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1.	 Introduction
Earthquakes and rainfall are some of the factors that can trigger landslides (Keefer, 1984; 
Iverson, 2000; Sassa et al., 2007; Tatard et al., 2010). West Java is a province on Java Island, 
Indonesia, with a high landslide susceptibility (Sugianti et al., 2014). West Java has the 
potential for earthquakes, high rainfall, complex geological structures, and infrastructures 
with many human activities (Widiatmaka et al., 2013; Gunadi et al., 2017; Supendi et al., 
2018; Soehaimi et al., 2022; Basid et al., 2024; Hadmoko et al., 2024). Reflecting on the facts, 
research is needed on the hazards of landslides in West Java triggered by earthquakes and 
rainfall factors.

Abstract 
Earthquakes and rainfall can trigger landslides in many regions of Indonesia. 
Rock slopes of andesite outcrops in Gunung Batu and Graha Puspa areas 
coincide with the Lembang active fault zone in West Java. The region is 
also subjected to high-intensity rainfall. Thus, the rock slopes are prone 
to failure during earthquake shaking and heavy rainfall. To mitigate the 
hazards associated with slope failure in residential areas close to the rock 
slopes, it is necessary to assess the slope failure hazard at the andesite hill 
slopes. The study presented in this paper aims to analyse the stability of 
the andesite slopes using the pseudostatic limit equilibrium method and 
evaluate the effect of variations of regional seismicity and water content 
on the stability of the slopes. Pseudostatic analysis considered the peak 
ground acceleration (PGA) and the calculated horizontal seismic coefficient 
(kh). The limit equilibrium method was focused on toppling and wedge 
failure cases. Based on the analysis, the andesite slopes in Gunung Batu 
and Graha Puspa are stable (FoS ≥ 1.1) in factual conditions (dry-static). In 
contrast, all slopes have the lowest FoS values (less stable-unstable) under 
the saturated-pseudostatic conditions. The threshold values of kh and %w 
(percent water fill) for the slopes’ instability were obtained by varying the 
regional seismicity and water content conditions. It is recommended that 
numerical slope stability modeling (i.e., finite element method) be conducted 
to improve the accuracy of the models.
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The Lembang fault is an active fault about 10 km north of Bandung City, West Java (Daryono et 
al., 2019). This fault can potentially cause an earthquake of 6.5-7 magnitude. An earthquake 
of this magnitude has the potential to cause slope instability within its radius of influence. 
Some of the rock slopes that coincide with the Lembang active fault zone are andesite 
slopes located in the Gunung Batu and Graha Puspa areas, West Bandung Regency, West 
Java, which have moderate-high rainfall (1000-3000 mm/year) (Sundari et al., 2023). Both 
slopes are close to settlements and tourist attractions, so there are risk factors that need to 
be taken into account. According to Cakrabuana et al. (2024), the outcrops at both locations 
have different types of failure. The failure of Gunung Batu andesite outcrops will involve a 
toppling mechanism. Meanwhile, the failure of the andesite outcrops in the Graha Puspa 
will have the potential to be governed by both toppling and wedge failures.

This research aims to evaluate the stability of the andesite slopes in both areas against the 
variations of regional seismicity and water content of the slopes. The objectives of this study 
are to (1) analyse the stability of the andesite slopes using the pseudostatic limit equilibrium 
method and (2) evaluate the effect of horizontal seismic coefficient (kh) and percent water 
fill (%w) on the stability of the slopes.

2.	 Research location
Physiographically, the area of Gunung Batu and Graha Puspa is in the Bandung zone (van 
Bemmelen, 1949). This zone is a depression among several mountains filled with young 
volcanic deposits. These two regions are in an area controlled by a west-east-oriented 
geological structure known as the Java pattern, which was formed about 32 million years 
ago (Pulunggono and Martodjojo, 1994). The Lembang fault discussed in this research is 
one structure that follows this pattern.

