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Acceleration characteristics of supporting structures supported
bedding slopes by numerical analysis and shaking table experiment
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(1. School of Civil Engineering, Central South University, Changsha 410075, China;
2. School of Civil Engineering, Hunan City University, Yiyang 413000, China)

Abstract: Based on support structure project of the railway from Dali to Ruili, dynamic characteristics of
retaining structures against bedding slopes are studied by numerical analysis and shaking table experi-
ment. It mainly contains acceleration response on retaining structure under Wen-chuan earthquake XZ-
excitation. Both of the numerical simulation and the shaking table experiment prove that the results are
generally similar to each other. It is found that horizontal /vertical acceleration amplification factor is de-
creased with the increase of input field vibrations. The shaking table model test conforms well to the nu-
merical simulations, validating that the results of shaking table model test are reasonable and the numeri-
cal simulation method is reliable.

Key words: bedding slopes; FLAC™ numerical analysis; a shaking table test; combination retaining
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Fig. 1 The model size and location of accelerometer in bedding rock slope
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Table 1 Test conditions
g THAE - mﬁ&?ﬁ%‘ - e B
1 WC_ XZ -1 (30) 0.1 / 0. 067 2.83
2 WC_ XZ -2 (30) 0.2 / 0.133 2.83
3 WC_ XZ -3 (30) 0.4 / 0. 267 2.83
4 WC_ X -4 (30) 0.6 2.83
5 WC_ Z -4 (30) 0.4 2.83
6 WC_ XZ -4 (30) 0.6 0.4 2.83
7 WC_ XZ -4 (20) 0.6 / 0.4 2.83
8 WC_ XZ -4 (40) 0.6 / 0.4 2.83
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Fig.2  The time-history curve of compressed

wen-chuan wave
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Fig. 3 The fourier spectra of compressed

wen-chuan wave
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Table 2 The parameters of bedding slope model

A A KE Y 2R/ (kg + m™) K /Pa G /Pa ¢/Pa $/(°) B

I 3 elastic 2 500 2.67 x10" 1.67 x10" C25 JR#EE+
ST elastic 2 000 2.67 x10° 1.67 x10° 5 510

PURE () elastic 2 400 1.67 x10" 1.20 x 10" C25 1%+
i+ m-c 1 700 1.20 x 107 1.00 x 10’ 10 35 et
3 R S
Table 3  The parameters of contact surface in model

S FR c/Pa &/ (°) kE,/(N-m™) k,/(N+-m™) &
Interfacel 10 15 1.5x10° 1.5 x10° FE I 2 A R
Interface2 10 40 1.5 %x10° 1.5 x10° MWUZ A —IH
Interface3 5 20 1.5 x 10° 1.5x10° H A —PYH%
Interfaced 5 20 1.5 %x10° 1.5 x10° M2 25 R — 4 5%
InterfaceS 5 10 1.5x10" 1.5x10" Fe B —FYB%
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Fig. 4 bedding slope software simulation
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Fig. 5 Horizontal acceleration amplification coefficient

of gravity retaining wall
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Fig. 6 Horizontal acceleration amplification coefficient

of framed girder
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Fig. 7 vertical acceleration amplification coefficient

of framed girder

P9 D AN TR} R 75 1) HEZR B K [ Ji o JEE Tk
REFIRS G IRBETR, K, 6.7, 8 fLRMELR
2RISR E (LA D)o 9 algn, AT
J7 R BGHAR T , MESL SR 5 /KPR 2R B
IITES R SRS G I E R EIT . 1 Z [ MR
PRIR T, R =2 X 5 1) BRI JEE 5 P 7K 1 o

R ONEN NG LT NS s i

K8 A[EIAIR T 1] R K P s B2 R &R %
Fig. 8 Horizontal acceleration amplification coefficient of

gravity retaining wall under different direction excitation
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Fig. 9 Horizontal acceleration amplification coefficient of

framed girder under different direction excitation
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Fig. 11  Horizontal acceleration amplification coefficient of

gravity retaining wall
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Fig. 12 Horizontal acceleration amplification

coefficient of framed girder
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Fig. 15 Horizontal acceleration amplification coefficient of

framed girder under different direction excitation

P 16 Sy AN ] iy T2 320 394 7y et 7K 1)
N EHOR R B SR . m &l 16 mJ, $ik5K
SIS RE T R 2R it W= 30 3 ) 415 £ A T
Ko XFECIE 10 FlE 16 mTR1, 74801 3 XZ XL
IR T, F ) SR R 5 B 7K - 1) R 2 B
IITAE R AR G I R AL S — 2, BdE s>

