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Assessment of a Slope Stability Using the Classical and Modified
Circular Cylindrical Sliding Surface Methods
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Abstract

In this work, the stability of the slope of Mount Kok Tobe is assessed under the following three conditions: condition 1 - the
soil of the slope is homogeneous and is completely in its natural state; condition 2 - the surface layer of the slope 70 cm thick
is moistened by rainwater and it is assumed that the sliding surfaces are deep (below the base of the slope); condition 3 - the
surface layer 70 cm thick is moistened by rainwater and it is assumed that the sliding surfaces are close to the moistened
surface layer of the slope. The assessment of slope stability was carried out using the circular cylindrical sliding surface (CCSS)
method. A modified CCSS method has also been developed and used in the calculations, which, together with the Terzaghi-
Fellenius method, makes it possible to speed up and increase the accuracy of determining the position and characteristics of
sliding surfaces. It is established that the slope has an insignificant margin of stability. To increase the stability of the slope, it
is recommended to sow apple trees of the aport variety, which coincide in existence and fertility with the conditions of Kok
Tobe Mountain.
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1. Introduction

Slope stability is one of the key tasks of geotechnical
engineering, critical for infrastructure safety and landslide
prevention. Classical assessment methods, such as the
Terzaghi-Fellenius and Bishop method, make it possible to
determine the stability factor and the critical sliding surface,
but their application is limited by complex geometries and soil
heterogeneity.!'-

The method of a circular cylindrical sliding surface
(CCSS)P! is more practically acceptable, which is more
accurate and faster than the Terzaghi-Fellenius and Bishop
methods.

But it should be remembered that modern more advanced
methods require knowledge of a lot of specified data, for
example, since the porosity of the coefficient of thermal and
moisture conductivity, heat capacity, maximum capillary
moisture capacity, and others. It is also necessary to know the
structure of the slope, the physical and mechanical
characteristics of all types of soils that make up the slope. As
arule, at the initial stage of studying slope stability, the above
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characteristics are still unknown. Getting all of them requires
a lot of time and material resources. With that said, at the
initial stage of analyzing the problem, it is very useful to obtain
primary information about the stability of the mountainside
using approximate methods, one of which is the CCSS
method. The results obtained with its application can serve as
a basis for further in-depth research and for the urgent
adoption of protective and preventive measures.

With the development of numerical methods such as FEM,
Strength-Reduction FEM, and three-dimensional models
using SPH, it has become possible to more accurately simulate
the stress state, deformations, and progressive fracture of
slopes under the influence of rainfall and surface runoff.[**!
Numerical methods also allow for the consideration of
hydrological processes affecting slope stability, including
infiltration and surface runoff during heavy rains.!'*-3]

In recent years, artificial intelligence methods and
metaheuristic algorithms have been actively used, which make
it possible to take into account many factors simultaneously
and improve slope stability prediction.!'*!*] The analysis of
geosynthetically reinforced soil structures also expands the
possibilities of engineering slope design in difficult
conditions.l') At the same time, assessing the stability of
complex three-dimensional slopes and the effects of extreme
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precipitation remain urgent tasks requiring the integration of
classical, numerical, and Al approaches to improve the
accuracy and reliability of design solutions.[®10-13.17-21]

In this paper, a preliminary assessment of the stability of
the slope of Kok Tobe Mountain, taking into account the
moistening of the surface layer of the slope by precipitation,
was carried out using classical and modified CCSS methods.

2. Almaty and Kok Tobe Mountain

Almaty is an ancient city at the foot of the Trans-Ili Alatau.
The first settlements in its place existed already in the Ist
millennium be as a point of the Great Silk Road. In 1854, the
Verny fortification appeared here, since 1921 the city was
called Alma Ata, and in 1993 it received its modern name.
Until 1997, Almaty was the capital of Kazakhstan, and today
it remains the largest cultural and financial center of the
country.

