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ABSTRACT

Soils with high plasticity tend to have strong plastic properties and easily deform when
exposed to shear forces. These soils are often a problem in construction because of their
ability to cause deformation and cracks in structures. Therefore, high plasticity soils
require stabilization to increase their bearing capacity and reduce the risk of damage to
the structure. A sample of this soil-stabilizing is marble dust waste which is normally
generated in large quantities and has been discovered to hurt the environment. Therefore,
this study focuses on determining the effect of marble dust waste addition as a stabilizer
on soil's physical and mechanical properties. The physical properties tests carried out
were the physical properties tests for compaction, Atterberg limit, specific gravity and
particle size distribution of the original soil, the mixed soil, and the marble
powder's chemical properties. The chemical properties test of marble powder consists
of XRF and SEM-EDX tests. Based on the characterization results, marble powder is
dominated by CaO compounds, the morphology of the particles is agglomerated and
irregular shape. The mechanical test conducted was a CBR with the marble powder waste
varied at 0%, 7% and 27% for a curing time of 0, 3 and 7 days. The results showed that
adding the material reduced the plasticity index (PI) value from 29.24% to 10.56% and
increased the CBR value by 15.50% by applying a 7% variation over a 7-day cure time.
Additionally, it’s important to note that the CBR standard for subgrade specifications
typically requires a value exceeding 6%. This indicates that the curing time affects the
increment in the CBR value and that marble powder wastes can be used as an additive
for sustainable soil stabilization.

Keywords: CBR, High plasticity soil, Marble dust waste, Soil stabilization, Sustainable,
XRD, SEM-EDX test.

1. INTRODUCTION

Budhu (2011) explains that high-plasticity soils have a high PI, namely PI > 20%.
High-plasticity soils tend to have strong plastic properties and easily deform when
exposed to shear forces. This soil type generally has a high clay content and shortage of
sand and organic content. Bell (2013) and Uge (2017) explains that high plasticity soils
are often found in tropical and subtropical areas and are often a problem in construction
because of their ability to cause deformation and cracking of structures. Therefore, high-
plasticity soils often require stabilization to increase their bearing capacity and reduce
the risk of damage to the structure.

The research location in Kasemen District, Banten where there are potholes and
bumpy roads due to erosion. Dynamic Cone Penetrometer (DCP) testing was carried out
to determine the strength of the soil at that location, and the results showed that the
average value of soil strength was only 1.97%. Based on Binamarga regulations,
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the required effective CBR value for the subgrade is above
6%. This shows that the soil in that location has weak
strength, and it is necessary to take action so that the road
can be used safely, one of which is by improving the soil,
namely soil stabilization.

Murmu et al. (2020) and Kumar and Harika (2021)
researched soil stabilization using fly ash to improve the
mechanical properties of the soil, such as its strength and
durability, through the addition of certain materials, such as
a combination of fly ash and slag by Fathonah et al. (2020),
cement slag by Fathonah et al. (2019), Kusuma et al. (2020),
Rind et al. (2020), gypsum by Kusuma et al. (2018) and
Latifi et al. (2018), lime by Negi et al. (2013), Barbero et al.
(2021), soil stabilization using cement, bitumen and other
additives with the ability to bind soil particles by Rashidi et
al. (2018). The abundant waste materials from the marble
industry are one of the additives usually used for soil
stabilization. Waheed et al. (2021) explained that careless
waste disposal by marble processing factories could cause
severe environmental damage, such as dust pollution, which
is increasingly endangering the surrounding community.
The industrial presence of marble and its abundant waste is
one solution for utilizing marble powder waste as a cheaper,
more sustainable soil stabilizing additive. Previous studies
by Danish et al. (2021) showed that marble powder wastes
could be used as raw material to produce building materials,
bricks by Saboya et al. (2007), ceramics by Acchar et al.
(2006), and modified polymer mortar by Hwang et al.
(2008), while coarse marble lime can be used as filler by
Karagahin and Terzi (2007) and aggregate substitute for
asphalt pavements by Akbulut and Giirer (2007). Utilizing
marble powder waste as a soil stabilizing agent can be
considered a sustainable solution because this waste is
usually produced in large quantities by the marble
processing industry and can cause environmental problems.
By using this waste as an additive to increase soil carrying
capacity, waste can be reused, reducing discharges to the
environment and reducing the need for other additives
which may be more harmful to the environment. The
research highlights various studies on soil stabilization
methods using different additives, while emphasizing the
potential of utilizing marble powder waste as a sustainable
soil stabilizer due to its abundance and environmental
benefits.