BRI FAR 30 & ik B
5 %5 &

LK ERB B TR IR M B SE X %, SRR
1 BRI % 57 2 S P8 H I 2 54 i 1 ok 5

TN AT S, Bt A GO MR, W T E
FraCPS RS + HESR GRS R Z 0 33 1) 7 = ey 2 4

K16 =Rl FAm AP i s B TR 22 %
Fig. 16  Horizontal acceleration amplification coefficient of

gravity retaining wall under three degrees slope

F%MLTW MU, 5 RUE > B 45 R AT X

, FHEPUR 458

1) B Hrdh RS4R3 & 5 45 R 9 22 el
AR —2, IR3h BB RAK S B A5 2 14
GFRAHEL R, UEWIR 3 5 AR 2 2R A & B
LS SRR ARSI ¢ =% g RPN DI T

2) FEHEARBON W XZ MR ™, &
oy SR LY B 909 ONEN SRR A V4 DR PN
P 5 7AW i I FE TR 28 S Ak e ) A
R, WUZEE AR _EAFAEHRR R RBOR B

3) AT HESR R B i i K AR Kb A i A i
AL VDR CPNITEE | 35-4d A RN ) SE-INT RAN Bt
JetaEsk.

4) TE X 1]\ Z [m) 48 DO AR R, =208
ot FIVHE SRSk B2 71 IR 2R B0 i KPP ) /D, S
Pro i AE Z [ MR IAR T, tr= 22 X J5 1] B fn
B

5) B Iy R K s TR 3 Kbt o U=
TSR3 R R

B3k :

[1] SHENLL, XUC, LIU L Y. Interaction among control-
ling factors for landslides triggered by the 2008 Wen-
chuan, China Mw 7.9 earthquake[ J]. Front Earth Sci-
Pre, 2016, 10(2) : 264 —273.

[2] CHEN X L, ZHOU B G, RAN H L, et al. Influence of
rock masses properties on the slope stabilities: a study
based on slope failures during the 2008 wenchuan earth-
quake [ C] // Engineering Geology for Society and Terri-
tory, Vol 2 Landslide Processes, 2015. 1219 - 1223.

[3] HOUTS, WANG X G, PAMUKCU S. Geological char-
acteristics and stability evaluation of Wanjia Middle

