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The rock weathering process produces chemical and physical transformations in the rock
mass, decreasing the soil's strength and stability. The presence of water in rocks reduces
the coefficient of friction and cohesion between mineral particles, changing the mineral
composition and microstructure of rocks, resulting in an increase in porosity and a
decrease in rock strength, thus accelerating the collapse process. This study aims to
determine the effect of the degree of saturation and weathering on the maximum
compressive strength, safety factor, and slope failure line. The uniaxial compressive
strength (UCS) test uses a compression machine to press the rock specimen until
deformation. The UCS value of a rock sample is the stress that occurs in the rock sample
when the sample collapses due to compression. This research uses 20 specimens taken
from Trunojoyo Street, Payung Area, Batu City, consisting of three types of rock: breccia,
clay and lapilli; for every kind of rock, 5 variations of saturation with 0-8 minutes of
soaking. The results show the average SF value of specimens 1B, 2L, and 3L is 6,02, 2,55,
and 1,81, where SF>1.25; it means that the slope conditions are stable and landslides
rarely occur. The average SF value of specimen 2C is 1,14 at intervals of 1.07<x<1.25,
meaning that the slope conditions are critical and landslides have occurred. Based on the
loading index, the rock strength has a negative relation with the level of weathering. This

means that the higher the level of weathering, the stronger the rock will decrease.

1. INTRODUCTION

Rock collapse is an event of shifting rock or soil that moves
down in the direction of the sloping plane. Rock collapse
occurs due to physical and mechanical processes involving
deformation and crack propagation in the rock mass [1, 2]. In
addition, the rock collapse process is triggered by many factors,
such as topography, climate, vegetation, and rock weathering
[3]. Rock weathering processes in tropical areas such as Batu
City will occur faster due to changes in vegetation conditions,
climate, and high rainfall [4]. One of the factors that affect the
weathering condition of rocks is the saturation or condition of
the water contained in the rocks. The presence of water in
rocks reduces the coefficient of friction and cohesion between
mineral particles [5]; these conditions change the mineral
composition and microstructure of rocks, resulting in an
increase in porosity [6, 7] and a decrease in rock strength,
accelerating the collapse process. The most common example
of rock failure is landslides. Landslides are defined as the
movement of slope-forming material in the form of rock, soil
or mixed materials. The movement of material begins with the
infiltration of water into the soil layer, thereby increasing the
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weight of the soil [8]. When water enters into an impermeable
layer, this layer will function as a sliding zone, so that the soil
becomes slippery and the weathered soil above it will move
along the slope.

Several researchers have concluded that water content
significantly impacts changes in the structure and
characteristics of rocks [9], so the strength of various rocks due
to saturation can be reduced by up to 90%. Rock strength
increases when saturation is low and decreases significantly
when saturation is high [10]. Zhou et al. [11] observed the
uneven water distribution on the soaked cylindrical sandstone
specimens; the rock strength is greatly reduced even when the
water content is less than 3.51%. Zheng et al. [9] researched
saturated and unsaturated limestone, which were
comparatively investigated through compressive strength test
results. The average compressive strength of the saturated
limestone was reduced by 24.3% compared to the unsaturated
limestone. In addition, the water content reduced the
brittleness index of unsaturated limestone by 17.1%. These
statistics demonstrate that water and geology are the most
important factors influencing rock slope stability [12]. Water
is one of the most important environmental factors affecting


https://orcid.org/0000-0002-2902-9785
https://orcid.org/0009-0003-2936-6700
https://orcid.org/0000-0003-3136-0714
https://orcid.org/0000-0001-8166-0809
https://orcid.org/0009-0008-6668-4907
https://orcid.org/0000-0003-0258-345X
https://orcid.org/0000-0002-2428-2204
https://orcid.org/0000-0002-2419-3586
https://crossmark.crossref.org/dialog/?doi=10.18280/ijsse.140114&domain=pdf

fractured rocks' deformation and failure behaviour in civil
engineering, such as slopes, tunnels, and mining [13, 14].

The analysis of rock collapse in this study was carried out
on weathered rock because weathered rock is a weak rock that
occurs due to the process of changing rock characteristics into
soil [15]. Weathered rock significantly reduces the mechanical
properties of the original rock [16], decreasing the strength and
stability of the slope [17] that caused the rock collapse. Rock
collapse is a classic problem in road design for geotechnical
engineers [18]; for example, the Malang-Kediri provincial
road has a high potential for landslides because the topography
of the area consists of highlands and hills with a land slope
of >40°, this condition is included in the medium-high
steepness category. So far, few researchers have studied the
shape and position of erosion sliding surfaces due to
sedimentary rock collapse based on the degree of weathering.
Therefore, this has attracted the attention of many researchers
to reduce the risk of rock collapse, especially regarding the
physical aspects of the Payung Area on Trunojoyo Street, Batu
City.

