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In this study, the stability of the Gougerd landslide of Khoy was investigated
with respect to changes in the soil internal friction angle. Statistical analysis of
the results of changes in the FS of different methods in analyzing the stability of
the Gougerd landslide in 282 analyses showed that: 1) In static conditions,
under the influence of groundwater conditions, the results of the stability
analysis of various methods showed up to 35.2% changes in the FS, and the
largest differences in the FS values were obtained in the conventional Fellenius,
Spencer, and Morgenstern-Price methods. 2) In static conditions, the FS of
various methods showed changes of up to 35% with respect to the effect of the
internal friction angle, and the largest difference in the FS values compared to
other methods was obtained in the conventional Fellenius method and the
Spencer method. 3) In pseudo-static conditions and in the dry state, up to 5%
changes in the FS were obtained in different analysis methods, and under the
influence of groundwater conditions, the changes in the FS were up to 39.9%.
The largest changes in the FS of the dry state were obtained in the simplified
Janbu method, Spencer and Morgenstern-Price methods, and under the
influence of groundwater, the largest changes in the FS were obtained in the
conventional Fellenius method and Spencer method. In examining the results of
this research, the effect of different conditions of groundwater level, soil
internal friction angle, and earthquake force on the analytical mechanism of the
relationships existing in various methods is recognized as the main cause of the
difference in the results of different stability analysis methods.

Introduction

The safety factor of slope stability refers to the
ratio of soil shear strength to the shear stress of
a possible sliding surface in the slope (Fu Zhu
et al., 2017). In the stability of slopes, including
landslides, the stability is evaluated under the
influence of parameters such as changes in the
groundwater level, cohesion, internal friction
angle, slope angle, earthquake components, etc.
Soils show special behaviour against stress.
Soils are much thinner than rocks, and are also
much looser and have much lower strength,
(Moomivand, 2016). The ability of soils to
resist shear stresses, especially the soil masses
of the slopes, is very low. For this reason, the
reason for the instability of soil slopes in most
cases is the decrease in the values of soil shear

strength parameters (Khodavirdizadeh et al.,
2014). Among the parameters of soil shear
strength, two parameters of cohesion and
internal friction angle can be mentioned. One of
the methods of evaluating the stability of slopes
is stability analysis with respect to the
parameters of the stability relationship, which is
called stability sensitivity analysis. Since
Coulomb's relation (1776); (F=c+anxtap) g
used to express the shear strength of soil and,
relates the vertical stress (on), soil internal
friction angle (¢) and adhesion (c) to shear
strength (Rahn Perry, 1996). Therefore, in order
to establish a relationship between the soil shear
strength and the FS of the range, a sensitivity
analysis should be performed with respect to
the parameters of this relationship. According
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to the slope model type selected in this research
as a model for stability analysis, whose soil
layers are placed in the SM and GC groups in
USCS, therefore the internal friction angle
parameter was selected as the index parameter
of the analysis, and stability analysis was
limited to the changes of this parameter. But on
the other hand, because the continuous changes
in the groundwater level and earthquake forces
cause many changes in the FS of the range,
therefore the effects of these parameters were
also used in connection with the index
parameter of the values of the internal friction
angle of the soil to complete the results of this
research and the results of the analysis were
statistically. Slope movements in the west of
Khoy area are classified as types of slope
movements in road slopes, rural residential
areas and agricultural lands. Landslides in the
west of Khoy area on road slopes frequently
cause damage to the main Khoy-Turkey road
every year following heavy rainfall. Extensive
damage from the landslide event on the main
Khoy-Turkey road in 2009 caused the
destruction of the main Khoy-Turkey road in
the slopes of Stiran, west of Khoy, and also
caused the destruction of the 300-meter-long

Iran-Europe railway line (Khodavirdizadeh and
Asghari-Kaljahi, 2020). The large-scale Gogerd
landslide is located within the residential areas
and agricultural lands of Gougerd village with
an area of 150 ha at a geographical location of
latitude 38°, 29" and longitude 44°, 34’ , is 45
kilometers west of Khoy. The landslide is
located on a west-facing slope with a slope of
18 degrees, and at an altitude of 500 meters
above the main Khoy-Turkey road. The height
difference between the crown and the foot of
the landslide within the residential areas is 230
m. The houses of Gougerd village are built on
the central part of the landslide. The occurrence
of the landslide within the village is
accompanied by cracking of the walls of
residential houses and cracking of the
agricultural lands of the villagers. In the results
of geoelectrical surveys, the average thickness
of the landslide has been determined to be 16
m. The landslide in the residential areas and
agricultural lands of Gougerd village is of
rotational type, and is located on an old
mudflow with an area of 1000 ha, and the
height difference between the crown and the toe
of the flow is about 1100 m (Fig 1).

