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ABSTRACT: Clay is one type of soil frequently used as a subgrade. Clay soils as subgrade soils with poor
performance are found in expansive, soft, and very soft clays. The clay soils have low CBR value and low
bearing capacity. Problematic soil characteristics can interfere with the performance of the road construction
above it. Inadequate subgrade soils require improvement with soil stabilization to improve characteristic
properties. Therefore, an experiment was conducted by adding marble ash to clay soil to improve soil
characteristics and increase the CBR value. The research method was conducted through field testing,
laboratory testing, and physical model testing in a test box. This research utilized the addition of marble ash
content of 3%, 6%, 9%, and 12%, which were mixed with clay soil in thicknesses of 10 cm, 20 cm, and 30 cm.
The results showed that the increase in CBR value for 6-12% marble ash is not much different. The average
increase in CBR for 6% marble ash is 5.11 times, for 9% marble ash is 5.28 times, and for 12% marble ash is
5.70 times, while for 3% marble ash, it is only around 2.99 times. The minimum CBR value of 5% for subgrade
soil was obtained at 6% marble ash content with a soil thickness of about 20-30 cm. CBR values above 5% can
be used as a subgrade for road construction.
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1. INTRODUCTION with low CBR values also show low density, as
indicated by the small dry density value of the soil,
Soil is the most fundamental element in which results in a low CBR value [9]. In general,
construction. In road construction, subgrade is the soils made from expansive and soft clays have low
material under the subbase, base, and surface course grades [10]. Inadequate subgrade soils require
for flexible pavement [1]. Each region has soil types improvement with soil stabilization to improve
with different characteristics [2]. Problematic soil characteristic properties by adding additives to
characteristics can interfere with the performance of support the construction [11].
the road construction above it [3]. Stabilization methods that can improve the
Clay soils as subgrade soils with poor characteristics of clay soil with low bearing
performance are found in expansive, soft, and very capacity are mechanical, chemical, and biogrouting.
soft clays [2-4]. Clay soils have small grains that The most widely used method is chemical, as it
expand or even soften when the moisture content in significantly improves the properties of the soil
the soil is high, resulting in low bearing capacity. [12]. The chemical method is a method that
The nature of clay is shown in its high moisture combines soil with specified additives such as fly
content, liquid limit, and void ratio [6]. The particle ash, marble ash, cement, and other materials. The
size of pavement materials may affect the properties additives used may consist of one type of additive
of road base and subbase materials [7]. or a combination of several materials. The
Expansive clay is a type of soil that can undergo unconfined compressive strength performance of
drastic volume changes when exposed to water, so fly ash-stabilized soil is better than fine aggregates
that the soil expands or shrinks depending on the in construction waste [13].
moisture content in the soil. Roadways that are Several soil stabilization materials have the
frequently flooded may have an impact on their potential to improve soil properties. Geopolymer
subgrade performance. It was indicated from the materials are used as soft clay stabilization to
California Bearing Ratio (CBR) samples that those increase stiffness and strength [14]. Waste oyster
that were soaked longer had smaller CBR values shell material added to the soil may increase its
[8]. strength and other characteristics [15]. The addition
The strength of the subgrade can be determined of expanded polystyrene shows an increase in
from the CBR value. The performance of the compressive strength [16]. A combination of
subgrade can be evaluated by the CBR value; the several additives may include cement, lime,
higher the CBR value of the subgrade, the better its volcanic ash, and fly ash. The addition of 3% lime
performance in supporting the construction. Soils and 20% volcanic ash increases the CBR value of
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natural soil by about ten times, reduces about 29%
of plasticity, and minimize about 88% of swelling
soils The addition of 3% lime and 20% volcanic ash
increases the CBR value of natural soil by about ten
times, reduces about 29% of plasticity, and
minimizes about 88% of swelling soils [17]. The
combination of sand and cement optimizes soil
stabilization, as seen from the unconfined
compression strength value [18]. The use of fly ash
to improve the clay soil reduces plasticity, increases
density, and facilitates unconfined compression
strength with an optimal mixture of 15-20% [19].

Chemical stabilization methods may also use
environmentally friendly materials from waste
materials. For example, waste material of about 1%
plastic bottle with a 9% cement mixture increases
the unconfined compressive strength of clay soil
[20]. Marble ash is a waste material derived from
marble stone processing. Marble ash is obtained
from cutting and polishing marble stone. Recycling
marble ash as waste is important to reduce
environmental pollution [21].

