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Physical simulation of the excavation deformation response of
counter-tilt slope with rigid layers on the soft

ZHENG Da, MAO Feng, WANG Qinyuan, SU Hang, LI Wenlong
( State Key Laboratory of Geohazard Prevention and Geoenvironment Protection ( Chengdu University of Technology) ,
Chengdu, Sichuan 610059, China)

Abstract; Most of the existing researches on counter-tilt slope with rigid layers on the soft focus on the
deformation evolution process of near-horizontal mudstone and shale pedestal type slopes with compression and
extrusion deformation, and the excavation response of the slab-pedestal type slope with toppling deformation
were seldom examined. This paper takes the slope of the Yuqu Hydropower Station in Tibet as the research
object. Based on the field geological investigation, the geological structure model conforming to the actual
situation of the slope is established, and the prototype slope excavation is simulated by using the physical test
method. The deformation response characteristics and failure modes of counter-tilt slope with rigid layers on
the soft under excavation conditions are revealed through experiments. The results show that (1) the process
of deformation and failure of counter-tilt slope with rigid layers on the soft under excavation conditions is
divided into three stages: (a) lower soft rock topping is intensified; (b) soft rock toppling fracture and the
upper unloading hard rock along the existing crack shear; and (c¢) dumping soft rock slip, unloading hard
rock shearing lithologic boundary points, break through the surface. The deformation failure mode is the lower

soft rock toppling-upper hard rock shear-combination slip failure. (2) The large deformation caused by
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excavation of counter-tilt slope with rigid layers on the soft is completed in a short time, and the deformation

and energy accumulation in the early stage is a long-time process. (3) During the excavation, it is necessary

to avoid the “large excavation”
Keywords: rigid layers on the soft;

evolution response; slope engineering
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toppling deformation ;

construction of the rock mass toppling on the slope foot.

unloading deformation; physical simulation;
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Fig.2 Toppling deformation of lower slab rock
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Fig.3 Unloading fissure of upper hard rock slope

3 3 SR T B ) bk i 3 3 N AR TR B B R A
I HEAT IR A, PD24 V- #5 8% , #h Ik = A% 2 800 m B3 K
PUA 5K 5 R B A hisk AR TE o AT 80 m A oAy 5 I o
WA R R A B AL 79, 6 mo R R B A SRR K T v
JEZ 3 ~5 ¢m,79.6 m ZJ5 Bk 172 ~ 185 m &k BLH far 17
Hh AR R R A, PD25 S 45 88, i Y i R
2 160 m Bif i 2 Mcs & B IEAS I . TR 0 ~22 m &
A S e A i B 7 W, e SR A AR 21° ~ 33°, R N hr K
it =20 mm, EHUA - MBS ;22 ~ 69 m F KR A5
FUIE], & 20 A 36° ~43°, JRNfI K& 5 ~24 mm, £
PR — RIsKE5H ;69 m Z 5, 55 2 AR 39° ~64°, )2 N HiL
KA 2 ~5 mm, BER R EARGEH .

ZR b B B A 5T X 40 S S DI ) e AR IR X
(T ) A AL X (T K) . ks T XA KX
4 2B f S B S B, 45 2R an R, PD24 P 0 ~79.6 m
R VA AT ,79. 6 ~ 185 m g 55 HIfif 4l s PD25 F-Aii O ~
22 m iR AR AR X (A X)) ,22 ~ 69 m Sy 5 i {5
X (B X),69 m LS R g X (CX) (KBl 1),

2 TR AL R
2.1 BRI TR
2.1.1 BBt
TR TR 1 i 300 3 S B s IR B N A T Y
5 32 3580 e S B A SR A X (A B SR AT £ X

(B) Hoa s X (C) ke HoaHm X (D) (B e # 4i
X(E) e REME X (F) o X FEECE, BEIEW &
PRIX (D) fii f1 o 72°, 2% B8N X (C OBV A) 150 £A 23 5 h
60°.45° 71 30°, i ik iU S MR ABUAR A% X B R R
BT 2 7 MUBE R AL, T S A AU AR IR AT o X b
R A, (R X5 OR I X, HL 20 R B KA
A2 S PEUR R AR ALl AR RE s o S AR AR
e o P ST 5 DL B 3 A% I LB (LXT \LX2 \(LX3) ,
o LXTLX2 O o 2 4 ff 2 BL, B33 41, 1 £y 45°,
LXT A 8 F e A Ve sg FAb  LX2 A7 BT A rh o X
LX3 B i £ 28 B, 535 Ob , B0 75°, A BT T
AL 5 A 3R T A ] 4 iR o

/ EIBTRER

<
o WSHIA A Slvy

LX
O O

1250

S

Q\%Q
N
AT

80

Ly
%

1350

B4 BEEEGHE (84 mm)

Fig. 4 Diagram showing the slope model design ( mm)
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Table 1 Physical-mechanical parameters of prototype

slope and its models
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Table 2 Proportion of model materials
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Table 3 Amount of bonding material between each layer
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