Edora and Adajar (2021) is a study of XRF analysis from
PT. Sucofindo Jakarta showed that the main component of
marble powder waste includes 52.69% lime compound and
1.62% silica, making it usable as an additive for chemical
soil stabilization. Saygili (2015) explains that applying
these wastes as construction materials can provide
environmental benefits. Moreover, Deboucha et al. (2020)
reported that soil stabilization using marble dust and
ceramic waste combined with some ordinary Portland

cement was quite effective as an alternative to road sub-base.

Setyono et al. (2018) also used marble powder in an
expansive clay case study in the Citra Land area of Surabaya
and found an increase in the CBR value at 2.79, 3.33, 4.00,

4.77,5.58 and 6.47% for percentage variations of 5%, 10%,
15%, 20% and 25%, respectively. An Atterberg limit test
also indicates a reduction in the PI value from 39.83% to
9.09% in the highest percentage variation of marble powder.

Wardana (2009) also used marble powder as an added
material for clay in Bali and showed that the values of
specific gravity, liquid limit (LL) and PI decreased with the
addition of 3%, 6%, 9%, 12% and 15% of marble while the
plastic limit (PL) value increased. Moreover, the highest
design in the CBR test with the addition of 9% marble
powder and the compaction energy of 56 strokes was found
to be 9%. Babu and Mary (2017) studied adding marble dust
for soil stabilization in India at 3%, 6%, 9%, 12% and 15%
variations with 3, 7 and 14 days of curing times. The results
showed that the CBR values were optimum at 9% marble
dust levels, with 8.83% recorded at 0 days, 10.91% in 3 days,
13.52% in 7 days and 14.55% in 14 days. Another study by
Abdulla and Majeed (2021) on expansive soil stabilization
using marble powder waste at 10%, 20% and 30%
variations showed that an increase in the marble powder
waste reduced the potential for swelling and shrinkage of
the soil. Saygili (2015) also researched the effect of using
marble powder waste at 0%—-30% for soil stabilization on
soil weight and found that marble powder waste could
increase shear strength and reduce soil shrinkage. In
addition, marble powder was used as a soil stabilizing agent,
which decreased the LL, PI, and shrinkage index but raised
the liquid and shrinkage limit, according to Agrawal and
Gupta (2011). According to Muthu and Tamilarasan (2015),
it was noted that the PL value increased while the LL value
decreased from 70% to 55%. Waheed et al. (2021) studied
the effectiveness of marble powder waste varied at 5%, 10%
and 15% of soil weight. They were used as a soil stabilizers
(CL-ML) through physical and mechanical tests. The results
showed that the marble powder waste added was able to
increase unsoaked CBR value up to 10%, while the value at
seven days of curing increased from 6.5% to 11.3%. This
shows that curing time has a significant influence on the
CBR value. Based on this background, this research was
carried out to analyze soil stabilization using a mixture of
marble powder waste varied at 0%, 7%, 17% and 27% for
curing times of 0, 3 and 7 days. Involving tests of the
physical, mechanical and chemical properties of marble
dust to deeply understand its characteristics and its
influence on soil in enhancing bearing capacity and
reducing plasticity.

2. MATERIALS AND METHODS

2.1 Material

The materials used in this study were disturbed soil and
marble powder. In this study, disturbed soil samples were
taken from a depth of 30 cm in the village of Masjid Priyayi,
Kasemen District, Serang City, Banten Province, Indonesia.
Soil sampling at a depth of 30 cm is considered disturbed
because at the depth, the soil has been influenced by human
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activities, erosion, compaction, or other factors that can alter
the soil properties. Soil samples were put in the oven to
reach the oven-dry condition to be used for some tests.
Some soil samples form large lumps, so they must be
pounded first with a rubber hammer before testing, as
shown in Fig. 1. and the marble powder used in this study is
shown in Fig. 2.