The Lembang fault is a sinistral strike-slip active fault, west-east-oriented, with a length of 
29 km and located about 10 km north of Bandung City (Daryono et al., 2019). This fault slips 
at a rate of 1.95-3.45 mm/year and can potentially cause earthquakes of 6.5-7 magnitude 
and a return period of 170-670 years. Based on its geometry, the Lembang fault is divided 
into six sections (Figure 1). Gunung Batu area is in the Gunung Batu section, and Graha 
Puspa area is in the Cihideung section.

Figure 1. Map showing active fault traces and general morphology of the Lembang fault, 
its sections, and trenching sites (modified from Daryono et al., 2019).

Geologically, the research area is composed of a 35-20 thousand years old tuffaceous sand 
unit, which is characterized by a low-relief topography that is strongly eroded by the main 
river system (Dam, 1994; Sunardi and Kimura, 1998; Kartadinata et al., 2002; Nasution et 
al., 2004; Daryono et al., 2019). This unit is dominated by coarse tuffaceous sand lithology 
with an average thickness of 45 m, which contains fragments of igneous rock and tuff with 
a size of 0.5-1 cm in an open fabric. The geological map of the research area can be seen 
in Figure 2. The andesite slopes discussed in this research are intrusions and lava that are 
not mapped on the regional scale (Junursyah and Agustya, 2017; Cakrabuana et al., 2024).

Figure 2. Map of lithological units along the Lembang fault. The table shows stratigraphic 
correlations with dated major geological events (modified from Dam, 1994; Sunardi and 

Kimura, 1998; Kartadinata et al., 2002; Nasution et al., 2004; Daryono et al., 2019).
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It has been mentioned that both research sites’ andesite slopes are around settlements and 
tourist attractions. The andesite slopes in Gunung Batu are used for rock climbing and are 
located around residential areas and outdoor cafes. The andesite slopes at Graha Puspa 
are near outdoor cafes and glamping locations. Figures 3 and 4 are satellite images and 
photographs showing the research location at various scales. In each area, three slopes 
were studied, namely GB-01, GB-02, and GB-03 in Gunung Batu and GP-01, GP-02, and 
GP-03 in Graha Puspa.

Figure 3. Satellite image and photographs showing the Gunung Batu area.

Figure 4. Satellite image and photographs showing the Graha Puspa area.
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3.	 Methods
Before analysing and evaluating the slope stability in the software, a literature study on the 
pseudostatic and limit equilibrium methods was carried out.

Pseudostatic method
In addition to gravitational force, one of the causes of landslides is earthquakes (Widisaputra 
et al., 2020). Landslides triggered by earthquakes have not received much attention in 
Indonesia (Utomo, 2008). The type of landslides produced can be creeping or giant debris 
avalanches. Earthquakes can provide vibration/pressure on mineral particles and weak 
parts of rock and soil masses so that slope stability is disturbed (Sutiyono et al., 2017).

Several active faults potentially cause earthquakes in West Java, which increases the risk of 
landslides. The earthquake wave can be amplified or deamplified when it travels through 
the soil layer, causing an increase or decrease in the peak acceleration on the ground surface 
(PGA). This seismic acceleration must be included in the pseudostatic slope stability analysis 
to calculate the safety factor accurately. In such an analysis, the seismic loading is modelled as 
a statically applied inertial force (Gurudeo and Digambar, 2017). The formulas for calculating 
the safety factor in the pseudo-static method are given in Equations 1-3.

