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Table 1. Material characteristics in numerical modeling

V(=) c(kPa) 9(9) Ny E(MPa) 6,k8, Jow Slasie
m
.Y ¥4 VP Vel cdoS— 290 [ry] aule
-I¥ - - v Vo StV [vo] Koo g
FLAC™ 43810 5 5o gdlan Slasine ¥ Jgao
Table 2. Material characteristics in FLAC?P
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Fig. 1. The geometry of the modeled slope
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Fig. 2. Slope failure (E.S.<1) for singular column, maximum displacement in (a) X direction, (b) Z direction are 9 and 10 cm,
respectively
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Fig. 3. Slope failure (E.S.<1) for group column (S/D=3), maximum displacement in (a) X direction, (b) Z direction are 10
and 12 cm, respectively

el gl S Layls s S ge cars

elal ey mlass e ol -Y-Y-Y
AN Glawebl Co o ok glsl >y Jaw Judow 5 e
S8 bl adls jo ool aeo o lid gadge (ol AT wyo S
OB sl Aoy Geizred Cewl 0yd )F (SieS Jlao g w88
ot bawg j0 e gile 4 lade 4 glusl a0 x sl o
O 45 08000 (LIS Egd90 e g (T JS2) Cunl o0l &)
S97g 4 Sl s SIE 0250 H13 ol by o b (S

oYo

Foeo Gledlolaws b coled jo b o auls bagladl sl 51 o5 oS
Obaebl Cupo jlade § o) pladl 4 4z 8o Ve 5l seS jo Ll
PR SR U odal Cawd ool 4 4z b ol caws 4 VY
Lazg bas cal S8 ALLs (Y Jaux) Cewl onds solaiwl Jow
A0 5, Al ol e lapldl polie coad lawg Comlus
Py b e bl ool Jawg 31 28 5 Aol b g wiloas aus §
Slade g al Judow Sis Cdlo o e i ot ol o aigl 6

a5 aes o s geo5e (pl el s @ VY laebl co o



Sl Sl @l ¥ Jguar
Table 3. The results of sensitivity analysis
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Zone
Sand
Stone Column

Fig. 4. The location of a stone column in reinforced slope
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Effect of Stone Column Diameter
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Fig. 5. Failure stress for different stone column diameter in a reinforced slope using geogrid encases stone column
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Fig. 6. Maximum displacement in X and Z direction for different stone column diameter in a reinforced slope using geogrid
encased stone column
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Geogrid Coupling Spring Friction = 0.0
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Fig. 7. The effect of coupling spring stiffness on failure stress of reinforced slope using geogrid encases stone column (stone
diameter = 40 cm)
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Fig. 8. The effects of geogrid coupling spring cohesion and friction on failure stress of reinforced slope using geogrid encases
stone column with a diameter of 40 cm: a) coupling spring friction b) coupling spring cohesion
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Geogrid Coupling Spring Friction = 0.0
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Fig. 9. The effect of coupling spring cohesion on displacements of the reinforced slope using geogrid encases stone column
with a diameter of 40 cm: a) maximum displacements in X direction b) maximum displacements in the Z direction
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Fig. 10. Failure stress in a reinforced slope using an ordinary stone column for different S/D ratios
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Effects of GESC in Slope Stability
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Fig. 11. Failure stress in a reinforced slope using a geogrid encased stone column for different S/D ratios (stone diameter =
40 cm)
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Fig. 12. Maximum displacement in a reinforced slope using a geogrid encased stone column for different S/D ratios, stone
diameter = 40 cm: a) maximum displacements in X direction b) maximum displacements in the Z direction

oLy



B0+ B AT dotio AYAR Jlo o 0yl DY 593 «pusS puol 3y (wrbite &y

Middle Stone Encasement

- N
© o
1 1

-
[>-]
L

—
=

Slope Failure Stress (kPa)
— - —
r TP e

PN
w
f

S/D=2
= SD=25

S/D=3
- S/D=3.5

12

0 5 10 15 20 25 30 35

40 45 50 55 60

Geogrid Coupling Spring Cohesion (kPa)
oo 5555 il oS (950 8 o5 o 53 (gl P i 1 ) S/D) Ll glacamad (513t ebons conds oKisiansS (5 A JSL2

w00

Fig. 13. Failure stress in a reinforced slope using a geogrid encased stone column for different S/D ratios, stone diameter =
40 cm, only middle column reinforced with geogrid
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Fig. 14. Failure stress in a reinforced slope using a geogrid encased stone column for different S/D ratios, stone diameter =
40 cm, only side columns reinforced with geogrid
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Fig. 15. Failure stress in a reinforced slope using different geogrid encased stone column for S/D=3, (stone diameter = 40 cm)
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Fig. 16. Construction of reinforced sand slope using geogrid encased stone column: a) before slope construction. b) in the
slope
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Fig. 17. Failure of the reinforced slope using geogrid encased stone column under 13.59 kPa stress

Contour Of X-Displacement
41713E-04
4.0000E-04
3.7500E-04
3.5000E-04
3.2500E-04
3.0000E-04
2 7500E-04
2.5000E-04
2.2500E-04
2.0000E-04
1.7500E-04
1.5000E-04
1.2500E-04
1.0000E-04
7.5000E-05
5.0000E-05
2 5000E-05
0.0000E+00

JEl oS WY S 505 olislojT 53 oo (g3 luoe o (goms duw o Judowi VA JSUs

Fig. 18. 3D numerical analysis of modeled experimental slope, failure stress is 13.17 kPa
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