Different types of slope failure are associated with different
geological structures and the slope designer must be able to
recognize potential stability problems during the early stages
of a project. The main types of collapse on rock slopes,
according to Hoek and Bray in 1981, there, are 4 which are
influenced by structural geological conditions: (a) plane
failure in rock containing persistent joints dipping out of the
slope face, and striking parallel to the face; (b) wedge failure
on two intersecting discontinuities; (c) toppling failure in
strong rock containing discontinuities dipping steeply into the
face; and (d) circular failure in rock fill (Figure 1), very weak
rock or closely fractured rock with randomly oriented
discontinuities [12, 19].
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Figure 1. Main types of block failures in slopes and
structural geology conditions likely to cause these failures:
(a) plane failure; (b) wedge failure; (c) toppling failure; and

(d) circular failure [12]
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The principle of soil or rock collapse is influenced by
gravity, driving and resisting forces. Generally, the retaining
force is influenced by the rock's strength and the soil's density.
Meanwhile, the driving force is influenced by the slope angle,
water in the soil, the load, and the specific gravity of the rock.
Therefore, the Uniaxial Compressive Strength (UCS) test is
the most appropriate for analysing rock failure. This method is
commonly used to analyse determining parameters for rock
mechanics engineering purposes because it can represent the
strength of the rock against pressure, which describes the value
of the condition of the rock in withstanding the force applied
before the rock is destroyed. The UCS test is used on rocks in
saturated and unsaturated conditions. Based on the geological
map of the Batu City, Kediri and Malang Quadrangles, the
weathered rock types often found in this area are breccia,
claystone, lapilli, and tuff. So, we used this type of rock as our
research sample because, based on the history of landslides at
that location, landslide runoff was dominated by this type of
rock. The condition of the rocks in each area is always
different even though the rock type is the same; because the
geological structure and formation process are certainly
different, testing needs to be carried out in each area.

Different rock types have different levels of strength and
water absorption depending on the texture and lithology of the
rock. This research not only improves the understanding of the
effect of water on the compressive strength of breccia,
claystone, and lapilli rocks but also its effect on the fracturing
process. Previous research shows more than one definition of
the wetting process, although the rationale behind the various
definitions is the same. The differences are generally related
to the procedures for obtaining dry mass, wet mass, and
duration of water saturation. Although several experts have
investigated several water-weakening mechanisms, no
universally proven mechanism addresses the effect of water on
rock strength due to the variety of rock types on the earth's
surface [10, 19]. Rock saturation levels change rapidly during
the transition from the dry to the rainy season. During the dry
season, the soil is fractured due to a decrease in water content
in the soil. When entering the rainy season, the previously dry
soil suddenly gets excess water that fills the fractures. Sudden
changes in soil reaction can affect rock collapse and result in
landslides. This can be seen from the many landslides that
occur at the beginning of the rainy season. Therefore, water is
an essential factor that must be considered in a rock slope's
stability analysis. Due to the existence of joints and fractures
in the rock mass, the weakening effect of rock mass when
saturated can be more significant [12].

Several experimental studies have revealed that the
decrease in strength and modulus of rocks depends on the
water content and other internal and external factors [20].
Internal factors include the rock's porosity, density, and
geological structure [21]. The main external factors include
strain rate, surface tension, and water absorption percentage
[22]. Therefore, this test is modeled with several variations of
the degree of saturation to describe the distribution of water in
the rock specimen and investigate the mechanical behaviour
of rocks with different air contents, as well as determine the
relation between the two [10], so the UCS results are needed
to determine the strength of the rock according to the specified
conditions [23]. Rocks are said to be water-saturated when the
pores in the rock no longer contain air at all or the pores are
completely filled with water. This theory can be seen through
the fact that the soil conditions below the water table, such as
reservoirs, are generally in a water-saturated state so that the



water in the reservoir never runs out.