			  (1)

			  (2)

			  (3)

Where:
Fh = horizontal seismic force (N)
Fv = vertical seismic force (N)
ah = horizontal seismic acceleration (m/s2)
av = vertical seismic acceleration (m/s2)
kh = horizontal seismic coefficient (gal)
kv = vertical seismic coefficient (gal)
W = weight force (N)
g = gravitational acceleration (m/s2)
FoS = factor of safety
c = cohesion (Pa)
L = length of the failure plane (m)
ϕ = internal friction angle (°)
β = slope dip (°)

Based on SNI 8460:2017 (BSN, 2017), the designed earthquake is determined with the 
probability of exceedance during the planned life of 50 years, which is 10% or equivalent to 
a return period of 475 years. The minimum safety factor required for pseudostatic analysis is 
greater than 1.1 using the horizontal seismic coefficient (kh) obtained from half of the PGA of 
the site. Since both study areas are geologically made up of andesite outcrops, the site class 
of the study area can be classified as SB (bedrock). Consequently, the PGA amplification factor 
used is 1 (BSN, 2017). It is also assumed that this case study’s vertical seismic coefficient 
(kv) is very small, so that it can be ignored.

Limit equilibrium method
According to SNI 8460:2017, slope stability analysis using the limit equilibrium method is 
based on predicting slope failure types. In Cakrabuana et al. (2024), it has been understood 
that the slopes of GB-01, GB-02, GB-03, GP-02, and GP-03 have the potential to experience 
toppling failure, while the GP-01 slope has the potential to experience wedge failure. In this 
study, the slope stability analysis uses RocTopple software for toppling failure cases and 
SWedge software for wedge failure cases (Rocscience, 2002).

http://doi.org/10.55981/risetgeotam.2025.1390
http://doi.org/10.55981/risetgeotam.2025.1390


93 

Cakrabuana  et al. Riset Geologi dan Pertambangan | DOI: 10.55981/risetgeotam.2025.1390

Riset Geologi dan Pertambangan | (2025) 35 (2), 89–108 | DOI: 10.55981/risetgeotam.2025.1390 | https://jrisetgeotam.brin.go.id/index.php/jrisgeotam

The limit equilibrium method in this research case of toppling failure is limited to simple 
cases using a basic understanding of the factors that cause toppling failure (Goodman and 
Bray, 1976). Stability analysis uses an iterative process that considers the dimensions of 
all rock blocks and the forces acting on them. The stability of each block is determined, 
starting from the top block. Each block can become stable, topple, or slide. The overall slope 
is considered unstable if the bottom block slides or topples. The basic condition required 
for the analysis is that the friction angle at the base of each block is greater than the dip of 
the base plane, so that sliding in the base plane does not occur if there is no external force 
acting on the slope. The limit equilibrium method is well-suited to account for external 
forces acting on the slope, which can then be used to simulate various factual conditions 
in the field. Various illustrations explaining the principle of limit equilibrium in the case of 
toppling failure can be seen in Figure 5.

Figure 5. Kinematic conditions for flexural sliding before toppling failure (Wyllie and 
Mah, 2004): (a) block shape test; (b) the direction of stress and sliding on the rock slope; 

(c) conditions for inter-layer slip; (d) compilation of the kinematics test of toppling failure 
on a stereoplot.

The safety factor (FoS) in wedge failure is defined in Equation 4 (Wyllie and Mah, 2004). 
The FoS was made based on the assumption that the failure was caused only by friction 
and that both sliding surface friction angles (ϕ) were equally significant. RA and RB are the 
normal reactions on the planes of A and B. W sin ψi is the gravitational force acting in the 
direction of the intersection line. RA and RB are determined by considering them as normal 
and parallel components to the direction of the intersection. The internal friction angle 
used in the FoS calculation in the case of wedge and toppling failures is the friction angle of 
discontinuity (BSN, 2017). Various illustrations explaining the principle of limit equilibrium 
in the case of wedge failure can be seen in Figure 6.

			  (4)

Where:
FoS = factor of safety
RA = reaction of normal force on plane A (N)
RB = reaction of normal force on plane B (N)
ϕ = internal friction angle (°)
W = weight force (N)
ψi = plunge of discontinuity intersection (°)
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Figure 6. Geometric conditions for wedge failure (Wyllie and Mah, 2004): (a) illustration of the 
geometry of wedge failure; (b) a stereoplot showing the intersection lines and plunge ranges that 

allow a wedge failure to occur; (c) the display of the slope at the angle of the intersection; (d) a 
stereoplot showing the trend range of intersecting lines that allow a wedge failure to occur.

