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ABSTRACT

This study investigates the porosity and mineral composition of tropical weathered limestone using a
comprehensive approach that integrates thin section and petrography analysis. This weathering process
predominantly involves chemical dissolution by acidic rainwater, which gradually alters the mineral composition
and physical structure of limestone. There are few testings that has been conducted to achieve the objective of
this study such as Rebound Hammer Test, Uniaxial Compressive Strength (UCS), Xray Fluorescent (XRF),
Mercury Intrusion Porosimetry (MIP) and thin section and petrographic analysis. The objective of this study is to
determine the engineering properties of weathered limestone and chemical composition of the weathered limestone.
This study also examines how porosity and mineral composition affect weathered limestone engineering qualities.
Rock specimen strength and weathering grade were measured using the rebound hammer test to corroborate
this analysis. The indings highlight the intricate interrelationship between the mechanical behaviour of the
limestone, its degree of weathering, and underlying geological characteristics. These insights are essential for
understanding the long-term performance and durability of weathered limestone in engineering applications,
particularly in regions where tropical climates accelerate rock degradation.
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INTRODUCTION disintegration of limestone due to acidic precipitation,
which progressively modifies the mineral composition and
physical structure of the limestone.

In Malaysia, weathered limestone has more porosity
than unweathered limestone. The primary constituent of
limestone is calcium carbonate (CaCO3), which dissolves
and creates pores and voids in the rock, hence enhancing
its susceptibility to erosion and structural collapse. The
development of secondary minerals, such as iron oxides,
hydroxides, and clay minerals during the weathering
process, further alters the color, texture, and mechanical
properties of rock. The reddish-brown hue commonly
observed in limestone cliffs across Malaysia is attributable
to these secondary minerals. This work provides significant
insights into porosity and mineral composition pertinent
to the exploration of weathered rocks. The weathered rock
strength and durability depend on its porosity and physical

Weathered limestone is a variety of limestone found in
humid and tropical regions that has undergone substantial
modification in its physical, chemical, and mineralogical
properties due to extended environmental exposure. The
limestone that had considerable physical, chemical, and
mineralogical transformations due to extended exposure
to climatic conditions, especially in humid and tropical
climates (Tugrul & Zarif 2000). The weathered limestone
in Malaysia results from intricate geological processes and
tropical climatic circumstances that have influenced its
distinctive properties and creation. Malaysia is recognized
for its tropical environment, typified by elevated
temperatures, high humidity, and frequent rainfall, which
contributes to the weathering of limestone (Boon-Kong
2010). The main mechanism of weathering is the chemical
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properties. Porosity reduces mechanical strength and makes
it more susceptible to degradation, particularly from
moisture and temperature changes. Porous limestone
deteriorates faster in tropical settings where heavy rainfall
and humidity increase chemical weathering. This
relationship assists in predicting the material’s weathering
behaviour and its impact on structural stability over time.

This study aims to ascertain the physical and technical
properties of limestone subjected to the weathering process.
Physical parameters, including density and porosity, are
assessed alongside technical properties such as compressive
and tensile strength. To fulfill the purpose of this study,
several tests have been undertaken to ascertain the data
and parameters required for its completion. X-ray
fluorescence (XRF) has been utilized to ascertain the
mineral composition of this investigation, whereas Mercury
Intrusion Porosity (MIP) testing is employed to evaluate
the porosity of the weathered limestone. The objective of
amalgamating these chemical and physical data points is
to establish a link among porosity, mineral composition,
and attributes of weathered limestone.

STUDY AREA

The study area for this investigation is located in the
weathered limestone quarry at Raub, Pahang, Malaysia.
This location offers a distinctive geological environment
that provides valuable insight into the properties and
behavior of weathered limestone. The site was chosen for
its representative nature and relevance to the border study
objectives. The site yielded limestone of grades II to IV;
however, this investigation exclusively assessed limestone
of grades II and III due to the absence of limestone of grade
Iv.

