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Extended three-dimensional analysis of cracked slopes using upper-bound
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Abstract: The existence of cracks will reduce the stability of a slope and the three-dimensional effect is more significant when
its width is limited. Therefore, it is necessary to evaluate the stability of cracked slopes. In order to study the three-dimensional
stability of cracked slopes, based on the upper-bound theorem of limit analysis, a vertical tensile crack is introduced into the
three-dimensional failure mechanism, and the mechanism parameters are introduced to extend the three-dimensional failure
mode of slopes, including face failure and base failure. The energy balance equation is established, and the upper bounds of
stability number of cracked slopes are obtained by the optimization algorithm. The stability charts of cracked slopes are
established based on the g-line graphical method to read the factor of safety conveniently. The influences of slope
width-to-height ratio, slope angle and internal friction angle of soils on the failure mechanism of cracked slopes and the crack
depth and location are analyzed. The results show that for the specific slope geometry and soil parameters, there is a minimum
slope width B/H'. When the slope width is less than B/H", the failure surface passes above the slope toe, and the influences of

the crack on the upper surface of the slope can be ignored. When the internal friction angle ¢ is less than 5°, the failure surface
=]

the crack depth of the slope with inclination 75° increases first and then decreases.

passes below the slope toe; for the cracked slope, only when ¢=1° , failure surface passes below the slope. As the width of the
slope increases, the crack depth gradually increases, and the crack location gradually moves away from the slope crest, while
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Fig. 1 Three-dimensional failure mechanism of cracked slopes
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Fig. 2 Extended three-dimensional failure mechanism of cracked

slopes
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mechanism
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Table 1 Comparison of 3D stability factors of slopes without cracks

. . o . , yH/c
pIC) wlC) BIH /() W) rofro AR SCHR[191f 2 CHR[201/R 2
30 15 0.5 53.69 97.25 0.941 73.106° 73.156 73.120°
45 15 0.5 30.39 89.54 0.888 32.1847 32.371° 32.198?
30 0.8 57.27 95.34 0.856 62.121 62.213 62.121
60 15 0.5 14.43 80.14 0.843 20.889° 21.5120 20.805°
30 0.8 42.14 87.18 0.739 26.464 26.486 26.464

vE: A BEIHAA.
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Table 2 Comparison of 3D stability factors of slopes with cracks

R R yH/c
pIC) /) B ARE SCHR[ 172
30 10 0.8 28.00 27.74
20 3.0 47.81 47.75
45 10 0.8 15.82 15.68
20 3.0 17.54 17.53
60 10 0.8 11.15 11.07
20 3.0 10.60 10.59
70 10 0.8 8.33 8.26
20 3.0 7.02 7.01
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Table 3 Stability factors of slopes (p=15°)

BIC )
B/H 30 45 60 75
yH/c o/H x/H yH/c o/H x/H yH/c o/H x/H yH/c o/H x/H
05 PC 73.155* 0.003 0.043 31978 0.126  0.041 19.903* 0.331 0.041 14.085* 0477  0.070
) IN  73.106 — — 32.184° — — 20.889* — — 15.8342 — —
06 PC 61.199* 0.015 0.075 26.685 0.145 0.043 16.670 0.389  0.057 11.713  0.599  0.082
) IN 61.002° — — 26.725 — — 17.482 — — 13.322 — —
08 PC 46.051 0.021 0.107 20913 0.186  0.111 13.524  0.392  0.117 9.598 0.587  0.126
) IN  46.071 — — 21.220 — — 14.306 — — 10.936 — —
10 PC 38.698 0.046  0.123  18.230  0.211 0.136 11965 0.386  0.148 8.505 0.571 0.150
) IN  38.795 — — 18.648 — — 12.786 — — 9.797 — —
15 PC 30.874 0.084 0.145 15298 0.234 0.173 10.190 0.382  0.186 7.217 0.553  0.182
) IN  31.126 — — 15.855 — — 11.087 — — 8.503 — —
3.0 PC 25.124 0.114 0.170  12.994 0.248  0.207 8.722 0.379  0.220 6.111 0.539  0.211
’ IN  25.540 — — 13.686 — — 9.714 — — 7.433 — —
T AHBIA; PC B IEIIHAEREEE I IN FEI RGNS I w/H 2R E 5Y0R B IEE .
"4 BIERERB(p=30" )
Table 4 Stability factors of slopes (p=30° )
BIC )
B/H 45 60 75
yH/c o/H x/H yH/c o/H x/H yH/c o/H x/H
05 PC 96.560° 0.001 0.040 40.2192 0.125 0.041 23.6732 0.389 0.029
) IN 96.417° — — 40.590° — — 25.446° — —
06 PC 80.718° 0.021 0.061 33.511# 0.187 0.042 19.3612 0.552 0.016
) IN 80.287¢ — — 33.935° — — 21.226% — —
08 PC 61.978 0.045 0.067 25.882 0.263 0.061 15.137 0.523 0.081
’ IN 62.121 — — 26.464 — — 16.534 — —
10 PC 53.724 0.068 0.069 22.644 0.250 0.092 13.261 0.491 0.107
) IN 54.066 — — 23.398 — — 14.647 — —
15 PC 45.243 0.088 0.076 19.260 0.251 0.115 11.186 0.466 0.134
) IN 45.836 — — 20.216 — — 12.652 — —
3.0 PC 39.061 0.098 0.084 16.677 0.252 0.132 9.516 0.452 0.156
) IN 39.864 — — 17.830 — — 11.120 — —
T AHBIR; PC B IEIIHAEREEE I IN HEI TR I v/ H A B 5Y0R B IEEE.
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