4.	 Results and discussion
This section contains the results of the analysis of the earthquake influence using the 
pseudostatic method, the slope stability analysis using the limit equilibrium method, the 
evaluation of slope stability using several variations in seismicity and water content, and the 
determination of the threshold values of the kh and %w parameters at both study locations. 
As elaborated in the previous section, horizontal seismic coefficient (kh) is horizontal seismic 
acceleration (ah) divided by gravitational acceleration (g), while percent water fill (%w) is 
the percentage of water content in the rock mass discontinuity.

Earthquake influence analysis
Since the study locations are ≤ 10 km from the Lembang Fault, it is not allowed to use the PGA 
value generated from probabilistic seismic hazard analysis (PSHA) for pseudostatic slope 
stability analysis (PusGen, 2017). The PGA value must be generated from the deterministic 
seismic hazard analysis (DSHA) or site-specific procedure. This study determined the PGA 
value empirically through a literature study. Hussain et al. (2023) made PGA maps of 
Bandung Raya (Figure 7) based on the earthquake geology study by Daryono et al. (2019). 
The PGA maps are created in two magnitude scenarios, 6.6 for the minimum and 7.0 for 
the maximum. The return period applied is 170-670 years.
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Figure 7: The median ground motion fields (modified from Hussain et al., 2023) for magnitude 6.6 (a) and magnitude 
7.0 (b) scenarios. The blue dots indicate the study locations. The white line shows the Lembang Fault. Peak ground 

acceleration (PGA) is expressed in fractions.

Based on the provisions of SNI 8460:2017 (BSN, 2017), the return period used for 
pseudostatic slope stability analysis is 475 years. In this case, the assumption is that the 
PGA map with a 425-year return period is considered equivalent to the PGA map with a 
7.0 magnitude scenario. The PGA map with a 7.0 magnitude shows that the two research 
sites have a PGA value range of 0.5-0.6 g. In this study, the maximum value was 0.6 g, and 
the calculated kh for the two locations was 0.3 g.

Slope stability analysis
Tables 1 and 2 list the parameters entered in the RocTopple and SWedge software. In the 
RocTopple software are included slope-related parameters (dip, height); toppling joints 
(spacing, dip), a dip of the base plane; the unit weight of the rock; Barton-Bandis parameters 
of toppling joints, including joint roughness coefficient (JRC), joint wall compressive strength 
(JCS), and residual friction angle of discontinuity (ϕr); seismic coefficient; and water 
pressure. In the SWedge software, parameters almost similar to RocTopple are included; 
only the discontinuity used here is two, and it is necessary to enter their dip directions.

Table 1. Slope model parameters for toppling failure.

Slope Failure 
Type

Slope Toppling Joints
Overall 
Base Incli-
nation (°)

Rock Unit 
Weight 
(MN/m3)

Base Joint Toppling Joint
Horizontal 
Seismic 
Coefficient 
(g)

Water Pressure

Dip 
(°)

Height 
(m)

Spacing 
(m)

Dip 
(°) JRC JCS 

(MPa)
ϕr 
(°) JRC JCS 

(MPa)
ϕr 
(°)

% 
Fill

Water 
Unit 
Weight 
(MN/m3)

GB-01 Toppling 67 12 0.38 85 57 0.0257 13.6 143.27 25 13.6 143.27 25 0 0 0.00981
GB-02 Toppling 72 12 0.4 66 48 0.0257 13.26 143.27 25 13.26 143.27 25 0 0 0.00981
GB-03 Toppling 81 12 0.27 27 72 0.0257 12.18 143.27 25 12.18 143.27 25 0 0 0.00981
GP-02 Toppling 75 5 0.27 4 73 0.02605 14.38 157.27 25 14.38 157.27 25 0 0 0.00981
GP-03 Toppling 70 5 0.37 79 64 0.02605 15 157.27 25 15 157.27 25 0 0 0.00981

Table 2. Slope model parameters for wedge failure.