Waste marble powder reduces plasticity and
swelling soils, increasing the unconfined
compression strength to 3.5 times [22]. Industrial
waste materials may pollute the surrounding
environment. Industrial waste can be implemented
as an environmentally friendly soil stabilization
material rather than being dumped and becoming a
landfill [23].

The utilization of marble ash for improving high
plasticity clay soil obtained maximum results with
the addition of 45% marble ash; this was found to
increase 2.76 times the CBR value and 1.5 times the
unconfined compressive strength value [24]. When
marble ash is mixed with fly ash, the CBR and the
unconfined compressive strength values increase at
a mixture of 5% marble ash and 10% fly ash [25].

Marble stone waste in the form of ash has the
potential to be used as a soil stabilization material.
The impacts on improving soil characteristics and
increasing soil strength are shown in the increase in
CBR and unconfined compressive strength values
[26]. However, previous research results required a
large amount of marble ash or a mixture of other
materials. Therefore, it is necessary to conduct
research to prove the performance of marble ash in
stabilizing clay soil as a subgrade through
laboratory-scale physical model tests [27].

Experimental studies are expected to determine
the effect of marble ash stabilization on clay soil
samples in the test basin as a base soil model in the
field. The effect of marble ash stabilization was
identified by the increase in CBR value and other
soil characteristics. This study aimed to determine
the percentage of marble ash addition to clay soil

that is effective in producing CBR values for
subgrade road construction.
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2. RESEARCH SIGNIFICANCE

The use of marble ash from industrial waste as a
soil stabilization material has a positive impact in
reducing environmental pollution. These wastes can
be accommodated as materials that can improve soil
characteristics as subgrades in road construction
work. The addition of marble ash to clay soil is
expected to have a significant effect on increasing
the CBR value of the soil. Physical model tests were
conducted to obtain the effect of marble ash content
and the thickness of the stabilized soil layer that
significantly increased the CBR value.

3. MATERIALS AND METHODS
3.1 Materials

The materials used for this research were clay
soil and marble ash that passed the No. 40 sieve
(Fig. 1a). The soil used was clay soil from an
apartment project located in Meikarta, Orange Road
Boulevard, Bekasi Regency, West Java.
Meanwhile, the marble ash used came from the
remaining marble production of PT Jaya Abadi
Granita factory located at Raya Serang Road, KM
69 Banten (Fig. 1b).

(@)

(b)

Fig. 1. Research materials: (a) Clay soil (b) Marble
ash

3.2 Preparation of Samples

In addition to sampling, the soil at the site was
tested using field CBR with a Dynamic Cone
Penetrometer (DCP) to determine the CBR value
directly at the site. The soil characteristics taken
were identified through sieve analysis, Atterberg
limits, moisture content, specific gravity, and
compaction tests. Compaction tests on soil with the
addition of marble ash material at 0%, 3%, 6%, 9%,
and 12% were intended to obtain the maximum dry
weight and optimum moisture content. The
optimum moisture content was used to determine
the amount of water used in soil mixtures with
marble ash. The CBR test samples were prepared by
compacting them in 3 (three) layers with 25 blows.



International Journal of GEOMATE, Dec., 2024 Vol.27, Issue 124, pp.49-56

3.3 Methods

The CBR performances of subgrade soils were
known through field CBR tests in laboratory
physical models. The physical model test can be
conducted in a laboratory test bed by modeling the
soil density as in the field [28].

Physical model tests were conducted through a
test box filled with untreated clay soil. The test box
measures 120 cm x 90 cm x 90 cm, consisting of a
thickness of 40 cm filled with coarse and fine
aggregates and a thickness of 50 cm filled with
untreated clay soil, as used in the study [23-26]. The
density of the untreated soil was adjusted to the
density of the soil in the field. In contrast, the
density of the marble ash stabilized subgrade was
determined based on the density test results from
the compaction test.

The surface subgrade was differentiated by
marble ash mix and stabilized soil thicknesses of 10
cm, 20 cm, and 30 cm, respectively. Core cutter
tests were conducted on compacted soil every 10 cm
to control soil density, and this was conducted for
the next layer until it reached a total thickness of 50
cm.

