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Reliability analysis of soil nailing-reinforced slopes considering fuzzy randomness
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Abstract. With regard to the problem of no cosideration of the fuzzy randomness of slopes reinforced by soil nailing, a method
for calculating the reliability of soil nailing-reinforced slopes is proposed considering the fuzzy randomness of soil parameters
and the fuzzy transition interval of the slopes. Firstly, the random values of mechanical parameters for soil sample tests are
converted into the fuzzy random variables. Based on the fuzzy random variables and the fuzzy transition interval, an equation
for the fuzzy random limit state is established. The upper and lower limits of the N-cut set and the corresponding slip surface of
slopes are determined. Then, the formula for calculating the reliability of soil nailing-reinforced slopes only related to the soil
parameter variables is derived, and the fuzzy random reliability of soil nailing-reinforced slopes is obtained. Finally, the
calculated results are compared with those calculated by the traditional Monte Carlo simulation method. It is shown that the
reliability analysis of reinforced slopes considering fuzzy transition interval and fuzzy randomness of soil parameters can better

reflect the actual state of reinforced slopes.
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Table 1  Physico-mechanical parameters of soils
S5 ¢/kPa o/ (°)
YiE 16.5633 24.0411
T L
7% 7.3752 3. 8890
o b 16.2960 24.0278
R
Vi 7.2643 3.7144

AR y o EE, AR 16.5 kKN/m®, N E
B o (FcKAE N 33.3°, e/ IME N 16.8°) 5E R 1 ¢
(FKMEH 24.9 kPa, Fe/IME A 1.4 kPa) A5 R B AL
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Table 2 Fuzzy random reliabilities

A c” c’ I’ o* b* R R* S” S*
0.75 14. 8504 17.7416 22.9941 25.0615 -55 55 446.3929  486.7471 300.8916  327.4468
0.80 15.0228 17.5692 23.1174 24.9382 -44 44 453.7152 528.0391 329.9547  337.3319
0.85 15.2095 17.3825 23.2508 24.8048 -33 33 425.6826  520.0764  300.8915  334.8997
0.90 15.4211 17.1709 23.4022 24.6534 -22 22 463.7094  466.4952  295.2597  329.9547
0.95 15. 6856 16.9064 23.5913 24.4643 -11 11 470.4071 510. 8604 329.9547  337.3319
1.00 16.2960 16.2960 24.0278 24.0278 0 0 448.5147 448.5147 298. 0881 298. 0881

A F; F Z" A My oy B B’ P, p; P,
0.75 1.3633 1.6177 118.9461 185.8555 152.4008 62.3736 1.5616 3.3251 0. 9408 0. 9996 0. 9856
0.80 1. 3450 1.6003 116.3833 198.0844 157.2338 86.478 1.3094 2.3270 0.9048 0.9900  0.9595
0.85 1.2711 1.7285 90.7829 219.1849 154.9839 159.2538  0.7660 1.1804 0.7782 0.8811 0. 8330
0.90 1. 4054 1.5799  133.7547 171.2355 152.4951 57.73513 2.2602 3.0223 0.9881 0.9987  0.9951
0.95 1.3945 1.5483  133.0752 180.9057 156.9905 105.5953 1.3825 1.5909 0.9166 0.9442 0.9311

1.0 1.5046 1.5046  150.4266 150.4266 152.4266 94.2872 1.5954 1.5954 0.9447 0. 9447 0.9447
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Fig.2 Frequencies of safety factor by Monte Carlo simulation
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Table 3 Analysis results of Monte Carlo simulation
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