Modern Almaty (population as of October 2023 -
2,211,198 people) is located at an altitude of 600-900 m above
sea level in the zone of foothill and mountain slopes with a
sharply continental climate and an annual precipitation of 550-
700 mm (Fig. S1). This area combines high seismicity, steep
slopes,
increases the risk of landslide processes.

and intensive atmospheric precipitation, which

The foothills of Almaty are characterized by high
biodiversity. They are home to the Sievers apple tree, walnut
and birch groves, spruce forests above the belt, as well as rare
species from the Red Book of Kazakhstan, such as the snow
leopard, the Tien Shan brown bear, the Turkestan lynx, the
golden eagle, the vulture, and others.??! The preservation of
this ecosystem is of strategic importance for the sustainable
development of the region. The city's symbol is the legendary
Apport apple, whose optimal growing zone (850-1250 m)

coincides with the conditions of the Kok Tobe mountain slopes.

The new state program for 2024-2028 envisages the revival of
Apport with the selection of sustainable clones,>*! which can
be combined with the biostabilization of the slopes.

Kok Tobe Mountain, located approximately 1,100 meters
above sea level, is a prominent natural landmark and one of
the main tourist attractions in Almaty. It is home to a television
tower, a recreation park, a cable car, and observation decks. In
2022, a fire broke out on the mountain's slope, destroying
approximately 3 hectares of vegetation,?*! highlighting the
vulnerability of the site to natural and man-made hazards.
Given the recreational pressure and landslide processes, it is
important to maintain the stability of the Kok Tobe mountain
slopes, prevent erosion, fires, and soil degradation through
monitoring, drainage, slope stabilization, and the preservation
of local flora.
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3. Landslides in the vicinity of almaty

In 2016-2024, several landslides of various scales occurred in
the foothills of Almaty, near the slopes of Kok Tobe Mountain.
The main cause of most of these events was the waterlogging
of the soil due to atmospheric precipitation (rain, snow, and
snowmelt), or man-made leaks exacerbated by anthropogenic
disturbances on the slopes.

On May 11, 2016, a clay-mud landslide with a volume of
about 2,000 m? occurred in the Alatau microdistrict, partially
destroying a two-story house (Fig. S2).12’

On May 20 of the same year, a landslide with a volume of
about 25,000 m* occurred below the Medeu ice rink, partially
blocking the Kishi River in Almaty."?°l In April 2017, two small
landslides were recorded: on April 13, at the BAK Alma PC
street (=30 m®),2" and on April 29, near the Ainabulak
sanatorium (=50 m?®);28) both damaged infrastructure and
blocked the roadway.

Three major events were recorded in 2023 and 2024. On
February 27, 2023, a ~360 m? landslide crossed a concrete
retaining wall and damaged residential buildings in the village
of Besagash after mixed precipitation (Fig. S3).2]

On February 8, 2024, a catastrophic landslide with a
volume of approximately 3,200 m? occurred in the Tausamal
microdistrict, killing four people and destroying homes. The
landslide was triggered by a burst water pipe, causing local
soil waterlogging (Fig. S4).5% On March 23, 2024, a second
landslide with a volume of approximately 500 m? occurred in
Besagash, damaging homes and temporary structures after
prolonged rainfall (Fig. S5).B1

Five of the seven landslides mentioned above occurred in
the months of March, April, and May, when heavy rainfall
occurs in the vicinity of the city of Almaty. One of these
landslides (in 2023) occurred on February 27, at the very end
of the month of February. The catastrophic landslide that
occurred on February 8, 2024, was caused by the excessive
moisture in the soil on the slope due to water from a nearby
water pipe. In some years, the frozen upper parts of the slopes
in this region begin to thaw in early February. It can also be
assumed that the surface layer of the slope contained moisture
stored by the pre-winter precipitation that fell in October and
November of last year.

Based on the above analysis of landslides, it can be
concluded that almost all of them occurred due to severe
waterlogging of the clay soils on the slopes caused by heavy
rainfall during the spring seasons.

4. Atmospheric precipitations
As is known,*?l atmospheric precipitation plays an important

role in the equilibrium and dynamics of the evolution of the
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ecosystem, flora and fauna of the Earth as a whole and in its
individual regions. The Kok Tobe mountain has its own unique
climatic and geographical features.l**! As the above analysis of
landslides that took place in the mountain slopes located near
the city of Almaty showed, atmospheric precipitation has a
strong influence on the equilibrium of the slopes.

