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Abstract: Micro-seism frequently occurs in the Three Gorges Reservoir after impoundment and has a significant impact on
slope stability. To investigate the cumulative damage and stability of typical bedding rock slope under frequent microseisms,
the shaking table model tests and UDEC discrete element numerical analyses are conducted. The results indicate that: (1) The
damping ratio, damage degree and damage rate of slope increase with the increase of seismic duration, while the natural
frequency and PGA amplification coefficient decrease. The PGA response of slope shows “elevation effect” and “surface
effect”. (2) The non-linear cumulative damage model under high and low seismic amplitudes can be represented by exponential
and cubic functions respectively, and the evolution curve shows “S” characteristics of slight decline in initial stage, linear
increase in intermediate stage and gentle increase in later stage, and “steep” characteristics of rapid rise. (3) The gradual process
of cumulative damage and instability is as follows: undulant body climbs, shear and grinds, cracks initiate, propagate and run
through, the slope slips wholly along the composite sliding surface, and rock mass accumulates at the slope foot in the form of
broken, large and giant blocks. The stability of slope with undulant body is better. (4) The critical times of microseism decrease
and the cumulative permanent displacement increases with the increase of seismic amplitude, frequency, slope height and slope
angle and the decrease of bedding thickness, and accordingly the stability factor decreases. The slope with outcropped bedding

is more prone to fail.
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Table 2 Mechanical property parameters of equivalent materials
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Fig. 2 Generalized design diagrams of slope models
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Fig. 4 Time histories of acceleration of seismic wave for tests
=3 HWmmEITR

Table 3 Loading conditions for tests
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By g /Hz /s R

1 HIEER 1 0.08 — 30 1

2 1E5% 3 0.04 30 7 1

3 RIRUE 0.04 32 7 1

4 1E5% 3 0.04 5 7 1

5 1E5% 3 0.04 10 7 1

6 1E5% 3 0.04 15 7 1

7 1E5% 3 0.04 30 7 1

8 RIRUE 0.04 32 7 1
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Fig. 8 Evolution curves of nonlinear cumulative damage of slope

rock mass
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Fig. 11 Sliding surface shape of slope after instability failure
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Fig. 12 Numerical model
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Table 4 Numerical conditions

Fl 2 i ETH B

TR ) N e s
B/(°) Lym /g /Hz

" 0 2.3 60 229  0.04 30
0.04 5

@) 30 2.3 60 229 0.15 20
0.2 30

#3 60 2.3 60 229 0.04 30
#4 30 1.5 60 229 0.04 30
#5 30 0.5 60 229 0.04 30
*6 30 2.3 30 229  0.04 30
#7 30 2.3 45 229  0.04 30
8 30 2.3 60 50.0  0.04 30
#9 30 2.3 60 150.0 0.04 30
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Table 5 Parameters of rock mass and boundary

ik WEE  FhE P
B R EY VS
i H L MR w1 W
/(grem™) 54
/MPa /(°) /kPa /MPa

Ak 2.49 4200 0.3  41.8 4000 2
pukss 2.50 4200 0.3 — — —
* 6 EmETHESH

Table 6 Parameters of bedding surface and joint

WEE  FE B

HENE S AR
WiH M VA W . .
/(GPam ') /(GPa'm ")
/(°) /kPa /MPa
=31} 32 30 0.080 10.2 6.4
T 20 6  0.003 8.2 5.1
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Fig. 13 Variation of cumulative permanent displacement and

stability factor of slope
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Fig. 14 Evolution of cumulative damage and instability failure of

slope
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Fig. 15 Variation of cumulative permanent displacement and
stability factor under different influencing factors
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