Slope Failure 
Type

Slope
Rock Unit 
Weight 
(MN/m3)

Joint 1 Joint 2 Horizontal 
Seismic 
Coefficient 
(g)

Water Pressure

Dip 
(°)

Dip Direc-
tion (°)

Height 
(m)

Length 
(m)

Dip 
(°)

Dip Direc-
tion (°) JRC JCS 

(MPa)
ϕr 
(°)

Dip 
(°)

Dip Direc-
tion (°) JRC JCS 

(MPa)
ϕr 
(°)

% 
Fill

Water Unit 
Weight 
(MN/m3)

GP-01 Wedge 80 30 5 11.65 0.02605 43 85 14.85 157.27 25 49 38 14.85 157.27 25 0 0 0.00981
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The three Barton-Bandis parameters above are determined empirically. JRC is taken from the 
average JRC ratings from the scanline survey (Ulusay and Hudson, 2007). JCS is equated with 
the UCS value of the intact rocks that make up the slope (Barton and Choubey, 1977). ϕr is 
obtained from the estimated value of ϕr in the Ja parameter table (Barton, 2002). Although 
empirically obtained, these parameters are quite reliable and widely used by geotechnical 
experts as they have been tested with samples of different types of rocks around the world.

At this stage, the stability of the slope is determined by factual conditions, dry and static. 
The results of the GB-01 slope stability modeling showed a very high FoS value, which was 
25. Almost all of the parts of the GB-01 slope are very stable, except for the slope foot, which 
has the potential to experience sliding. The slopes of GB-02 and GB-03 have FoS values of 
1.928 and 1.404. Both slopes are in stable condition (FoS ≥ 1.1), but there is potential for 
toppling almost throughout the slope and slight sliding at the foot of the slope. The results 
of slope stability modelling in the Gunung Batu area can be seen in Figures 8-10.

Figure 8. Results of modelling the stability of the GB-01 slope under factual (dry-static) conditions.

Figure 9. Results of modelling the stability of the GB-02 slope under factual (dry-static) conditions.
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Figure 10. Results of modelling the stability of the GB-03 slope under factual (dry-static) conditions.

Through stability modeling in SWedge, the GP-01 slope was found to be stable with a FoS 
of 2.3883. The wedge failure that potentially occurs in GP-01 is shaped like the tip of an 
arrow that crosses horizontally on a slope. The RocTopple software system rejects the GP-02 
slope. The slope cannot be modelled for its failure because the toppling joint dip is very low. 
Just like the case of GB-01, the GP-03 slope has a very high FoS, which is 14.135. The top of 
the GP-03 slope is stable, while the bottom has the potential to slide. The results of slope 
stability modelling in the Graha Puspa area can be seen in Figures 11-13.

Figure 11. Results of modelling the stability of the GP-01 slope under factual (dry-static) conditions.

http://doi.org/10.55981/risetgeotam.2025.1390
http://doi.org/10.55981/risetgeotam.2025.1390


98 

Cakrabuana  et al. Riset Geologi dan Pertambangan | DOI: 10.55981/risetgeotam.2025.1390

Riset Geologi dan Pertambangan | (2025) 35 (2), 89–108 | DOI: 10.55981/risetgeotam.2025.1390 | https://jrisetgeotam.brin.go.id/index.php/jrisgeotam

Figure 12. Screenshot of the toppling failure modelling software for the GP-02 slope case.

Figure 13. Results of modelling the stability of the GP-03 slope under factual (dry-static) conditions.

