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Abstract

The seismic stability of earth slopes has been a topic of considerable interest in geotechnical engineering practice for the past few
decades. The failure of slopes during earthquakes can lead to the significant losses. The seismic stability of slopes is influenced by
many factors and complete slope stability evaluation must consider the effects of each like geological, hydrological, topographical,
geometrical, strong ground motion parameters during an earthquake and soil characteristics all influence the stability of a slope.
Hence, the seismic performance of these structures requires appropriate evaluation during their design. Such performance is best
evaluated through an assessment of the potential for seismically induce permanent displacements. This paper presents numerical
studies on response of unreinforced slopes due to dynamic loading based on finite element analysis. Model embankments of silty sand
and clayey sand have been considered. The parameters selected for the dynamic analysis includes embankment of height 5m and 12m
with gentle slope 300 and steep slope 500. The sub base depth (D) is varied with height of the slope (H) with D/H ratio from 0.5 to
2.0.The various past earthquake records are considered with different amplitudes ranging from 0.1g to 0.4g.The results are presented
in the form of factor of safety against slope failure under static and seismic conditions and settlement of crest of slopes. It is observed
that as the height of the slope increases the maximum crest displacement increases for both type of soil and sub soil conditions.
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1. INTRODUCTION

Earthquakes are the one of the most devastating natural hazards
in the world they causes a great loss of life and property every
year. The countries in earthquake prone area suffer a lot due to
frequent medium to large-scale earthquakes. Earthquakes can
play a triggering role for the slope stability problems as well
and can reactive the old landslides bringing about the
sequence of disaster. Analysis of the static and seismic
stability of natural and manmade slopes is a challenging
geotechnical problem. Often, different professionals analyzing
the same problem will estimate a wide variation in expected
performance. That variation results from variable levels of
care in site exploration, laboratory testing, and the
performance of stability analyses.Previously, many studies on
the response of slopes have been carried out based on
experimental and numerical analysis by various researchers
(Ambraseys N & Srbulov M, 1995; Ashford,S.A & Sitar N,
2002; Bijan Khazai & Nicholas Sitar,2000; Griffiths D.V, &
Lane P.A. 1999; Ka-Ching San & Lovlesh Chinsky, 1994;
Sawada T et al. 1993; Tan D & Sarma S.K 2008; Radoslaw L.
Michalowski and Liangzhi You,1999; Debabrata Giri and
Aniruddha Sengupta.

In the present study, the numerical analyses of model slopes
have been carried out based on finite element procedure using
the Geo Studio software. The effect of ground motion
parameters such as amplitude and frequency of vibrations for
the past history earthquake data like Bhuj earthquake and
Northridge earthquake.

1.1 Parametric Studies:

Sand and clay model embankments of height (D) 5m and the
ratio of depth of sub base (H) to the height of the slope (D),
H/D ratio are also considered for various slope 0.5, 1.0, 1.5
and 2.0 as shown in Fig. 1 are considered. Both the models
were studied for two slope angle (0) gentle slope 30° and steep
slope 50°. The properties of soil have been given in Table 1.

— o

Fig 1: Typical embankment with slope angle (6)
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Table 1: Properties of Soil

Soil Type Silty Sand | Medium Clay
Cohesion,c kPa 1 24

Angle of Friction (0) 20 5

Poisson’s Ratio(p) 0.3 0.3

Static young's modulus ( | 18 28.7

MPa)

Dynamic shear modulus | 24 30

( MPa)

1.2 Numerical Analysis

Numerical analyses of the embankments in static and dynamic
conditions were carried out using finite element procedure
employing computer program Geo Studio. The analyses of the
both soil models was carried out based on Mohr Coulomb
yield criteria. The embankments were discretised by iso
parametric elements. In the static condition, gravity analysis
was performed and the stresses are allowed to reach
equilibrium state under self weight only by applying
appropriate boundary conditions. The boundary at the bottom
of the embankment was fixed. The two vertical side
boundaries were assumed to be on roller allowing for vertical
deformation. Dynamic analyses of the embankments were
carried out using QUAKE/W. In dynamic analysis, the two
vertical side boundaries were made free to allow deformations
and fixed at the base in order to simulate the field condition.
The vertically propagating seismic waves from base of the
embankment that reaches the crest of the embankment induce
the displacements.

