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flac3d>ini szz -27300

- Szz modified in 1680 zones.

flac3d>solve fos

—- The following properties if appliable are INCLUDED in the FOS computation :
— *** friction

—*** cohesion

- *** ifriction

- *** jcohesion

- Additionnal settings for the FOS computation :
— *** Interface excluded

- Characteristic number of steps = 2478

- *** Factor of Safety is : 0.95
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1. Introduction

Stabilization of earth is one of the main issues in the geotechnical engineering. A common method for
reinforcing earth slopes is using stone columns. In all earth slopes, the primary way for stabilization is the
excavation in slope crest and/or filling slope toes, if this action would not increase safety factor enough, other
procedures should applied. Three common styles of stabilization methods are; vertical reinforcement (such as
stone columns), horizontal reinforcement (like geotextile layers), oblique reinforcement (such as nailing).
Using numerical and analytical approaches in reinforced slope stability by stone column is the common method
which done by many researchers. Earth slope stability threaten by various factors such as earthquake forces,
water table changes, filling upstream and cutting downstream of slope, which increase active forces and finally
cause slope instability. When we are suspicious about stability of earth slopes, immediate actions and
preventative steps should use for suppression of instability occurrence. The purpose of this research is
experimentally and numerically investigates stone column behavior and penetration depth in stiff layer in two-
layered sandy slope. In this article sandy slope constructed and the model saturated by raining technique and
then loading process carried out. With regard to the processes mentioned above, the penetration depth in
stiffer layer gained which is the innovation of this paper. The acquired results confirmed by three-dimensional
finite difference method (FLAC 3D). The results of experimental modeling and numerical analysis also indicate
that presence of stone column in middle of two-layered sandy slope has a great impact on stability of reinforced
slope.

This paper, illustrated the results of numerical and a series of experimental investigations on penetration
depth of stone column in stiffer layer in earth slopes. In this paper, the different penetration depth of stone
column with same diameter analyzed and the optimal length of effective depth proposed. Stabilization of earth
slopes and proposing different methods is one of the main issues in geotechnical engineering. Using numerical
and experimental methods in stabilization of earth slopes reinforced by stone columns are common method,
which, carried out by lots of researchers all around the world. Finding the effective penetration depth of stone
columns in stiffer layers in earth slopes is an important matter, which reduces the expenses and make the
project economical and cost effective.

2. Methodology
2.2. Experimental study

In laboratory, physical models constructed in order to find the effective penetration depth of stone column
in stiffer layer in optimal location (Hajiazizi and Nasiri, 2018; Hajiazizi et al. 2018). In modeling, the
unreinforced sandy slope constructed and saturated through precipitation, and reinforced slopes using stone
column were constructed and observed after saturation.
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2.2. Numerical study

In this paper, three-dimensional finite difference software FLAC3D, used in order to make sure of
experimental results of sandy slopes. Numerical analysis suggested that effective penetration depth of stone
column in stiffer layer in middle of slope (as optimal location) is three times of stone column diameter.
Numerical results were in good and acceptable agreement with the experimental modeling.

3. Results and discussion

3.1. Experimental modeling of unreinforced slope

The geometry of this model shown in Fig. 1. The unreinforced slope in dry condition was stable, but after
complete saturation, the slope failed with no load. Thus, the bearing capacity of saturated unreinforced slope
is zero.

5
-
N

Fig. 1. Slope geometry for two-layered unreinforced slope

3.2. Experimental modeling of reinforced slope using stone column

The geometry of this model shown in Fig. 2. In this model, stone column placed in the middle of slope (as
optimal location) and the bottom of stone column penetrate 3 times of stone diameter. In dry and saturated
condition, the slope was fully stable. The bearing capacity of this slope is about 28 Kilo Pascal.

30cm

T
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L 19.2¢cm 19.2cm

6cm

Fig. 2. Slope geometry for two-layered reinforced slope using stone column
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3.3. Numerical analysis for effective penetration depth of stone column

Numerical analysis were carried out using three-dimensional finite difference method (FLAC 3D) in order
to compare with experimental results and Fin. the most effective penetration depth of stone column tip in stiffer
layer. The result is shown in Fig. 3.

_
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Fig. 3. Penetration depth of stone column in stiffer layer

4., Conclusions

The results obtained from this research can summarized as below: the optimal location for inserting stone
column is the middle of slope. In two-layered sandy slopes, in which, the lower layer is stiffer than upper layer,
the optimal penetration depth of stone column in stiffer layer is 3 times of stone column diameter and in this
condition the highest factor of safety for slope obtained (1.42).
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