http://journal.uir.ac.id/index.php/JGEET E-ISSN : 2541-5794

P-ISSN : 2503-216X

Journal of Geoscience,

Engineering, Environment, and Technology
Vol 11 No 2 2026

7\ Journal of

Geosclence - Enginsering - Environment - and Technolagy

RESEARCH ARTICLE

Influence of Weathering On The Mechanical Strength and Factor of
Safety of Andesitic Rocks In the Gunung Geulis Area, Jatinangor, West
Java, Indonesia

Bilal Shah !, Dicky Muslim **, Raden Irvan Sophian !

Faculty of Geological Engineering, Universitas Padjadjaran, Bandung, Indonesia.

* Corresponding author : d.muslim@unpad.ac.id
Tel.: +62-857-2954-1140

Received: Dec 03, 2025; Accepted: Jun 11, 2026.
DOI: 10.25299/jgeet.2026.11.02.25868

Abstract

Weathering gradually alters the physical character and engineering performance of volcanic rocks, including andesite, which is commonly
found and frequently used for construction and slope-related works within the Gunung Geulis region of Sumedang Regency, Indonesia. To examine
how these changes affect mechanical behavior, this study compared the estimated uniaxial compressive strength (UCS) and the resulting factor of
safety (FOS) of andesite across different weathering grades. Seventy-eight samples were collected from three geological segments, representing
slightly to moderately weathered (Grade 11-111) and highly weathered (Grade V). Point Load Tests (PLT) were performed on all samples, and the
resulting indices were converted to estimated UCS values using an empirical correlation. Statistical analyses, including descriptive analysis, the
Mann-Whitney test, and two-factor analysis, were performed to assess strength differences between weathering grades and geological segments.
These estimated UCS values were then converted into shear-strength parameters through the Generalized Hoek—Brown approach, and the
corresponding cohesion and internal friction angle were obtained using RocLab 1.0 software for slope-stability modelling in Slide2. The results
show a consistent and marked decline in strength as weathering progresses; overall, the estimated UCS decreases by 59.22% across all investigated
segments, demonstrating that increasing weathering reduces the rock strength by more than half. This reduction in rock-mass strength is reflected
in the slope-stability analyses, where slopes composed of SW-MW andesite produced FOS values ranging from 3.518 to 4.271, indicating relatively
stable slope conditions, whereas HW andesite yielded lower FOS values ranging from 1.191 to 1.307, representing comparatively lower and
marginally stable conditions. These findings demonstrate that progressive weathering significantly reduces the mechanical performance and slope

stability of andesitic rock in the Gunung Geulis area.
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1. Introduction

Weathering is a natural process that alters the physical and
chemical properties of rock materials through prolonged
exposure to atmospheric, hydrological, and biological
processes (Goel and S Mitra, 2021; Pieters and Noble, 2016;
Robert et al., 2021). This process progressively reduces the
strength reduction and engineering performance of rocks,
particularly in near-surface environments where most civil
engineering activities are conducted (Miscevic and G
Vlastelica, 2014). Weathering affects the mechanical properties
of rock material and rock masses on the surface and at depths
through physical and chemical weathering processes (Chiu and
Ng, 2014). Physical and chemical weathering progressively
alter a rock's fabric and mineralogy, significantly affecting the
rock’s strength, as most strength-related engineering properties
decrease with increasing weathering (Fahimifar and Soroush,
2007; Vasarhelyi and Van, 2006). It is crucial to describe how
weathering affects the strength properties of rocks, including
their transitional material, from slightly weathered to
moderately weathered (SW-MW) rock to highly weathered
(HW) to give valuable geotechnical information for the design
of mining and civil works (Marques et al., 2020). Weathering
of rock masses leads to the formation of infill material within
discontinuities such as bedding planes, joints, and fractures at
both macro and micro scales (Damares et al., 2024; Lan et al.,
2022), reducing intact rock strength and the fragmentation of
larger blocks into smaller pieces, which typically affects

stability and the strength of the rocks (Hilman et al., 2026;
Tating et al., 2015).

In tropical regions, such as Jatinangor, Indonesia,
weathering processes are more intense due to consistently high
temperatures and frequent rainfall (Marques et al., 2017; S
Kusnadi, 2017). The Gunung Geulis area of Sumedang
Regency, Jatinangor, consists of Tertiary sedimentary and
volcanic rocks, including clay, marl, tuffaceous clay, volcanic
breccia, agglomerate, conglomerate, lapilli, lava, and notably
andesitic rocks, which are highly susceptible to weathering
(Fig. 1) (Fadillah et al., 2024; Martireni et al., 2023; Putri et al.,
2021). These rocks vary in composition and structure, resulting
in differences in stress-strain relationships and deformation
characteristics, which are further influenced by temperature and
humidity as integral factors in the weathering process
(Gokeeoglu et al., 2000). Weathering progressively modifies
the physical and mechanical characteristics of the rocks,
ultimately influencing slope stability and factor of safety (FOS)
values.

Andesitic rocks in the Gunung Geulis area are widely
utilized as construction materials for road pavements,
foundations, and aggregate resources (Simatupang et al., 2024);
however, these rocks exhibit varying degrees of weathering,
ranging from SW-MW to HW conditions (Orhan et al., 2006;
Taufiq et al., 2022). Previous studies in the Gunung Geulis and
Jatinangor region have primarily focused on slope instability,
discontinuity  characteristics, and regional geological
conditions, while limited attention has been given to the

210 Muslim, D., et al./ JGEET Vol 11 No 2/2026


http://journal.uir.ac.id/index.php/JGEET
mailto:d.muslim@unpad.ac.id

quantitative relationship between weathering grade, estimated
UCS, and FOS of andesitic rocks. In particular, an integrated
evaluation combining Point Load Test (PLT)-derived
estimated UCS, Hoek—Brown rock mass characterization, and
Slide2-based slope stability analysis has not previously been
reported for the Gunung Geulis area. Therefore, this study aims
to evaluate the influence of weathering on the estimated UCS
and corresponding FOS of andesitic rocks across three
geological segments (GG1-GG3) in the Gunung Geulis area.
The findings provide site-specific geotechnical information
relevant to slope hazard assessment and engineering design in
tropical volcanic terrains.
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Fig. 1 Location of the research area a) Google Earth image of the

Study Area b) Regional geology of the Gunung Geulis area and its

surroundings, Sumedang Regency, West Java Province (Modified
from Silitonga, 1973).