School slope in Wenchuan earthquake area[ J]. Geotech-



513

W RARAE W 100398 2 3SR 2 o s 2 v 1o K B0 A S R 3l 6 ik 35

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

nical and Geological Engineering, 2016, 34 (1), 237 -
249.
XIAO S G, FENG W K. Numerical analysis method for
dynamic stability of a high and steep rock slope in the Si-
chuan Wenchuan earthquake [ J]. Adv Mater Res-Switz,
2011, 261/262/263 . 1182 —1190.
LIY F, WANG Z Y, SHI W ], et al. Slope debris flows
in the Wenchuan earthquake area[J]. J Mt Sci-Engl,
2010, 7(3): 226 —233.
W, E A LR, 2. R AR R Z 5 Bl
S8l i LA AR SO iR 3 B X AT [T ]
+ 412%,2011,32(10) :2977 - 2982.
DONG Jinyu, YANG Guoxiang, WU Faquan, et al. The
large-scale shaking table test study of dynamic response
and failure mode of bedding rock slope under earthquake
[J]. Rock and Soil Mechanics, 2011,32(10) :2977 -
2982.
LIN Meeiling, WANG Kuolung. Seismic slope behavior
in a large-scale shaking table model test[ J|. Engineering
Geology ,2006,86(2/3) . 118 —133.
s AU = S5 S VR S &: 5 A L G VAT
BAHAR[T]. ERR 2R (AR ,2007,6:
789 —792.
YU Yuzhen, DENG Lijun, LI Rongjian. Centrifuge model
test of the seismic response behavior of a sand slope[ J].
Tsinghua Univ (Seci & Tech) ,2007,6.789 —792.
AR R E M. HE SR R SO i B R i R 3 A
[J]. 2ZJHBETOR 2244 , 2008 ,2:118 - 122.
DONG Jianhua , ZHU Yanpeng. Analysis of response of
slope supported with framed anchor to earthquake[ J].
Journal of Lanzhou University of Technology, 2008, 2.
118 - 122.
ST A7 RbR. HUREAE T 4 35 057 A% A 2 ik 3
AT T]. a2 5 TR A, 2011,7:1502
-1512.
WEN Changping, YANG Guolin, Large-scale shaking
table tests study of seismic displacement mode of retai-
ning structures under earthquake loading[ J]. Journal of
Rock Mechanics and Engineering, 2011, 7. 1502 -
1512.
SCF-, B R WA S CHE S 4 3 i 72 3l (0 RS 2
RGBT BT [T]. &0 1% 5 TR R, 2011,
10.:2076 - 2083.
WEN Changping, YANG Guolin, Shaking table tests
study seismic displacement mode of slope with anchor
lattice frame structure [ J]. Journal of Rock Mechanics
and Engineering, 2011,10:2076 —2083.
SO T2 B A 2R bR, S5 AR 7 8 T TR R
RAR ) GBI [T ]. A0 J1 %5 TR R,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2013,5:976 —985.

WEN Changping, JIANG Xueliang, YANG Guolin, et al.
Large-scale shaking table tests study of seismic displace-
ment mode of sheet-pile retaining wall [ J]. Journal of
Rock Mechanics and Engineering, 2013,5.976 —985.
JEIBEIE. 13 R R L K Bl RS E R AT [ D ] AR
- P RE 2SI R4, 2013,

ZHOU Hongyan. Seismic response and dynamic stability
analysis of slopes[ D]. Chengdu: Southwest Jiaotong U-
niversity ,2013.

ST R S TR 3 3 7R 2l g wi o K% i [ AL B AR
FELD]. 2= 22N K7, 2014.

PENG Ningbo. seismic dynamic response and anchoring
mechanism of anchorage rock slope [ D ]. Lanzhou;
Lanzhou University, 2014.

AR, KSR, 45 22 k. R A T 0 e e A I
FERETIE[T]. A+ TR ,2012,2.:251 -257.
YE Hailin, ZHENG Yingren, LI Anhong. Shaking table
tests on stabilizing piles of slopes under earthquakes
[J]. Chinese Journal of Geotechnical Engineering,
2012,2.251 -257.

AR, RN , 2222 it , 2. 3 R AR TR S B 1N )
MRk GBI V] A0y 5 TRk,
2012(S1) ;2847 - 2854.

YE Hailin,ZHENG Yingren, LI Anhong, et al. Shaking
table test study of prestressed anchor cable of slope un-
der earthquake[J]. Journal of Rock Mechanics and En-
gineering, 2012(S1) :2847 —2854.

AR, RSB, KEAE 1, 2. 303 8l Iy R R AIE A i
2 GRS SR T ()] B TR 4R, 2012,
9.128 - 135.

YE Hailin, ZHENG Yingren, DU Xiuli, et al. Shaking
table model test and numerical analysis on dynamic fail-
ure characteristics of slope[ J]. China Civil Engineering
Journal, 2012,9.128 - 135.

PR, R, ERERE. 2P MR 72 8l I i i
M iRsh Gikg [ J]. 50 5 TR, 2013,5.:865
- 875.

HUANG Rungiu, LI Guo, JU Nengpan . Shaking table
test on strong eathquake response of stratified rock slopes
[J].
2013,5:865 - 875.

VESR, XIDUA AR, 5. ARHECINE BE 2l 1w R4 1Y
KRR G [T ]. 50 J1 25 TR AR,
2010,12:2420 —2428.

XU Qiang,LIU Hanxiang,ZOU Wei, et al. Large-scale
shaking table test study of acceleration dynamic respon-
ses characteristics of slopes[J]. Journal of Rock Me-
chanics and Engineering, 2010,12.2420 —2428.

Journal of Rock Mechanics and Engineering,



