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Fig. 1 Distribution of landslides in the reservoir area of the Kala Hydropower Station
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Fig.2 Lithologic assemblage characteristics of the

soft-hard interbedded in Zagunao Formation
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Fig.3 Schematic diagram of stratigraphic segments of a geological section in the river valley
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Fig.4 Panoramic and zoning map of the Yijiang landslide

I YRR o 2 2 S W U W 2 Qe A R ) Rl L, 465
PN TR 2 AU TR 38 A R AL B

2 BB T

2.1 KREEOHIEE

TR AE B 3 TR 2% SKLGP 11y TLJ-500 + T
BLDHLCE 6) EiFAT i A8 R B 1 3 AN X R
G54, B KA i 500 g - v (F G EE g U
9.8 m/s”) B RONEHE AR 4.5 m, B0 ok B VG FE
10g ~250g , HRUMTE A 2 t,
2.2 HMUXREHE

3 b o i A T 2 1600 m, #53EF 1.2 m

2800
2700 | >
2600
2500
2400
N2SW, NESSo~750 7
2200 | [Q R
2100 | [ Q™ |yt
=&

1900 A A1

2300

2/m

F=s
151

) semme
YIZ%%ZIA P

KA I B AAR , B E R AR B 1 m,
AR A AE AR B, 7 56 1T 1600 (14 5.0 i3 B2 5 e
R R 55 R Ab 3 W] 55 o T RS T X AR e
B Co ML TREA5 118 A 9 L AL o) O R 3 34 il ot
JRBT AT — R A6 OB I B . R ff ok
AN, 2 e ) A4 SR P R B R 3o I e i
PEFTH0AA R4 HE b J Dt TR0 — 5 A TR — X 6 A6 7Y
PR , T SE R b BT g 2 A5 R 0 T PR 3
PSRN G/IN 1/ n A5 A0 Ry UL, PEAR Al 0o
I AR DL i K 1 RS R 45 /N 1/m 5 5 Ak R ik
SRR, BRI A 7 R

LR 2 TR I T B0 AL 1) i O 8 AN ek
B R R SE AR SSS B S 60 .m
20 A AHAUMA B C L o BE AR, ZESEAT 3K B8 A AH
LA e MR TV B, e Rk U 2 1 R A g ) 2
T LA A T4 RUELE KR, i 5 i e S
JEARE, JoiE4% BOZ IS R R s a iR . A
I, R G 2 IR IR RO, I R B R A K
VB AL A UERE 9 mm , LU RERS 5 BLSCH
Wiz PO S S IR R
2.3 1R R ED

IS T R R W 5 b BT AR AT L
KA TRE A KU H AR FIK A SRR A
WO TR BC FE R il 78 o 3 1RSSR IR B 117 2 il 4
TATEAS RS LG 0 i 5T VIR | e HT Jre
AR BT U) AR, 15 BAR U R P 2

2800
2700
2600
2500
2400

2300

FifE/m

2200

2100

2000

T 1900

1800 ; ' ; ' ; '
0 200 400 600

e 1300
1000 1200 1400 1530

BEE/m

ES5 —iIBgIERIEE
Fig.5 Engineering geological profile of the Yijiang landslide



136 1

43 %1 M

6 TLI-500 X2+ TEOHL
Fig.6 TLJ-500 large geotechnical centrifuge

ZH R T a KRR SRR . B2
FE AR BERD K TR L E AR AT B K
(BRI L 102 10 10 30 12, i 25 AR AR ) 4 9%
W K Ue A BRI TR R LG 102102327,
2.4 HBRAREIEEIL

UL 56 R FH A ] 0 B XA R A8 RS oy
1.20 mx1.00 m x0.80 m( £ x 55 x &) , X THA&
ANRE 2 6T 37 34 45 TR A [ 5 A= 24 B, G0 A A% i 2 mm
JEER A BT v AR I TR PR LR, e RARJEE B9 B
T3 AN KR P A R RS

AR

i /In A

I

BT — VLT I Bt I 5w, 255 D s s AR
SR e S M 2k, FAF B B B P R AE
I SRR A T Y Ay I 2 5 R 3 2 A R A, DR AE B
PR ARSI ) R 3, A8 T 28 PR AR R R 1Y
)RR B2 R A i B i B L (15T 8) |, B
[F1) Ay 5 AR AR SRS il 7 , % 1) 80 T F S (A T A4
SRR T BGOSR T B R A A
LB B 7 T B Y B b A AR AR T 2
TN, SRR AT A I, 360 3 3 B 15 el 7K e )
FURTTIE , RAALL P ] Be iy 25 RAE T

