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Dynamic centrifugal modelling tests on toppling rock slopes

LI Xiang-long"?, TANG Hui-ming'
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Monitoring, Beijing100081, China)

Abstract: Two types of physical models for toppling rock slope with intermittent rock planes alone and with both rock planes
and secondary rock joints are built of synthetic material, and tested in the centrifuge machine under different seismic loads. The
dynamic response and failure mechanism of the two slope models are then recorded and analyzed. The results of the dynamic
centrifuge tests reveal that: (1) the topographic amplification effect of the layered rock slope is related to the frequency and
amplitude of the input seismic motion; (2) the secondary rock joints inside the rock slope serve to decrease the dynamic stability
of the rock slope significantly; (3) the toppling rock slope without secondary rock joints fails in bending and toppling from the
slope foot to the rock layer behind accordingly, while the slope with secondary rock joints fails firstly from the upper rock layer
due to the penetration of secondary rock joints inside, and then to the underlying rock layers; (4) the dip angle of the final
penetrating failure plane for the rock slope with secondary rock joints is much higher than the slope without secondary rock
joints, and the failure plane forms in an obvious step-path shape.
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Table 1 Comparison of mechanical properties between synthetic

materials and typical rock materials
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Fig. 1 Synthetic rock brick with fully contacted rock plane inside

and crack propagation pattern after uniaxial compressive

failure
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Table 2 Mechanical properties of synthetic rock plane
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Fig. 3 Mode I fracture propagation of rock plane sample in Fig. 2
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Fig. 4 Schematic diagram of sliding slope models Topple 1 and
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Fig. 5 Topple 1 slope physical model
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Fig. 6 Topple 2 slope physical model
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Table 3 Input dynamic wave properties for slope tests

T J A i FRILEES R g [LRIp TR FRINES Y BRFENT B fr
WA 4lg 1, Mz A g ., /Hz /s (s N g
Wavel 0.1 3 7 120 100 25 20
Wave2 0.1 1~5 4 40~200 100 25 40
Wave3 0~10 3 0400 120 100 2.5 40
FTLAF I, SRR A 5 B A A AT N
o - 400 - —
DRI A X s it o 2 a3 () S B 8y o i N SR | ol FIRHABER DL
FEAE BARRI S 1, 1 N1 Nt 6 Fridsx i1 5
B PUERRERISNRNAET, mEraR B -
B R s & TAERE IAFAE— AP, T iX AR R
el B e T = , e N —400 |
SEPRBN AN = R AES) RGN B 2 280, 43 ik ' ' ' ] L '
0.0 0.5 1.0 1.5 2.0 2.5 3.0

o THRBI S TAERE B S , eshat JoiE RS S
(KB SEBUAH N BEAR S DA o T IRl s 1) AR
RHE TR 2 1K, DA SE RO 180 0 fin A\ S BEAR
NAA—ERMFER,  F Z R AR [ BEAR S
TN BRI FIAAS - LUK a6 B {68 £ 25 40 sk P
KT K ARNEEAE G L5~ SRR E Iesh 4%
MIIEH TAEER,  fedf 175 2 2l i i w1 i
BN TAEREST, AR5 I AP AN B PEALE) )
BN E, AT SBRsl i NS BT g A
B i TR A ITERF BRI R IL 3 A i
[, DLMRT A ELEZ BUINACY & Pric sk 20K 3l ) 2
SEBREh SRR, HVE 79 AR R

] \Iu
R

1) /s

7 3848 Wavel i NiK 5 SEBR Wavel SN ANIEE BTREXT b

Fig. 7 Comparison between designed Wavel input and actual

Wavelinput
8- — A A SR
6 — SRR A BB
4 -
s 2f _‘\\H‘ ‘ “H"'w
& 0 i "|\ “J‘ MM “H“‘ ““ “\ l } h ‘ ‘H I
B, wy)“ | ‘\w
] 4L
6
-8r 1 1 I 1 |
0.0 0.5 1.0 1.5 2.0 2.5
i Al/s

8 IR#8 Wave2 Il 5 KPR Wave2 3N INiE [ BT F2 X bE
Fig. 8 Comparison between designed Wave2 input and actual

Wave2 input

i) /s
9 IP18 Wave3 NI 5 LR Wave3 $IN K AR E BTFZ 3T LE
Fig. 9 Comparison between designed Wave3 input and actual

Wave3 input

3 HEERHH

K 10~15 >4 Topple 1 F1 Topple 2 15 ik F H o
BRI PR N P o ] e Rt A B B T O
B UM IR 4, BRI A SRR N B 1N
RN R M. 8 Tl RIRE . WL IR A N2
o REAR R, BB RS EidxixX
BEgE i, TR S tH DU A

(1) 56 Topple 1 Al Topple 2 PiFH LI AE A
PRI, BN e AR 2l X L
Topple 1 1 Topple 2 ] Wavel 5 A1 Wave2 &5 %,
7] L H Topple 1 il Topple 2 1213 33 TH AL ¥ 5y 771
NI I TR L. bl DAAS 4508, HiREEN )
T A JR BRI, TEAT IR B 10 2
A 12 35 1 7% 2y v AL SE A AR/ o

(2) RfH Wave2 455, PRI 05 B H
T B TROR RN, 6 EGIE] 12 F11E] 13, Topple 2
T3 O ON B Topple 1 1435 5 3% o IXBEHH IEAL
R T BRI A AE AT LD 398 230 SO0 i 72 3 0 N )
Wi S 0 FEE

(3) PRI 34 5y 7w . TEOR 30N B Sy N 3
BEARZRARA P AR KA AL, IF H AR FAAHAL,
A Topple 2 13 151 7E5) 10 LA 1 Hz 1 [ 5E Jsi 2
ARG PRIE T 223 K3 0.1g (Mt REH, fAAEE R M
MBI, TEOR R 1.3 23k 2 s KA I+
MR EEE EE, B OB K
T 27 Hz Ja, HIBBORBN LT R, N R L5
T HPRBEPHR, (£ 3.5 Hz £ 4.0 Hz X[F] Y
I, M IO TR =2, TR REGE IS 2.0; 40



692 a5 oE L OB ¥

2014 4F

HKRKT 40Hz 5, HTOLBEEIRSE TIEMRRE, 52
B4 N2 0 MEAEL SRR/ AR Kb 55 1) v e
grp, AT LOREE B e W R Gl S I I R 2R A5
a2 e R P i 1) L MR R LA Y, DRI A
FRT 40Hz f5, Z5RARLELIRITTE .

1 1 1 ]
0.0 0.2 0.4 0.6 0.8
i A]/s

10 Topple_1 513K Wavel sh I T KB &R E AT
Fig. 10 Acceleration time history of Topple 1 slope under Wavel

0.0 0.2 04 0.6 0.8
B} R]/s

11 Topple 2 ifitF Wavel B AN T X8 S NiEE R
Fig. 11 Acceleration time history of Topple 2 slope under Wavel

. — b
10 -
o 5
=
.}& 0
B 5t
~10
-15 1 1 1 1 J
0.0 0.5 1.0 1.5 2.0 2.5

i /s
12 Topple 1 if1tF Wave2 B AN T X8 S NiEE T2
Fig. 12 Acceleration time history of Topple 1 slope under Wave2
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Fig. 19 Failure plane of Topple 2 slope
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