Fig. 1. Satellite Image of Gougerd area, Google Earth, in 2014: view to the North

Materials and Methods

Geological construction

According to the =zoning of structural-
sedimentary units of lIran, the study area is
considered as part of the Alborz-Azerbaijan
zone (Stocklin, 1968; Nabavi, 1976). In this
zone sedimentary, metamorphic, volcanic rocks

of last Precambrian to recent deposits have been
exposed. The rock wunits are including
limestone, conglomerate, sandstone, ultramafic
rocks and tuff, shale, schist and claystone. The
tectonic of the study area is on the Khoy
ophiolite by tectonic forces converging in the
Laramide orogeny. Topography of area full
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rugged whit the slope was steep and contains
multiple waterways is along the north-south.
Due to the weakness and high erosion ophiolite
series in area, in the surface of slopes a
relatively thick layer of weathered material is
recognizable (Geological Survey of Iran, 1978;
Khodavirdizadeh and Asghari-Kaljahi, 2020).
The study of the hydrology of the area shows
that due to heavy rains, the materials of the
slopes of the area are saturated with water,
which is a destructive and intensifying factor of
the slope movements. Due to the fact that the
rainfall on the top of the slope crown is drained
from the soil mass of the slopes towards the
seasonal rivers below the slopes (Qotur and
Avrin rivers), during landslides, a significant
amount of precipitation penetrates into the
slopes and the soil mass saturates the slope.
From an engineering geological point of view,
the landslide mass is a part of new alluvial
terraces and alluvial fan, and river bed deposits.
The fact that the village is situated on
weathered ophiolitic rocks, and also the amount
of sediment resulting from the old landslide
created the conditions for the occurrence of
landslides. As a general conclusion, the main
sources of the landslide mass are: old large mud
flow landslide, alluvial fan - old alluvial
terraces, and river deposits.

Geotechnical Investigation of Landslide

The analysis model for this research is a real
two-dimensional model type of the Gougerd
landslide. This landslide consists of two layers
SM and GC based on USCS. The cross-section
of the landslide was designed in two
dimensions using the results of mapping, and
geotechnical, and geophysical investigations
using Rocscience.Slide.5.5025 software. The
results of stability analysis and sensitivity
analysis of landslide stability have been
obtained using the results of this cross-section.
This landslide occurred in the residential and
agricultural areas of Gougerd village on a large

scale. And it started 24 years ago and there are
still effects of sliding activity. This landslide is
an old mud flow landslide and rotational type,
and the height of the crown to the foot of the
landslide is about 1100 meters in the mud flow
landslide, and about 230 meters in the Gougerd
village landslide. The Gougerd village landslide
is located on the sediments of an old mud flow
landslide. The main cause of the old mud flow
landslide is the geological events of the past
geological periods and the main cause of the
Gougerd village landslide is the fluctuation of
the groundwater level, and the saturation of the
soil mass of the landslide, and the effect on the
soil shear strength parameters and as a result the
reduction of the shear strength of the soil mass
is known (Khodavirdizadeh et al., 2014). The
specifications of the geotechnical results of the
landslide mass are given in Table 1: Because
the parameters obtained from the soil shear
strength tests are related to after the landslide
and the values of cohesion, and internal friction
angle, and density of the soil materials involved
in the landslide cannot be calculated directly,
and also due to the change in the engineering
and geotechnical characteristics of the
materials, after the landslide, the shear strength
parameters of the landslide soil have been
obtained using the results of the back analysis
method and related modelling  with
Rocscience.Slide.5.5025 software. The results
of the back analysis have been controlled with
the help of experimental methods, which are
largely consistent with each other. In this
research, the cross-section of the landslide
using the Fellenius (Fellenius, 1936), simplified
Bishop (Bishop, 1955), simplified-modified
Janbu (Janbu, 1968), Morgenstern-Price (1965)
and Spencer (Spencer, 1967) methods was
stability analyzed and the results were analyzed.
In the analysis, in addition to static analysis, a
series of pseudo-static analyses have also been
performed in different groundwater conditions
and internal friction angle changes.
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Table 1 Geotechnical parameters of Gougerd landslide mass (Khodavirdizadeh et al., 2014)