This study aims to determine the effect of the degree of
saturation and weathering on the maximum compressive
strength, safety factor, and slope failure line. The test results
can be used as evaluation material for the local government
regarding the possible influence of water absorption, physical,
and mechanical properties of breccia, claystone, and lapilli
rocks due to the influence of the degree of saturation that can
cause degradation of rock strength and durability. The study
results were modeled with rock slopes using Plaxis 2D
software, which is expected to provide new insights into
understanding the effects of weakening rock strength by the
presence of water [10]. So, this research can be used as a
reference or parameter in geotechnical engineering work, such
as retaining wall structural design planning, drainage planning
and soil stabilization. Several other geotechnical management
plans also need to be considered to choose the most efficient
plan to minimize the intensity of landslide events.

2. METHOD
2.1 Sample location

Geographically, Batu City has a total area of 202.30 Km?.
The city area is located at an altitude of 700-1800 m above sea
level and surrounded by 3 mountains, namely Mount
Panderman (2045 m), Mount Arjuna (3339 m), and Mount
Welirang (3156 m). The average rainfall in this area ranges
from 1749.15-2238.73mm/year, with air humidity around 75-
98% [24]. The lithological structure of the area is dominated
by sedimentary rocks in the form of volcanic breccias, lapilli,
claystone, and tuff. The research location is Trunojoyo Street,
Payung Area, Batu City. The rocks sampled for UCS testing,
both in saturated and unsaturated conditions, were taken from
three different locations [6]. The three locations are one of the
areas with the highest landslide rate in Batu City (Figure 2)
due to land use change, vegetation change, high slope
steepness, and high rain intensity [25], so the physical
properties of soil and rocks at the research location are
predicted to have a high degree of saturation and weathering
of the bedrock, this is one of the factors that cause rock
collapse or landslides in the area.
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Figure 2. Study area design
2.2 UCS test and specimen

Compressive strength is defined as the ability of rocks to
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accept loads until they experience deformation when pressure
is applied. The UCS test uses a compression machine to press
the rock specimen, which in this study is in the shape of a cube
from one direction (uniaxial), and the loading follows the
standard from the International Society of Rock Mechanics
(ISRM) [26]. When a rock specimen receives a regularly
increasing load, its condition will tend to change shape. This
shape change will occur in the lateral (Ad) and axial (AI)
directions so the rock specimen directly experiences a
volumetric shape change. The Uniaxial Compressive Strength
value of a rock sample is the stress that occurs in the rock
sample when the sample experiences failure due to loading;
the value can be obtained from the equation:

(1)

O'CZZ

where,

o.=Uniaxial compressive strength of the rock (MPa)

F =Axial force when a rock sample is crushed (kN)

A=The initial surface area of a rock sample perpendicular
to the direction of force (m?)

Specimens were taken from the slope's surface on
Trunojoyo Street, Batu City with the slope height under review
as high as 6m in the vertical direction with an average slope of
60-80°. The height of the position of the rock samples taken is
at a height of 1-2 m to be easily accessible with simple tools.
Rock samples consist of breccia, claystone, and lapilli rock
types taken based on the mapping of 3 locations. Samples
taken at point 1 are in the form of breccia, at point 2 claystone
and lapilli rock, while at point 3 lapilli rock.

The samples were formed into cube specimens with
dimensions of 5>6>6 cm (Figure 3), where each type of rock
made 5 saturation variations with soaking times of 0, 1, 2, 4,
and 8 minutes, especially for breccia at point 1 (1B) the length
of soaking time was multiplied by 10 from the normal time.
So, a total of 20 specimens were tested with the aim of
comparing the results of testing rock specimens in variations
of saturated and unsaturated conditions. The reason for
choosing the soaking time is because the sample is rock, which
is easily destroyed if soaked in water, so this research chose
the time in a matter of minutes. If the sample is soaked for
more than one hour, it is possible that the sample will be
destroyed before the testing process or even when taking the
sample from the soaking place. Generally, soaking samples for
Uniaxial tests take up to several hours; this applies to concrete
samples because they have a high density.

v ) el oc 1B)



(d) Lapilli rock (3L)

Figure 3. Uniaxial test samples

The test results obtained several parameters, such as
compressive strength (o,) saturated and unsaturated weight.
These parameters were analyzed into the Hoek-Brown (2002)
rock collapse criteria to find the correlation of the Mohr-
Coulomb soil collapse criteria parameters to the cohesion
value (c) and the inner shear angle value (¢) [27]. The
parameter values that have been analyzed are used as input
data for slope modeling using Plaxis 2D.