f'-,-l_-

g W B SR
Fig. 1. Oven-dry soil samples

Fig. 2. Marble powder waste

2.2 Method

The chemical, mechanical and physical properties of
marble powder in soil were investigated in this study.
Among the soil physical tests done were those for particle
size distribution, specific gravity, the Atterberg limit,
compaction, and the USCS for soil classification. SEM-
EDX (Scanning Electron Microscope- Energy Dispersive
X-Ray) analysis and XRF (X-ray Fluorescence) analysis
were used to analyze the chemical characteristics of marble
powder. The CBR wunsoaked test for mechanical
characteristics was conducted and was examined in a lab.
The marble powder wastes varied at 0%, 7%, 17% and 27%

during cure durations of 0, 3 and 7 days, which is a
significant point to notice. The selection of specific
percentage of marble dust (0%, 7%, 17% and 27%) in the
study is likely based on the need to explore a range of
concentrations to understand how different levels of marble
dust affect the physical and mechanical properties of the soil.

2.2.1 Sample Preparation

The original sample was obtained from the study location
as disturbed soil mixed with marble powder and water based
on the variations and curing time presented in Table 1.

Table 1. The proportion of specimen mixture
No Samples Curing (days)
1 Natural soil
2 Soil + 7% marble powder 0,3,7
3 Soil + 17% marble powder 0,3,7
4 Soil + 27% marble powder 0,3,7

The percentage of marble dust in a sample is typically
determined through a process of mixing a known quantity
of marble dust with the original material (e.g., soil) and then
calculating the percentage based on the weight of the added
marble dust relative to the total weight of the mixture.

2.2.2 Specific Gravity

An essential factor in describing the physical
characteristics of soil is specific gravity. This variable
assesses a soil's density or weight in relation to the specific
gravity of water at a certain temperature and pressure. The
SNI 1964-2008 Standard is referred to in specific gravity
testing. It is crucial knowledge about the impact of marble
waste powder on the physical characteristics of soil that is
obtained by measuring the specific gravity of soil using
various concentrations of marble waste powder.
Understanding the features of the mixture and choosing the
right quantities for intended soil stabilization applications
may be made easier with the help of this information.

2.2.3 Standard Proctor Compaction Test

The standard proctor compaction test was conducted in
line with ASTM D 698-70 and SNI 1942-2008 to obtain
information on the optimum moisture content (OMC) and
maximum dry density (MDD). The first step was to
determine the compaction parameters of the original soil
followed by those of each variation of the mixed soil which
was later used to calculate the required soil and water to be
added to each mixture. It is crucial to note that the amount
of water that was utilized at the optimal level was what was
noted for each change.

2.2.4 Atterberg Limit Test

The LL and PL were the main emphasis of the Atterberg
limit test, which was also carried out in accordance with
ASTM 4318 and SNI 1966-2008. It is significant to
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remember that the water content at the intersection of the
liquid and plastic conditions is the LL. The water content
and soil volume typically decrease as a result, and the grain
spreads. The PL, on the other hand, was established using a
sample that was twisted until it cracked to verify that it
reached 3 mm in diameter. The PL refers to the water
content at the point where plastic and semi-solid materials
converge. The sample was weighed both before and after the
24-hour baking period.

2.2.5 California Bearing Ratio (CBR) Test

In order to assess the potential strength of the subgrade,
sub-base, and foundation materials as well as the recycled
materials for roads and airport runway pavements, CBR was
evaluated in accordance with ASTM D1883-16 and SNI
1744-2012. CBR is defined as the difference between the
standard load at the same penetration depth and speed and
the penetration load of a particular type of material. The
values are generally selected at 0.1-inch penetration and this
indicates the test needs to be repeated when the value is at
0.2-inch penetration but the value can be used when a
similar result is obtained after the test. In Fig. 3, the CBR
test on soil samples is displayed. The marble powder waster
was added at 7%, 17% and 27%, and a total of 36 samples
were needed for the unsoaked CBR test in this study. It is
important to point out that each 1 specimen consists of 3
molds for 10, 25 and 65 impacts, and the CBR value was
calculated based on 95% MDD.

