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ABSTRACT

Slopes are usually constructed from soil, although natural soil or mixed soil are also in use or have proposed. This paper deals
with evaluation of slope stability. It is understood possibility approaching certain level of slope stability based on experimental,
theoretical and analytical methods. Result revealed that mixed soil characteristics could resist sufficient for static force based
on appearing acceptable safe bearing capacity and for evaluation of shear stress-strain slope when is under seismic force using
shaking table along with the theoretical and analytical methods provided concrete evidence for slope design at any part of
slope.
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RESUMEN

Los taludes se construyen normalmente del suelo. Este articulo trata sobre la evaluacion de estabilidad del talud. Entendiéndose
por tal la posibilidad de acercarse a cierto nivel de estabilidad del talud sobre la base experimental, tedrica y los métodos
analiticos. Los resultados revelan que las caracteristicas del suelo mixtos pueden resistir la fuerza estatica suficiente
basada en la capacidad de rodamiento segura y aceptable para la evaluacion de la pendiente de corte de tension-deformacion
cuando se estad utilizando la fuerza sismica mesa vibradora, junto con los métodos teodricos y analiticos proporcionan
pruebas concretas para el disefio de la pendiente en cualquier parte del talud.

PALABRASCLAVES: Estabilidad; Fuerza Sismica; mesa vibradora, un cociente de Poisson
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1.INTRODUCTION

The potential of major catastrophic slope failure, both in terms of human safety as well as economy loss, underlines the
critical importance of efficient and reliable design.

A tragic slope failure occurred in Manshiet Naser area in 1993 and caused many casualties and property damage [1].
On January 10, 2005, a steep slope behind the housing development at La Conchita, failed cascading approximately
400,000 tones of debris, and killed 10 people, buried 13 homes and damaged 18 [2]. It has been reported a real-coded
genetic algorithm (GA), this is used to find out the factor of safety for the soil slopes using wedge method. The analysis
is formulated as constrained optimization problem to solve the nonlinear equilibrium equation and finding out the factor
of safety [3]. There is an investigation on the stability of slope. It is one of the most important problems in stability
analysis of geomechnics. The limit equilibrium method used and it is taken as 2-D plane strain problem with no
variation in geometry, material and surcharge in direction parallel to the crest of the slope. The problem lies in finding
out the critical failure surface and its corresponding factor of safety (FOS) [4-5]. It is presented the three-wedge
method for stability analysis of slopes; this is a force equilibrium method [6]. There is a scientific research on different
moisture contents of rock and soil, it can influence the slope stability, especially for the weathered state, it is much
sensitive to water. Based on water character experiment of completely weathered state, and according to the wedge
theory under plane strain condition, analysis is proposed on not only the stress field of the excavation of high cut slope
but also on the excavation disturbance effect under different moisture content according to Mole- Coulomb strength
criterion and uniaxial tensile strength criterion after safety margin, which could provide theoretical support to the actual
excavation works and effective reinforcements [7]. It has been studied influence of root trees on slope stability and
different factors like slope geometry and gradient, geologic materials, stratigraphy, hydrology, and the local effects of
shore processes have been analyzed [8]. The purpose of this paper is evaluation of 31 mixed soil characteristics for
slope stability when it is under static force and analysis of shear stress-strain slope when is under seismic force based
on using shaking table.

2.METHODOLOGYAND EXPERIMENTS

Earth slopes are formed for railway formation, highway embankment, earth dam, canal banks and many earth structures.
In slope construction from mixed soil for increasing slope stability, different types of soil with proper percentage is best
option employed, in this regard 31 mixed soil types from red plastic soil and black, green, dark brown, yellow and light
brown non plastic soils, sand, and two types of gravels (2 mm, 4.75 mm) developed, and also safe bearing capacity,
angle of friction, unit weight and cohesive of mixed soils sample presented (table 1-2) [9].

In the present experiments, a transparent rigid boundary acrylic box with opening at the top has used to study the
behavior of embankment in fully saturated ground. The box is made of perplex glass of thickness 12 mm with dimensions
of 1650 mm in length, 500 mm in breadth and 600 mm in depth. The bottom portion of box has an arrangement of baffle
walls for regulating water uniformly to saturate the sand placed in the box. Small orifice is provided at the bottom to
allow water for saturation of the model. Filter plates with size of 2 micron were provided above the baftle walls, which
could be easily removed and placed back. The use of filter plates helped in restricting the entry of sand into the baffle
wall portion. The outer surface of the acrylic box was marked with grids of 100 mm by 100 mm using a permanent
marker in order to lay the color sand in proper layers. The manual-shaking table has used to vibrate in one direction. It
consisted of two wooden panels with steel plates between them for producing harmonic vibration at frequency of 1 Hz
to 3 Hz. The thickness, height and number of plates were so designed to achieve a relatively rigid platform and to
vibrate at resonance. The platform was 1.8 m long, 0.6 m wide and 0.35 m in depth. The steel plates were bolted
between the top and bottom surfaces of the wooden panels using angle sections. The acceleration sensors (Al-A3)
were used to measure acceleration developed during dynamic loading (Figurel). The respective transducers were
connected to their signal conditioners. These were in turn connected to the C. P. U of a computer. The shaking table
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used for seismic performance assessment of embankment fully vulnerable against liquefaction [10]. The embankment
experimental model is considered in Figure 1 with the cross section of ground level with sand, water level and positions
of pore pressure and acceleration sensors for understanding seismic embankment model behavior. In this investigation
the modulus of elasticity, a property of elastic material, is defined as a constant of proportionality between stress and
strain as [11].