The following is an analysis of precipitation in the vicinity
of Kok Tobe Mountain over the past twenty-five years, from
2000 to 2024. The precipitation information is obtained from
the websitel* of the National Hydrometeorological Service of
the Republic of Kazakhstan.

Fig. 1 shows a histogram of total annual precipitation. As
expected, the total precipitation is significantly unevenly

distributed over the years. For example, the maximum
precipitation of 1,021 mm/year occurred in 2016, while the
minimum precipitation of 489 mm/year occurred in 2021. In
other words, 2.09 times more precipitation was recorded in
2016 compared to 2021. The average annual precipitation was
682 mm/year.

In Fig. 2, the histogram shows that more than half (52%)
of the total annual precipitation falls within the range of 560
mm/year to 720 mm/year. Additionally, 46% of the
precipitation in this range (24% of the total annual
precipitation) falls within the narrower range of 600 mm/year
to 640 mm/year, and 85% of the total annual precipitation is
less than 660 mm/year (Fig. 3).
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Fig. 1: Histogram of total annual precipitation.
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Fig. 2: Distribution of total annual precipitation.
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Fig. 3: Cumulative curve of total annual precipitation.

The histogram of monthly precipitation in different years
is shown in Fig. 4. Fig. 5 shows the histogram of the maximum,
minimum, and average monthly precipitation values from
2000 to 2024. From these histograms, it can be seen that the
highest amounts of precipitation are typically observed in
March, April, and May, while the lowest amounts are observed
in January, February, August, and September. At the same time,
the maximum monthly precipitation amount of 214 mm/month
(which is one-third of the long-term average value of total
annual precipitation) occurred in May. The average monthly
precipitation amounts in March, April, and May were 82, 111,

and 97 mm/month, respectively.

The results of statistical processing (Fig. 6 and 7) show that
three-quarters (74.34%) of monthly precipitation values were
less than 72 mm/month, and a third of all monthly
precipitation falls within the narrower interval of 48
mm/month to 72 mm/month. Almost a quarter (23.77%) of
monthly precipitation from the interval of 0 to 72 mm/month
falls within the even narrower interval of 24 mm/month to 36
mm/month. At the same time, 85% of all monthly precipitation
is less than 54 mm/month.

The above factual information allows us to conclude that
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Fig. 4: Histogram of monthly precipitation in different years.
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due to the higher amount of precipitation in spring (rainfall
and meltwater), the upper part of slopes composed of clay soils
may become heavily saturated, which can lead to landslides.

5. Surface layer of the slope
The surface layer of a clay-based slope is periodically exposed
to moisture from precipitation, especially in areas with high
rainfall. The precipitation analysis carried out above showed
that in the vicinity of Kok Tobe Mountain in the spring period
(the months of March, April and May), in some years, heavy
precipitation falls (up to 214 mm/month) after the thawing of
snow and ice (after the winter period). Some of these
sediments seep into the surface soil layer of the slope. It is
known that the strength of clay soils decreases with increasing
moisture content, which can lead to a loss of slope stability.
In works,1*>3it was established that after prolonged rains
(up to 20 days), the upper part of the soil mass (clay soils,
including loam) with a thickness of 60-70 cm becomes moist.
Within this layer of clay soil, the moisture content varies from

Engineered Science Publisher

30% (on the surface) to 26% (at a depth of 60-70 cm).

In this work, the following distribution of moisture is
adopted by the thickness of the surface layer of the soil (loam)
of the slope: thickness h; = 0-10 cm, moisture W; = 30%; h, =
10-50 cm, W3 = 28%:; h3 = 50-70 cm, W3 = 26%. The rest of
the soil slope has approximately the same moisture value equal
to 12%. At this moisture content, loam has the following
35.0 kPa, angle of
internal friction ¢ = 29.0 degrees, specific gravity y = 21.0

characteristics: specific cohesion ¢

kN/m?. The values of specific cohesion ¢ and angle of internal
friction @ of loam at moisture contents of 26%, 28%, and 30%
were determined based on the results of experimental studies
by the authors of.[*®]

The specific gravity values of loam at different moisture
levels are calculated using the following Eq. (1):

YW:YO—PYwater W, ( 1 )

where v, — specific gravity of the soil at moisture content W
(in fractions of unity);
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Yyater — the specific gravity of water is 9.81 kN/m?;

Y, — specific gravity of dry soil (W=0).