Fig. 3. CBR test on soil samples

2.2.6 XRF (X-Ray Fluorescence)

Marble powder XRF analysis was carried out based on
identifying and enumerating the X-ray characteristics from
the photoelectric effect event. The type of equipment used
is the Niton XL3t 500 Portable. XRF testing involves
several stages, starting with sample preparation, which
requires grinding and shaping the sample into a uniform
form. The XRF instrument is then calibrated using
calibration standards to ensure the accuracy of the test
results. Subsequently, the sample is placed under the X-ray
beam generated by the instrument, and the instrument
detects the XRF produced by the sample. From this XRF
spectrum, the XRF instrument identifies the elements
contained in the sample and measures their concentrations.

2.2.7 SEM-EDX (Scanning Electron Microscope-
Energy Dispersive X-Ray)

Surface morphology analysis of marble powder was
carried out using SEM, and elemental composition using
EDX. The types of equipment used are SEM (Zeiss EVO 10
Scanning Electron Microscope) and XRD (D8 ADVANCE
ECO X-ray Diffraction). SEM-EDX (Scanning Electron
Microscope-Energy Dispersive X-Ray) testing involves
several crucial stages. Firstly, the sample to be analyzed is
prepared and treated as needed, including coating with a
conductive layer if necessary. Subsequently, the sample is
placed in the SEM vacuum chamber, where an electron
beam is used to scan and generate surface images of the
sample. Meanwhile, the EDX detector measures the
spectrum of energy-dispersed X-rays produced when
electrons interact with the sample. From this spectrum,
information about the elemental composition of the sample
can be quantitatively analyzed. The result is high-detail
surface images of the sample along with elemental
composition data that are valuable for material research and
analysis. Morphological analysis of marble powder samples
was carried out using a scanning electron microscope.
Marble powder samples are prepared first by coating Au; at
20 mA so that the sample becomes conductive. SEM
analysis was carried out at magnifications 500, 1000, 2000
and 5000 X with a voltage of 5 kV.

3. RESULTS AND DISCUSSION

3.1 Physical Properties of Origin Soil

Physical properties are summarized in the following
Table 2. This soil is categorized as organic clay with
medium to high plasticity, symbolized by OH about the
USCS classification system based on the data in the table.
The original soil PI value is included in the high plasticity
category. Hence, the soil at the study site needs to be
stabilized to reduce the PI and increase soil strength. This
research is related to a previous study by Mina and Kusuma
(2016), Nujid et al. (2019), Sinha and Iyer (2020) and Mina
etal. (2021).
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Table 2. Physical properties of origin soil

No Properties Unit Value
1 Specific gravity (Gs) 2.65
2 LL % 62
3 PL % 32.76
4 PI % 29.24
5 oMC % 24
6 MDD g/cm’ 1.40
7 a. Fine particle o 52.20

b. Course particle ° 47.80

3.2 Properties of Marble Powder Waste

3.2.1 XRF Analysis

Based on the results of XRF analysis, the chemical
elements of the marble powder in this study had a high
calcium oxide (CaO) content of 94.13%, a silicon dioxide
(Si0y) content of 1.53% and an aluminum oxide (Al,O3) of
0.13%. The chemical element composition of marble
powder is shown in Table 3. Amadi (2014), Cui et al. (2018)
and Adeyanju and Okeke (2019) explain that the
proportions of SiO,, CaO and Al,O; in added materials are
responsible for the effectiveness of soil strength. CaO is a
compound needed in a chemical process with clay,
producing high calcium ions that can bind and surround clay

W= 13 dd e Mag= 500X

Sipean 4 = 200
L Mags BOGEN

Wiema: # 5

(c)

particles. As a result, it can reduce the water drag and affects
the CBR value, soil density and swelling of clay soils; this
research is related to a previous study by Bilgin et al. (2012)
and Al-Huda and Gunawan (2013).

Table 3. Chemical element composition of marble powder

waste
No Element (%)
1 CaO 94.13
2 Magnesium oxide (MgO) 2.85
3 Si0; 1.53
4 ALO; 0.13
5 Ferric oxide (Fe203) 0.30
6 Others 1.06

3.2.2 SEM-EDX Analysis

Based on the results of the SEM test on marble powder,
the morphology and particle size can be seen with
magnifications of 500, 1000, 2000 and 5000 X, as shown in
Fig. 4. The morphology of marble powder has irregular
particle shapes, agglomerates. Saygili (2015) reported that
adding marble powder to clay samples is a filler and
increases the coarser particles. The results of the EDX test
at the firing point (spectrum 1, spectrum 2, spectrum 3 and
spectrum 4) as shown in Fig.5.