_ Ao

E= e

We may also take volumetric measurement as the test proceeds, which require completely filling the cell with a liquid
during sample consolidation. If we measure the change in sample volume AV} , the volumetric stain & can be
compute as [10]

AV
-
Vo
(02+203)
E =—"—"7"""1(1-
v E (1-2p)
Table 1 Mixed soil models [12]
% of % of % of % of % of % of % of Light
L Red g’ Og Gravel Gravel Black % 0; Gf ' Dark Yellow  Brown
° Soil an 475 mm 2 mm Soil ot Brown Soil Soil Soil
1 100 0 0 0 0 0 0 0 0
2 55 45 0 0 0 0 0 0 0
3 55 0 45 0 0 0 0 0 0
4 55 0 0 45 0 0 0 0 0
5 55 15 15 15 0 0 0 0 0
6 55 0 0 0 45 0 0 0 0
7 55 0 0 0 0 45 0 0 0
8 55 0 0 0 0 0 45 0 0
9 55 0 0 0 0 0 0 45 0
10 90 0 0 0 2 2 2 2 2
11 80 0 0 0 4 4 4 4 4
12 70 0 0 0 6 6 6 6 6
13 60 0 0 0 8 8 8 8 8
14 50 0 0 0 10 10 10 10 10
15 70 0 0 0 10 10 10 0 0
16 70 0 0 0 10 10 0 10 0
17 70 0 0 0 10 10 0 0 10
18 70 0 0 0 10 0 10 10 0
19 70 0 0 0 10 0 10 0 10
20 70 0 0 0 10 0 0 10 10
21 70 0 0 0 15 15 0 0 0
22 70 0 0 0 15 0 15 0 0
23 70 0 0 0 0 0 0 15 15
24 70 0 0 0 15 0 0 15 0
25 70 0 0 0 15 0 0 0 15
26 70 0 0 0 0 15 15 0 0
27 70 0 0 0 0 15 0 15 0
28 70 0 0 0 0 15 0 0 15
29 70 0 0 0 0 0 15 15 0
30 70 0 0 0 0 0 15 0 15
31 55 0 0 0 0 0 0 0 45
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Figure 1. position of transducer

3. RESULTS AND DISCUSSION

It is observed all load sustainability, deformation, settlement and reliability and safety of soil structure is not only
depending on strength of material, but soil structure geometry has also played one of the important factors in the design

and analysis of slope [9].

For analysis of slope stability during the collapse the result of shaking table has been used which are indicated in the

table 2-3 and figure 2-4, the result also used for finding soil properties as following
Soil properties during the shaking under the embankment in the subsoil is equal

Ao 10.88
Ae
. . (c1+203)
Volumetric strain &y = 5 (1-2p)

AV
& = — =0.0848
v Vo

Poisson ratio [l = 0.42

Soil properties during the shaking away from the embankment in the subsoil is equal
. Ao
Modulus elasticity E = E =9.06

(o1+203)
E

Volumetric strain €v =

(1-2)

AV
& = — =0.0848
v Vo

Poisson ratio [l = 0.37
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A value of 0.5 for Poisson ratio is usually used for saturated soils, [ 10] from the obtained Poisson ratio in this investigation
could indicate validity of experimental and calculation. The Poisson ratio is obtained from the shaking table test is close
to value assumed previously by other scientist, the passion ratio is reduced during the shaking, the lateral force in the
subsoil reduced passion ratio, and it is occurred in maximum intensity at away of under embankment in subsoil.

As per data presented in the table 4 based on any slope geometry, could analysis slope stability but reason of using
shaking table and finding of passion ratio during shaking is achieving accurate soil mechanical properties at any part of
slope at the time of earthquake.

Table 2. typical characteristics of test moist loose embankment and subsoil with full saturated

1 Weight of dry Embankment 0.65 kN
sand Subsoil 3.19 kN
Quantity of water used for saturation 88 Litres
Duration of saturation 190 M inutes
Sampling frequency 500 Hz

5 Water level After compelet saturation 304 mm

After Shaking 340 mm
Before saturation Embankment 0.054 m3
Subsoil 0.257 m>

6 Voﬁlme of dry After saturation Embankment 0.052 m

wn Subsoil 0231 | o
After shaking 0.259 m>

Table 3. details of acceleration characteristics test by shaking table [13]