The specific weight of dry soil (loam) is determined by the
expression Eq. (2):

YO = y12_’Ywater.0'12 (2)

where v12 is the specific weight of the soil (loam) in its natural
state (W=12%), which is equal to 21.0 kN/m>.

The characteristics of the slope soil (loam) at different
moisture levels are given in Table 1.

Table 1: Characteristics of loam at different moisture levels.

Moisture Cohesion Angle of internal Specific

W, % c, kPa friction gravity
¢, degree v, kN/m?

0 - - 19.8

12 35.0 29.0 21.0

26 2.7 11.3 22.4

28 2.2 104 22.6

30 1.8 9.5 22.8

In further calculations of the stability of the Kok Tobe
mountain slope using the classical and modified CCSS
methods, in cases where the moisture content of the surface
layer of the slope is taken into account, the real heterogeneous
soil blocks are assumed to be homogeneous with averaged
characteristics. The averaged values of the soil characteristics
in the blocks are calculated using the following expressions

Eq. (3)-(5):

_ Xiicih;

T ®

_ ?=11(P1"hi
m b (4)
17y by

e (5)
i h

where h; — thickness of layer i in the soil block;
Ci» @;, v; — the specific cohesion, internal friction angle, and
specific gravity of the soil in layer i.

6. CCSS methods
6.1 The classical CCSS method

One of the most common methods used to assess the stability
of slopes of artificial structures (roads and railways, dams,
earth dams, and others)"**! and natural mountain slopes!*” is the
circular cylindrical sliding surface (CCSS) method. This is an
engineering method that allows for a reliable assessment of the
stability of slopes and embankments in many cases.

In this work, the CCSS method was used to obtain primary
information about the stability of the northern slope of Kok
Tobe Mountain, near which the section of the Greater Almaty
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Ring Road (BACR) is located.

As is known, in the CCSS method, it is assumed that the
loss of slope stability (slope) occurs by shifting the overlying
soil mass along a circular cylindrical surface. The slope
stability characteristic is adopted by the stability factor Fs;
calculated by the Eq. (6):

XL Mup, 2L (Qcosoy tgp) R+eLR
XL Mg, 1 (Qsina;) R

where My - moment of the holding force, kN m;

(6)

Mg - shear force moment, kN-m;

¢ - angle of internal friction of the soil, degree;

¢ - specific soil cohesion, kPa;

L - sliding surface length, m;

R - sliding surface radius, m;

S = Q-cos a - shear force, kN;

T = Q-sin a - holding force, kN;

n - number of soil prisms.

The length of the sliding surface is determined by the Eq. (7):

L=2-mR — (7)
R
360°

A slope is considered stable if the minimum stability factor
Fs is greater than 1.3.141

Slope stability calculations using the CCSS method are
performed in the following sequence:

1. A series of estimated sliding surfaces is conducted under
the slope below the horizontal ground surface.

2. The soil mass above the proposed sliding surface is
divided into several vertical blocks (sections).

3. The entire, shear, and holding forces are determined for
each block.

4. The moments of the shear and holding forces are
calculated relative to the sliding centers.

5. For each proposed sliding surface, the stability factor Fs
is determined as the ratio of the sum of moments of the holding
forces to the sum of moments of the shear forces.

Apparently, the most difficult issue in the CCSS method is
that the sliding centers are not known in advance. Because of
this, it is necessary to choose a considerable number of
assumed sliding surfaces with corresponding sliding centers.

The application of the Fellénius method™® significantly
reduces the amount of calculations. The Fellénius method
assumes that the centers of the sliding surfaces with the
minimum values of the stability factor Fs lie on a straight line
related to the geometric characteristics of the slope.

