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Soil Properties in dry conditions Layer
v E ¢ C 4 \J
(kPa) () (kPa) (kN/m?)
0.3 20000 28 0.075 14.9 Loose Sand
0.4 10000 8 4.5 10.2 Clay Layer
0.3 40000 41 0.005 18.2 Dense Layer

Table la. Characteristics of soil layers in laboratory models
(in dry condition)
33) JAK,QL»)'T sl ;o S slaaY Clasis (C-)) Jyie

layered slope

LdL= [ 025, 0.5 (S/D=2.5 and various

), layers 1
0.75, 1.0] (b/B=2) saturation
conditions
- Below layer
saturated
- Below and clayey b/B=2 No piled 2

layer saturated
- All Layers saturated

layered slope

Table 2. Characteristics of laboratory tests
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(gLl >

Soil Properties in saturated conditions oY
\Y E dJ C s \4 i

(kPa) ()  (kpa) (KNm)

0.3 20000 26 0.015 19 Loose Sand

0.4 10000 3 0.6 14  Clay Layer

0.3 40000 38 0.0024 21 Dense

Layer

Table 1b. Characteristics of soil layers in laboratory models
(in saturated condition)
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Fig. 4. Total maximum shear strain obtained from
experimental results (No-piled slope); ; a) all layers are dry b)
dense sand layer saturated c) dense sand and clay layers
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1 5 =0.5 25 slope Position
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6.23 676 62 521 4.057 (kpa)

Qu(Numerical)
Table 3. Variation of footing bearing capacity for different

pile positions (Lx/L) for water table conducted below clay
layer
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Abstract

Increasing water in the slope layers induced the failure of slopes. . Water is the most important factor in most of the
slope stability analysis. Although water does not directly lead to the slopes displacement, but is an important factor for
the following reasons: (1) water increases due to rainfall and snow melt will lead to increasingslope weight. (2) Water
can change the angle of slope (angle of slope is an angle that slope is stable in this angle). (3) Water can be absorbed or
excreted by minerals are available in the soil. After adding the water, the weight of the rock and soil increases. (4)
Water can dissolve the cement between the seeds and cohesion between the seeds is lost. In this paper, the feasibility of
using piles to stabilize layered earth slopes were studied. A set of physical modeling of foundations was performed
adjacent to layered slopes. The deformation pattern and shear strains of soil near slope and below surcharge load were
studied. For this purpose, a comprehensive set of tests and numerical analysis were undertaken on different slope
models. In each step of loading, digital image of deformed soil was captured and image processing was applied with
GeoPIV software for investigation of soil deformation on slope and below the footing. the effect of pile and saturated
conditions effects on improvement ratio (safety factor of stabilized slope with pile / safety factor of the slope stability
without piles), bearing capacity of foundations, slope stability and slip surface shape in layered slope were investigated.
The results show that the slip surface of layered slopes differs depending strongly on the installed pile positions and
layered saturation conditions. In consideration of the model tests and numerical analysis results, it is found that, when
clayey layer was near ground surface, changes in clayey layers water content significantly affected on slip surface and
layered slope stability. Consideration of slipe surface shape for different layers saturation canditions, it is found,
saturation of below layers which is located below the slip surface, has not significant effects on slope stability and slip
surface shape. But with increasing upper layers water content, large volume of soil were failed. Experimental and
numerical results show, for stable slope before applied surcharge load or before water content increases, critical slipe
surface occurred in front the installed pile. But for unstable slope, critical slip surface positions depend on layers
saturation and soil properties and occurred in front or behind or in upper and lower part of pile. In general The critical
slip surface location dependent on water table level conditions and location of pile. Also from the experimental and
numerical results it is found, the optimum location of pile for increasing bearing capacity of foundation which is located
on slope crest, is near slope crest and maximum magnitude of Bearing capacity ratio ((bearing capacity of reinforced
slope/ bearing capacity of non- reinforced slope)(BCR)) was obtained when piles installed near slope crest. Also
optimum location of pile for increasing slope stability are found near mid of slope. A close agreement between the
experimental and numerical results in Failure mechanism and the critical values of the studied parameters is observed.

Keywords: Layered slope, Pile, improvement ratio, PIV method, Physical Modeling.
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