2. Methodology

This research was conducted in the Gunung Geulis region
of Sumedang Regency, Jatinangor, West Java, Indonesia,
situated at an elevation of 1,000 meters above sea level (Taufiqg
et al., 2021). A broad landscape view of the Gunung Geulis
research site is presented in (Fig. 2a). Based on the Bandung
Geological Map Sheet adopted by (P. H Silitonga, 1973), the
study area is located within the Qyu geological unit, which
consists of undifferentiated young volcanic products (Fig. 1).
This unit is composed predominantly of tuffaceous sand, lapilli,
agglomerate, and volcanic breccia derived mainly from Mount
Tangkubanparahu and Mount Tampomas. According to the
geological map, the Qyu unit is generally exposed as relatively
young volcanic deposits with limited weathering development.
The investigated outcrops within the Gunung Geulis area occur
near the contact between the Qyu unit and the adjacent Qvl lava
unit, forming the general topography and andesitic rock
exposures where sampling was conducted. To investigate how
weathering influences the estimated UCS of andesitic rocks in
the Gunung Geulis area, the study area was divided into three
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segments, designated GG1, GG2, and GG3. The abbreviation
reflects the location name, with both letters referring to Gunung
Geulis. At the same time, the numbers distinguish the three
mapped zones shown in (Fig. 2a). From these segments, 78 rock
specimens were collected in total, 39 SW-MW and 39 HW.
Each segment contributed the same number of specimens,
consisting of 13 SW-MW and 13 HW specimens, as illustrated
in (Fig. 2b, c). The SW-MW samples were labeled F1S1 to
F13S1, F1S2 to F13S2, and F1S3 to F13S3, whereas the HW
samples were labeled W1S1 to W13S1, W1S2 to W13S2, and
W1S3 to W13S3. In this coding scheme, the letter represents
the weathering grade, while S1-S3 indicate the geological
segment of each specimen. Weathering classification was
conducted based on the weathering-grade descriptions
proposed by International Society for Rock Mechanics (ISRM,
1981), supported by Schmidt Hammer rebound measurements
to evaluate surface hardness. SW-MW andesite was
characterized by relatively fresh grey to light grey coloration,
preservation of the original rock texture, and higher resistance
to hammer impact, producing clearer rebound responses (Fig.
2b). In contrast, HW andesite exhibited brownish to reddish
discoloration,  weathered surface textures, localized
disintegration, and reduced resistance to hammer impact (Fig.
2c). Schmidt Hammer rebound values (R-values) ranging from
30-50 were classified as SW—MW, whereas rebound values
below 30 were classified as HW, following the approach of
(Martireni et al., 2024) (Table 1). Grade Il and Grade IlI
samples were grouped into a single SW-MW category because
both grades exhibited relatively similar field characteristics,
overlapping Schmidt Hammer rebound responses, and
comparable estimated UCS distributions during laboratory
evaluation. Most specimens from both grades consistently fell
within the R3 strength classification, indicating limited
mechanical separation between the two weathering grades
under the investigated conditions.

Table 1. Weathering classification criteria for andesitic rocks in the
Gunung Geulis area.

Weathering Field Characteristics Schmidt Hammer
Grade Response

SW-MW Grey to light grey R-value=30-50
(Grade II-111)  coloration, original texture

preserved, relatively intact

structure, minor

weathering features
HW  (Grade Brownish to reddish R-value <30
V) discoloration, weathered

surface texture, localized
disintegration, weakened
structure

Description: SW-MW; slightly to moderately weathered, HW;
highly weathered.

The precise coordinates of each segment were noted by
Global Positioning System (GPS) as 6°55'16.55"S,
107°47'57.71"E for GG1; 6°55'17.99"S, 107°47'56.81"E for
GG2; and 6°55'19.00"S, 107°47'55.36"E for GG3. The
mechanical behavior of the andesite specimens was analyzed in
the geotechnical laboratory through the PLT, as illustrated in
(Fig. 2e,f). All testing adhered to the procedures outlined by the
ISRM, along with applicable American Society for Testing and
Materials (ASTM) guidelines, to maintain consistency and
reliability in the results (Widmann, 1996). Irregular lump
specimens were tested following ISRM suggested procedures
for PLT. Specimen dimensions, including width, diameter, and
length, were measured prior to testing to determine the
equivalent core diameter (De). Load was progressively applied
until visible tensile failure occurred (Fig. 2f). The point load
index (Is) was subsequently corrected to the standardized 1s50,
using the ISRM size-correction factor (F). The estimated UCS
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values were then calculated using the empirical relationship
UCS = 24 x 1s50. Detailed raw testing parameters, including
specimen dimensions, correction factors, failure mode, Is
values, 1s50, and estimated UCS values for all samples, are
provided in the Supplementary file. All collected specimens
were considered suitable for testing, and no specimens were
rejected during the laboratory analysis. For each specimen, 1s50
was obtained by applying an increasing load to the sample until
it failed, and this value served as the basis for estimating UCS.
The obtained 1s50 values were then converted into estimated
UCS values using the empirical correlation UCS = 24 x 1s50,
as suggested by (Tsiambaos and Sabatakakis, 2004). Although
empirical PLT-UCS conversion factors may vary depending on
lithology, and weathering conditions, the conversion factor
proposed by (Tsiambaos and Sabatakakis, 2004) was adopted
because it has been widely applied for volcanic rocks with
mechanical characteristics comparable to andesite. Direct UCS
laboratory testing was not conducted in the present study;
therefore, the estimated UCS values should be interpreted
within the limitations of empirical PLT-based correlations.
Nevertheless, the consistent application of the selected
conversion factor across all specimens allows comparative
evaluation of weathering-related strength variations among the
investigated segments, while detailed PLT raw-data tables are
provided in Supplementary file. Descriptive statistical analysis
was carried out to determine the mean and standard deviation
(SD) of estimated UCS values, as well as to assess the
differences between SW-MW and HW specimens. An interval
plot was plotted to display the spread and variation of estimated
UCS values for both SW-MW and HW andesite groups using
Minitab statistical software (Fig. 4). To quantify the influence
of weathering on rock strength, the percentage reduction in
estimated UCS between the SW—-MW and HW samples was
computed for each geological segment. The calculation
compared the difference between the mean estimated UCS of
the two weathering grades relative to the SW-MW value,
providing a proportional measure of strength loss due to
weathering. This approach allowed the reduction in estimated
UCS to be expressed as a clear percentage, enabling direct
comparison among the three segments

Fig. 2. a) Panoramic view of the Gunung Geulis area, along with sampling
segments (GG1, GG2, and GG3). b-c) sample of SW-MW and HW from the
outcrops d) Use of a Schmidt Hammer during the collection of SW-MW and

HW andesite samples e-f) Andesitic rocks before and after the PLT.