METHODOLOGY

MATERIALS AND METHODS

The weathered limestone utilized in this study is obtained
from a quarry near Raub, Pahang, Malaysia. Prior to
converting the rock into a sample, a non-destructive test
was performed on the limestone. The rebound hammer test
has been performed at the location from which the
limestone was extracted. The rebound hammer test has
been performed to ascertain the quality of the limestone.
The limestone has undergone ten tests, and the average
of the data obtained will determine its grade. This study
utilizes samples from grade II and grade III. The rock is
transported to the Rock Laboratory at the College of

Engineering, UiTM Shah Alam, for the conversion into
cylinder samples. The rock has been categorized based on
the quality of the limestone. The rock is subsequently cored
into a cylindrical sample with a core drilling equipment.
This procedure entails the rotation of the bit against
the rock surface to obtain a cylindrical core of predetermined
diameter and length. Water cooling is typically employed
during the drilling operation to control dust and prevent
the bit from overheating, which could compromise the
sample. The sample also indicated adherence to the H=2D
criteria and specific dimensions set forth by the International
Society of Rock Mechanics (ISRM). The specifications of
the 55mm diameter coring machine produced by Rock
Mechanics, College of Engineering, Ui'TM Shah Alam are
as follows. Consequently, the sample’s height must be 110
mm. The trimming step is necessary to ensure that all
samples possess uniform heights, hence preventing
complications during the analysis phase. Figure 1 below
show the sample before and after trimming process.

b) After trimming

FIGURE 1. (a) Samples Before Trimming Process (b) Samples
After Trimming process



This study employed two forms of non-destructive
testing. In addition to the rebound hammer test, the Uniaxial
Compressive Strength (UCS) test was conducted as in
Figure 2 below in order to evaluate the compressive
strength of the weathered limestone (Cemiloglu et al.
2023). The cylindrical sample is delivered to Concrete
Laboratory, College of Engineering, UiTM Shah Alam to
conduct the Uniaxial Compressive Strength (UCS) utilizing
compression machine. The Uniaxial Compressive Strength
(UCS) test for rock specimens is conducted in accordance
with the standards set by the International Society for Rock
Mechanics (ISRM). Specifically, the ISRM 1981 guidelines
are followed, which stipulate that specimens should be
right circular cylinders with a height-to-diameter ratio
between 2.0 and 3.0, and a diameter less than 55 mm using
the loading rate of 0.5 MPa/s. These standards ensure
consistency and reliability in assessing the mechanical
strength of rock materials, such as weathered limestone.
The data regarding the strength of weathered limestone
has then been obtained.

FIGURE 2. Uniaxial Compressive Strength (UCS) testing

X-ray fluorescence (XRF) is a non-invasive analytical
method employed to ascertain the mineral composition of
substances, such as worn limestone. This work employed
XRF to analyze the chemical composition of limestone,
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facilitating the rapid and precise identification of
components such as calcium, magnesium, silicon, iron,
and various trace elements. The samples exposed to X-rays
caused the atoms within the samples to generate secondary
(fluorescent) X-rays (Kovac & Konopatzki, 2018). The
mineral composition of the sample can be precisely
ascertained by measuring the energy and intensity of the
emitted x-rays. The research is crucial for comprehending
the geochemical properties of weathered limestone and
assessing its suitability for various engineering and
building applications. The X-ray Fluorescent process on
limestone sample has been conducted as shown in Figure
3.

FIGURE 3. X-ray Fluorescent process on limestone sample

A thin section analysis and petrographic investigation
have been done to ascertain the mineral composition and
textural properties of weathered limestone. To conduct this
test, thin slices of worn limestone samples were fabricated
by slicing and polishing the rock to a thickness of
approximately 30 micrometers as shown in Figure 4.
Owing to insufficient facilities and equipment at UiTM
Shah Alam, the cylindrical sample has been dispatched to
the geology department at University Malaya (UM) for the
preparation of thin sections through cutting and polishing.
Upon completion of the sample preparation, the thin
sections were analyzed using a petrographic microscope
to ascertain the mineral composition, texture, and any
alterations resulting from weathering. The data acquired
from this testing has been compared with a prior study on
the same issue to validate the accuracy of the findings.
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FIGURE 4. Thin section limestone sample

Finally, to fulfill all the objectives of this study,
Mercury Intrusion Porosimetry (MIP) testing has been
performed to assess the porosity and pore size distribution
of weathered limestone. For MIP testing, the sample size
typically must range from a few millimeters to one
centimeter to accommodate the porosimeter’s sample
holder. Irregularly shaped pieces are permitted provided

they fit into the holder. The cylindrical specimen is
subsequently fragmented into smaller pieces for the
purpose of conducting this testing as in Figure 5. The
samples have been dispatched to the Instrumental
Laboratory at the College of Chemical Engineering, UiTM
Shah Alam.

