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Shaking Table Test and Numerical Simulation of Seismic Response Characteristics of
Rock Slope with Muddy Interlayer
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Abstract: In order to study the seismic macroscopic failure process and dynamic response characteristics of
rock slope with muddy interlayer and reveal the influence of muddy interlayer on slope stability, a similar slope
model with concave and convex slope types was designed, and shaking table test was carried out; finite element
analysis was used for numerical modeling analysis, and the results obtained by the two models were compared.
The results show that: (D The macroscopic deformation and failure process of the model slope is divided into
three stages. Muddy interlayer dislocates, and cracks occur; mud interlayer slips, and cracks expand; slope
collapses; @ The seismic load has a decisive influence on the stability of the slope. With the increase in the
seismic acceleration amplitude, the slope damage becomes more serious; @ Muddy interlayer is the weak part
of the slope. Under the influence of the earthquake, tension cracks first appear, which is a key factor in
triggering the instability of the slope; @ The seismic acceleration response characteristics of the two slopes are
as follows: with the increase in seismic load, the peak ground-motion acceleration (PGA) amplification

coefficient first significantly increases and then slowly decreases. The curve trend of the PGA amplification
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coefficient of the two slopes is basically the same. The values near the third interlayer and at the slope shoulder

are significantly higher than other measurement points. The PGA amplification factor of the concave slope is

slightly larger than that of the convex slope, and the trend of the broken line is more tortuous, showing a more

complicated amplification effect; & Numerical simulation results show that when the seismic acceleration

amplitude reaches 0.6g, the slope undergoes instability and failure. The failure modes of concave and convex

slopes are slightly different. The failure mode of concave slopes is as follows: Slope shoulder collapse, with

sliding failure near the point of gradient change. The failure mode of a convex slope is mainly the line of gradient

change failure. Overall, the seismic stability of a convex slope is slightly better than that of a concave slope.

Keywords: slope engineering; muddy interlayer; rock slope; seismic load; shaking table test; seismic numerical

analysis
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Table 1 Similarity constant of shaking table model test

(with * as basic dimension)
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Table 2 Main physical and mechanical indexes of

prototype and model

" R/ LIRS FHR A/ MEEE

i (geem )  H/MPa L kPa /)
AL Ak 2.40 63.3 0.3 17.3 24.5
JeEMEN L) 1.47 44.1 0.4 12.2 19.8




4 ¥ gh

2025 4%

Centro i Fll 1F 5% 5 W9 F b 7% % A7 2k . V5 74 p b
X 0= % B SR R - 1X , EL-Centro 3 B9 I 2% 1% (A
XA 0.1g.0.2¢.0.3g K 0.4g, A 0 G5 M AfF 5% i1 3%
87 U N R W el S VA 1S T S 1
— 41 0.6g M#RMEE . EL-Centro % /9% 3 B 8] 1 45 Ho
9 5.48, i BE i AR fh L i P 4 TR o BRI a0y &
L 3.

0.4 - 11 R AL AR
= {3 B A

OrEI )R

; etk e J2
2 ASm 111
NERS N
AT
N
A0S
1.2
(a) MHE I
0.4 w3 AL IR
S0 S1 = (i B A IR
] Aol Ald SEELR
1:1
A9
%(Wwe)z
o :
= Aba\
ATG A3 \ 1:0.5
AR
A\
AL
1.2
(b) MBI

B3 #EEGTTERRRRTERCAA M)

Figure 3 Model design and sensor layout (unit: m)
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Table 3 Seismic loading scheme of shaking table test
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Table 4 PGA of each measuring point of ELC wave
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Figure 9 PGA amplification coefficient curves of each measuring point of ELC wave
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Figure 10 Finite element model and time history curve of seismic acceleration
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Table 5 PGA at position corresponding to measuring point of

numerical model and experimental model

s A/ (m e s?)
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Al2 1.83 3.68 5.53 7.45
Al4 1.90 3.68 5.56 7.52

All 1.93 3.56 5.64 8.41
Al3 1.98 3.81 5.93 8.25

2.0
1.8F
B
W&
N 1.6
x
=
< 14F
&)
Q-‘ N
1.2+ —— B
—e—[MJE i
1'0. 1 1 1 1 I
0 20 40 60 80 100
e A /m
(a) 0.1g
201
1.81
B
W&
5 161
X
=
< 14r
&)
[=%}
12F —=— "I 1 3%
——[V1JE i B
1.0 ‘ ‘ ‘ ‘ ‘
0 20 40 60 80 100
= FE /m
(¢) 0.3g

2071
1.8 |
=
W L
~ 1.6
x
g
< 14t
&}
-9
1.2 | —— gL
—— U 1 B
1.0 . I . . )
0 20 40 60 80 100
e A /m
(b) 0.2¢
221
2.0F
£ L
oA 1.8
.K
= 1.6
<
O 1.4+
&
Ll .
: —o— [MJE 1 3
1.0 L L L L I}
0 20 40 60 80 100
= FE/m
(d) 0.4g

E13 HEHEUGHHEIRPCAM KR L

Figure 13 PGA amplification coefficient curves of each working condition obtained by numerical simulation
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