To analyze slope stability, the limit equilibrium method
(LEM) was applied through the Slide2 software. The Bishop
Simplified method was applied assuming circular slip surfaces,
whereas the Janbu Simplified and Spencer methods were
applied assuming non-circular slip surfaces (Low and Tang,
1997; Spencer, 1967). The input shear strength parameters
cohesion (c) and friction angle (¢) were derived from RocLab
1.0 Software for volcanic rocks (Hoek and Brown, 1997; Singh
and Goel, 2012).

3. Results
3.1 Influence of weathering on UCS

The PLT was converted to estimated UCS values using the
correlation UCS = 24 x [s50 (Tsiambaos and Sabatakakis,
2004). This approach allowed the comparison of strength
differences between SW-MW and HW across the three
segments (GG1, GG2, and GG3). The results indicate a
consistent contrast in strength between the two weathering
grades (Table 2).

In the GG1 segment, SW-MW andesite samples recorded a
mean estimated UCS of 35.55 MPa, with a standard error (SE)
of 1.51 MPa and SD of 5.43 MPa. The estimated UCS
measurements varied from a minimum of 25.8 MPa to a
maximum of 45.28 MPa, with Q1 at 31.83 MPa, a median of
35.9 MPa, and Q3 at 39.34 MPa. Based on these values, the
SW-MW samples from GG1 fall within the R3 strength class.
In contrast, the HW andesite samples in GG1 showed a lower
mean UCS of 14.17 MPa, accompanied by an SE of 1.61 MPa
and SD of 5.80 MPa. The estimated UCS values ranged
between 5.55 MPa and 22.82 MPa, with Q1 = 8.30 MPa, a
median of 14.79 MPa, and Q3 = 18.78 MP4a, classifying them
within the R2 strength class. The percentage reduction in
estimated UCS caused by weathering in GG1 is calculated as
60.15%.

In the GG2 segment, SW-MW andesite samples recorded a
mean estimated UCS of 39.19 MPa, accompanied by an SE of
2.67 MPa and an SD of 9.62 MPa. The estimated UCS values
range from 25.34 MPa at the minimum to 62.70 MPa, with Q1
= 32.76 MPa, a median of 39.35 MPa, and Q3 = 43.89 MPa.
These findings categorize the SW-MW samples in GG2 within
the R3 strength class. In contrast, HW samples recorded a mean
UCS of 18.09 MPa, with an SE of 1.35 MPa and an SD of 4.85
MPa. The estimated UCS values varied from 7.49 MPa to 24.46
MPa, with Q1 = 15.62 MPa, a median of 17.89 MPa, and Q3 =
23.06 MPa, placing them within the R2 strength class. The
percentage reduction in estimated UCS caused by weathering
in GG2 is calculated as 53.84%.

In the GG3 segment, the SW-MW andesite samples
exhibited the highest strength, with a mean estimated UCS of
43.92 MPa, an SE of 1.12 MPa, and an SD of 4.03 MPa. The
estimated UCS values ranged from 37.39 MPa to 50.98 MPa at
the maximum, with Q1 = 40.82 MPa, a median of 43.68 MPa,
and Q3 = 47.07 MPa. Based on the adopted strength
classification, these samples remain within the R3 strength
class. The HW samples experienced a notable decline in
strength, showing a mean estimated UCS of 15.95 MPa, with
an SE of 1.64 MPa, and SD of 5.93 MPa. The estimated UCS
values varied from 6.75 MPa to 23.38 MPa, with Q1= 9.70
MPa, a median of 18.52 MPa, and Q3 = 21.20 MPa, placing
them within the R2 strength class. The percentage reduction in
estimated UCS caused by weathering in GG3 is calculated as
63.68%.

When all segments are considered together, SW-MW
samples consistently fall within the medium-strength rock
category (R3), whereas HW samples remain in the weak rock
category (R2) (ISRM, 1981). The average reduction in
estimated UCS across the three segments is 59.22%, showing
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that weathering reduces the compressive strength of the
andesite by more than half throughout the study area.

Table 2. Estimated UCS results for SW—MW and HW andesitic rocks from the Gunung Geulis region.

) ) Strength Estimated
Segment n Mean SE SD Min Q1 Median Q3 Max UCS
Class .
reduction (%)
GG1 (SW- 13 35.55 151 5.43 25.8 31.83 359 39.34 45.28 R3
MW) 60.15
GG1 (HW) 13 1417 161 5.80 5.55 8.30 14.79 18.78 22.82 R2
GG2 (SW- 13 39.19 2.67 9.62 25.34 32.76 39.35 43.89 62.70 R3
MW) 53.84
GG2 (HW) 13 18.09 1.35 4.85 7.49 15.62 17.89 23.06 24.46 R2
GG3 (SW- 13 43.92 1.12 4.03 37.39 40.82 43.68 47.07 50.98 R3
MW) 63.68
GG3 (HW) 13 15.95 1.64 5.93 6.75 9.70 18.52 21.20 23.38 R2

Description: GG; Gunung Geulis, SW-MW; slightly to moderately weathered, HW; highly weathered, n; number of specimen, UCS; uniaxial
compressive strength, SD; standard deviation, Q1; first quartile, Q3; third quartile, SE; Standard Error.

Table 3. Statistical comparison of estimated UCS values between SW—-MW (Grade 11111, n = 39) and HW (Grade 1V, n = 39) andesitic rocks
based on non-parametric and two-factor analyses.