Test Code of ASTM Results
Soil sieve analysis D421- D422 SM and SC
Atterberg limits D4318-87 PL=21%
LL=30%
Water content D2216 8~12 %
— 3
Unit weight D854 yydzllgfl\]\l/ﬁq3
SM:
Direct shear test D3080 ¢ =5 kPa
$=29°
SC:
c=20 kPa
¢ =28°
Specific gravity (Gs) D854 2.61
Permeability D2434 1.7x10-6 cm/s
Back analysis with software Slide 5.0 SM:
Estimated geotechnical parameters c=5kPa
of landslide ¢ =230°
y=15 kN/m?
GC:
c=10 kPa
¢ =28°
y=15 kN/m®

Results and Discussion

Static analysis

The lowest value of the FS was obtained in the
Fellenius method (FS=0.658), (in 3 meters of
depth groundwater level). The FS values
relative to this value (0.658), in the methods of
simplified Bishop, simplified-modified Janbu,
Morgenstern-Price and Spencer, the FS values
are 32.9%, 23.1%, 30.6%, 35.1% and 35.2%,
respectively, showed differences, and the values
increased.

Regarding the effect of groundwater, since in
all methods, the depth of the groundwater level
from the crown of the landslide was increased
by 900%, and the groundwater level was
lowered, the lowest value of the FS in these
changes was obtained in the Fellenius method
with a value equal to 1.736. The FS values
relative to this value (1.736), in the methods of
simplified Bishop, simplified-modified Janbu,
Morgenstern-Price and Spencer methods is
18.4%, 6.5%, 12.5%, 18.6, and 18.5%,
respectively, showed differences, and the values
increased.

Regarding the effect of the internal friction
angle of the soil in the presence of groundwater
in 3 meters of depth, which in all methods, the

internal friction angle is equal to 35 degrees,
lowest value of the FS was obtained with a
value of 0.733 in the Fellenius method. The FS
values relative to this value (0.733), in the
methods of simplified Bishop, simplified-
modified Janbu, Morgenstern-Price and
Spencer methods, the FS are 32.7%, 23%,
30.5%, 34.9, and 35% respectively, showed
differences, and the values increased (Fig 2).

In the FS obtained from static analyzes
regarding the effect of the internal friction angle
of the soil in the state without the effect of
groundwater (dry state), which in all methods
the internal friction angle is equal to 35 degrees,
the lowest value of the FS is in the simplified
Janbu method with the value of 2.257 was
obtained. In the analysis of this group of
analyzes, relative to this value (2.257), in the
methods of simplified Bishop, modified Janbu,
Morgenstern-Price and Spencer methods are
0.132%, 2.8%, 4%, 2.8%, and 2.8%,
respectively, showed difference, and the values
increased (Fig 3).

Pseudo-static analyses

Regarding the effect of the horizontal
earthquake component equal to 0.15, and in the
state without the effect of groundwater (dry
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state), the lowest value of the FS was obtained
in the simplified Janbu method (FS=1.331). The
FS values relative to this value (1.331), in the
methods of Fellenius, simplified Bishop,
modified Janbu, Morgenstern-Price  and
Spencer methods, the FS values are 0.075%,
3.3%, 4.2%, 3.45%, and 3.45%, respectively,
showed difference, and the values increased.

Regarding the effect of the horizontal
earthquake component equal to 0.35, and in the
state without the effect of groundwater (dry
state), the lowest value of the FS was obtained
in the Fellenius method (FS=0.881). The FS
values relative to this value (0.881), in the
methods of simplified Bishop, simplified-
modified Janbu, Morgenstern-Price  and
Spencer methods, the FS values are 3.85%,
0.34%, 4.42%, 4.54and 4.54% , respectively,
showed differences, and the values increased.
regarding the effect of groundwater (in 3 meters
of depth groundwater level), and in the effect of
the horizontal earthquake component equal to
0.35, the FS values relative to Fellenius method
(FS=0.881) in the methods simplified Bishop,
simplified-modified Janbu, Morgenstern-Price
and Spencer methods, the FS values are 33.4%,
23.2%, 30.7%, and 39.7, and 39.9%,
respectively, showed differences, and the values
increased. regarding the effect of groundwater
(in 3 meters of depth groundwater level) and in
the effect of the horizontal earthquake
component equal to 0.15, and the comparison of
its results compared to the group of static
analysis (in 3 meters of depth groundwater