L EHT= 3000
W S — iage

(d)

Fig. 4. SEM observation of marble powder waste: (a) Mag: 500 X; (b) Mag: 1000 X; (c) 2000 X; (d) 5000 X
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B specirum 1

Fig. 4 shows that the morphology of marble powder has
irregular particle shapes and agglomerates. Adding marble
powder to the clay sample functions as a filler and increases
the size of the coarser particles because marble powder has
a larger grain size characteristic compared to clay, so the
addition of marble powder can increase the particle size of
the mixture and improve the physical and mechanical
properties of soil. This research is related to a previous
study by Jalal et al. (2021) and Bheel et al. (2023).

Fig. 5 shows that marble powder contains elements such
as calcium (Ca), carbon (C) and oxygen (O), the
concentration of which can affect the physical and
mechanical properties of a mixture of soil and marble
powder.

3.3 Physical and Mechanical Properties of Mixed
Soil

3.3.1 Effect of Waste Marble Powder on Specific
gravity
The physical and mechanical characteristics of the soil-
marble powder mixture are significantly influenced by the
specific gravity of the marble powder, which is a significant
parameter. Table 4 displays the specific gravity test findings.

Table 4. Specific gravity test results

Marble powder waste (%) Specific gravity
0 2.65
7 2.62
17 2.60
27 2.58

Fig. 5. Results of EDX analysis of marble powder

W spectrum 4

Table 4 demonstrates that when the marble powder
variety in the combination increases, the specific gravity of
the marble powder falls. This drop in specific gravity is
consistent with earlier research's findings.

The specific gravity of soil mixes may be impacted by the
addition of additives, according to earlier study by Minhas
(2016). The specific gravity of the mixture may drastically
drop when the quantity of additions, such as marble powder,
is increased. This is because the specific gravity of marble
powder, which separates the two components, is lower than
that of the original soil. The MDD of the mixture may be
affected by the change in specific gravity, which may also
have an effect on the mechanical characteristics of the
combination.

3.3.2 Effect of Waste Marble Powder on Optimum
Moisture Content (OMC) and Maximum Dry
Density (MDD)

According to each % of waste marble powder, the OMC
and MDD values are displayed in Fig. 6. An increase in the
waste percentage was found to be closely linked to an
increase in the OMC value, which went from 24% to 29%.
This is due to the segmentation or binding that made the soil
mixture clump and increase the soil's water content. As the
proportion of marble powder was raised, the MDD
decreased from 13.73 kN/m?to 12.85 kN/m?, which was
related to the clumping response that caused a more
substantial change in the total soil volume and an increase
in the number of pores. This is in line with the findings of
Deboucha et al. (2020) that adding 5% fine-grained marble
powder led to an increment in the OMC value from 10.78%
to 12.96% while the MDD value decreased. A similar
finding was also reported by Waheed et al. (2021) that the
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OMC value increased from 15.70% to 18.22% while the
MDD value decreased as the variation of marble powder
increased from 18.34 kN/m® to 17.85 kN/m?. This was
reported to be due to the flocculated and agglomerated clay
particles, caused by the cation exchange reaction, occupying
the space, which led to increased pore volume based on the
reduction in the weight-volume ratio.

351 —=— MDD (kN/m?)
—a— OMC (%)

=

w
o
1

N
(9]
1

N
o
1

-
(9]
1

MDD (kN/m®) - OMC (%)
3

(&)
1

0 T T T
0 7 17 27

Marble Powder Waste (%)
Fig. 6. Effect of waste marble powder on OMC and MDD

Fig. 6 shows that adding marble powder to the soil can
affect the geotechnical properties of the soil, including the
MDD. The difference between the physical properties of the
soil and marble powder can explain this. Marble powder has
different characteristics from the soil, namely having a finer
particle shape and lower density. Due to the gap between the
marble powder particles that penetrate the soil, there will be
an increase in soil volume and a decrease in soil density
when there is an addition of marble powder. The density of
the soil lowers as marble powder is added at a higher
percentage because more room is created. The MDD also
decreases as a result of the decrease in soil density. Because
marble powder includes a lot of CaO, the amount of ideal
water in the soil increases when it is added. Calcium
hydroxide (Ca(OH),) is created when CaO and water
combine. Because Ca(OH), may bind water, more Ca(OH),
is produced in the soil when marble powder is applied.
Therefore, the greater the percentage of marble powder
added to the soil, the optimum water content also increases.
This research is related to a previous study by Al-naje et
al. (2020) and Zada et al. (2023).