For each change in marble ash content and layer
thickness, field CBR testing was conducted to
obtain the subgrade CBR value. The CBR testing
process in the test box is shown in Fig. 2. The field
CBR testing procedure followed the ASTM D4429-
09a. CBR of stabilized soil was tested on the ground
surface with load penetration.
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Fig. 2. The physical model test in the laboratory
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The test point was in the middle of the stabilized
soil layer and was held by a block installed on top
of the test box. The position of the tool was adjusted
so that the penetration piston was above the ground
surface, and the proving ring was connected to the
end of the jack. The pressure was applied by turning
the crank until penetration occurred into the soil
layer. The load reading was done through the
proving ring, and the penetration reading was done
through the deformation dial. CBR testing was
conducted to determine the performance of the
subgrade soil based on the CBR value obtained
from the test results.

4. RESULTS AND DISCUSSIONS
4.1 Dynamic Cone Penetrometer Test

Dynamic cone penetrometer (DCP) testing was
conducted to identify CBR values obtained directly
in the field, and the results can be seen in Fig. 3. The
DCP test results are a collection of 6 test points at
the sampling location. Through the correlation
between the number of blows and the penetration
value, the field CBR value is obtained with an
average of 1.41%. This CBR value is still quite low,
which indicates improvement efforts are needed by
using the marble ash in the hypothesis that the soil
CBR value will increase. Marble ash waste has the
potential to improve weak subgrade and be a
solution to reduce the impact of environmental
damage [26].
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Fig. 3. DCP test results
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4.2 Soil Characteristics Test Results

The results of the untreated soil characteristics
test can be seen in Table 1. The moisture content
testing was conducted using undisturbed soil
samples. The average moisture content of the
original soil from the test results was 32.97%. This
soil exhibits a high moisture content. The specific
gravity value obtained was 2.68. This value
indicates that the soil belongs to gravel, sand, silt,
and inorganic clay soil types. In the sieve and
hydrometer tests, the soil grains that passed sieve
number 200 were found to be 84.34%.

Table 1. Test results of untreated soil characteristics

Soil properties Unit Value
Field CBR % 141
Moisture content (w) % 32.97
Liquid Limit (LL) % 45.02
Plastic Limit (PL) % 21.11
Plasticity Index (PI) % 23.91
Specific Gravity (Gs) - 2.68
Fine-Grained % 84.34

The results of the Atterberg limits test showed
that the liquid limit was 45.02%, the plastic limit
was 21.11%, the plasticity index was 23.91%, and
more than 50% of the particles passed the No. 200
sieve. Based on the USCS classification, the soil
type can be classified as CL (Clay Low), which
includes soil with moderate to low plasticity.
Meanwhile, based on the AASHTO classification,
the soil type is classified as A-6, clay soil.

As seen in Table 2, marble ash may affect the
Atterberg limits. With each addition of marble ash,
the soil's plasticity index decreased, indicating a
lower plasticity. The Pl value obtained was lower,
indicating that the marble ash could change the
plasticity of the clay soil.

Compaction testing was conducted for each
mixture differentiated by 0%, 3%, 6%, 9%, and
12% marble ash content. The optimum moisture
content and maximum dry density parameters were
obtained through this compaction, as shown in Fig.
4. Soil stabilization materials have an impact on
increasing soil density, which is indicated by the

increase in maximum dry density value [11].
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Fig. 4. Relationship between marble ash content and
dry density

The 3% marble ash compaction test obtained an
optimum moisture content of 23.3% and a dry
density value of 1.54 gr/cm?®. The compaction of 6%
marble ash obtained an optimum moisture content
of 23.7% and a dry density value of 1.59 gr/cm?.
Compaction of 9% marble ash obtained an optimum
moisture content of 25.5% and a dry density value
of 1.55 gr/cm®. Meanwhile, at 12% marble ash
compaction, the optimum moisture content was
27.5%, and the dry density value was 1.51 gr/cm?.
Soil density relatively increased as the marble ash
content increased, but the addition of 6% marble ash
performed better than the others. Soils with high
density tend to produce high CBR values [9].

4.3 CBR Test Results

CBR tests were conducted at each point for both
untreated soil and marble ash-mixed soil of
different thicknesses through physical modeling in
laboratory tests. The unmixed soil in the box test
was modeled according to the nature conditions in
the field, while the marble ash mixed soil was
modeled according to the compaction test results.
The test results of marble ash-stabilized soil for
stabilization thicknesses of 10 cm, 20 cm, and 30
cm can be seen in Fig. 5 to Fig. 7.