FIGURE 5. Micromeritics auto pore mercury intrusion porosimeter used in this study

RESULTS AND DISCUSSION

REBOUND HAMMER TEST

A few laboratories conducted tests related to this topic. The
data presented in this chapter will chronologically span
from the commencement to the conclusion of this
investigation. This study employs the Rebound Hammer
to assess the weathering grade based on prior studies. Table
1 below displays the grades determined from this test.
Based on the results obtained from the rebound hammer
test, the average rebound values for thirteen limestone

samples (S1-S13) ranged from 31.8 to 48.5, reflecting
variations in surface hardness and degrees of weathering.
The classification of weathering grade was determined
according to the average rebound value, where higher
values indicated less weathered and stronger material.
Samples such as S6 (48.5), S11 (47.8), and S1 (46.4) were
categorized as Grade II, representing moderately weathered
limestone with relatively competent mechanical properties.
Conversely, samples S3 (32.4), S4 (31.8), and S12 (36.8)
were classified as Grade III, indicating more advanced
weathering and reduced strength characteristics. Overall,
nine out of thirteen samples were identified as Grade II,
while the remaining four were categorized as Grade III,



suggesting that the majority of the limestone tested retains
sufficient strength for engineering use, despite varying
degrees of weathering. This confirms the effectiveness of
the rebound hammer test in distinguishing weathering
grades and assessing the suitability of limestone for
construction purposes.

UNIAXIAL COMPRESSIVE STRENGTH TEST
(UCS)

The Uniaxial Compressive Strength (UCS) of weathered
limestone is generally defined as the peak load endured
during the test divided by the sample’s cross-sectional area.
This value, indicating the material’s resistance to axial
compressive stresses, is essential for evaluating the
material’s structural durability and appropriateness for
various engineering applications. Table 2 below presents
the strength of the weathered limestone evaluated through
Uniaxial Compressive Strength (UCS) in this study.

The Uniaxial Compressive Strength (UCS) test results
for six weathered limestone samples (S1-S6) under
different moisture conditions — normal, wet, and dry —
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demonstrate a clear association between the rock’s moisture
content and its compressive strength. The results indicate
that dry samples generally exhibited the highest UCS
values, with S3 (Grade 1) and S6 (Grade III) recording
strengths of 54.09 MPa and 64.08 MPa, respectively. In
contrast, wet conditions resulted in reduced strength, as
seen in S2 and S5, which recorded lower UCS values of
37.14 MPa and 49.37 MPa, respectively. This trend
underscores the weakening effect of moisture on limestone,
likely due to pore water pressure and softening of mineral
bonds within the rock matrix. Interestingly, S4, a Grade II1
sample tested under normal conditions, displayed the
highest UCS value of 84.20 MPa, suggesting that factors
such as mineral composition, compaction, or microstructural
features may also significantly influence rock strength
regardless of weathering grade. Overall, the findings
confirm that the moisture condition of limestone specimens
plays a critical role in their compressive strength, with dry
conditions generally enhancing strength and wet conditions
diminishing it, highlighting the importance of considering
in-situ moisture content when evaluating rock mass
behavior for engineering design.

TABLE 1. Grade of Limestone

No of test (T)

and no of T1 T2 T3 T4 T5 T6 T7 T8 T9 TI0 AVERAGE GRADE

sample (S)
S1 45 46 48 46 45 44 48 49 46 47 46.4 I
S2 35 42 47 47 50 45 37 46 40 42 43.1 I
S3 24 35 37 39 35 32 28 35 28 31 324 111
S4 26 27 23 40 30 35 41 31 33 32 31.8 11
S5 40 50 42 46 46 41 49 43 35 48 44 I
S6 48 50 51 50 50 48 49 46 45 48 48.5 I
S7 45 45 44 44 49 49 45 46 46 42 45.5 I
S8 45 43 45 45 46 43 45 46 45 45 44.8 I
S9 49 48 47 49 47 45 48 46 40 36 455 I
S10 45 45 51 43 41 41 49 52 51 43 46.1 I
S11 51 50 48 48 46 47 49 47 47 45 47.8 I
S12 26 45 32 49 39 44 29 31 31 35 36.8 111
S13 42 42 47 40 45 43 46 44 44 44 43.9 I