2.3 Safety factor modelling

The results of the previous compressive strength test
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analysis were used to determine the safety factor value using
Plaxis 2D V8.2. The method developed by Plaxis 2D is
through the Finite Element Method principle approach. This
principle is a way to solve a problem in the geotechnical field
by dividing the object of analysis into infinitely small parts for
slope modeling and analysis of deformation and slope stability
[28] in geotechnical engineering and rock mechanics to
approach actual conditions.

The analysis using Plaxis 2D software takes the rock
parameters as input values so that the safety factor, landslide
potential or stability of soil and rock masses on the slope can
be estimated. All rock parameter analysis data are generated
from the correlation of the Hoek-Brown and Mohr-Coulomb
equation approaches [29]. The mechanism of rock collapse
and slope stability is analyzed based on the Strength Reduction
Method [30]; This method reduces the value of rock shear
strength in the form of cohesion value (¢) and inner shear angle
value (¢) gradually until collapse occurs. The equation used to
find the SF value is shown in the equation below.

tan ¢
z MSF = - tan~! (—) 2)
Creduced (preduced
where,

>MSF = Safety Factor

c = Cohesion (kN/m?)

Creduced = Reduced Cohesion (kN/m?)

o) = Inner Shear Angle (°)

breduced = Reduced Inner Shear Angle (°)

3. RESULTS AND DISCUSSION
3.1 Uniaxial compressive strength (UCS) analysis

The uniaxial compressive strength values reviewed in this
study are based on the condition of the degree of rock
weathering and variations in specimen soaking time or
saturation level. The degree of rock weathering is obtained
from visual observations of the rock's physical condition,
which is determined based on the International Society of
Rock Mechanics (ISRM) [26]. Breccia rock specimens at point
1 (1B), lapilli rock at point 2 (2L), and lapilli rock at point 3
(BL) are classified as rocks with a moderate degree of
weathering. Meanwhile, the claystone rock specimen (2C) at
point 2 is classified as highly weathered. Based on the results
of rock classification, it is concluded that rocks taken as test
samples from the same formation can have different strengths
due to their heterogeneous nature. Based on the research
location's condition, rock weathering is caused by physical and
biological weathering processes. The characterization of
weathering is analyzed from the physical condition of the rock
in the form of colour changes due to the influence of weather,
climate, and the activity of organisms around the rock.

The classification of rock mass conditions can also be
determined based on the Rock Mass Rating (RMR) method,
which was developed into the Geological Strength Index (GSI)
[31]. The GSI value can be used to determine the rock mass's
cohesion value, inner shear angle, and compressive strength.
These values are obtained by giving weights according to the
observed rock condition parameters [32]. Based on the
calculation of the weight of breccia rock mass, claystone, and
lapilli it is shown in Table 1 below:



Table 1. GSI value and rock classification [31]

Specimen GSI Class Number
1B 55 111/Fair Rock
2C 35 1V/Bad Rock
2L 50 I11/Fair Rock
3L 48 111/Fair Rock

Based on the GSI value, the classification of breccia rock
mass at point 1 (1B), lapilli at point 2 (2L), and lapilli at point
3 (3L) are included in class III, namely the condition of the
rock mass in the moderate category. While the claystone at
point 2 (2C) is included in class IV, which is a bad category of
rock condition. Based on the classification of rock mass and
degree of weathering, it can be predicted that the highest
compressive strength value belongs to the breccia rock type at
point 1 (1B), and the lowest compressive strength value
belongs to the claystone type at point 2 (2C).

Figure 4 shows the shape of the rock specimen after the
uniaxial compressive strength testing process. The strength of
rock, which is influenced by variations in saturation, has
results that are comparable to the results of its compressive
strength. The smaller the rock strength, the more fractures the
rock specimen produces; this is because many discontinuity
areas cut the rock mass, which causes collapse. Apart from that,
the denser the discontinuities, the easier it is for water to enter
and weather the rock.

