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ABSTRACT- Soft soil is a material with low bearing
capacity that often poses a major challenge in road
construction, particularly in areas with high water
content. This study aims to enhance the bearing capacity
of soft soil through chemical stabilization using a
combination of pumice, aluminium hydroxide (AH), and
lime, with lime content variations of 2%, 4%, and 6%.
The soft soil samples were collected from Subaim
Village, East Halmahera, which naturally has a CBR
value of 4,49% (categorized as "Poor to Fair") and is only
suitable for use as a subgrade layer. Testing was
conducted in accordance with ASTM standards on
specimens soaked for 3 to 28 days to assess the impact of
lime content and curing duration on the CBR value. The
results showed that the addition of lime significantly
improved the CBR value compared to the natural soil. At
2% lime content, the CBR value increased from 9,90% to
26,09%, while 4% lime produced the highest CBR value
of 33,28%, representing an improvement of over
sevenfold compared to the natural soil. Lime at 6%
resulted in a CBR value of 27,89%, but it was less
efficient compared to 4% lime. Based on CBR value
classification, stabilization with 4% lime is categorized as
"Good" and can be used as a base or sub-base layer for
road construction under medium to heavy traffic loads.
This research demonstrates that the combination of
pumice, Al(OH);, and lime 1is an effective,
environmentally friendly, and economical local material
alternative for improving the bearing capacity of soft soil.
It also offers a sustainable solution for road infrastructure
development in remote areas.

KEYWORDS- Soft Soil, Stabilization, Pumice,
Aluminium Hydroxide, Limestone, Soil Bearing
Capacity.

I. INTRODUCTION

Soft soil is one of the types of soil that often poses
significant challenges in the field of construction,
particularly in swampy areas, lowlands, or regions with
high water content. Soft soil exhibits poor mechanical
characteristics, such as low bearing capacity, high
compressibility, and significant deformation under load
[1]. These conditions create major obstacles in
infrastructure construction, especially in road foundation
projects, as they can lead to excessive deformation,

cracks in road layers, and even structural failure.
Therefore, improving soft soil, particularly through
stabilization methods, is a crucial step to enhance soil
stability and ensure the longevity and safety of
infrastructure.

In road construction projects, the subgrade layer serves as
the primary support layer that plays a critical role in
bearing dynamic loads from traffic. Unstable subgrade
soil can cause settlement or damage to the pavement
layers. The main parameter used to evaluate the subgrade
soil's ability to support vehicle loads is the California
Bearing Ratio (CBR). A low CBR value, commonly
found in soft soil, indicates poor load-bearing capability,
necessitating  improvement  before  infrastructure
development can proceed. Therefore, increasing the CBR
value of soft soil is a primary objective of soil
stabilization.

Chemical stabilization methods are among the most
widely used techniques, involving the addition of specific
chemical materials such as cement, NaCl, lime, or other
additives. These methods aim to improve the mechanical
properties of the soil in accordance with technical
specifications. Cement is a conventional material
commonly used due to its proven ability to significantly
enhance soil strength through the formation of binding
compounds such as calcium silicate hydrate (C-S-H) [2].
However, the use of cement has certain disadvantages,
particularly in terms of environmental impact. Cement
production generates high carbon emissions, contributing
to global warming [3]. Additionally, cement tends to be
expensive and less accessible in some remote areas,
making its use not always economically viable.
Therefore, alternative stabilization materials that are more
environmentally friendly and cost-effective are required.
North Maluku possesses significant deposits of limestone,
particularly in Morotai Island. Limestone has long been
used as an alternative stabilization material that is more
environmentally friendly than cement. Limestone serves
as a calcium source, reacting with soil minerals—
particularly clay—through ion exchange processes and
the formation of compounds like calcium silicate hydrate
(C-S-H) and calcium aluminate hydrate (C-A-H) [4].
Lime enhances soil texture and reduces its plasticity,
improving rigidity and bearing capacity [5]. However, the
effectiveness of lime stabilization is highly dependent on
soil type and characteristics, often requiring a long time
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to achieve optimal results. In many cases, lime alone is
insufficient to achieve significant strength improvement
[6], necessitating its combination with other materials.

In addition to limestone, North Maluku is rich in pumice
deposits, particularly on Tidore Island. This natural
material possesses pozzolanic properties due to its high
silica content. X-ray diffraction (XRD) studies show that
the chemical composition of pumice contains more than
50% SiO,[7][8], indicating its potential to react with lime
and water to form binding compounds that enhance soil
strength. However, pozzolanic reactions require specific
conditions, such as sufficient lime availability and an
alkaline environment, to yield optimal results.
Consequently, using pumice as a standalone stabilization
material is often inefficient and requires additional
materials to improve its effectiveness.

The combination of multiple pozzolanic materials offers a
more effective approach to soil stabilization[9][10].
Aluminium hydroxide acts as a catalyst, accelerating the
chemical reactions between pumice, lime, and soil
minerals. It facilitates the formation of binding
compounds such as calcium aluminate hydrate (C-A-H),
significantly contributing to soil strength improvement
[11]. Additionally, aluminium hydroxide creates a more
reactive chemical environment, speeding up stabilization
processes that typically require a long time.

This approach leverages the benefits of each stabilization
material, resulting in  significant  mechanical
improvements[12][13].  Pumice  provides  active
pozzolanic material that strengthens soil through the
formation of silica and alumina bonds. Aluminium
hydroxide accelerates chemical reactions and the

formation of binding compounds, while lime creates a
reactive environment supporting stabilization processes.
This combination not only significantly increases the
CBR value of the soil but also accelerates the stabilization
process, making it more efficient compared to using
single materials.