TABLE 2. Strength value tested on the weathered limestone sample

No. of sample Condition Grade Strength (MPa)
S1 Normal I 46.27
S2 Wet 1I 37.14
S3 Dry I 54.09
S4 Normal 111 84.20
S5 Wet 11T 49.37
S6 Dry 111 64.08
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THIN SECTION ANALYSIS AND
PETROGRAPHIC

This study employs thin section analysis and petrographic
testing to ascertain the mineral composition of the
weathered limestone (Iscan & Kok, 2009). This examination
enables to ascertain the purpose of the study. Figure 6
presents thin section images of weathered limestone
samples under a polarizing microscope, categorized into
Grade II (upper row) and Grade III (lower row). The
observed mineral marked as “C” denotes calcite, the
primary constituent in limestone.

For Grade II, the calcite grains appear relatively well-
interlocked with visible grain boundaries and moderately
compact textures. Some areas show preserved grain
orientation and distinct crystal boundaries, suggesting a
lower degree of weathering and better cohesion among
mineral grains. This reflects the sample’s relatively intact
microstructure and contributes to its higher mechanical
integrity.

In contrast, Grade III samples exhibit more prominent
micro-fractures, increased recrystallization features, and
less distinct grain boundaries. The calcite grains appear
more separated and elongated with evident signs of mineral
dissolution or alteration, indicating higher weathering
intensity. The matrix shows a more aligned fabric, possibly

due to compaction or stress-induced deformation, and an
overall degraded structure. These features are consistent
with reduced strength and higher porosity, as observed in
the UCS and rebound hammer test results.

Figure 7 presents petrographic observations of
weathered limestone samples under plane-polarized light,
revealing the presence of fossil content and iron oxide
inclusions as key microstructural features. Across all
micrographs (a—d), fossil fragments are embedded within
a fine-grained micritic matrix, indicating the biogenic
origin of the limestone. Iron oxides, observed as reddish-
brown deposits, are widely distributed and vary in intensity,
reflecting different degrees of chemical weathering. In
some samples, such as in images (b) and (c), the iron oxides
are more pronounced, suggesting advanced oxidation
processes commonly associated with tropical weathering
environments. Meanwhile, fossil preservation is more
distinct in certain areas, although some specimens exhibit
signs of dissolution or alteration, likely influenced by
secondary mineralization. The coexistence of well-
preserved fossil structures with varying degrees of iron
oxide accumulation highlights the heterogencous nature
of weathered limestone and provides insight into its
diagenetic history and geochemical alteration. These
microstructural features are significant in assessing the
material’s durability and long-term performance in
engineering applications. (Nejati et al. 2023).

GRAI

DE 11

GRADE 111

FIGURE 6. Calcite on thin section analysis and petrographic



FIGURE 7. Strength value tested on the weathered limestone sample (Nejati et al. 2023b)

X-RAY FLUORESCENT (XRF)

This study used XRF to ascertain the chemical composition
of weathered limestone. The XRF data will be displayed
in a table based on the grade conditions of the samples.
The analysis of all samples indicates that the predominant
component in weathered limestone is calcium carbonate
(CaCO3). Referring to Table 3, Table 4, Table 5, Table 6,
Table 7 and Table 8, the data indicates that calcium
carbonate constitutes the largest percentage in the
weathered limestone.

TABLE 3. Chemical composition of weathered limestone
grade II (room temperature)

Element Chemical Composition (%)
MgCO3 1.800
CaCO3 96.437
Si02 0.892
A1203 0.523
Fe203 0.279
TiO2 0.046
K20 0.011
MnO 0.012
P205 <LOD
SO3 <LOD
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TABLE 4. Chemical composition of weathered limestone

grade III (room temperature)

Element Chemical Composition (%)
MgCO3 44.235
CaCO3 54.599
A1203 0.546
Si02 0.419
K20 0.068
Fe203 0.128
MnO 0.004
P205 <LOD
SO3 <LOD
TiO2 <LOD

TABLE 5. Chemical composition of weathered limestone

grade II (soaked in rainwater)

Element Chemical Composition (%)
MgCO3 2.065
CaCO3 96.962
A1203 0.334

Si02 0.453
TiO2 0.013
K20 0.042
Fe203 0.127
MnO 0.003
P205 <LOD
SO3 <LOD
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TABLE 6. Chemical composition of weathered limestone
grade III (soaked in rainwater)