Figure 4. The sample after the UCS test

The uniaxial compressive strength test results of the rock
specimens showed that the compressive strength of the breccia
rock (1B) decreased by 26.7; 1.3; 2.2; and 38.8% after being
soaked in water for 10, 20, 40, and 80 minutes. The
compressive strength of claystone (2C) decreased by 27.3;
22.2; 46.1; and 46.7% after being soaked in water for 1, 2, 4,
and 8 minutes. The test results of the compressive strength of
lapilli rock at point 2 (2L) decreased by 48.5, 11.2, 1.1, and
46.6% after being soaked in water for 1, 2, 4, and 8 minutes.
While the compressive strength of lapilli rock at point 3 (3L)
decreased by 40.0, 16.0, 46.3, and 71.5% after being soaked in
water for 1, 2, 4, and 8 minutes. All results of the decrease in
compressive strength are obtained by comparing each soaking
variation's compressive strength with the rock's compressive
strength in its original condition or no soaking.
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Figure 5 shows that the uniaxial compressive strength
values of all specimens at three different location points
experience almost the same fluctuations, namely a decrease in
the first-minute immersion condition and gradually increases
in the 2nd-minute immersion, then drops back in the 4th-
minute soaking. Rocks have properties that allow them to
adjust or adapt to new conditions so that they can interfere with
the rock mechanics process. When specimens with original
conditions were tested for compressive strength, the test
results showed normal compressive strength values. Then,
when the specimens with a soaking time of 1 minute were
tested for compressive strength, the compressive strength
results decreased. This is because the entry of water into the
pores in a short time makes the rock specimen react to new
conditions quickly, eventually causing the pores to expand.
This condition causes the porosity number to increase and
makes the compressive strength value decrease. The results of
testing the rock specimens of the 2nd immersion variation
showed that the compressive strength relatively increased
because the rock began to adapt to the previous conditions by
strengthening the binding force between grains. The 4-minute
immersion variation specimens began to enter the saturation
period; the increasing water content in the rock caused the
porosity rate to rise again and caused the compressive strength
to decrease gradually.

Rocks have different porosities even though they are of the
same rock type. Porosity occurs due to the presence of cavities
in the rock; the more cavities are formed, the more rock has
many weak planes [18]. This is because the number of cavities
illustrates the ease with which rocks can absorb water. The
higher the porosity value, the higher the water content in the
rock [23], so the rock's strength will decrease. This is shown
in the results of research by Liu et al. [33]; namely, the relation
between UCS and absorption shows a decrease in compressive
strength value when there is an increase in the absorption value
of the rock.

The porosity value significantly influences rocks' uniaxial
compressive strength values due to the reaction between rock
mineral grains [9]. The strength of the rock binding force
affects the compactness between rock grains; if the binding
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8-Minute | SF=5256
Soaking

‘.
| SF=1,286

force is strong, it produces a hard rock with a high uniaxial
compressive strength value, and vice versa, if the binding force
between the grains is weak, it produces a rock that is less
compact and forms many pores filled with water or air, so that
the uniaxial compressive strength value is low.

The results of the compressive strength analysis can also be
caused by the fact that previous research has shown that
changes in rock saturation levels occur rapidly during the
transition from the dry season to the rainy season. During the
dry season, the soil experiences fractures due to decreased
water content in the soil. When entering the rainy season, the
previously dry soil suddenly gets excess water that fills the
fractures. Sudden changes in soil reaction can affect rock
collapse and result in landslides. This can be seen from the
many landslides that occur at the beginning of the rainy season.

3.2 Slope stability analysis

Rock slope stability analysis was conducted using Plaxis 2D.
The results of the Hoek-Brown parameter correlation analysis
that have been obtained produce a slide plane scheme in Mohr-
Coulomb modeling shown in Figure 6. Based on the slope
modeling image, it can be seen that the depth and shape of the
slide plane between rocks have different collapses according
to the magnitude of the results of the analysis of the rock
condition parameters.

The results of the SF value analysis, when sorted from the
largest SF value to the smallest based on all saturation
variations, are specimens 1B, 2L, 3L, and 2C. Based on the
classification of slope conditions and the intensity value of the
collapse or landslide, according to Bowles in 1991, the SF
value of specimens 1B, 2L, and 3L>1.25 describes the slope
in a very stable condition and landslides rarely occur. While
the SF value of specimen 2C slopes in a stable condition or
SF>1.25 is only owned by rock slope modeling in the original
condition or without soaking so that it is predicted that
landslides rarely occur, while in specimens with immersion
variations of 1, 2, 4, and 8 minutes SF values include intervals
of 1.07<x<1.25 so that it describes slopes in critical conditions
and landslides have occurred.
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Figure 6. Distribution of slipping planes in MC modelling against variations in soaking time
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The results of slope modeling can be concluded that the SF
value is fluctuating and linear with the results of the
classification of rock conditions obtained from weighting the
GSI value of each specimen, and the SF value is also linear
with the graph of the uniaxial compressive strength value. It
can be concluded that the condition of the degree of rock
weathering greatly affects the results of the compressive
strength and SF values. The better the rock condition, the
greater the compressive strength and SF value of the slope, and
vice versa; the worse the rock condition, the smaller the
compressive strength and SF value of the slope.