Statistical Summary

Parameter SW-MW (Grade II-111) HW (Grade IV)
Mean UCS (MPa) 39.55 16.07
SD 7.47 5.64

Mean Difference (MPa) - -
Mann-Whitney Test - -

Two-Factor Analysis - -

SW-MW exhibits significantly higher UCS compared to
HW.

Indicates higher variability in SW-MW compared to HW
samples.

23.48 MPa (95% Cl: 20.49 — 26.47 MPa)

p < 0.001 (significant difference between weathering
grades)

Weathering grade and geological segment significantly
influenced estimated UCS values (p < 0.05).

Description: SW-MW; slightly to moderately weathered, HW; highly weathered, n; number of specimens, UCS; uniaxial compressive strength,

SD; Standard Deviation, CI; confidence interval.

The probability plot indicates that the estimated UCS values
exhibit slight deviation from a normal distribution (Fig. 3). The
Anderson—Darling statistic is 1.282 with a p-value < 0.005,
suggesting that the normality assumption is not fully satisfied.
Therefore, the Mann—Whitney test was applied to compare the
estimated UCS distributions between SW-MW and HW
samples. The results indicate a statistically significant
difference between the two weathering grades (p < 0.001),
confirming that SW—-MW andesite exhibits substantially higher
estimated UCS values than HW andesite (Table 3). The SW-
MW group recorded a mean estimated UCS of 39.55 MPa with
an SD of 7.47, whereas the HW group recorded a mean
estimated UCS of 16.07 MPa with an SD of 5.64. The mean
difference between the two groups was 23.48 MPa, with a 95%
confidence interval (Cl) ranging from 20.49 to 26.47 MPa. The
two-factor analysis demonstrated that weathering grade and
geological segment significantly influenced the estimated UCS
values, thereby accounting for segment-based grouping effects
within the dataset. The interval plot further illustrates the
marked reduction in estimated UCS from Grade 11-111 to Grade
IV andesite (Fig. 4).

Probability Plot of Estimated UCS Mpa

Normal

Mean
5tDev
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27.81
13.52

78
AD 1.282
P-Value <0.005
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Fig. 3. Probability plot of estimated UCS values for all andesitic rock

samples showing slight deviation from normality.
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Interval Plot of estimated UCS Mpa
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Fig. 4. Interval plot of estimated UCS for Grade I1-111 and Grade IV
andesite.

3.2 Influence of estimated UCS on slope stability

Field observations indicated that the SW-MW andesite
generally exhibited more intact and blocky rock-mass
conditions, moderate discontinuity spacing, rough discontinuity
surfaces, limited infill material, and lower degrees of alteration.
In contrast, HW andesite showed more disturbed and
fragmented rock-mass conditions characterized by closer
discontinuity spacing, greater discontinuity persistence,
smoother and more weathered discontinuity surfaces, localized
infill material, and increased surface alteration. Based on these
rock-mass and discontinuity characteristics, Geological
Strength Index (GSI) values were assigned following the (Hoek
and Brown, 1997) rock mass classification approach (Table 4).
GSI values of 65 were assigned to SW—-MW R3 rock masses,
whereas HW R2 rock masses were assigned a lower GSI value
of 45 due to their weaker and more altered rock-mass condition.
The intact rock constant (mi) was set to 25 based on the RocLab
1.0 lithological database, in which andesite is classified as a
medium-textured igneous rocks with a recommended mi value
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of 25 + 5. Therefore, this value was considered appropriate for
the investigated andesitic rock mass. The disturbance factor (D)
was assigned as 0.7 represents moderately disturbed slope
conditions associated with mechanical excavation. The

resulting (c) values are expressed in kilopascals (kPa), while the
(¢) is presented in degrees (°). The calculated parameters
obtained from these values for each geological segment are
summarized in the (Table. 5).

Table 4. Rock-mass characteristics and assigned GSI values for SW—MW and HW andesitic rocks.

Segment W(gﬁgggng Rock-Mass Characteristics As(sglg:led
GG1 SW-MW Blocky structure, moderate discontinuity spacing, rough surfaces, limited alteration and infill 65
GG1 HW Disturbed structure, altered discontinuities, localized infill, weakened surfaces 45
GG2 SW-MW Moderately intact blocky rock mass with rough discontinuity surfaces 65
GG2 HW Fragmented rock mass with weathered discontinuity surfaces and local infill 45
GG3 SW-MW Better-preserved blocky structure with lower alteration and rough surfaces 65
GG3 HW Disturbed and altered rock mass with localized disintegration and infill 45

Description: GG; Gunung Geulis, SW-MW; slightly to moderately weathered, HW; highly weathered, GSI; Geological Strength Index.

Table 5. Generalized Hoek—Brown rock-mass parameters and calculated FOS using Bishop Simplified, Janbu Simplified, and Spencer methods.

. . [0) c Unit weight, y
Segment Strength Class ~ Mean estimated UCS (MPa) mi D ©) (kPa) (kN/m?) FOS Range
GG1 (SW-MW) R3 35.55 25 07 3717 2290 23.028 3.518-3.790
GG1 (HW) R2 14.17 25 0.7 27.92 6.09 22.701 1.191-1.300
GG2 (SW-MW) R3 39.19 25 07 3717 2525 24.155 3.620-3.900
GG2 (HW) R2 18.09 25 07 2792 7177 22.883 1.270-1.307
GG3 (SW-MW) R3 43.92 25 07 3950 31.30 23.345 3.950-4.271
GG3 (HW) R2 15.95 25 07 2792 6.85 22.804 1.208-1.250

Description: GG; Gunung Geulis, SW-MW; slightly to moderately weathered, HW; highly weathered, UCS; uniaxial compressive strength, mi;
intact rock Constant, D; disturbance factor, o; friction angle, c; cohesion, FOS; factor of safety.

) SLIDE2 SLOPE-STABILITY MODEL - GG1 (SW-MW)

d) SLIDE2 SLOPE-STABILITY MODEL - GG2 (HW)

- ok o it - 835 -

©) SLIDE2 SLOPE-STABILITY MODEL - GG3 (SW-MW)

Moty e

Fig.5 Slope-stability models for SW-MW and HW andesitic rock masses in geological segments GG1-GG3 using the Generalized Hoek—Brown
failure criterion and LEM.

