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Abstract

Rocky slopes with weak interlayers are highly susceptible to destabilization under internal and ex-
ternal dynamic coupling, which may lead to catastrophic consequences. With the expansion of en-
gineering construction scale and the deep development of mineral resources, the impact of dynamic
disturbances generated by human engineering activities (e.g., mining and blasting, mountain exca-
vation, etc.) on slope stability is becoming more and more significant. Existing studies mostly focus
on the slope stability under static or transient dynamic conditions, but neglect the degradation of
the strength parameters of the weak interlayer and its time-varying effects caused by long-term
vibration loading. Based on this, we take the rocky slopes with weak interlayers as the research
object, and systematically investigate the dynamic characteristics of the weak interlayers and their
influence on the time-varying stability of the slopes by comprehensively using indoor experiments
and theoretical analyses. The main research contents and results are as follows: 1) The dynamic
response characteristics of weak interlayer under cyclic loading were investigated by vibration tri-
axial test. The results show that with the increase of vibration times, the strength parameters of
weak interlayer gradually deteriorate, and the cohesion and internal friction angle are attenuated
by 76.4% and 26.9%, respectively; based on the experimental data, a mathematical model of the
deterioration of the strength parameters considering the coupling effect of vibration times-fre-
quency is established. 2) Based on the limit equilibrium method and Mohr-Coulomb strength crite-
rion, the expression of the time-varying stability coefficient of the slope was deduced by combining
with the dynamic strength parameter degradation model of the weak interlayer. The results of the
case study show that the slope stability coefficient decreases gradually with the prolongation of vi-
bration time, and finally tends to be stabilized.
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Figure 1. Sampling locations
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Table 1. Dynamic strength test program
F 1 RN R

AR BIKE Y% [l i /kPa HiZ/Hz BN S /kPa ISbale4
1 40 0.2
2 100 50 0.25
3 60 0.3
4 60 0.15
5 200 70 0.175
6 150, 1 80 0.2
7 90 0.15
8 300 100 0.167
9 110 0.183
10 120 0.15
11 400 130 0.163
12 140 0.175
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Figure 2. Axial strain-number of cycles curves of specimens under 1 Hz dynamic loading frequency at different
confining pressures
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Table 2. Failure cycle numbers of specimens under 1 Hz dynamic loading frequency at different confining pressures
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Bl [ /kPa Z N D) {E /kPa RJILE R WIRIRIK Ny
40 0.2 39
100 50 0.25 24
60 0.3 10
60 0.15 46
200 70 0.175 28
80 0.2 12
90 0.15 47
300 100 0.167 31
110 0.183 18
120 0.15 40
400 130 0.163 29
140 0.175 19
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Figure 3. o4-N, curves of specimens under 1 Hz dynamic loading

frequency at different confining pressures
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Table 3. Fitting parameters of dynamic stress versus failure cycle numbers relationship under different confining pressures
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100 —32.936 93.599 0.988
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Table 4. Failure dynamic stresses and dynamic strength parameters under different vibration cycles
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- WK BN 7 /kPa BB IR S
100 200 300 400 % 41 ¢y IkPa W EESE A ¢y /0
10 60.663 83.280 122.559 157.528 9.33 8.09
20 50.748 73.192 108.200 139.020 7.22 7.46
30 44.949 67.292 99.800 128.194 5.97 7.08
40 40.834 63.105 93.840 120.512 5.08 6.8
50 37.642 59.858 89.217 114.554 4.38 6.59
60 35.034 57.204 85.440 109.686 3.81 6.41
70 32.829 54.961 82.247 105.570 3.33 6.26
80 30.919 53.017 79.481 102.004 2.91 6.13
90 29.234 51.303 77.041 98.859 2.53 6.02
100 27.727 49.770 74.858 96.046 2.20 591
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Figure 4. Relationship curves between dynamic strength parameters and vibration cycles for remolded specimens
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Figure 5. Fitted curves of dynamic strength parameters versus vibration cycles for remolded specimens
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Figure 6. Engineering geological profile
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Figure 7. Slope schematic diagram
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Figure 9. Time-history curve of stability coefficient
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