S1. No. Features A3 A9 Al10

1 Position of sensor w.r.t GL after INPUT 100 100
saturation (mm)

2 Predominant frequency in HZ 3.21 3.07 3.06

3 Peak acceleration (m/sec?) 10.3 2.5 10

4 Time of occurrence of peak 14.6 132 3
acceleration (sec)

5 Amplification factor 1 0.24 0.97

6 Shape of time history GD GI GI

Table 4. experiments results of mixed soil under loose OMC condition [12]

SI. Model OMC O C S.B.C
No No (%)  (kN/m’) Degree (KN/m?) (KN/m?)
1 11.2 10.8 27 10 279.61
2 1061 1029 335 0 30258
3 1072 144 23 14 45431
4 1215 1361 32 4 41626
5
6

9.58 13.32 27 16 392.42
22.39 11.35 24 6 171.96

AN |W N |—
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SI. Model OMC ) C S.B.C
No No (%)  (kKN/m’) Degree (kKN/m”) (KN/m?)
7 7 1886  11.62 31 4 324.93
8 8 1456 1441 20 10  157.56
9 9 1423 1108 285 10 326.59
10 10 1683  10.11 32 10 44597
11 11 18.27 10.6 25 8 199.20
12 12 1676 11.8 20 24 24372
13 13 2021 1223 17 145  142.12
14 14  18.68 112 21 14 178.69
15 15  19.34 11.5 21 10  166.03
16 16 1655 9.99 23.5 20 29138
17 17 2114 1127 18 19 19116
18 18 2079  12.89 13 20 145.73
19 19 1631 1005 265 8 230.78
20 20 20.88  10.29 25 18 304.68
21 21 23.00 10.9 22 205 27131
22 22 2006 1023 21 15  198.43
23 23 2011  11.08 12 22 140.26
24 24 2075 9.69 28.5 7 260.23
25 25 22.69 9.99 18 11 129.50
26 26 1887 1078 225 8 165.55
27 27 2031 9.99 19.5 2 75.95
28 28  19.51 10.9 21 14 194.95
29 29 2052 1072 15 16 132.68
30 30 18.99 10.9 18 14 154.96
31 31 14.56 112 26 2 336.07
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Figure 2. Acceleration time histories in shaking table test [13]
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Figure 3. Stress strain history in the subsoil away from embankment
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4. CONCLUSION

* Simulation technique based on theoretical and analytical concept used to evaluation slope stability characteristics

* ThePoisson ratio is obtained from the shaking table test is close to value assumed previously by other scientist[10],
it is an evidence of experimental accuracy, the passion ratio is reduced during the shaking, lateral force in the
subsoil reduced passion ratio this is occurred in maximum intensity at away of under embankment in subsoil, this is
reason accelerated slope failure

77



BOLETIN pECIENCIAS DE LA TIERRA - Numero 27, Noviembre de 2009 - Junio de 2010, Medellin, ISSN 0120 - 3630.

REFERENCES

1) Mahmoud S.M. Y., 2000. Slope Stability of the Middle Eocene Rocks of Gebel, ICEHM, Cairo University, Egypt,
September, pp. 14-32

2) http://www.sabo-int.org/case/la__conchita mudslide.pdf
3) Sarat Kumar D., 2005. Slope Stability Analysis Using Genetic Algorithm, EJGE,

4) Basudhar, P.K., 1976. Some applications of mathematical programming technique to stability problems in geotechnical
engineering, Ph.D. Thesis, Indian Institute of Technology, Kanpur, India.

5) Baker, R., 1980. Determination of the critical slip surface in slope stability computation, International J. of Numerical
and Analytical methods in Geomechanics, Vol.14, pp. 333-359

6) Huang, Y.H.. 1983. Stability analysis of slopes, Van Nostrand Reinhold Company, USA.

7) Fu, Helin et al., 2009. Analysis of the Excavated Disturbance Effect of High Cut Slope in Completely Weathered
State under Different Moisture Contents, EJGE, Vol. 14, Bund. E

8) Www.Greenbeltconsulting.com

9) Abdoullah N., 2010. Analysis of Slope Stability using Limit Equilibrium, Buletinul Institutului Politehnic Din lasi,
Universitatea Tehnica, Gheorghe Asachi, din lasi, Tomul LV (LIX), Fasc. 2, Secsia, Constructii Arhitectura

10) Abdoullah N., 2009. Seismic Evaluation of Sandy Embankment Model, Buletinul Institutului Politehnic Din lasi,
Universitatea Tehnica "Gheorghe Asachi" din lagi, Tomul LV (LIX), Fasc. 3

11) Joseph E. B., 1979. Physical and Geotechnical Properties of Soils, McGraw-Hill, United States of America
12) Abdoullah N., et al., 2009. Bearing and liquefaction evaluation of mixed soils, Ingenierias, Vol. XII, No. 44

13) Abdoullah N, et al ., 2008., Seismic Mitigation of Embankment by Using Dense Zone in Subsoil, Emirates Journal
for Engineering Research, 13 (3), pp. 55-61

NOMENCLATURE

D [°] = Friction Angle

C [kN/m2] = Soil Cohesion

OMC % = Optimum Moisture Content

v [kKN/m3] = Unit Weight

E = Modulus elasticity
g = Volumetric strain
il = Poisson ratio
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