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Fig. 3. Grain size distribution for modeled sand

als Slasie (V) J sl

First layer unite weight (Dry y=
condition) 20 kN /m?®
First layer unite weight (Saturated y =
condition) 26 kN/m?
Second layer unite weight (Dry y =
condition) 18 kN/m?®
Second layer unite weight (Saturated y =
condition) 22 kN/m?®
First layer internal friction angle (Dry 49 °
condition)
First layer internal friction angle 45°
(Saturated condition) 47 °
Second layer internal friction angle 43°
(Dry condition)
Second layer internal friction angle
(Saturated condition)
Cohesion 5K Pa
Elastic modulus (E) 30.M Pa
Specific gravity (Gs) 2.65
Poisson's ratio 0.30
Maximum void ratio 0.6
Minimum void ration 0.3
Table 1. Sand properties
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Fig. 1. Experimental odeling test box
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Fig. 2. sand sample used in experimental modelingi -
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Unite weight (Dry condition) y =
17 kN /m3
Unite weight (Saturated condition) y =
20 kN /m3
Internal friction angle (Dry condition) 41 °
Internal friction angle (Saturated 37°
condition)
Cohesion 0.0
Elastic modulus (E) 100 M Pa
Specific gravity (Gs) 2.60
Poisson's ratio  0.20
Maximum void ratio 0.75
Minimum void ration  0.35

Table 2. Characteristics of stone column material

s plovil (Sl gislo3T —F

53 SLE Gl 55 (S Dt Jl s 55k
S et Jels Ul Jae et aalllae 5wl Joe g5
Jie 5 ol gLl 5 ol Sldas ool G 5 mhee 8
by 53 (S Dy SaS s Sl s Jals o
Nl g 8 5 il s ol 5 s
e 33 pa gl a5d o 1 55 00 S il o 5 Slasis
Ll QLS 5 Ll
3 i e bl Sl 03 3l sl )
anle L 0l Sl b u;;.«,wy,, ol ugi,ts@,;:
23 el

LS ol e Sl Y Jde 55 Sl CU Jsb =Y


www.sid.ir

\Y’Q-\Jl.w/\ a)ij:/v.b.Li& 092

oot Ol jes wdige odgh — ode doee

eﬁbbéwﬁciljﬂﬂ(v)‘}@

Fig. 7. Unreinforced modeled slope
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Fig. 8. Crack propagation in middle of saturated unreinforced
slope
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Fig. 9. Completed rupture of saturated unreinforced slope
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Fig. 5. Placement of a can and compaction of sand in it
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Fig. 6. Geometry of unreinforced slope
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Fig. 10. Geometry of reinforced slope using stone column
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Fig. 12. Gradual loading on slope crest
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Fig. 16. Deflections created in unreinforced slope
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Element ¥ sat¥ E c
Type KN/m?3 KN/m®  KN/m? v KN/m2 Model
First 20 26 34 03 45 49 M-C
Layer

Second 18 92 304 03 s i C
Layer
Stone - -

column 17 20 1e5 0.2 - - Linear Elastic

Table3. Properties of model in PLAXIS software
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Fig. 17. Rupture of reinforced slope in PLAXIS?P
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Fig. 13. Geometry of unreinforced slope
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Fig. 14. Unreinforced slope factor of safety in dry condition
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Fig 15. Unreinforced slope factor of safety in saturated
condition
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Fig. 21. Deflections created in reinforced slope
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Element st Bulk Shear
Tvoe KN  modulus  modulus KN/Sra1[12 dsa”  Model
P /md N/m? N/m?
I_F;;Setr 26 337 1567 5 45 McC
Sf;;;‘rd 2 337 1567 5 43 Mc
Stone Linear
column 20 5.6e7 4.2e7 . 37 Elastic

Table 4. Characteristics of materials in FLACSP software

(F.S.20.98) S &5 Uihoms s 5 SON) JSC5

FLAC3D 5.01

!
E01

0E-01

0E-0

6 00000
J0O0E 0
0000E 0:
7.0971E-04

Fig. 18. Rupture of reinforced slope using stone column (F.S.=
0.98)
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flac3d>ini szz -50800

——- 5zz modified in 1264 zonas.

flac3d>solve fos

-—— The following preopsrtiss if appliable ars INCLUDED in ths FOS computation :
——— **% friction

—-— **% ocohesion

——— **% jfrigtion

——— *** joohesion

——— Additionnal ssttings for the FOS computation -
——— #%* Interfacs sxcludsd

Sat Oct 17 15:13:21 201§

& number of steps = 2081

—-— #%* Factor of Safety is : 0.98

Fig 19. Critical load in slope failure (in Kilo Pascal)
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Fig. 20. Variation of maximum normal stress in reinforced
slope
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Table 5. S scale in order to convert experimental model to real
model
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——— *®*% Factor of Safety is : 0.83

Fig. 23. Numerical analysis of slope with granular soil and
cohesion of 10 Kilo Pascal, reinforced using stone column (In
condition of 50.8 Kilo Pascal pressure, the factor of safety
obtained 0.83)
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Fig. 22. Numerical analysis of reinforced slope with granular

soil using stone column (Critical load: 18.3 Kilo Pascal)
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Abstract:

The increasing demand for engineered cut and fill slopes on construction goals has increased the need of
understanding the analytical methods, investigation tools and the most important stabilization methods to
solve slope stability problems. The first step to maintain the stability of soil slope is performing excavation
in the slope crest or/and filling the slope toe. This is the cheapest method for stabilization of soil slopes. If
the method cannot provide the required factor of safety, it is necessary to use other stabilization methods.
Numerical and laboratory approaches are useful for modeling soil slopes stabilization. Modeling the stability
of earth slopes using numerical methods is a common practice in geotechnical engineering. Moreover,
stabilization of soil slopes using piles has been practiced by many researchers in numerical and analytical
approaches. Although numerical and analytical methods have special capabilities, laboratory modeling is
more reliable. Stability slope analysis has attracted lots of researchers around the world and it shows the
significance of this matter. When suspicious about stability of soil slopes, immediate actions and
preventative steps should be used for suppression of instability occurrence. Many projects intersect with
valleys and rides, which can be prone to slope stability problems. Natural slopes that have been stable for
many years may suddenly fail because of many reasons; therefore, finding useful techniques for stabilizing
them is a great concern for geotechnical engineers. In all soil slopes, the primary way for stabilization is the
excavation in slope crest and/or filling slope toes. If this'would not increase safety factor, other procedures
should be applied. Three common styles of stabilization methods are; vertical reinforcement (such as stone
columns and piles), horizontal reinforcement (like Geo-grids), oblique reinforcement (such as nailing). One
of the common methods that is used to increase the safety factor of slopes is stone columns. All of the
experimental tests were modeled and compared using the limit equilibrium (LE) and finite element (FE)
methods, which are compliant with each other. Understanding soil properties is crucial for analysis of soil
slopes. In this study, the effect of cohesion in embankment is investigated. This is carried out by performing
laboratory tests and using finite element method software (PLAXIS?P) and finite difference method software
(FLAC®P). A sand slope is reinforced with a stone column at the middle of slope. It is then saturated by
precipitation and loaded up to the failure. Experimental studies in this article have the potential to give
valuable information about the effects of embankment cohesion and penetration depth of stone column into
the stiffer layer, in stability of stone column reinforced soil slopes.
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