The slope-stability modelling based on the Generalized
Hoek-Brown criterion demonstrated a clear reduction in slope
stability with increasing weathering intensity across all
geological segments (GG1-GG3) (Table 5; Fig. 5). In GGL1, the
SW-MW andesite exhibited a mean estimated UCS of 35.55
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MPa, ¢ of 22.90 kPa, ¢ of 37.17°, and y of 23.028 kN/m3. These
parameters produced FOS values ranging from 3.518 to 3.790
using the Bishop Simplified, Janbu Simplified, and Spencer
methods (Fig. 5a), indicating relatively stable slope conditions
under the assumed static conditions. In contrast, the HW

Muslim, D., et al./ JGEET Vol 11 No 2/2026



andesite in the same segment showed substantially lower
mechanical properties, with estimated UCS decreasing to 14.17
MPa, c to 6.09 kPa, and ¢ to 27.92°, resulting in lower FOS
values ranging from 1.191 to 1.300 (Fig. 5b). The reduction in
FOS reflects significant weakening associated with advanced
weathering.

A similar trend was observed in GG2. The SW-MW
andesite, characterized by a mean estimated UCS of 39.19 MPa,
cof 25.25 kPa, ¢ of 37.17°, and y of 24.155 kN/m3, yielded FOS
values between 3.620 and 3.900 (Fig 5c¢), indicating relatively
high slope stability under the modeled conditions. Conversely,
the HW andesite, with reduced strength parameters including a
mean estimated UCS of 18.09 MPa and ¢ of 7.77 kPa, produced
lower FOS values ranging from 1.270 to 1.307 (Fig. 5d),
suggesting a comparatively less stable condition.

In GG3, the SW-MW andesite displayed the highest rock-
mass strength among all segments, with a mean estimated UCS
of 43.92 MPa, ¢ of 31.30 kPa, ¢ of 39.50°, and y of 23.345
kN/m3. Consequently, this segment produced the highest FOS
values, ranging from 3.950 to 4.271 (Fig. 5e), representing the
highest stable slope within the study area. Under HW
conditions, the mean estimated UCS decreased to 15.95 MPa,
and c declined to 6.85 kPa, resulting in FOS values between
1.208 and 1.250 (Fig. 5f), indicating a marked reduction in
slope stability due to weathering.

The results demonstrate that consistently SW—-MW andesite
possesses substantially higher stability than HW andesite across
all geological segments. The progressive decline in estimated
UCS, ¢, and ¢ with increasing weathering grade directly
reduced the calculated FOS values. These findings confirm that
weathering exerts a major control on the mechanical behavior
of the andesite slopes and significantly influences slope
stability within the Gunung Geulis area.

4. Discussion

The findings of this study reveal that weathering strongly
influences the mechanical strength and FOS of andesitic rocks
in the Gunung Geulis area. The above results showed that
increasing degrees of weathering in the andesitic rock are
associated with a progressive reduction in estimated UCS,
which in turn lowers the derived shear-strength parameters
obtained through the Generalized Hoek—Brown approach
(Hoek and Brown, 1997). This overall weakening results in a
reduction of andesitic rock in estimated rock strength by more
than half, which in turn significantly lowers the slope stability
(FOS) across the studied segments.

The findings from this study indicate several factors that
influence the strength of andesitic rocks in the Gunung Geulis
region. Textural characteristics, the degree of weathering, and
the development of void space strongly influence how the
material behaves under loading (Asif et al., 2024; Idris et al.,
2024; Villasenor, 2011). As weathering progresses, these
features undergo notable changes, and the rocks lose much of
their original integrity to resist compressive forces (Ciantia and
Castellanza, 2016). This progressive deterioration is initially
reflected in declining estimated UCS values and subsequently
in related shear strength parameters, such as ¢ and ¢ (Farazi et
al., 2018; Lee et al., 2021). Similar patterns have been reported,
including basalt, dacite, and tuff, where reductions in UCS are
commonly accompanied by decreases in both ¢ and o
(Villeneuve and Heap, 2021). Previous studies have suggested
that weathering-related weakening in volcanic rocks may be
associated with progressive deterioration of rock-mass
characteristics, which can decrease rock stiffness and frictional
resistance under loading conditions (Kereszturi et al., 2023;
Villasenor, 2011).

When the decreasing estimated UCS values are converted
into equivalent shear-strength parameters and applied in LEM

analyses, the influence of weathering on slope behavior
becomes apparent. The reduction in ¢ and ¢ results in a
corresponding decrease in FOS (Dawson et al., 1999). The
comparison between SW-MW and HW andesite reinforces this
connection. Higher-quality rock masses produce larger FOS
values, whereas more weathered material, exhibiting lower
rock-mass strength, reduces the stability margin of the slope
(Hasan et al., 2024; Zhang et al., 2010; Zhang and Anthony T.
C. Goh, 2012). The depth and uneven distribution of weathering
may also affect the stability in the region. In areas where
weathering is unevenly distributed, weaker rock masses may
occur alongside relatively stronger blocks, potentially reducing
local slope stability under loading conditions (Hasan et al.,
2024). The results indicate that increasing degrees of
weathering directly affect the mechanical strength of the
andesite and, consequently, the FOS values. This progressive
reduction in strength has a direct influence on slope stability
and the mechanical performance of andesite across the study
site. Considering these factors in engineering assessments will
improve the accuracy of slope-stability evaluations in similar
volcanic environments (Kanakiya, 2024).

5. Conclusion

Weathering has a significant influence on the mechanical
strength and slope stability of andesitic rocks in the Gunung
Geulis area. Analysis of 78 samples collected from the three
investigated segments (GG1-GG3) showed a clear decrease in
estimated UCS as the rock mass progressed from the SW-MW
grade to the HW grade, with an overall reduction of 59.22%.
This decline in estimated UCS was accompanied by reductions
in ¢ and ¢, which consequently lowered the FOS values across
all modeled slopes. The conversion of estimated UCS values
into equivalent shear-strength parameters using the Generalized
Hoek-Brown approach demonstrated a direct relationship
between weathering intensity and slope performance. Slopes
composed of SW-MW andesite produced higher FOS values
ranging from 3.518 to 4.271, indicating relatively stable slope
conditions under the modeled scenarios. In contrast, HW
andesite yielded lower FOS values ranging from 1.191 to 1.307,
reflecting comparatively lower and marginally stable slope
conditions. These results confirm that increasing weathering
progressively weakens the engineering properties of andesitic
rock masses and reduces overall slope stability. The study
demonstrates that weathering grade is an important parameter
in geotechnical characterization and slope-stability assessment,
particularly in volcanic-rock environments dominated by
andesite. The application of estimated UCS-based correlations
combined with the Generalized Hoek—Brown approach and
LEM modelling provides a practical framework for evaluating
slope performance under different weathering conditions.
Understanding the influence of weathering on rock-mass
behavior is therefore essential for improving slope design,
hazard assessment, and long-term engineering stability in
andesitic terrains.

