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Limit equilibrium and stability analysis of steep stratified rock slope

LI Bin', WANG Guo-zhang’, FENG Zhen', WANG Wen-pei’
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Abstract: With regard to the obvious three-dimensional characteristics for most natural stratified rock landslides, based on the
two-dimensional derivation method for toppling-failure limit equilibrium considering three-dimensional stress state of stratified
rock slope, simplification and equivalence are carried out of three-dimensional force system, and the toppling analysis method
for three-dimensional stress is proposed. In the analysis of toppling limit equilibrium considering apparent dip, the stratified
rock slope can be seen as cantilever beams. The landslide of Chongqing Jiguanling is taken as an example for verification and
analysis. The calculated results show that: (1) Under the natural state, Jiguanling slope is in a stable state; (2) Under the
underground mining state, overburden rocks of Jiguanling coal seam show toppling and failure layer by layer, and extrude the
underlying anti-skid key blocks, leading to landslide after shear and failure of key blocks. The analysis results are basically
consistent with the actual situation.

Key words: steep stratified rock; limestone slope; toppling deformation; three-dimensional force system; limit equilibrium
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Table 1 Geometrical parameters of Jiguanling 3D model

Pukgi's  hy/m h'/m hm  z/m A/m* Apo/m? S,/m? bi/m d;/m Vi/m?
1 30.00  10.00 20.00 250 5000.00 7573.75 10247.97 3550  28.55 151147.11
2 4536  15.23 30.30 250 7573.75 10478.75 7245.75  25.10  25.00 225656.25
3 63.70  20.13 4192 250  10478.75 11028.75 1452.04 5.03 5.00 53768.75
4 67.25  20.98 4412 250  11028.75 14788.75 944256 3271 32.50 419534.38
5 91.03  27.8 59.16 250  14788.75 18563.75 944256 3271 32.50 541978.13
6 114.87  33.64 7426 250  18563.75 22307.50 944256 3271 32.50 664157.81
7 138.58  39.88 89.23 250  22307.50 26021.25 9324.21 3230 32.09 775434.79
8 162.09  46.08 104.09 250  26021.25 13008.75 10400.97  36.03  35.90 700588.50
9 81.03  23.04 52.04 250  13008.75 15686.25 10438.49  36.16  17.96 233674.32
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Table 2 Results of gravity and its component forces obtained from 3D model of Jiguanling

HPi c/(kN'm?) @ /(°) o /(kNm?) ¥ /(kN'm?) G/kN Ga/kN Gip/KN
1 700 39 950 25 3952612.50 2986654.66 1714836.96
2 700 39 950 25 5641406.25 4262733.13 2447518.43
3 400 25 400 15 806531.25 609427.39 349912.77
4 700 39 950 25 10488359.38 7925165.29 4550364.18
5 700 39 950 25 13549453.13 10238174.71 5878416.62
6 700 39 950 25 16603945.31 12546195.88 7203604.99
7 700 39 950 25 19385869.84 14648260.74 8410540.15
8 700 39 950 25 17514712.50 13234385.54 7598740.42
9 700 39 950 25 5841858.03 4414197.58 2534484.24
% 3 PR & REUKRE
Table 3 Results of safety factor of slope
N=4 N, =5 N=6 N, =7 N, =8
k=0.8
Fy n Fy n Fy n Fy n Fy 1
Ne=1 3.681 -0.001 2.550 -0.003 1.450 0.009 1.100 -0.001 1.06 0.003
Ne&= 3.050 0 2.130 0.001 1.648 -0.003 1.590 0 — —
N&=3 2.160 0.001 1.705 -0.001 1.643 0.001 — — — —
N&=4 2.136 0.001 2.088 0.002 — — — — — —
R4 ZHAEEHAFEHONHEERILR
Table 4 Comparison of safety factors between 3D model and 2D model
k4 RS ik 6 a7 .
§=0.8 foats
Fy 1 Fy 1 Fy 1 Fy n
N2 3.05 0 2.130 0.0010 1.648 -0.0030 1.5900 0 =TTk
’ 2.61 0.0001 1.875 0.0002 1.720 0.0003 1.6998 0.0002 —YEITik
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Fig. 7 Relationship between Fog of slope and rock
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Table 5 Inter forces and rotation moments of toppling rocks

Hi P/kN M; /(kN*m) o/MPa
5 160170.90 116891539.71 7.71
6 316193.18 204101374.11 8.12
7 454573.83 310140632.53 8.43
8 579122.08 178241016.64 6.47
9 856349.56 7911509.86 -1.35
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Fig. 8 Force diagram of toppling rocks and slide rocks
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Table 6 Values of safety factor of underlying strata

n Gin/kN Grap/KN G/ KN cSi/kN F,
1 7249387.79 4162355.39 2625464.94 12946314.42 1.50
2 7249387.79 4162355.39 6017188.37 12946314.42 0.93
3 7249387.79 4162355.39 10173517.76 12946314.42 0.66
4 7249387.79 4162355.39 1502622349 12946314.42 0.50
5 7249387.79 4162355.39 19410537.75 12946314.42 0.44
6 7249387.79 4162355.39 20872882.14 12946314.42 0.42
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