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Dynamic response analysis of disturbed rock slope under
strong earthquake loading
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Abstract: The underground coal mining following a open-pit mining leads to disturbances of the rock mass and weake—
ning of the strength of rock mass in the high slope. As a result the safety of the high slope would further deteriorate. In
this study the seismic dynamics of a high slope under strong earthquake loading was numerically investigated under
which a underground coal mining is being done following a open-pit mining. Taking the rock slope disturbed by coal
mining at Fushun East Open-Pit as an engineering background the dynamic response of the disturbed rock slope under
a strong earthquake loading was investigated in this study using the finite element program FSSI-CAS 2D as the numer—
ical modeling tool. The study demonstrates that the amplification effect of seismic wave in the rock mass under the East
Open-pit is significantly lower than that in the rock mass at the disturbed slopes. There is a highly positive relationship
between the height of rock position and the seismic wave amplification effect. The higher the rock position the greater
the amplification effect of seismic wave in the disturbed rock slope; At the points with the same height on the disturbed
rock slopes the effect of seismic wave amplification at the right slope is significantly stronger than that at the left slope
because the rock physical property at the right side slope is much weaker than that at the left side due to the under—

ground coal mining; And at any position on the disturbed rock slopes the horizontal amplification effect for the incident
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seismic wave is always greater than the vertical amplification effect. In the zones where the disturbance to the rock
mass due to coal mining is more serious the dynamic response to the incident seismic wave including displacement
velocity and acceleration is stronger. The zones where the displacement velocity and acceleration strongly responding
to incident seismic wave are basically consistent with the zones where the rock mass is seriously disturbed by the coal
mining.
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Table 1 Mechanical parameter of disturbanced rock *'
o./MPa E/GPa ¢/MPa e/(°)
10. 62 1. 84 2.40 23.0
6.33 ~8.68 0.65 ~1.03 1.11 ~1. 69 15.3 ~16.9
8. 68 ~10.40 1.03 ~1.49 1.69 ~2.18 16.9 ~18.2
28.63 8.42 3.00 22.5
17. 08 ~23. 40 2.99 ~4.70 1.38 ~2. 11 14.9 ~16.5
23.40 ~28. 03 4.70 ~6. 84 2.11~2.72 16.5~17.8
9.54 2.39 3.00 16.0
5.69 ~7.79 0.85~1.33 1.38 ~2.11 10.6 ~11.7
7.79 ~9.34 1.33~1.94 2.11~2.72 11.7 ~12.7
35.83 11.38 5.00 25.0
21.38 ~29.83 4.04 ~6.35 2.31~3.52 16.5 ~18.3
29.28 ~35.09 6.35~9.25 3.52~4.53 18.3~19.8
32.74 16.32 5.00 22.5
26.75 ~32.06 5.79 ~13.27 3.52~4.53 16.5 ~17.8
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Fig. 5 Numerical model and monitoring points position
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Fig. 7 Stress distribution prior to the arrival of seismic waves

1.5
1.0
0.5
0
-0.5

-1.0

-15 . . . . .
0 50 100 150 200 250 300

] Trl/s

K H=1.33 m/s?

SN/ (m-s72)

—_
W

=
(=}

K H=1.21 m/s?

o
W

(=

A/ (m- s72)

I
—
(=]