Acknowledgements

The authors gratefully acknowledge the Faculty of
Geological Engineering, Universitas Padjadjaran, for providing
research facilities and Rocscience software support. The
authors also thank the Geotechnical Laboratory for assistance
during fieldwork and laboratory testing.

References

Asif, AR., Sajid, M., Ahmed, W., Nawaz, A., 2024.
Weathering effects on granitic rocks in North Pakistan:
petrographic insights, strength classifications, and
construction suitability. Environ. Earth Sci. 83, 1-28.
https://doi.org/10.1007/S12665-024-11655-

Muslim, D., et al./ JGEET Vol 11 No 2/2026 215


https://doi.org/10.1007/S12665-024-11655-6/FIGURES/10

6/FIGURES/10

Chiu, C.F., Ng, C.W.W., 2014. Relationships between chemical
weathering indices and physical and mechanical
properties of decomposed granite. Eng. Geol. 179, 76—
89. https://doi.org/10.1016/J.ENGGEQ.2014.06.021

Ciantia, M.O., Castellanza, R., 2016. Modelling weathering
effects on the mechanical behaviour of rocks. European
Journal of Environmental and Civil Engineering 20,
1054-1082.
https://doi.org/10.1080/19648189.2015.1030086;WGR
OUP:STRING:PUBLICATION

Damares, T.0., Ramadhan, F.l., Kai, L.O., Diallo, C., 2024.
Slope Stability Analysis Using the Rock Structure Rating
(RSR) Method and Atterberg Limit at Riau-West
Sumatra Cross road Km 165 Harau Subdistrict, Lima
puluh. repository.uir.ac.id 9.
https://doi.org/10.25299/jgeet.2024.9.2.15499

Dawson, E.M., Roth, W.H., Drescher, A., 1999. Slope stability
analysis by strength reduction. Géotechnique 49, 835-
840. https://doi.org/10.1680/GEOT.1999.49.6.835

Fadillah, R., Tjahjono, B., Dwiyanti, F.G., 2024. Landslide
Hazard Analysis Based on Geographic Information
Systems in Sumedang Regency. Jurnal Penelitian
Pendidikan IPA 10, 147-158.
https://doi.org/10.29303/JPPIPA.V10ISPECIALISSUE.
8354

Fahimifar, A., Soroush, H., 2007. A Moisture Index
Classification System for Rocks ( MiC System ) 40, 63—
79. https://doi.org/10.1007/s00603-005-0079-y

Farazi, A., Mia, A., Geoscience, M.M.-J. of, 2018, undefined,
2018. A case study based slope stability analysis at
Chittagong City, Bangladesh. journal.uir.ac.idAH
Farazi, AJ Mia, Ml MahmudJournal of Geoscience,
Engineering, Environment, and Technology,
2018¢journal.uir.ac.id 03, 164.
https://doi.org/10.24273/jgeet.2018.3.3.1690

Goel, R., S Mitra, 2021. Weathering and its influence on rock
slope stability in hilly areas. Journal of Rock Mechanics
and Tunnelling Technology 27, 2021-2070.

Gokeeoglu, C., Ulusay, R., H Séonmez, 2000. Factors affecting
the durability of selected weak and clay-bearing rocks
from Turkey, with particular emphasis on the influence
of the number of drying and wetting. ElsevierC
Gokceoglu, R Ulusay, H SénmezEngineering Geology,
2000°Elsevier 57, 215-237.
https://doi.org/10.1016/S0013-7952(00)00031-4

Hasan, M., Frastika, M., Agung, P., ... A.S.-1.J.S.S., 2024.
Influence of rock weathering and saturation on
compressive strength and slope stability: A uniaxial test
analysis. researchgate.netMFR Hasan, MY Frastika,
PAM Agung, A Susilo, EA Suryo, Y Zaika, AM Juwono,
S ZulaikahInt J Saf Secur Eng, 2024+researchgate.net.

Hilman, Z., Kharisma Army, E., Naufan Hendrawan, R., Ensya,
R., Dzikri, A., Fachri, R.l., Pardede, G.S., Sani, H.M.,
Situmeang, Z., 2026. Slope Stability Analysis Through
the Application of Digital Imagery and Field Validation
Using SMR and Q-Slope Methods: A Case Study of
Bandar Lampung City. journal.uir.ac.idZ Hilman, EK
Army, RN HendrawanJournal of Geoscience,
Engineering, Environment, and Technology,
2026¢journal.uir.ac.id 11, 1.
https://doi.org/10.25299/jgeet.2026.11.1.20520

Hoek, E., Brown, E.T., 1997. Practical estimates of rock mass
strength. International Journal of Rock Mechanics and
Mining Sciences 34, 1165-1186.
https://doi.org/10.1016/S1365-1609(97)80069-X

Idris, M., Muksin, U., Geoscience, M.S.-J. of, Engineering,
undefined, 2024, undefined, 2024. The Influence of

Slope, Rock Characteristics and Meteorological Data to
Landslide: A Case Study in The Northernmost Sumatra,
Indonesia. journal.uir.ac.idMV Idris, U Muksin, M
SyukriJournal of Geoscience, Engineering,
Environment, and Technology, 2024+journal.uir.ac.id 9,
511. https://doi.org/10.25299/jgeet.2024.9.04.19420

ISRM, 1981. Rock characterization, testing & monitoring:
ISRM  suggested methods. Published for the
Commission on Testing Methods, International Society
for Rock Mechanics by Pergamon Press.