In this article, the classical CCSS method will be combined
with the Fellénius method to assess a mountain slope
composed of clay soil.
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6.2 Modified CCSS method

In the work,“ a modified CCSS method was proposed and
applied to assess the stability of a mountain slope. In this
modified method, as in the classical CCSS method, the main
assumption that the slope loses stability along a circular
cylindrical sliding surface with radius R and sliding center O
was retained. It was also assumed that the centers of the sliding

Moistened surface layer

~

Sliding surface

surfaces lie on the Fellenius straight line.

Since each proposed sliding surface is a part of a circle, it
is characterized by the following three parameters: X,, Yo, and
R, which are the horizontal and vertical coordinates of the
sliding center and the radius of the sliding surface,
respectively (Fig. 8).

The parameters of the sliding surface are determined by the

/
Fellenius

straight line

4.5

Fig. 8: Scheme of the

following expressions Eq. (8)-(10):4]

K2 ,
LAY ®)
0 K-2y.b
y0=a+b'x0 (9)
K
R- /<5-XO>2+yg (10)

The modified CCSS method can be called graph-analytical.
Its graphical part includes a scaled drawing of the slope, its
division into blocks, determination of the position of the
Felleniuss straight line and the assumed sliding surfaces; the
analytical part consists of approximating the Felleniuss
straight line, calculating the parameter (%o, yo, R) of the sliding
surfaces, the shear and holding forces in the blocks, the
moments of these forces, and the FS stability factors.

The ability to determine the parameters of the sliding
surfaces (Xo, Yo, R) significantly improves the accuracy and
reduces the complexity of the CCSS method. For example, by
knowing the values of the parameters Xo, Yo, and R, the sliding
surfaces can be described analytically using the circle equation,
all
automatically.

It should be noted that the proposed modified CCSS
method has a significant advantage over the finite element

and subsequent calculations can be performed

Engineered Science Publisher

modified CCSS method.

method (FEM). So in FEM it is necessary to discretize the
entire calculation domain into finite elements and in order to
increase the accuracy of calculations it is necessary to increase
the order of the polynomials approximating the displacement
field in these finite elements, and significantly increase the
number of finite elements, which leads to a significant
increase in the number of calculations and time required. The
proposed modified CCSS method eliminates this drawback.
Calculations using it can be performed very quickly in
standard Excel.

7. Results and discussion
7.1 Slope stability
In this work, the stability of the selected slope of Mount Kok
Tobe is assessed under the following three conditions:
condition 1 - the soil of the slope is homogeneous and is
completely in its natural state; condition 2 - the surface layer
of the slope 70 cm thick is moistened by rainwater and it is
assumed that the sliding surfaces are deep (below the base of
the slope); condition 3 - the surface layer 70 cm thick is
moistened by rainwater and it is assumed that the sliding
surfaces are close to the moistened surface layer of the slope.
The slope under consideration is divided into 26 blocks
(Fig. 9). The stability factors of the slope in states 1 and 2 are
determined by the classical CCSS method, and in state 3 — by
the modified CCSS method.

Eng. Sci., 2025, 38, 1876 | 7
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Fig. 9: Scheme for calculating slope stability using the CCSS method.

Table 2: Results of slope stability calculations (condition 1).
Sliding center Radius, m  Sliding surface length, m  Sum of shear forces, KN  Sum of holding forces, kN  Stability factor Fs
O 354 414 183550 446997 1.43
02 363 422 118916 304594 1.54
O3 375 431 87158 227813 1.62
O4 390 402 58304 179368 1.94
Os 402 379 52771 121655 1.52

Table 3: Results of slope stability calculations (condition 2).
Sliding center Radius, m  Sliding surface length, m  Sum of shear force, KN  Sum of holding forces, kKN  Stability factor Fs
O 354 414 183705 447380 1.41
02 363 422 119129 305269 1.51
O3 375 431 87343 228159 1.57
Os4 390 402 58448 179731 1.87
Os 402 379 42593 124874 1.86

Table 4: Results of slope stability calculations (condition 3).
Sliding center Radius, m  Sliding surface length, m  Sum of shear force, KN Sum of holding forces, kN  Stability factor Fs
Os 345 409 171175 413380 1.4
O7 342 406 179390 488218 1.57
Os 339 402 192875 498001 1.48
O9 339 390 219657 575523 1.5

The results of slope stability calculations under the above
three conditions are presented in Tables 2-4.