The results of the parameter analysis of compressive
strength, cohesion, and inner shear angle values in the slope
modeling shown in Figure 6 using Plaxis 2D obtained the
distribution of landslide planes for rock material slopes
presented with different colours. The blue colour in the
modeling illustrates the slope's safe condition, and the more
critical the slope is, the redder the colour will be. The greater
the SF value, the smaller the area of critical slope conditions
and the lower the risk of slope collapse, and vice versa, the
smaller the SF value, the wider the critical slope conditions
and the higher the risk of slope collapse. Based on the
parameters and slope modeling obtained from the kinematic
analysis of rock collapse types according to Hoek and Bray in
1981, we evaluated the potential kinematic feasibility
involving planar, wedge, and toppling failure based on the
above parameters [13, 34]. The analysis results suggest that all
rock slopes 1B, 2C, 2L, and 3L have a potential kinematic
feature of wedge failure rather than planar and toppling failure.
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sections on all specimens

The probability distribution of the weathered and saturated
rock for all sections could be found to be normally distributed
[35]. The probability distribution function (PDF) of failure and
no-failure conditions for weathered and saturation are plotted
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together in Figure 7. Typical empirical vertical direction
autocorrelation function (ACF) values plotted with lag
distance for all specimens are given in Figure 8.

Based on Figure 8, the following observations can be made:

(1) The mean uniaxial compression strength (UCS) value in
Mpa is slightly lower for the failed section.

(2) The uniaxial compression strength (UCS) standard
deviation is lower for the failed section.

The results suggest that the actual pattern of slope failures
may not be explained solely based on the mean of uniaxial
compression strength (UCS). Thus, a purely deterministic
stability analysis is bound to yield results opposite to what
occurred in the slope.

4. CONCLUSIONS

Based on the testing and analysis conducted in this research
on breccia, clay, and lapilli rock types at three points of the
research location, it is concluded that the degree of saturation
and weathering of rocks greatly affects the maximum
compressive strength and SF value of rocks. Changes in the
mechanical properties of rocks between saturated and
unsaturated are related to rock composition and water
absorption methods. Water content and porosity have a
positive relation with the degree of weathering; this means that
the higher the level of weathering, the greater the rock porosity
value. Meanwhile, rock strength based on the point load index
has a negative relation with the weathering level; this means
that the higher the weathering level, the stronger the rock will
decrease [4]. The classification of the condition of the breccia
rock mass at point 1 (1B), lapilli at point 2 (2L), and lapilli at
point 3 (3L) is included in class III, namely the condition of
the rock mass in the medium. Clay rock at point 2 (2C) is
included in class IV, which is in bad condition. The results of
the uniaxial compressive strength analysis based on variations
in the degree of saturation obtained average compressive
strength values from highest to lowest, respectively, namely
specimens 1B, 2L, 3L, and 2C with compressive strength
values of 17.96MPa, 2.95MPa, 1.62MPa, 1.49MPa. Based on
the input data parameters of compressive strength analysis
results, the average SF value of specimens 1B, 2L, and 3L is
6,02, 2,55, and 1,81, eq SF>1.25 means that the slope
conditions are stable and landslides rarely occur. While the
average SF value of specimen 2C is 1,14 at intervals of
1.07<x<1.25, meaning that the slope conditions are critical
and landslides have occurred. The type of collapse that occurs
in all slope modeling based on the parameters obtained is the
wedge collapse. The higher probability of failure at the failure
section during the lowest groundwater surface elevation level
was confirmed. The locations of critical failure surfaces in the
slope stability analysis may form a banded zone bounded by
the slip surface with the lowest safety factor and the other slip
surface with the maximum probability of failure.
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NOMENCLATURE

1B Symbol of breccia test specimen point 1

2C Symbol of claystone test specimen point 2

2L Symbol of lapilli test specimen point 2

3L Symbol of lapilli test specimen point 3

ISRM International society of rock mechanics

GSI Geological strength index

RMR Rock mass rating

SF Safety factor

UCS Uniaxial compressive strength

Greek symbols

o, Uniaxial compressive strength of rock
(MPa)

F Axial force at the time of rock sample
crushing (kN)

A Initial surface area of the rock sample
perpendicular to the direction of the force
(m?)

>MSF Safety factor values

c Cohesion (kN/m?)

CReduced Reduced cohesion (kN/m?)

¢ Inner shear angle (°)

Preduced Reduced inner shear angle (°)