Element Chemical Composition (%)
CaCO3 97.887
Al203 0.377
Si02 0.391
K20 0.060
TiO2 0.012
Fe203 0.069
MnO 0.003
MgCO3 <LOD
P205 <LOD
SO3 <LOD

TABLE 7. Chemical composition of weathered limestone
grade II (burn in oven)

Element Chemical Composition (%)
CaCO3 98.068
Al203 0.387
Si02 0.380
SO3 0.032
K20 0.013
Fe203 0.066
MnO 0.006
MgCO3 <LOD
P205 <LOD
TiO2 <LOD

TABLE 8. Chemical composition of weathered limestone
grade III (burn in oven)

Element Chemical Composition (%)
CaCO3 98.996
Si02 0.543
A1203 0.329
K20 0.027
Fe203 0.093
MnO 0.004
MgCO3 <LOD
P205 <LOD
SO3 <LOD
TiO2 <LOD

The chemical composition analysis of weathered
limestone samples under different conditions and grades
reveals significant variations in mineral content, particularly
CaCO; and MgCOs;, which directly influence the
engineering and chemical behavior of the rock. Table 3
shows that Grade II limestone at room temperature has a
high CaCOs content (96.437%), with trace levels of other
oxides, indicating a high-purity calcite matrix with minimal

contamination. In contrast, Table 4 indicates that Grade I11
limestone at room temperature contains much lower CaCO;
(54.599%) and a significantly higher MgCOs3 content
(44.235%), suggesting dolomitization or substitution of
calcite by magnesian components, which is common in
more heavily weathered or altered limestone. This
substitution is a key marker of chemical weathering
progression and affects the rock’s reactivity and strength.

In Table 5 and Table 6, the effect of soaking in
rainwater is evident. For Grade II, CaCOs slightly increases
to 96.962%, while impurities such as SiO,, Al,Os, and
Fe,0; decrease slightly, indicating possible leaching of
minor elements. However, Grade III limestone shows a
substantial increase in CaCOs to 97.887%, and MgCO;
becomes undetectable, implying a dissolution or
mobilization of magnesium under aqueous conditions. This
trend suggests that weathered limestone under wet
conditions may experience selective leaching, enhancing
the relative concentration of calcite, especially in more
weathered samples.

Table 7 and Table 8 present data for oven-dried
samples, where both Grade Il and Grade III limestone show
elevated CaCOs levels (98.068% and 98.996%, respectively)
and most minor oxides such as MgCOs, TiO,, and SOs fall
below detection limits. This concentration effect is due to
the removal of moisture and volatiles, which leaves behind
a higher proportion of calcite. The drying process
effectively stabilizes the chemical profile by removing
soluble elements, resulting in a purer calcium carbonate
matrix.

In summary, Grade II limestone consistently displays
higher CaCOs content under all conditions, indicating
greater purity and lesser weathering influence. In contrast,
Grade III limestone shows more chemical variability and
evidence of substitution and leaching, particularly
involving MgCOs. The sample condition (wet or dry)
significantly affects the detectable chemical constituents,
highlighting the importance of environmental factors in
evaluating limestone for engineering or industrial
applications. These findings support the characterization
of Grade II as less weathered, structurally stable material,
while Grade III is more chemically altered and potentially
weaker, aligning with observations from mechanical and
petrographic analyses (Hwidi et al. 2018).

MERCURY INTRUSION POROSIMETRY
(MIP)

The porosity analysis of weathered limestone using
Mercury Intrusion Porosimetry (MIP), as presented in
Table 9, reveals distinct variations influenced by both



weathering grade and moisture conditions. Generally,
Grade III samples, representing more heavily weathered
limestone, exhibit higher porosity values, as evident in S6
(dry, 1.2401%) and S4 (normal, 0.9440%). This is
consistent with the expected increase in void spaces due
to mineral degradation and microcracking associated with
advanced weathering. In contrast, Grade II samples such
as S1 (normal, 0.4710%) display lower porosity, indicating
a more intact and compact rock structure. However, an
anomaly is observed in the wet condition samples, where
S2 (Grade II) records a higher porosity (1.1288%) than S5
(Grade I1II, 0.6049%). This deviation may be attributed to
the influence of moisture on test accuracy, where water
retained in fine pores can inhibit mercury intrusion, leading
to an underestimation of porosity in some Grade III
samples. Additionally, natural heterogeneity in limestone
composition, fossil content, and potential mineral re-
precipitation could also contribute to such inconsistencies.
These findings highlight that while porosity trends
generally align with weathering grades, the effects of
moisture and microstructural variability must be carefully
considered when interpreting porosity data in engineering
assessments.