T

-1.5 I I I I I
0 50 100 150 200 250 300

Fef i) /s

Fig. 8 Earthquake seismic waveform applied in calculation

3 6

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



308 2013 38
o 2.26 m/s’ 8
1.62 m/s’. 4
iE, 0
i
.10 6( ) B _
= 4
o -3 | | | | |
0 50 100 150 200 250 300
5 Bl TR)/s
; 6.49 m/s 8 5
o~ - 3.55 m/s?
3.55 m/s’. 3 6 5 L e
8
w0
4. 88 §
R4r
(E-W ) 2.91(U-D ) 8
R 0 50 100 150 200 250 300
fisf [/
10 6
03 Fig. 10 Horizontal and vertical acceleration-time
5 LE-W 2.26 mvs? curve of the 6th point
B ‘ 200
g
T —— e e
-1t T, 100r
N A
-t \CE_L 0
0 30 60 90 120 150 180 210 240 270 300 % e
I TRl /s ’
=200 i ; i : -
1.62 m/s? 0 50 100 150 200 250 300
)/
i 200 D 135cm/s
M ﬂ Wwwhw)/emxwwf»«‘«vw««me«m ~ Y
\ ‘ T 100+
E o
0 30 60 90 120 150 180 210 240 270 300 ) -100 F
R R/
_200 1 1 L 1 1
9 3 0 50 100 150 200 250 300
. . . L (] /s
Fig. 9 Horizontal and vertical acceleration-time
curve of No. 3 point 11 6

13

D

11 12 6
135 em/s( U-D)
78 cm( U-D) o

180 ecm/s( E-W)
91( E-W)

o

Fig. 11  Horizontal and vertical velocity-time

curve of No. 6 point

o 13 ~15
tZSOS S °

o =
50 s



309

2
200
- E=W 91 cm k
£ i
S “
®O0 =
£ o5
-100 VE:
2900 . s s . s
0 50 100 150 200 250 300 0 - -
B fi)/s 500 1 000 1 500 2000 2500
200
15 b 78 cm
g
<
R 0
)
=100 1
-200 . s s . .
0 50 100 150 200 250 300
)/
12 6 500 1000 1500 2000 2500
x/m
Fig. 12 Horizontal and vertical displacement—
14 t=50 s

time curve of No. 6 point
0.4 m( E-W ) 0.6m
(U-D ) 0.05 m( E-W )
0.15 m( U-D ) o N

2.0
1.5
10 ~
05 w
0 £
E —
| 0.5 E“‘Fz
=10
=15 =
o0 B
=25
-3.0
1 500 2000
x/m
Y
£
E —
5 &
=
=
=

1 500 2 000 2 500
x/'m

13 t=50s

Fig. 13 Acceleration response distribution at t=50 s

Fig. 14 Velocity response distribution at t=50 s

500 1 000 1500 2 000 2500
x/m

i

0
500 1 000 1500 2000 2500
x/'m
15 t=50 s

Fig. 15 Displacement response distribution at =50 s

16
7~9
9
3 Hz
10 0.4 ~3 Hz
1~1.2 Hz
o 16

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

78



310 2013 38
107f -====- Input-EW 10 13
Point 7-EW
- — Point 8-EW
s il —— Point 9-EW
= 10 Point 10-EW 3 Hz o
‘Ei( o
B et
=10 1.2 Hz 0
10—' L 1 L ] 1 1 ]
0.1 03 1 5 10 40 100 1 Hz °
Iz
wr s [nput-UD
Point 7-UD
- —— Point 8-UD
—— Poinl 9-UD ( 1)
2o10'f —— Point 10-UD
B
= @
= ot - @
10—' 1 1
01 03 1 510 40 100 - ®
16
Fig. 16  Acceleration response spectrum of typical ° @
points in left side slope( damping ratio=5%) °
(2) ~
1. 2 HZ ° >
1o - Input-EW ° N
Point 4-EW
. —— Point 5-EW °
e —— Point 6-EW
< 1r — Point 13-EW
E o
el ™
107 L L 1 1 PR i |
0.1 03 1 5 10 40 100
Y% Hz D . : 2010:2-3.
1e¢ }_.!LI:E‘;}_'BD Yu Long. Study on seismic response and deformation failure mecha—
— — Eg:m E:HB nism of bedding rock slopes within weak interlayer D . Harbin: In—
; 10'F Point 13-UD stitute of Engineering Mechanics China Earthquake Administration
8] | —— 2010:2-3.
T
= 10 7.
1983 2(1) :67-75.
10! - ! Sun Yuke Yao Baokui. Main geological model of the rock slope de—
4]
0d = ]'fﬁ_'f_“fl-l 3 10 W 10 formation and failure J . Chinese Journal of Rock Mechanics and
S He

17
Fig. 17  Acceleration response spectrum of typical
points in right side slope( damping ratio=5%)
17 16

Engineering 1983 2( 1) : 67-75.
M .
2009.
Zhang Zhuoyuan Wang Shitian Wang Lansheng. Engineering geo—
logical analysis and principle M . Beijing: Geology Press 2009.
Kramen S L. Geotechnical earthquake engineering M . New Jersey:

Prentice—Hall Inc 1996.

