The Journal of Engineering Geology, Vol.17, No.3, September, 2007, pp. 381-391

2xbel FeteAHDt 3xH SIAIHYHE 0|SE HIgA AHPEY iy

olZn|" - ZUNA" - MBA™ - oM - USH® - UEAP

[

FRvem AFRARE, BRALE), (@Erheled

Analysis of Talus Slope Stability using 2D FEM and 3D
Limit Equilibrium Method

Kyoung-Mi Lee!, Sung-Kwon Kim!, Young-Seok Seo'*, Sun-Bok Lee?,
Dong-Hyun Kim®, and Do-Sik Kim’®
'Department of Earth & Environmental Sciences, Chungbuk National University

Deputy SM, Civil Design Team, Dongbu Corporation
3Executive Director, Dept. of Geotech., Sambo Engineering Co., LTD

2 ApoME 2449 43849 339 IARERE A olgste ddels LA e sMsiint
Phase2Z 0] 43 faads|dde YL BYXE ojfsld AIYUEE 24 AL gdgsF ol
o 3lome] $AE BE¥ate $H2 UM wgsidn. dassd Ane AdzAdAg vges el Zdg
Agate] FARFAN L AR 339 FARFANAAE B HzAels ZE AR e oz vebd
o, A5 el Asiee] A5 XM dole F43] EIEAE 2o et
Z90] :Eda]s, B2, PHASE2, 334 APaiAsA

A series of talus slope stability analyses were carried out using 2D FEM and 3D limit equilibrium methods for
this study. The FEM analyses on Phase 2 were performed to delineate failure depths based on stress distributions
for each slope. The results revealed that the failure surface exist in the colluvium layer of about 3-10 m thickness.
Three dimensional models, derived from the FEM analyses and geological field survey, were made for the use in a
3D limit equilibrium analysis. The result shows that all the talus slopes are stable under dry condition, but unstable
under saturated condition due to heavy rain.
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Fig. 1. A typical cross-section of a talus area.
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Fig. 2. Buildup of perched water table in colluvium
during heavy rainfall(Campbell, 1975).
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Fig. 3. Taluses distributed in the study area.

Fig. 4. Landscape showing talus slopes in the study area.
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Fig. 5. Cross-sections of colluvium and bedrock.
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Fig. 6. Distribution of the major axis in rock fragment.
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Fig. 7. Distribution of the minor axis in rock fragment.
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Fig. 8. Distribution of rock fragment size.
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Table 1. Physical and mechanical properties of each layer in the study area.

Layer Unit weight (tf/m®) Cohesion (tfm?) Friction angle (°) Deformation modulus (MPa) Poisson's ratio )
Talus 13.15 0 37 15 0.35
Colluvium 21.13(sat.) 10 35 30 035
Bedrock 23.0 300 34 2700 0.27
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Fig. 10. 2D FEM stability analyses showing stress trajectories and failure types of each slope.
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Table 2. Geomechanical properties for 3D Slide.

Laver Unit weight Cohesion  Friction angle
Y (tf/m’) (t/m?) ©
Talus 13.15 0 37
. 19.06(dry)
Colluvium 21.13(sat) 10 35

Table 3. Safety factors of each slope.

Sll\?ge Elevation of water table Fi,(:gty()f
Dry 1374
Saturated 0.658
TA-1 -1m below the low limit of talus 1.000
-2m below the low limit of talus 1.33
-3m below the low limit of talus 1.222
Dry 1.779
Saturated 0.882
TA-2 -1m below the low limit of talus 0.928
-2m below the low limit of talus 1.370
-3m below the low limit of talus 1.622
Dry 1.039
Saturated 0.463
TA-3 -1m below the low limit of talus 0.560
-2m below the low limit of talus 0.659
-3m below the low limit of talus 0.757
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(a) Dry

(b) Saturated

Fig. 12. Results of slope stability analysis using 3D Slide
for TA-1.

(a) Dry

(b} Saturated

Fig. 13. Results of slope stability analysis using 3D Slide
for TA-2.
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Fig. 14. Results of slope stability analysis using 3D Slide
for TA-3.
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Table 4. Driving force, resisting force and safety factor of each slope.

Slope No. Condition of groundwater  Driving force (ton) Resisting force (ton) Safety factor
TA-1 Dry 2.99 4.108 1.374
Saturated 3.151 2.075 0.658
TA2 Dry 2374 4224 1.779
Saturated 2474 2.183 0.882
TA3 Dry 1.873 1.946 1.039
Saturated 2.035 0.942 0.463
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