Kanakiya, S., 2024. Scenario-Based Volcano Slope Stability
Hazard Analysis: Case Study of Augustine Volcano,
Alaska. J. Geophys. Res. Earth Surf. 129,
€2024JF007862. https://doi.org/10.1029/2024JF007862

Kereszturi, G., Heap, M., Schaefer, L.N., Darmawan, H.,
Deegan, F.M., Kennedy, B., Komorowski, J.C., Mead,
S., Rosas-Carbajal, M., Ryan, A., Troll, V.R,
Villeneuve, M., Walter, T.R., 2023. Porosity, strength,
and alteration — Towards a new volcano stability
assessment  tool using VNIR-SWIR reflectance
spectroscopy. Earth Planet. Sci. Lett. 602, 117929.
https://doi.org/10.1016/J.EPSL.2022.117929

Lan, H., Zhang, Y., Macciotta, R., Li, L., Wu, Y., Bao, H.,
Peng, J., 2022. The role of discontinuities in the
susceptibility, development, and runout of rock
avalanches: a review. Springer 19, 1391-1404.
https://doi.org/10.1007/S10346-022-01868-W

Lee, S.H., Chung, C.K., Song, Y.W., Woo, S.I., 2021.
Relationship between Chemical Weathering Indices and
Shear Strength of Highly and Completely Weathered
Granite in South Korea. Applied Sciences 2021, Vol. 11,
Page 911 11, 911. https://doi.org/10.3390/APP11030911

Low, B.K., Tang, W.H., 1997. Probabilistic slope analysis
using Janbu’s generalized procedure of slices. Comput.
Geotech. 21, 121-142. https://doi.org/10.1016/S0266-
352X(97)00019-0

Marques, E.A.G., Vargas, E. do A, Ledo, M.F., 2020.
Weathering of Rocks in Brazil. Soft Rock Mechanics and
Engineering 251-290. https://doi.org/10.1007/978-3-
030-29477-9_10

Marques, E.A.G., Williams, D.J., Assis, I.R., Ledo, M.F., 2017.
Effects of weathering on characteristics of rocks in a
subtropical climate: weathering morphology, in situ,
laboratory and  mineralogical  characterization.
Environmental Earth Sciences 2017 76:17 76, 602-.
https://doi.org/10.1007/s12665-017-6936-7

Martireni, A.P., Cakrabuana, W., Hermawan, K., Sugianti, K.,
Syahbana, AJ., Wibawa, S., Soebowo, E., Tohari, A.,
Atmojo, H.T., 2024. Comparative Analysis and
Evaluation of the Conversion Formula for Rebound
Number of Schmidt Hammer Test and Unconfined
Compressive Strength Test — Case Study: Andesite Rock
Slope in Graha Puspa, Lembang Fault. Rudarsko-
geolosko-naftni zbornik 39, 45-54.,
https://doi.org/10.17794/rgn.2024.1.5

Martireni, A.P., Hermawan, K., Saputra, O.F., Tohari, A,
Soebowo, E., 2023. Landslide analysis in
Bojongkondang, Cihanjuang, Cimanggung, Sumedang
Regency, West Java. AIP Conf. Proc. 2734.
https://doi.org/10.1063/5.0156634/2917239

Miscevi¢, P., G Vlastelica, 2014. Impact of weathering on slope
stability in soft rock mass. Journal of Rock Mechanics

and Geotechnical Elsevier.
https://doi.org/https://doi.org/10.1016/j.jrmge.2014.03.0
06

Orhan, M., Isik, N.S., Topal, T., Ozer, M., 2006. Effect of
weathering on the geomechanical properties of andesite,
Ankara - Turkey. Environmental Geology 50, 85-100.

216 Muslim, D., et al./ JGEET Vol 11 No 2/2026


https://doi.org/10.1007/S12665-024-11655-6/FIGURES/10
https://doi.org/10.1016/J.ENGGEO.2014.06.021
https://doi.org/10.1080/19648189.2015.1030086;WGROUP:STRING:PUBLICATION
https://doi.org/10.1080/19648189.2015.1030086;WGROUP:STRING:PUBLICATION
https://doi.org/10.25299/jgeet.2024.9.2.15499
https://doi.org/10.1680/GEOT.1999.49.6.835
https://doi.org/10.29303/JPPIPA.V10ISPECIALISSUE.8354
https://doi.org/10.29303/JPPIPA.V10ISPECIALISSUE.8354
https://doi.org/10.1007/s00603-005-0079-y
https://doi.org/10.24273/jgeet.2018.3.3.1690
https://doi.org/10.1016/S0013-7952(00)00031-4
https://doi.org/10.25299/jgeet.2026.11.1.20520
https://doi.org/10.1016/S1365-1609(97)80069-X
https://doi.org/10.25299/jgeet.2024.9.04.19420
https://doi.org/10.1029/2024JF007862
https://doi.org/10.1016/J.EPSL.2022.117929
https://doi.org/10.1007/S10346-022-01868-W
https://doi.org/10.3390/APP11030911
https://doi.org/10.1016/S0266-352X(97)00019-0
https://doi.org/10.1016/S0266-352X(97)00019-0
https://doi.org/10.1007/978-3-030-29477-9_10
https://doi.org/10.1007/978-3-030-29477-9_10
https://doi.org/10.1007/s12665-017-6936-7
https://doi.org/10.17794/rgn.2024.1.5
https://doi.org/10.1063/5.0156634/2917239
https://doi.org/https:/doi.org/10.1016/j.jrmge.2014.03.006
https://doi.org/https:/doi.org/10.1016/j.jrmge.2014.03.006

https://doi.org/10.1007/S00254-006-0189-
1/FIGURES/18

P. H Silitonga, 1973. Peta geologi lembar Bandung, Djawa /
Geologic map of the Bandung quadrangle, Java / by P.H.
Silitonga [WWW Document]. URL (accessed 7.9.25).

