engineering[M]. Beijing: Science Press, 2015: 79.(in Chinese))
RN, B A IRICHRE SRS LIRS SR RN ). &
1115 5 TR AR, 2004, 23(19): 3 381 - 3 388.(ZHENG Yingren,
ZHAO Shangyi. Application of strength reduction FEM in soil and

rock slope[J]. Chinese Journal of Rock Mechanics and Engineering,

[12]

[13]

[14]

[15]

[16]

[17]

2004, 23(19): 3381 - 3388.(in Chinese))

Z 8, BREME, &K ST EROKEY R B L P A T T
RO &+ J1%, 2013, 3403 1): 371 -378.(LI Jian, CHEN
Shanxiong, YU Fei. A method for searching potential failure surface of
slope based on maximum shear strain increment[J]. Rock and Soil
Mechanics, 2013, 34(Supp.l): 371 - 378.(in Chinese))

WRMHT, SPRE, FTHIR. S Z WU REAIGUZ A R e T A
AURIGHE L[], & 1%, 2007, 28(3): 476 - 486.(CHEN Congxin,
HUANG Pinglu, LU Zengmu. Study on correlation between stability
of consequent rock slope and obliquity of rock layer by simulation
experiment[J]. Rock and Soil Mechanics, 2007, 28(3): 476 - 486.(in
Chinese))

HAE, WHLE, gk Ak S RROLOSUITHEUEE R AR e = AR
JERAARIS B TC). A 12 5 TR, 2007, 26(10): 2 027 -
2 033.(DONG Jianhua, XIE Heping, ZHANG Lin, et al. Experimental
study of 3D Geo-mechanical model on global stability of Dagangshan
double curvature arc dam[J]. Chinese Journal of Rock Mechanics and
Engineering, 2007, 26(10): 2027 -2 033.(in Chinese))

AR, TR, MU ) AR ARG T e LI A R R[], K
LR RE Bk, 1992, 9(3): 65 - 71.(GAO Dashui, GUO Chunmao.
Application of Geo-mechanical model tests to the study of high
slopes[J]. Journal of Yangtze River Scientific Research Institute, 1992,
9(3): 65 - 71.(in Chinese))

PR U e e MR FU [ L 2 08 S [D]. I

o [ R B O 70 S W SUT, 2005.(LU- Zengmu. Study on
stability of high rock bedding slopes[M. S. Thesis][D]. Wuhan:

Institute of Rock and Soil Mechanics, Chinese Academy of Sciences,
2005.(in Chinese))

A, kO, BREEr, & RIS B K LR
MR KRB B, 2012, 29(12): 78 - 82.(DONG lJianhua,
ZHANG Lin, CHEN lJianye, et al. Techniques of geo-mechanical
model test and engineering application[J]. Journal of Yangtze River

Scientific Research Institute, 2012, 29(12): 78 - 82.(in Chinese))