TABLE 9. Porosity of weathered limestone
No of

samples Condition Grade Porosity (%)
S1 Normal 1I 0.4710
S2 Wet I 1.1288
S3 Dry 11 1.0289
S4 Normal 1 0.9440
S5 Wet 111 0.6049
S6 Dry 11 1.2401

While Grade III weathered limestone generally has
higher porosity due to increased void formation and mineral
degradation, exceptions like S5 (wet, Grade III) can occur
due to testing conditions, moisture interference, or
localized microstructural differences. Consequently,
porosity should be interpreted alongside mineralogical,
petrographic, and mechanical analyses to draw a
comprehensive understanding of rock behavior. Table 10
presents comparative porosity data from a previous study
by Li et al. (2021), where two different techniques of
micro-computed tomography (#CT) and Mercury Intrusion
Porosimetry (MIP) were employed to assess limestone
porosity. The results demonstrate that porosity values
derived from uCT tend to be higher than those obtained
via MIP, particularly in sample CZ, which recorded 2.61%
porosity by #CT compared to 1.91% by MIP. Similarly,
sample WY showed 0.48% porosity by #CT and 0.44% by
MIP. This variation can be attributed to methodological
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differences, as #CT captures interconnected and isolated
pore structures within a specified pore size range (12.4—
62.0 um for CZ; 12.4-49.6 pm for WY), while MIP
measures accessible pores only, potentially excluding
closed or ink-bottle pores. Notably, the MIP data also
reveals a higher porosity contribution from pores larger
than 12.1 pm in CZ (4.03%) than in WY (2.52%),
suggesting a more developed pore network in CZ. These
findings underscore the importance of integrating multiple
testing approaches to accurately characterize pore structure
and emphasize how porosity is intrinsically linked to the
degree of weathering and chemical composition. Higher
porosity, particularly in weathered samples, often correlates
with increased leaching of soluble minerals like MgCO3
and enrichment of CaCOs;, as previously observed in
chemical analyses, thus reflecting the progressive alteration
of the limestone matrix.

TABLE 10. The data of porosity between two testing
(Li et al. 2021)

Sample Porosity by pCT Porosity of pores larger  Porosity by MIP

No. (pore size range) than 12.1 pm by MIP (pore size range)

CZ 2.61% (12.4-62.0 4,03% 1.91% (12.1-65.6
jum) jum)

wy 0.48% (12.4-49.6 2.52% 0.44% (12.1-50.8
pm) jum)

Weathered limestone undergoes substantial chemical
and physical alterations due to exposure to external
variables, including air, water, and biological activity. The
principal component of limestone is calcium carbonate
(CaCO,). The dissolving of limestone results in the
formation of voids, which diminishes the rock’s integrity
and enhances its porosity. These modifications result in
reduced density, enhanced permeability, and diminished
compressive and tensile strength of the limestone, affecting
its application in engineering building. The correlation
between porosity, mineral content, and technical properties
of limestone is crucial for comprehending its applications
in many contexts.

CONCLUSION

A detailed investigation indicates that the porosity and
mineral composition of weathered limestone undergo
significant alterations, primarily due to geological
processes and environmental influences. A complex
microstructure exhibiting a variety of grain sizes, mineral
phases, and secondary minerals can be identified through
thin section examination. Petrographic examination
elucidated the textural properties and the extent of
weathering’s impact on the mechanical strength and
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durability of limestone. The chemical stability and
reactivity of limestone are markedly affected by elemental
differences identified through XRF analysis. Quantitative
data on microporosity was acquired using MIP testing,
illustrating the impact of pore size distribution on the
permeability and mechanical characteristics of weathered
limestone. Increased porosity is frequently associated with
reduced mechanical strength, highlighting the importance
of understanding both physical and chemical factors to
forecast limestone performance in environmental and
building contexts. This study elucidates the intricate link
among the engineering properties of worn limestone,
environmental factors, and geological attributes.
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