In factual conditions (dry and static), all slopes are in a stable/safe condition (FoS ≥ 1.1). 
The GB-01 and GP-03 slopes have a very high FoS because the discontinuity configuration 
favours slope stability in this condition. This is shown in the sensitivity curves of the toppling 
joint dips of the two slopes (Figures 14 and 15). In the case of the GB-01 slope, the FoS 
experienced a drastic increase in the toppling joint dip range of 82-84° (FoS 2 to 25). The 
toppling joint dip included in the modelling is 85°, so the GB-01 slope has an FoS of 25. 
In the case of the GP-03 slope, the FoS experienced a drastic increase in the toppling joint 
dip range of 71-84° (FoS 8 to 25). The toppling joint dip included in the modelling is 79°, 
so the GP-03 slope has an FoS of 14s.

Slope stability evaluation
Subsequently, the five slopes are modelled with seismicity and water content variations. 
Slopes are varied by conditions: saturated-pseudostatic (%w=100, kh=0.3 g), saturated-
static (%w=100, kh=0 g), dry-pseudostatic (%w=0, kh=0.3 g), and dry-static (%w=0, kh=0 
g). Almost all slopes tend to increase FoS in that sequence of variations. This means that 
almost all slopes are more susceptible to failure by water than by earthquakes.
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The results of the slope stability modelling with variations in seismicity and water content 
conditions for slopes in the Gunung Batu area can be seen in Figures 16-18. All slopes show 
an increasing trend of FoS except GB-03 (Figure 19). Under dry-pseudostatic conditions, the 
sensitivity curves of the kh and %w parameters of the three slopes are shown in Figure 20. 
The curve shows that on the GB-01 and GB-02 slopes, FoS has a downward trend as kh and 
%w increase. This trend was not found on the GB-03 slope; the sensitivity curve showed 
an irregular pattern, so the slope did not experience an increase in FoS like the other two 
slopes when varied with the order of the conditions as above. This makes GB-03 the most 
susceptible slope to failure in Gunung Batu.

Figure 14. Sensitivity curve of the toppling joint dip on the GB-01 slope case (dry-static conditions).

Figure 15. Sensitivity curve of the toppling joint dip on the GP-03 slope case (dry-static conditions).
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Figure 16. Results of modelling the stability of the GB-01 slope with variations in seismicity and water content 
conditions.
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Figure 17. Results of modelling the stability of the GB-02 slope with variations in seismicity and water content 
conditions.
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Figure 18. Results of modelling the stability of the GB-03 slope with variations in seismicity and 
water content conditions.

Figure 19. Comparison of FoS values of GB-01, GB-02, and GB-03 slopes with variations in seismicity 
and water content conditions.
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Figure 20. Comparison of the sensitivity curves of kh and %w parameters on the GB-01, GB-02, and GB-03 slopes 
(dry-pseudostatic conditions).

The results of the slope stability modelling with variations in seismicity and water content 
conditions for slopes in the Graha Puspa area can be seen in Figures 21 and 22. All slopes 
show an increasing trend of FoS when varied with the order of the conditions as above 
(Figure 23).

Figure 21. Results of modelling the stability of the GP-01 slope with 
variations in seismicity and water content conditions.
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Figure 22. Results of modelling the stability of the GP-03 slope with variations in seismicity 
and water content conditions.

Figure 23. Comparison of FoS values of GP-01 and GP-03 slopes with variations in seismicity 
and water content conditions.
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Determination of kh and %w threshold values
Based on the seismic coefficient and water pressure parameters, the threshold values of kh 
and %w are determined in various conditions. The kh threshold values are determined on 
three water content conditions variations, namely %w = 0, 50, and 100. The %w threshold 
values are determined on three variations of seismicity conditions: kh = 0 g, 0.15 g, and 0.3 g.