level), in the methods Fellenius, simplified
Bishop, simplified-modified Janbu,
Morgenstern-Price and Spencer, the FS values
in the mentioned methods showed a difference
of 59.3%, 58.8%, 59.1%, 59.2%, 54%, and
53.9%, respectively, and the values decreased.
In the FS values of certainty obtained from
pseudo-static analyzes regarding the effect of
groundwater, that in all methods, the depth of
the groundwater level from the crown of the
landslide has been increased by 900%, and the
groundwater level has been lowered, also, and
in the effect of the horizontal earthquake
component equal to 0.15, the lowest value of
the FS was obtained in the Fellenius method
(FS=1.132). The FS values relative to this value
(1.132), in the methods of  simplified Bishop,
simplified-modified Janbu, Morgenstern-Price
and Spencer methods, the FS values are 19.9%,
4.6%, 12.7%, 21.1%, and 21.2%, respectively,
showed a difference, and the values increased.
Regarding the effect of the horizontal
earthquake component equal to 0.15, the depth
of the groundwater level from the crown of the
landslide has been increased by 900%, in
pseudo-static analyzes, and the comparison of
its results compared to the group of static
analysis (in 3 meters of depth groundwater
level), in the methods Fellenius, simplified
Bishop, simplified-modified Janbu,
Morgenstern-Price and Spencer, the FS values
showed a difference of 53.3%, 51.4%, 56.1%,
53.1%, 50.1%, and 50%, respectively, in the
mentioned methods, and values decreased.
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Conclusions
Based on the results of static and pseudo-static

analyzes with 6 different methods of analysis,
the following results were obtained: In the
analysis model of this research, in different
methods of analysis, FS wvalues showed
different values. The FS of the landslide in the
Fellenius method in static and pseudo-static
analysis showed more changes than other
methods, and lower FS values were always
obtained compared to other methods. The FS of
the critical state in the Fellenius method in the
static state had the highest value of the internal
friction angle. In the results of this research, the
range of values above 45 degrees for the
internal friction angle, in static conditions
(except for the Fellenius method), in other
methods and in the range of more than 0.15 for

the earthquake horizontal component the in
pseudo-static conditions, and in the dry state of
the slope, the Gougerd landslide becomes
stable. The highest effect of earthquake on
Gougerd landslide was obtained in the
simplified Bishop method (146.4%), and the
lowest effect was obtained in the simplified
Janbu method (132.8%). The greatest effect of
the soil internal friction angle values in the
static analysis was obtained in the simplified
Janbu method (739%), and the least effect was
obtained in the simplified Bishop method
(706.5%). The FS of the landslide showed
much less changes in pseudo-static analysis in
different analysis methods. And the difference
between the highest and the lowest value of the
FS obtained from 6 different methods of change
analysis showed less than 5%.
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Fig. 2. The location of the residential area of the Gougerd village, view to Northeast (Source: Authors)
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Fig. 3. The effect of Gougerd landslide on rural residential areas: view to the North (Source: Authors)

(85,55 :350) Jlods do Coms 40 230 AYAY Jlo 0,555 533000 5| GOOgle Earth (sls lsale gmi  F S
Fig. 4. Satellite Image of Gougerd area, Google Earth, in 2014: view to the North (Source: Authors)
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Table 1. Geomechanical properties of Gougerd landslide mass (Khodavirdizadeh et al., 2014)

Test Code of ASTM Results
Soil sieve analysis D421- D422 SM and GC
Atterberg limits D4318-87 PL=21%
LL=30%
Water content D2216 8~12 %
— 3
Unit weight D854 zd:1163kli\ll\fllrln3
SM:
Direct shear test D3080 c =5 kPa
$=29°
GC:
c=20 kPa
¢ =28°
Specific gravity (Gs) D854 2.61
Permeability D2434 1.7x10-6 cm/s
Back analysis with software | SM:
Estimated geotechnical Rocscience.Slide.5.5025 c=5 kPa
parameters of landslide ¢ =30°
y=15 kN/m?
GC:
c=10 kPa
¢ =28°
y=15 kN/m®
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Fig. 8. The location of the residential area of the Gougerd village, view to Southwest (Source: Authors)
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Fig. 9. The effect of Gougerd landslide on rural residential areas (Source: Authors)

-7
Material Properties W
Material: SM Groundwater Surface
Strength Type: Mohr-Coulomb =
Unit Weight: 15 kN/m3
Cohesion: 2 kPa > ®
Friction Angle: 30 degrees =
7 z
18
9
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Fig. 10. Two-dimensional (2D) cross-section of the Gougerd landslide: using Rocscience, (Source: Authors)
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