Initially, static analysis has been carried out to check the
stability of the slope in terms of factor of safety. The analyses
were carried out for both silty sand and medium clay
embankments. Table 2 shows the stability of slopes in terms of
factor of safety embankments of silty sand and medium clay.
It is observed that the slopes are stable under static condition
for slope angles 30° and 50° for both types of embankments.

2. DYNAMIC ANALYSIS

The dynamic analyses have been carried out on embankments
of both silty sand and medium clay materials using various
ground motions for past history earthquake Northridge and
Bhuj earthquakes 25s and 134s respectively as presented in fig
2a,b ¢, d and fig 3a,b,c,d respectively. These ground motions
were excited at the base of the embankment and the resulting
deformations at the crest of the embankments due to
propagation seismic waves were evaluated. It is observed that,
as the amplitude of acceleration increases and ratio of depth of
sub base (H) to the height of the slope (D), H/D ratio
increases, the magnitude of the crest settlement increases at a
given frequency.
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Fig 2: Northridge Earthquake motion for varying amplitude
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Fig 3: Bhuj Earthquake motion for varying amplitude

Fig 4 shows the Variation of Max Crest Displacement Vs
Acceleration for Northridge Earthquake, 30°& 50°, silty sand.
It is observed that as the amplitude of acceleration increases
and H/D ratio, magnitude of displacement increases. Also as
the inclination of slope increases the displacement increases.
Table 3& 4gives the comparison of factor of safety of slope
under static and dynamic conditions
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Fig 4: Variation of Max.Crest Displacement Vs Acceleration
for Northridge Earthquake, 30°& 50°, silty sand.

Fig 5 shows the Variation of Max Crest Displacement Vs
Acceleration for Bhuj Earthquake, 30°& 50°, silty sand. It is
observed that increase in amplitude of acceleration increase in
crest settlement. However, it is interesting to note that for H/D
ratiol.5 for 50° slope, maximum crest displacement is
observed. This may be attributed to the close matching of the
excitation frequency with the natural frequency of the
embankment.
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Fig 5: Variation of Max.Crest Displacement Vs Acceleration
for Bhuj Earthquake, 30°& 50°, silty sand.

Fig 6 shows the Variation of Max Crest Displacement Vs
Acceleration for Northridge Earthquake, 30°& 50°, Medium
Clay. It is observed that as the amplitude of acceleration
increases and H/D ratio, magnitude of displacement increases.

Also as the inclination of slope increases the displacement
increases.
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Fig 6: Variation of Max .Crest Displacement Vs Acceleration
for Northridge Earthquake, 30°& 50°, medium clay
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Fig 7: Variation of Max.Crest Displacement /s Acceleration
for Bhuj Earthquake, 30°& 50°, medium clay

Fig 7 shows the Variation of Max Crest Displacement Vs
Acceleration for Bhuj Earthquake, 30°& 50°, Medium Clay. It
is observed that increase in amplitude of acceleration increase
in crest settlement. However, it is interesting to note that for
H/D ratio 2.0 for 30° slope, maximum crest displacement is
observed. This may be attributed to the close matching of the
excitation frequency with the natural frequency of the
embankment
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Table 2: Stability of soil slope of 5m high

Type of Soil [ @ in degrees [H/D ratio |Critical FOS
0.5 0.9

. 1.0 0.882
Silty Sand 30 15 0.863
2.0 0.87
0.5 2.544
. 1.0 2.779
Medium Clay 30 15 2592
2.0 2.696
0.5 0.561
. 1.0 0.551
Silty Sand 50 15 0527
2.0 0.513
0.5 17.01
. 1.0 2.101
Medium Clay 50 15 2053
2.0 3.179

3. CONCLUSIONS

A numerical study on the seismic response of slopes of silty
sand and medium clay has been carried. The effect of ground
motion parameters such as amplitude and frequency of
vibrations on the response of these slopes were explored.
Based on the present study the following conclusions may be
drawn.

1. As the height of the slope increases the maximum
crest displacement increases for the various type of
soil. The sub soil condition effects the amplification
of the slope.

2. As the slope angle increases, the crest settlement of
the slope during dynamic loading increases and vice
Versa.

3. Increased crest settlements occur at increasing
acceleration  levels.  The  significant  crest
displacements are observed at the resonant
frequencies.
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