2005 20( 1) :164-171.
Liu Hongshuai Bao Jingshan. Review on study of seismic stability

analysis of rock-soil slopes ] . Earthquake Engineering and Engi—



311

11

12

14

neering Vibration 2005 20( 1) : 164-171.
Keefer D. Statistical analysis of an earthquake-induce landslide dis—
tribution-the 1989 Loma Prieta California event J . Engineering Ge—

ology 2000 58:231-249.

J. 2001 21(3) :311-314.
Wang Yuqing Xin Hongbo Gao Yanping et al. Study on comprehen—
sive index method for predicting earthquake-induced landslides J .
Chinese Journal of Geotechnical Engineering 2001 21(3):311-
314.

J . 2004 27(3):256-264.
Sun Jinzhong Chen Xiang Wang Yuqing. Geotechnical slope seismic
slump-the three judge forecast J . Journal of Seismological Engi—

neering 2004 27(3) :256-264.

1999 21(5) :591-594.
Xin Hongbo Wang Yuqing. Earthquake-induced landslide and ava—
lanche J . Chinese Journal of Geotechnical Engineering 1999 21
(5):591-59%4.
Ling H1 Mohri Y L D. Soil slopes under combined horizontal and
vertical seismic accelerations

Structural Dynamics 1997 26( 12) : 1231-1241.

J . Earthquake Engineering and

2003 36( 11) :34-37.
Yao Aijun Su Yonghua. A method for stability of slope engineering
with complicated rock mass J . China Civil Engineering Journal
2003 36( 11) :34-37.
Siad. Seismic stability analysis of fractured rock slopes by yield de—
sign theory J . Soil Dynamics and Earthquake Engineering 2003
23(3) :203-212.
Chen Jian Y J H Lee C F. Stability analysis of the permanent ship—
lock slopes of the TGP under seismic action A .13WCEE C .
Vancouve B. C. Canada 2004 Paper No.350.

] 1994 2(3):1-12.
Wang Sijing Zhang Juming. 3—D Dynamic analysis of rock sliding

on the layered rock slope J . Journal of Engineering Geology

20

21

22

1994 2(3) :1-12.

J. 2004 12( 1) :63-68.
Qi Shenglin Qi Shengwen Wu Faquan et al. On permerment dis—
placement of earthquake induced slide based on residual pushing
force method J . Journal of Engineering Geology 2004 12( 1) :
63-68.

J. 2004 24(3):228-241.
Wu Zhaoying Bo Jingshan Liu Hongshuai et al. A method for eval-
uating dynamic safety factor rock slope seismic stability analysis
J . Journal of Disaster Prevension and Mitigation Engineering

2004 24(3):228-241.

Tsesarsky M Hatzor Y H Sitar N. Dynamic displacement of a block
on an inclined plane: analytical experimental and DDA results J .
Rock Mechanics and Rock Engineering Geology 2005 38( 2):
153-167.

M . : 1987:65-74.

1982(4) :162-170.
Wang Sijing Zhang Juming. Dynamic analysis of slope rock stable
slide J . Geological Sciences 1982(4) :162-170.
M .
2003.

Qian Minggao Shi Pingwu Xu Jialin et al. Ground pressure and
strata control M . Xuzhou: China University of Mining and Tech—
nology Press 2003.

J. 2011 30( 11):
2352-2359.
Ji Hongguang Xiang Peng Zhang Lei et al. Experimental study
and detection analysis of mechanical properties variability of rock
mass in excavation disturbance J . Chinese Journal of Rock Me—
chanics and Engineering 2011 30( 11) : 2352-2359.
Ye Jianhong. Numerical analysis of wave-seabed-breakwater inter—

actions D . Dundee: Universtity of Dundee 2012.