As can be seen in Tables 2 and 3, in Fig. 10, the stability factors
of the slope in states 1 and 2 are almost identical and range
from 1.41 to 1.94. In other words, the moisture content of the
upper layer of the slope due to rainwater has almost no effect

8| Eng. Sci., 2025, 38, 1876

on the stability of the slope. This is likely due to the fact that
the thickness of the moistened soil layer (70 cm) is much
smaller than the vertical dimensions of the slope blocks.

The values of the slope stability factor in condition 3 are
1.4-1.57 (Fig. 11), which are approximately equal to the values
of the stability factor in conditions 1 and 2 for sliding radii
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ranging from 354 m to 375 m. It can also be said that the slope
is not expected to lose stability when its surface layer is 70 cm
thick and is moistened by rainwater.

It should be noted that the stability factors for sliding radii
0f 390 m and 402 m are slightly higher than those for smaller
radii in all three conditions. This suggests that sliding surfaces
with smaller radii may be more prone to instability.

The values of the slope stability factor in condition 3 are
1.4-1.57 (Fig. 11), which are approximately equal to the values
of the stability factor in conditions 1 and 2 for sliding radii
ranging from 354 m to 375 m. It can also be said that the slope
is not expected to lose stability when its surface layer is 70 cm
thick and is moistened by rainwater.

It should be noted that the stability factors for sliding radii
0f 390 m and 402 m are slightly higher than those for smaller
radii in all three conditions. This suggests that sliding surfaces
with smaller radii may be more prone to instability.

-
)
157

145

Stability factor
14

1.4

1.35

1.3
1 2

In general, for all three conditions, it can be observed that
the stability factors range from 1.4 to 1.62 for sliding radii
between 339 m and 375 m, which is slightly higher than the
acceptable value of 1.3.

7.2 Local stability factors

Fig. 12 shows a histogram that displays the values of the local
stability factors (fs) determined for each of the 26 blocks
(sliding radius of 354 m, condition 1) into which the slope
under consideration was divided. As can be seen, the values of
the local stability factors of the individual blocks vary greatly.
Thus, in blocks from the first to the fifteenth, it gradually
increases from 0.58 to 3.64. The most stable blocks are blocks
17, 18, and 25, with fs values of 33.15, 33.57, and 49.56,
respectively. Blocks 1-8 are not stable. It can be assumed that
the stability of blocks 1-8 is ensured by the stability of other
blocks, especially blocks 17, 18, and 25.
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Fig. 10: Slope stability factors.

2.5

1.5

Lar]

-,

—
1
0.5
]

Stability factor

-+

—
y Wy
- v—i

I 141

. |, 154
_ 187
I 152

I 136

-
= [
—_ L

-

Sliding surface number

= condition 1 ™ condition 2

Fig. 11: Slope stability factors.
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Table 5: Values of soil characteristics at different moistures.
W, % v, kN/m? c, kPa ¢, degree
12 21 35 29
14 21.19 28.35 25.81
16 21.39 22.6 23
18 21.59 17.6 21.73
20 21.78 13 19.6
Table 6: Values of slope stability factor at different moistures.
114 1 0
Sliding _ Sliding  surface Stability factor Fs at moisture W, %
nter Radius, m length, m
cente ength, 12 14 16 18 20
O 354 414 1.43 1.24 1.1 1 1
(0)) 363 422 1.54 1.4 1.2 1.13 1
O3 375 431 1.62 1.4 1.22 1.22 1
O4 390 402 1.94 1.68 1.46 1.35 1.2
Os 402 379 1.52 1.32 1.14 1.04 1

7.3 Moisture effect on slope stability
To simultaneously evaluate the effect of moisture on slope

stability and the sensitivity of the CCSS method to changes in
soil characteristics, stability were
performed using the CCSS method at soil moisture contents of
14%, 16%, 18%, and 20%. The values of slope soil
characteristics (c, ¢, y) at these moisture contents and at a
moisture content of 12% (for comparison) are given in Table
5. The slope, as before, was divided into 26 blocks, each with
the same dimensions (as at 12% moisture content). The

slope calculations

calculation results are presented in Table 6.

