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A Study on Analytical Solution of Unsaturated Infinite Slope Stability

A 5w Chae, Yu-Mi FAR I S Kim, Jae-Hong
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Abstract

In conventional analytical solutions for rainfall-induced soil slope stability, the Green-Ampt (1911) equation for estimating
the saturation depth and the Skempton & DeLory (1957) equation for calculating the infinite slope shallow failure were
compared with the numerical analysis to confirm the error. In the simple evaluation of the reason of soil slope instability
due to rainfall using the conventional equations, there are many errors and, overestimation or underestimation of the
calculation results. In this study, the equation consisting of the results obtained from infiltration analysis on unsaturated
soil slope is proposed by applying the average range of the strength parameters of the granite weathered soils, and
its reliability is verified by comparing with the numerical analysis results. The developed equation can be used easily

in various fields for the estimation of slope safety factor by checking the rainfall duration and saturation depth.
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Fig. 1. Comparison of analytical solution and numerical analysis
for factor of safety (Kim et al., 2013)
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Fig. 2. Comparison of analytical solution and numerical analysis
for wetting band depth (Kim et al., 2013)
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Table 1. Soil properties for numerical analysis

Estimate hydraulic conductivity function

Saturated permeability (m/s) 2.5x107
a (kPa) 57.63
Fredlund and Xing n 1.22
m 0.18
Saturated Vol. Water content (m?®/m?) 0.435
Residual Vol. Water content (m?®/m?) 0.083
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Fig. 3. Geometry of Infinite slope for limit equilibrium analysis

Table 2. Variation of wetting band depth by matric suction (S) in Green-Ampt (1911)’s equation

S=1m S =0.8m S = 0.6m
Rainfall duration Wetting band depth Rainfall duration Wetting band depth Rainfall duration Wetting band depth

(hr) (m) (hr) (m) (hr) (m)

1hr 0.3505 1hr 0.3172 Thr 0.2795
2hr 0.5163 2hr 0.4693 2hr 0.4161
3hr 0.652 3hr 0.5947 3hr 0.5297
4hr 0.7723 4hr 0.7062 4hr 0.6314
5hr 0.8828 5hr 0.8091 5hr 0.7257
6hr 0.9863 6hr 0.9057 6hr 0.8147
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Table 3. Variation of safety factor by matric suction (S) in Skempton and DeLory (1957)’s equation

S =1m S = 0.8m S = 0.6m
Rainfall duration (hr) F-S Rainfall duration (hr) F-S Rainfall duration (hr) F-S
Thr 2.224 Thr 2.414 Thr 2.683
2hr 1.643 2hr 1.766 2hr 1.939
3hr 1.387 3hr 1.481 3hr 1.612
4hr 1.236 4hr 1.313 4hr 1.419
5hr 1.113 5hr 1.198 5hr 1.288
6hr 1.058 6hr 1.115 6hr 1.193
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Fig. 4. Variation of wetting band depth by rainfall duration (Seep/W)

Table 4. Variation of wetting band depth by rainfall duration

S=1m S=0.8m S=0.6m
Rainfall duration Wetting band depth Rainfall duration Wetting band depth Rainfall duration Wetting band depth
(hr) (m) (hr) (m) (hr) (m)
1hr 0.17 Thr 0.24 Thr 0.4
2hr 0.67 2hr 0.91 2hr 1.44
3hr 1.37 3hr 1.87 3hr 2.88
4hr 2.17 4hr 2.99 4hr 4.39
5hr 3.01 5hr 4.1 5hr 5.94
6hr 3.83 ohr 5.23 6hr 7.52
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Table 5. Factor of safety by rainfall duration and wetting band depth

S=1m S$=0.8m S=0.6m
Rajnfall Wetting band FS qunfall Wetting band F-g Rginfall Wetting band FS
duration (hr) depth (m) duration (hr) depth (m) duration (hr) depth (m)
1hr 0.17 5.316 1hr 0.24 3.701 1hr 0.4 2.694
2hr 0.67 1.824 2hr 0.91 1.49 2hr 1.44 0.96
3hr 1.37 0.997 3hr 1.87 0.831 3hr 2.88 0.644
4hr 217 0.743 4hr 2.99 0.646 4hr 4.39 0.53
5hr 3.01 0.635 5hr 4.1 0.567 5hr 5.94 0.494
6hr 3.83 0.544 6hr 5.23 0.529 6hr 7.52 0.49
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(@) At S = 1m after 6 hrs

(b) At S = 0.8m after 6 hrs

ERvatin gny

Sisimnzs )

(c) At S = 0.6m after 6 hrs

Fig. 5. Variation of safety factor by wetting band depth in slope stability analysis (Slope/W)
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Fig. 6. Comparison of analytical solution (Skempton and DelLory, 1957) and numerical analysis
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Comparison of analytical solution with various parameters and numerical analysis for wetting band depth (zy)
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