Pieters, C.M., Noble, S.K., 2016. Journal of Geophysical
Research : Planets 1865-1884.
https://doi.org/10.1002/2016JE005128.Received

Putri, R.D., Sophian, R.I., Zakaria, Z., Khoirullah, N., 2021.
The Effect Of Surface Water On The Slope Of “ X ”
Housing Gunung Geulis , Cimanggung District ,
Sumedang Regency. ISPRS Annals of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences, Volume V-4, 2018 1\V—4, 2018,
1-8. https://doi.org/https://doi.org/10.5194/isprs-annals-
1V-4-199-2018

Robert, H., Kenneth, G., Robert, H., Kenneth, G., Weathering,
H., Sousa, R., Soft, L., Mechanics, R., Inter-, S., 2021.
Weathering , erosion , and susceptibility to weathering
To cite this version : HAL Id : hal-03096505 Weathering
, erosion , and susceptibility to weathering.
https://doi.org/10.1007/978303029477-9

S Kusnadi, 2017. Slope Stability Analysis Based on Type,
Physical And Mechanical Properties Rock in Teluk
Pandan District, East Kutai Regency, East Kalimantan.
journal.uir.ac.idS  KusnadiJournal of Geoscience,
Engineering, Environment, and  Technology,
2017+journal.uir.ac.id 02.
https://doi.org/10.24273/jgeet.2017.2.4.87

Simatupang, 1.D., Kausarian, H., Elizar, 2024. Geotechnical
Insights into Andesite Quarry Slope Stability: A Case
Study from Desa Usul, Indragiri Hulu, Riau, Indonesia.
Journal of Geoscience, Engineering, Environment, and
Technology 9, 591-599.
https://doi.org/10.25299/JGEET.2024.9.04.20074

Singh, Goel, 2012. Engineering rock mass classification:
Tunnelling, foundations and landslides. Engineering
Rock Mass Classification: Tunnelling, Foundations and
Landslides 1-365. https://doi.org/10.1016/C2010-0-
64994-7

Spencer, E., 1967. A Method of analysis of the Stability of
Embankments Assuming Parallel Inter-Slice Forces.
Géotechnique 17, 11-26.
https://doi.org/10.1680/GEOT.1967.17.1.11

Tating, F., Hack, R., Jetten, V., 2015. Weathering effects on
discontinuity properties in sandstone in a tropical
environment: case study at Kota Kinabalu , Sabah
Malaysia. Bulletin of Engineering Geology and the

Environment 427-441. https://doi.org/10.1007/s10064-
014-0625-5

Taufig, M., Sophian, R., N Khoirullah, 2021. Potential Collapse
Based on Discontinuity Plane In The Andesite Quary Of
Mount Geulis, Jatinangor District, Sumedang Regency,
West Java. Journal of Geological Sciences and Applied
Geology VOL. 5 NO. 2.

Taufig, M.M., Sophian, 1., Khoirullah, N., Zulfialdi Zakaria,
dan, utama, K., Anggota, K., 2022. Kemampugalian
Kuari Andesit Gunung Geulis, Kecamatan Jatinangor,
Kabupaten Sumedang, Provinsi Jawa Barat. Jurnal
Teknologi  Mineral dan Batubara 18, 69-79.
https://doi.org/10.30556/JTMB.VOL18.N02.2022.1257

Tsiambaos, G., Sabatakakis, N., 2004. Considerations on
strength of intact sedimentary rocks. Eng. Geol. 72, 261—
273. https://doi.org/10.1016/J.ENGGE0.2003.10.001

Vasarhelyi, B., Van, P., 2006. Influence of water content on the
strength  of rock. Eng. Geol. 84, 70-74.
https://doi.org/10.1016/J.ENGGEO.2005.11.011

Villasenor, A.P., 2011. Physical and mechanical
characterization of altered volcanic rocks for the stability
of volcanic edifices. Facolta di Scienze Matematiche,
Fisiche, Naturali.

Villeneuve, M., Heap, M.J., 2021. Calculating the cohesion and
internal friction angle of volcanic rocks and rock masses.
Volcanica 4, 279-293.
https://doi.org/10.30909/VOL.04.02.279293

Widmann, R., 1996. International society for rock mechanics
commission on rock grouting. International Journal of
Rock Mechanics and Mining Sciences & Geomechanics
Abstracts 33, 803-847. https://doi.org/10.1016/S0148-
9062(96)00015-0

Zhang, G., Zhao, Y., Peng, X., 2010. Simulation of toppling
failure of rock slope by numerical manifold method.
World ScientificG Zhang, Y Zhao, X Penglnternational
Journal of Computational Methods, 2010*World
Scientific 7, 167-189.
https://doi.org/10.1142/S0219876210002118

Zhang, W., Anthony T. C. Goh, 2012. Reliability assessment
on ultimate and serviceability limit states and
determination of critical factor of safety for underground
rock caverns. Tunnelling and Underground Space
Technology,Elsevier.
https://doi.org/10.1016/j.tust.2012.07.002

© 2026 Journal of Geoscience, Engineering,
Environment and Technology. All rights reserved. This
is an open access article distributed under the terms of
the CC BY-SA License (http://creativecommons.org/licenses/by-sa/4.0/).

Muslim, D., et al./ JGEET Vol 11 No 2/2026 217


https://doi.org/10.1007/S00254-006-0189-1/FIGURES/18
https://doi.org/10.1007/S00254-006-0189-1/FIGURES/18
https://doi.org/10.1002/2016JE005128.Received
https://doi.org/https:/doi.org/10.5194/isprs-annals-IV-4-199-2018
https://doi.org/https:/doi.org/10.5194/isprs-annals-IV-4-199-2018
https://doi.org/10.1007/978303029477-9
https://doi.org/10.24273/jgeet.2017.2.4.87
https://doi.org/10.25299/JGEET.2024.9.04.20074
https://doi.org/10.1016/C2010-0-64994-7
https://doi.org/10.1016/C2010-0-64994-7
https://doi.org/10.1680/GEOT.1967.17.1.11
https://doi.org/10.1007/s10064-014-0625-5
https://doi.org/10.1007/s10064-014-0625-5
https://doi.org/10.30556/JTMB.VOL18.NO2.2022.1257
https://doi.org/10.1016/J.ENGGEO.2003.10.001
https://doi.org/10.1016/J.ENGGEO.2005.11.011
https://doi.org/10.30909/VOL.04.02.279293
https://doi.org/10.1016/S0148-9062(96)00015-0
https://doi.org/10.1016/S0148-9062(96)00015-0
https://doi.org/10.1142/S0219876210002118
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