O W DM 3 e R A5 Ak B SRS 5 ) A A
FASTERBIRRHE , TERC B B T 3 v 3 5 A1
2ANE TR L AR T, A AL T 5 54X
(Particle Tmage Velocimetry, PIV) #4012 758 W
DU A3, 30 A 00 33 A5 R0 0 T 45 1) R A TR R R
(K9),

3 BRLHIVE SIS0 =

3.1 I EBFIE

P Lol 80 A T 114 5 At B A A L T A
BPR R BERE IR PRRD I RS R A -5 1ol A8 i ol
VB KRS TR HERD) | 1) P i 2255 AL I A i AT

B

B7 BEERANXARERTEE

Fig.7  Similarity relation of the series model and schematic diagram of transformation
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Tab.1 Comparison of parameters between rock mass prototype and simulated materials

pub'e 3 HiRI HPEBL R E/MPa ViEHEE o/ MPa MR J] o/ MPa WIS f @/ ( ©)
B TR — 24.5~78.0 — —
T B B M
Pt — 70.0 ~120.0 — —
I 375.9 ~515.4 2.97 0.95 31.8
R .
i 930.6 ~1372. 1 7.44 2.42 40.0
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Fig. 10  Process of making centrifugal test model of slope:

(a) customization of rock slab molds; (b) weighing raw materials proportionally; (c¢) mixing raw materials;

(d) compacting and leveling cement mortar; (e) prepared soft and hard rock slabs; (f) prepared syncline;

(g) brick laying at the bottom of the model box; (h) piling at the model front edge and concrete riverbed; (i) installation of sensor;

(j) installation of syncline structure; (k) decoration and coloring of model; (1) installation of tracing points on the side of the model
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Fig. 15  Toppling deformation and failure of the

single hard rock counter-tilted slopes
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Centrifugal Model Test on Instability of Synclinic
Soft-Hard Interbedded Rock Slope

LIU Wanli', ZHOU Chunhong' , CHENG Wangqiang', WANG Bin', WANG Lei’

(1. PowerChina Huadong Engineering Corporation Limited, Hangzhou, 311122, China;
2. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, China)

Abstract; Over 76% of deep-seated toppling geo-bodies in southwestern China develop within soft-hard
interbedded slopes. Available engineering models inadequately address the structural complexity of such slopes,
particularly neglecting the tectonic-lithological coupling effect.

In this study, it took the Yijiang landslide at the Kala Hydropower Station (a typical hard-soft interbedded
slope in the Zagunao Formation) as research object. An innovative generalized geological model incorporating
synclinal structures was developed. Large-scale centrifugal model tests were conducted using simulated materials
(quartz sand, cement, barite powder, gypsum, and water) to dynamically replicate the entire syncline-controlled
toppling process, revealing spatiotemporal evolution mechanisms of differential failure in soft-hard interlayers.

(1) Significant spatial differentiation in displacement fields: Vertical displacement curves at monitoring points
exhibited six evolutionary stages. Maximum cumulative vertical displacement occurred at the slope crest
(81.1 mm) , followed by mid-slope (10 mm) and slope toe (8.3 mm).

(2) Stage-dependent failure evolution: Deformation initiated from the crest, with synclinal compression and
minor rotation ( <3.1°) observed at mid-slope. Compression-induced tensile cracks concentrated in the upper
syncline zone, coalescing into through-going toppling surfaces.

(3) Remarkable structural buffering effect; Non-coordinated deformation from lithological contrasts and
synclinal compression at mid-slope reduced thrust transmission efficiency, resulting in negligible deformation below
the syncline.

(4) A “top-down non-coordinated deep toppling” failure mode was identified for syncline-containing soft-hard
interbedded counter-tilted slopes.

This study advances the theoretical framework for hazard evolution in structurally complex slopes and provides

scientific guidelines for slope reinforcement in southwestern China.

Key words; centrifugal test; soft-hard interbedded; complex structural slope; toppling deformation; instability

mechanism
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