At %w = 0, the GB-01 and GB-02 slopes are stable, while the GB-03 slope is unstable at 
kh ≥ 0.175 g. At %w = 50, the GB-01 and GB-02 slopes are stable, while the GB-03 slope is 
unstable at kh ≥ 0.15 g. At %w = 100, the GB-02 slope is stable; the GB-01 and GB-03 slopes 
are unstable at kh ≥ 0.08 g and 0.05 g. Under this condition, the sensitivity of kh to GB-03 
FoS begins to decrease at kh = 0.075 g. The determination of the kh threshold values for the 
andesite slopes in Gunung Batu can be seen in Figure 24.

At kh = 0 g, the GB-01, GB-02, and GB-03 slopes are stable. At kh = 0.15 g, the GB-02 slope 
is stable, the GB-03 slope is completely unstable, and the GB-01 slope is unstable at %w ≥ 
92. At kh = 0.3 g, the GB-02 slope is stable, the GB-03 slope is completely unstable, and the 
GB-01 slope is unstable at %w ≥ 70. At kh = 0.15 g and 0.3 g, GB-03 %w has no sensitivity 
to FoS. The determination of the %w threshold values for the andesite slopes in Gunung 
Batu can be seen in Figure 25.

Figure 24. The determination of kh threshold values in Gunung Batu.

Figure 25. The determination of %w threshold values in Gunung Batu.

At %w = 0 and 50, the GP-01 and GP-03 slopes are stable. At %w = 100, the GP-01 slope is 
completely unstable, and the GP-03 slope is unstable at kh ≥ 0.09 g. Under this condition, 
the sensitivity of kh to GP-03 FoS begins to decrease at kh = 0.2 g. The determination of the 
kh threshold values for the andesite slopes in Graha Puspa can be seen in Figure 26.

At kh = 0 g, the GP-03 slope is stable, and the GP-01 slope is unstable at %w ≥ 93. At kh = 
0.15 g, the GP-01 and GP-03 slopes are unstable at %w ≥ 80 and 88. At kh = 0.3 g, the GP-01 
and GP-03 slopes are unstable at %w ≥ 60 and 58. Under this condition, the sensitivity of 
%w to GP-03 FoS decreases at %w = 70. The determination of the %w threshold values for 
the andesite slopes in Graha Puspa can be seen in Figure 27.
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Figure 26. The determination of kh threshold values in Graha Puspa.

Figure 27. The determination of %w threshold values in Graha Puspa.

5.	 Conclusions
In factual conditions (dry-static), all andesite slopes in Gunung Batu and Graha Puspa are 
in a stable condition (FoS ≥ 1.1). Except for the GB-02 slope, the FoS of most of the slopes 
generally decreases more significantly under saturated-pseudostatic conditions, indicating 
the slope is sensitive to changes in kh and %w. The extreme increase in FoS on the slopes of 
GB-01 and GP-03 is because of a favourable discontinuity configuration for the slope stability.

Based on the pseudostatic analysis of the Gunung Batu andesite slopes with an overall base 
inclination higher than 50°, the dry rock slopes will be prone to toppling failure during an 
earthquake with a PGA higher than 0.35 g. Meanwhile, the wet rock slopes only require a 
PGA higher than 0.1 g to fail in the same case.

Considering the difference in failure types of the andesite slopes in the Graha Puspa site, the 
rock slopes with wedge failure potential are more prone to failure than those of toppling 
failure under static conditions when the saturation is close to 100%. Under the pseudostatic 
condition, the wet rock slopes in the Graha Puspa site will prove to be prone to toppling 
failure when the earthquake produces a PGA of higher than 0.18 g. 

Additional data (more scanline surveys and laboratory testing results of the slopes’ 
rock mass) is recommended to improve the accuracy of the models in this study. Three-
dimensional numerical slope stability modelling (i.e., finite element method) of the andesite 
rock slopes in both sites may assist in understanding the deformation that will occur during 
earthquake and/or rainfall and evaluate the risk of slope failure in the residential areas.
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