3.3 Effect of Waste Marble Powder on Plasticity
Index (PI)

The results of the Atterberg limits test, comprising the
liquid and plastic limit, are displayed in Fig. 7. The PI was
calculated concurrently by deducting the LL value from the
PL value. It was discovered that an increase in the marble
powder waste led to a reduction in the LL value and PI from
29.24% to 10.56% but an increment in the PL value. The

findings also showed that the PI value was 13.61% at 17%
marble was variation, categorized as medium plasticity.
This is in line with the previous study by Agrawal and Gupta
(2011) that using marble powder as a soil stabilizing agent
reduced the LL, PI, and shrinkage index but increased the
liquid and shrinkage limits. It was also reported by Jain et
al. (2020) that the factors influencing the behavior of soil
stabilized by marble powder waste include mineralogy
composition, chemical element contents of marble powder
and soil type. Okagbue and Onyeobi (1999) and Saygili
(2015) reported that the geotechnical properties of clay soils
changed after adding marble powder and curing time
reduces swelling.

—a— L
—eo— PL

[}
o

1
3

=504

S

Q

T 40

-l

T 301

o

o

S 201

~l

- 4

10

0| T T T T T 1
0 5 10 15 20 25 30

Marble Powder Waste (%)
Fig. 7. Effect of waste marble powder on PI

Fig. 7 demonstrates how adding marble powder into the
soil can lower its PI. The PI decreases as the percentage of
marble powder added increases. This is because marble
powder contains a lot of CaO, which can react with water in
the soil to form Ca(OH),, which is alkaline in nature. These
compounds will accelerate the binding reaction between soil
particles and water particles, thus increasing soil aggregates'
stability and reducing soil's tendency to deform when
exposed to shear forces. As the percentage of marble
powder increases, the clay content in the mixture decreases,
so the PI decreases. This research is related to a previous
study by Jain and Jha (2020) and Nawaz et al. (2020).

3.4 Effect of Waste Marble Powder on CBR

Fig. 8 shows the results of the CBR test conducted by
varying the marble powder waste at 0%, 7%, 17% and 27%
for curing times of 0, 3 and 7 days at 95% of the MDD. It
was discovered that the CBR value increased at 7% but
reduced afterward. The value was also observed to have
increased from 11.00% to 15.50% at 7% marble powder
waste during seven days of curing. This result is supported
by a previous study by Waheed et al. (2021) that added
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marble powder waste increased the CBR value up to 10%
and from 6.50% to 11.30% at seven days of curing. In
addition, the formation of cement minerals in the reaction
between clay-marble powder can increase bonding between
the clay particles, thereby increasing the shear strength after
being mixed with marble powder waste and curing time has
the effect of increasing the shear strength, this research
related with the previous study by Okagbue and Onyeobi
(1999) and Saygili (2015).

—a— 0 Days
20 —e— 3 Days
—4a— 7 Days

0 T T T

0 7 17 27
Marble Powder Waste (%)
Fig. 8. Effect of waste marble powder on CBR

Fig. 8 shows the optimal variation in CBR values is
achieved at a marble powder percentage of 7%, with a
curing time of seven days, resulting in a CBR value of
15.50%. This can be attributed to the filler effect of marble
powder, which enhances the strength and stability of the soil
mixture. Additionally, it's important to note that the CBR
standard for subgrade specifications typically requires a
value exceeding 6%.

4. CONCLUSION

This study demonstrates that the utilization of marble
powder waste can lead to a significant increase in the CBR
value while simultaneously reducing the PI value. The CBR
value exhibited an increase at a 7% variation of the waste
and a subsequent decrease beyond this percentage. Notably,
the highest CBR value of 15.50% was achieved with a 7%
variation of marble powder waste after seven days of curing.
This highlights the substantial impact of curing time on the
CBR value, with the PI value decreasing from 29.24% to
10.56% as the content of marble powder waste increased.
Consequently, it can be concluded that marble powder waste
holds potential as a sustainable subgrade stabilizer in the
construction industry, offering positive environmental
benefits.
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