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ABSTRACT

The monolithically coupled finite element analysis for a deformable unsaturated soil slope is performed to investigate the effect of
antecedent rainfall which is assumed by initial conditions varying degree of saturation (36, 51, 77%) in finite element analysis. The
distributions of matric suction and deformation on slope surface obtained from numerical simulation show the instability of antecedent
rainfall-induced unsaturated soil slope. Moreover, the numerical analysis using Drucker-Prager model can be checked if a soil slope has
reached failure (trial failure criterion £ >0, plastic behavior) or not (trial failure criterion £ < 0, elastic behavior). It is found that
displacement of slope surface layer increases and the matric suction on soil slope decreases with an increase of initial degree of
saturation by antecedent rainfall. Especially, the matric suction of the soil slope in dry condition (S=36%) rapidly decreases rather than
that in wet condition (S=51%) at the same rainfall duration. The results of the trial failure criterion (f” > 0) show slope instability in the
toe region and surface of the slopes.
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Fig. 1. GCTS pressure plate apparatus

Table 1. Physical properties of weathered soils

Property Weathered granite soil (Seoul area, 3 sites)
Specific gravity (Gs) 2.64
Max. dry unit weight (¥max, KN/m’) 17.5
Min. dry unit weight (¥ min, KN/m’) 13.5
Uniformity coefficient (C,) 9.3
Coefficient of gradation(C.) 0.77
USCS SP
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Fig. 2. Grain-size distribution curve of weathered soils
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Fig. 3. Soil-water characteristic curve of weathered soils

Table 2. Curve fitting parameters of the SWCC and permeability
(RETC, 2009)

Curve Fitting Parameters

van Genuchten (1980) a=0.0412 kPa|n=2.07| m=0.517
Saturated volumetric water

0.39
content (&)
Residual volumetric water

~ 0.0
content (6,
Correlation factor (R’) 0.9719
Saturated permeability (k) 4.67 x 10 m/sec
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Fig. 4. Soil slope mesh and initial condition

Table 3. Mechanical properties of weathered soils and input

parameters
Lame parameter (A, 1) 29x 106, 7x10° Pa

f;f’e;tl’vce’)ﬁictlon, dilatancy angle and cohesion 32°, 10°, 5kPa
Plasticity parameters (%, ) 10MPa, -1(TC)
Solid real density (p™) 2700 kg/m’
Water real density (p") 1000 kg/m’
Air real density (p°%) 1.2 kg/m’
Viscosity of water (72) 10° Pass
Initial porosity (n = n" + n") 0.4 (=0.2+0.2)
Permeability at saturation (k) 4.67x10° m/sec
Rainfall intensity and duration 20mm/hr, 24hr
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Fig. 5. Distribution of matric suction in soil slope with S=36%

Fig. 6. Distribution of matric suction in soil slope with S=51%

| | | | | |
0 15 2 5 an a5

Fig. 7. Distribution of matric suction in soil slope with S=77%
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4.3 Drucker-Prager (1952) Z2S 0|25t AlHI}| M

Abee] shrbgele ER1517] $15te] Drucker-Prager (DP) 24
g 8] shol] FTBAA B 5 Ak ANk
F&gKisotropic) |52 7FYsle] ek ds]X(linear elasticity)
o2 oA SEARE FH3] YA Eq. (12)7 2
DP wElg AMgslel 38 78 Tksigick

f@,c',¢) = lisll = (4% = B*p") < 0 (12)
Isll=Vs:s, s=deva’, p =trao'/3
o S Bfo st gy Blosing <1

3 4 Bsin ¢’ 3+ B sin ¢’

o7)ol| A s Zx1-8-2(deviatoric stress), p= H-GE-3E
(mean effective sterss), ¢= & HZE, o= FEUEVIEZ,
B = -1& DPEE-& Mohr-Coulomb A&7 (TC)E LER)
= FEGAHES s, 8 = 1-2 Mohr-Coulomb 2} %

1496 Journal of the Korean Society of Civil Engineers

Fig. 13. Distribution of trial failure criterion using DP model in
S=36%

Fig. 14. Distribution of trial failure criterion using DP model in
S=51%

Fig. 15. Distribution of trial failure criterion using DP model in
S=77%
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ARd] met £ < 0% BIAES APIsi, £ = 0% 2958
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