A AR =R A4 53 20189 5Y pp. 37 ~ 51 ISSN 1229-2427 (Print)

JOURNAL OF THE KOREAN GEOTECHNICAL SOCIETY ISSN 2288-646X (Online)
Vol.34, No.5, May 2018 pp. 37 ~ 51 https://doi.org/10.7843/kgs.2018.34.5.37
O x| E Sl BEIirs Ojo| s XM OIARHA
ULXIEQ| LSt £S5} EAINHC| SHEEX oA

Probabilistic Stability Analysis of Unsaturated Soil Slope
under Rainfall Infiltration

zx A L Cho, Sung-Eun

Abstract

The slope failure due to the rainfall infiltration occurs frequently in Korea, since the depth of the weathered residual
soil layer is shallow in mountainous region. Depth of the failure surface is shallow and tends to pass near the interface
between impermeable bedrock and soil layer. Soil parameters that have a significant impact on the instability of
unsaturated slopes due to rainfall infiltration inevitably include large uncertainties. Therefore, this study proposes a
probabilistic analysis procedure by Monte Carlo Simulation which considers the hydraulic characteristics and strength
characteristics of soil as random variables in order to predict slope failure due to rainfall infiltration. The Green-Ampt
infiltration model was modified to reflect the boundary conditions on the slope surface according to the rainfall intensity
and the boundary condition of the shallow impermeable bedrock was introduced to predict the stability of unsaturated
soil slope with shallow bedrock under constant rainfall intensity. The results of infiltration analysis were used as inputs
of infinite slope analysis to calculate the safety factor. The proposed analysis method can be used to calculate the

time-dependent failure probability of soil slope due to rainfall infiltration.
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Fig. 1. Conceptual water content profile for slope with impermeable bedrock for non-ponded infiltration (k, = 1,/ (v, cosB), where 1, is
the air-entry value; Z= Dcos3, where D is the vertical distance to bedrock)
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Table 1. Soil parameters used for seepage analysis

0, 0, a (kPa™) n k, (m/s)
Vean 0359 0 0040 ) 2o (035 o
COV (%) 21.6 - 35.2 12.0 77.9
Distribution Normal - Lognormal Shifted lognormal Lognormal
Table 2. Input parameters used for slope stability analysis o] AAlS 11Ejshe Ao H H A=
vy GN/m?) | e (kPa) 6(") 5(%) 7|29 AFALERE AR AmE v
Mean 17.01 121 28.0 35 2 sfjAof AREE Ao SHEEA SA4AE A3
Cov (%) - 20 10 - 3}9itt. Table 32 1e|d HHEWH ol &) Al
Distribution - Lognormal | Lognormal - (Correlation coefﬁcient)% H'H-LHE] Tﬂi‘x—i %/‘j% 1/}
Pl e HUAES el WAES AR 5
s EAJS B583517] 95ke] van Genuchten-Mualem QHolatn sk},
2R 4 (5)2} 4] (60 At AL BESA
o] 7)ok gl X Zo] am FAE A EA A 4, AmEs sA
We J|EOR JOBEE Eio] Hgshe PAOR
st A7 SEAQ] 7400 AES mas) BB S4L s Mol 490 Y% o
S| S=ajstd 27|z 7o] XA ook sl 2 o ApEe] T B AFHRMY Ase AET] 93 2R
Fol A= Auke] EATF 97] 2S wEsle] z|uke] 2] A4S s8I si412 Table 1o AIAE W5
27] RpEsAL Zolo] upel AR 20kPao] gre O WA o8Ik A Aol mo| Eahe
7+ Aoz 43Tk FATE] Hat(k,,)S 02~ 12002 e =E HSHA
SFEE4 sHe AdliAe 23 ARbE ol izt 710 3k
SEEH EAATI AWE ojof sht BEI} 55 Fig. 4(a)= Aloke s|Amelzie 74 Azt oj2
dol A Ao gt $-(e.g., Carsel and Parrish, AT ZlolE 30& 7HA o2 yepd Alojok 977}
1988; Sillers and Fredlund, 2001; Phoon et al., 2010; 0.2k,,, %1 g-7-oll= o 8AIRE Fofl HgAlo] 7IRteto] &=
Jeon et al., 2012)= Wx] 2 FwHo|ch Table 10f Let gotsinh A= ARl whet 7Rkl =Est]
o ujel o] 4] (5)0] FFEAS Uehjls Wie 5 1 71 285E Azle] M EolE9ov F9wst
FAATSY] 0,2 AFLEAA 00] 77Ren] wisAo] ko 2 1 JFo] WA FolEUL F9AE
e Honm AYEHOR mestda, Wh a s 7k, Boh 2 Aol o ol e 3ol 3l
ghgtol 1.00]E2 o] th<=7+fE3(shifted lognormal <l ol= ANte] F5= T8 23R A= AEHo
Distribution) & #18310] 1.0 ofs}e] glo] AEEA] oF A BE $27] yror)

S8 Stk RYASEY] ABAL AL HeE

Table 3. Correlation between random variables for probabilistic analysis

Correlation coefficients
Parameter

kg 0, a n c 0]
k, 1 0.12 -0.1 0.2 0 0
0, 0.12 1 0.235 0.001 0 0
« —-0.1 0.235 1 —0.409 0 0
n 0.2 0.001 —0.409 1 0 0
¢ 0 0 0 1 0
%) 0 0 0 0 1

44 B=RELES =28 H34H M5
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