As this table shows, soil moisture significantly affects
slope stability. Even a small increase in moisture (by just 2%,
from 12% to 14%) causes the slope to transition from a stable
state (Oi: Fs=1.43) to an unstable state (O: Fs=1.24<1.3). As
soil moisture continues to increase, all sliding surfaces
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gradually become potentially susceptible. In other words, the

probability of slope instability (landslide) rapidly increases.
Thus, we can conclude that:

- changes in soil characteristics due to changes in soil moisture

greatly affect slope stability;

- the sensitivity of the CCSS method to changes in moisture

content (soil characteristics) is high.

8. Recommendations
As it was established above, the factors of stability of the slope
of Kok Tobe Mountain have insignificant reserves. And the
values of the local stability factors in blocks 1-8 are unstable.
These results force us to propose measures to ensure the
stability of these parts of the slope.

There are several known ways to increase the stability of
mountain slopes. They can be divided into engineering and
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natural.*?l Engineering methods include the installation of
drains for draining surface and groundwater, strengthening
slopes with retaining walls and terracing, as well as
monitoring anthropogenic impacts. The natural method
includes fixing the slopes using various local plants.

The aim is to increase the stability of the considered slope
of Kok Tobe Mountain by sowing apple trees of the Aport
variety on it. This variety traditionally grows at altitudes of
850-1250 m, which coincide with the conditions of Kok Tobe
Mountain. It has a well-developed root system that grows at a
significant rate (on average 240 cm or more), which makes it
possible to increase the stability of mountain slopes in a short
time.*¥ This recommendation can be implemented quickly
and efficiently, as Kazakhstan is implementing a State
program for 2024-2028, within which 11 stable aport clones
have been selected.””) The sowing of aport species together
with the grass cover (fescue, clover, tipchak) will increase the
strengthening of the slope, reduce erosion and maintain the
microclimate.

9. Conclusion

Over the past 10 years, 7 large landslides have occurred in the
vicinity of Almaty, which was caused by severe waterlogging
of clay soils of mountain slopes by heavy precipitation in the
spring.

Over the past 25 years, an average annual precipitation of
600-720 mm/year has fallen near Kok Tobe Mountain. The
maximum amount of precipitation (1,021 mm/year) occurred
in 2016, and the minimum 489 mm/year in 2021. More than
half (52%) of the total annual precipitation is in the range from
560 mm/year to 720 mm/year.

The greatest precipitation often falls in the months of
March, April and May. The maximum monthly precipitation is
214 mm/month. The average rainfall in the months of March,
April and May was 82, 111 and 97 mm/month.

The CCSS method is highly sensitive to changes in soil
characteristics caused by changes in moisture content; CCSS
calculations have shown that soil moisture content has a
significant impact on slope stability.

A modified CCSS method has been developed, which
increases accuracy and reduces the possibility of performing
all calculations in an automated manner.

Moisture of the 70 cm thick surface layer by atmospheric
precipitation has practically no effect on the stability of the
slope of Kok Tobe Mountain.

To obtain information on the spatial distribution of slope
stability, local stability factors for individual slope blocks were
introduced, calculated, and analyzed. The calculation and
analysis of local stability factors showed that the unstable part

Engineered Science Publisher

of the slope is its upper part with a length of about 1/3 of the
slope sequence. These features of the spatial heterogeneity of
the stability of individual slope parts were taken into account
when determining measures to improve its stability.

In general, the stability factors for sliding radii from 339 m
to 375 m range from 1.4 to 1.62, which is slightly higher than
the permissible values of 1.3.

It is proposed to increase the stability of the slope of Kok
Tobe Mountain by sowing Aport apple trees on it, which grow
at altitudes of 850 — 1250 m, coinciding with the conditions of
Kok Tobe Mountain.
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