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Arc-plane failure mode and support design method of dual-
element slope of soil and strongly weathered rock
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Abstract: To investigate the non-destructive critical slope rate and stability assessment method for strongly
weathered rock slopes with soil and highly weathered rock, based on Jinan’s strata, suitable soil layer parameters
for numerical simulation are determined. The strength reduction method is then applied to calculate the critical
slope rate of the slope, providing reference for construction. The analytical solution for the slope’s safety factor is
obtained using the improved Swedish slice method and the slip line field method. These analytical solutions
provide essential prerequisties for safety factor applications. Results show that strongly weathered rock
experiences failure when the rock strata thickness exceeds half of the slope height or the slope ratio surpasses
1:0.5. The obtained safety factor from the analytical solution tends to be conservative, contributing to enhanced
engineering safety. For soil and strongly weathered rock slope, the research findings help identify the failure area,

facilitating the design of support schemes.
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Fig. 1 Failure modes of soil and strongly weathered rock slopes
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Table 1 Soil parameters
ERS E3 o ki g 4 L] & WA AL
HE R /m 0~-0.9 0.9~-3.6 -3.6~-5 -5~-9 -9~-17.8
HE/(kN-m %) 18 18.1 18 18.2 22.5
FiRI/(KN'm %) 10 10 10 14.5 60
PR £ /(%) 20 20.9 24 25 45
THA — — — 0.2 0.12
E{ */(KN-m™?) 14 000 23 000 52 000 — —
E*/(kN-m %) 14 000 23 000 52 000 45 000 900 000
EX/(kN-m ?) 14 000 23 000 52 000 — —
EX/(kN-m ?) 42 000 69 000 156 000 — —
F2 EmFEIR
Table 2 Steps of excavation
THS TR R /m
1 T -2.0
2 BT -1.5
3 FHE -4.0
4 il ¥ -3.5
5 THZ -6.0
6 T 55 2 HEKIE
7 iz ~10.0 Fig.2 Numerical model diagram
8 B AT -9.5
9 T -12
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Fig.3 The settlement of slope top is compared with the

measured value (working condition 6)

Fig. 4 The settlement of slope top is compared with the

measured value (working condition 9)
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Table 3 Final values of formation parameters kN/m’
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Table 4 Model calculation parameters

1D 2R T o A A/
BHE/N-mM ) BESKN-m Y REEEMC) RN ) BIRER/(Nm ) o n
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18.054 10 2161 27680 27 680 83 040
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Fig.5 Comparison of failure modes
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Fig. 6 Critical slope rate
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Fig.7 Schematic diagram of subdivision model Fig. 8 Schematic diagram of vertical bar model
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Fig. 9 Schematic diagram of parameters when x, < x;
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Fig. 11 Incremental displacement cloud map of soil mass
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Table 5 Rock parameters

A s LAk AL A
HEE R BE /m -3~-6 -6~ - 17.80
T /(KN-m?) 18.2 22.50
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Table 6 Soil nail layout
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Fig. 13 Support design
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Fig. 14 Break the pattern diagram
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