Table 2. Characteristic results after the addition of marble ash

Marble ash (%) G Fine-Grained LL (%) PL (%) Pl (%)
0 268 84.34 45,02 21.11 23.91
3 268 82.32 43.70 24.18 19.53
6 270 79.67 42.29 28.45 13.83
9 270 76.63 40.97 31.33 9.64
12 268 73.40 4054 32.85 769
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The CBR test results showed that the addition of
marble ash already showed an effect at the addition
of 3% marble ash and continued significantly up to
6% marble ash. The performance of marble ash was
visible with the addition of 9% and 12% marble ash
but increased in lower and insignificant values
compared to the 6% marble ash. Improvement of
soil characteristics such as increasing density,
decreasing plasticity index, and increasing
compressive strength was better obtained by using
6% marble ash [31].

4.4 The Effect of Marble Ash on CBR Value

The effect of marble ash on marble ash was
shown in different stabilization soil thicknesses and
marble ash contents. The relationship between
stabilization soil thickness and CBR value was
shown in Fig. 8, while the correlation between
marble ash content and CBR value was shown in
Fig. 9. The increase in CBR value due to the
addition of thickness showed a dominant influence
on 6% marble ash, while 3% marble ash had less
impact on the addition of layer thickness. The
increase in CBR values for soils with mixtures
above 6% marble ash did not appear to significantly
increase values. Thus, adding 6% marble ash with a
thickness of about 20 cm showed good results due
to the increased CBR value of subgrade soil.
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Fig. 8. Relationship between soil layer thickness
and CBR value

Fig. 8 shows the correlation between ash content
and the CBR value. The highest CBR value was
obtained in a mixture of 12% marble ash compared
to 3%, 6%, and 9% marble ash content. Meanwhile,
for each stabilization thickness, the highest CBR
value was obtained at a stabilization thickness of 30
cm. A significant increase in CBR value occurs
when 6% marble ash content is added to the soil.
Soil volume decreased, and macropores increased,
so the CBR value of the soil increased [32]. The soil
CBR value was directly proportional to the density
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and inversely proportional to the void ratio of the
soil [33]. The results showed that the minimum
CBR value of 5% for subgrade soil was obtained at
6% marble ash content with a soil thickness of about
20-30 cm.

The increase in CBR value is seen significantly
in soil stabilized with marble ash above 6% (Fig. 9).
The increase in CBR value continues at 9% and
12%, although not as high as from 3% to 6%. The
average increase in CBR for 6% marble ash is 5.11
times, for 9% marble ash is 5.28 times, and for 12%
marble ash is 5.70 times, while for 3% marble ash,
it is only around 2.99 times. The increase in CBR
value for 6-12% marble ash is not much different
from each other. Based on the results of this study,
the increase in CBR value for 12% marble ash
content is not too high, the same thing for 9%. So it
is considered that 12% is the maximum amount.
Thus, the use of marble ash in this study is
recommended at least 6% of the dry weight of the
soil. This is the same as the results of previous
research, where the addition of 6% marble ash can
be optimal in increasing the soil’s compressive
strength and bearing capacity [31].
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Fig. 9. Relationship between marble ash percentage
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5. CONCLUSIONS

Based on the research results and discussions,
several conclusions were obtained regarding the
characteristics of the soil studied and the
performance of the CBR of the subgrade due to
improvements using marble ash. Based on the
results of the soil characteristics test, it was found
that the soil used in the study was classified as clay
with low plasticity, as indicated by the number of
soil grains smaller than 0.075 mm, the liquid limit
value, and the soil plasticity index. This soil shows
low bearing capacity, as seen from the CBR value
of the soil in the field, so improvement efforts are
needed when used as a road subgrade. The
stabilization chosen in this research was the
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addition of marble ash as waste from the marble
factory. The marble ash that occurs in the plasticity
of the clay may interfere with the decreased
plasticity of the clay and the increased density of the
soil. The improvement in these characteristics was
followed by an increase in the CBR value of the
subgrade. Good performance for the subgrade was
obtained at 6% marble ash with a layer thickness of
about 20-30 cm. The CBR value in this mixture can
fulfill the minimum requirement of subgrade soil
with a CBR above 5%. Further research is needed
to see the long-term effects of soil stabilization and
the effect of stabilized soil thickness above 30 cm.
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8. ABBREVIATIONS

AASHTO : American Association of State
Highway and Transportation

CBR . California Bearing Ratio

CL : Low plasticity Clay

DCP : Dynamic Cone Penetrometer

Gs : Specific Gravity

LL : Liquid Limit

Pl : Plasticity Index

PL : Plastic Limit

t : Thickness

USCS : Unified Soil Classification System

w : Moisture content
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