Beyond its technical advantages, this approach also offers
environmental and economic benefits. The use of pumice
and lime, both locally available materials, is more
environmentally friendly than cement. The production
processes for pumice and lime generate substantially
lower carbon emissions, contributing to reduced
environmental impact. Additionally, utilizing local
materials reduces transportation and logistics costs,
making this solution more cost-effective, especially in
remote or hard-to-access areas.

II. RESEARCH METHODS

A. Materials

The materials used in this study include: (a) Clay soil
obtained from Subaim Village in East Halmahera
Regency. This is based on laboratory investigations
showing that the roads in this village are built on clay
layers, resulting in structural road damage throughout the
village. (b) Pumice sourced from Tidore Island, serving
as a silica source. (c) Limestone sourced from Morotai
Island, serving as a calcium source. (d) Aluminium
hydroxide [AI(OH)s], serving as an aluminate source,
procured from the market. The sampling locations for
these materials are illustrated in Figure 1.

Figure 1: Source of Research Material

B. Preparation and Testing of Specimen

The testing procedure for the physical and mechanical
characteristics in this study adhered to the standards of
the American Standard Testing Materials (ASTM).
During the material preparation stages prior to specimen
fabrication, all materials were dried under sunlight to

prevent mineral alterations caused by excessive heating in
an oven. Subsequently, pumice and limestone were
ground using a grinding machine. The pumice and
limestone used in this study were sieved through a No.
400 sieve, aiming to increase the surface area of the
particles to enhance the rate of chemical reactions
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occurring on the material surfaces [14][15]. See the below
figure 2.

Figure 2: Stages of Sample Preparation

The mixture composition of clay soil, pumice, limestone,
and aluminium hydroxide was based on the dry weight of
the clay soil. The percentage of pumice used was 6%,
while aluminium hydroxide was set at 4%. This was
based on our previous research, which demonstrated that
the optimal mechanical properties were achieved with a
silica-to-aluminate weight ratio of 1,5 [16]. The variations
in lime addition were 2%, 4%, and 6%. See the below
figure 3.

Figure 3: CBR Testing Process

The mixing process was performed manually for 10-15
minutes to ensure the mixture was homogeneous
[17][19]-[25]. The test specimens were cylindrical, the set
consists of a 6 x 7-inch (152 x 178 mm) mold body and a
2 inch (51 mm) compaction Collar, and a perforated mold
base with threaded rods and wing nuts. California Bearing
Ratio (CBR) testing was conducted after the specimens
were cured in open air for 3, 7, 14, 21, and 28 days.

III. RESULTS AND DISCUSSIONS

A. Characteristics of Untreated Soil

The results of the physical parameter testing on the clay
soil used in this study are presented in Table 1, where the
following values were obtained: specific gravity (Gs) of
2,11; clay dominance of 77,3%; liquid limit of 64,92%;
and plasticity index of 23,58%. Based on these values,
according to the USCS classification by plotting the IP
and LL values on the Casagrande chart, the soil can be
classified as organic soil with a high organic content
(OH). Furthermore, the CBR test results also indicate that
the clay soil has very low bearing capacity, with a value
of 4,49%. Based on this CBR value, the clay soil is
categorized as having "poor to fair" bearing capacity [18]
[26]-[34]. This indicates that natural soil has limited
bearing capacity. Therefore, this natural soil can only be
utilized as a sub-grade layer in road construction,
particularly for roads with light traffic intensity.

Table 1: Soft Soil Properties

Soft soil properties Value
Physical Specific Gravity 2,11
characteristics (Gs)
Water Content 33,08
(Wopt, %)
Sieve Analysis
Sand (%) 8,4
Silt (%) 14,3
Clay (%) 77,3
Atterberg Limit
Liquid Limit (LL) 64,92
Plastic Limit (PL) 41,34
Plasticity Index 23,58
(P1)
Mechanical Density (KN/m?3) 10,9
characteristics
CBR (%) 4,49%

B. The Result of the CBR Measurement

The results of the CBR tests on clay soil stabilized with
pumice, aluminium hydroxide, and varying lime additions
of 2%, 4%, and 6% are shown in Figure 4. The graph
indicates that the addition of lime and the curing duration
significantly improved the soil's bearing capacity. Soil
with 2% lime addition exhibited an increase in bearing
capacity compared to natural soil. After 3 days of curing,
the load values reached 296,86 lbs at a penetration of 0,1
inches and 404,81 lbs at 0,2 inches, with gradual
increases over the curing period. After 28 days, the load
values rose to 782,62 lbs at 0.1 inches and 944,55 Ibs at
0.2 inches of penetration.

The addition of 4% lime demonstrated a significant
improvement in bearing capacity, especially after curing
for 7 to 28 days. At 28 days, the load values reached
998,52 1bs at a penetration of 0,1 inches and 1376,34 1bs
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at 0,2 inches. These results indicate that 4% lime begins
to provide optimal stabilization effects, forming stronger
bonds between soil particles through pozzolanic
reactions. On the other hand, at a lime concentration of
6%, the recorded loads were 836,60 lbs and 1133,45 lbs
at penetrations of 0,1 inches and 0,2 inches, respectively,
after 28 days of curing.

Overall, the CBR test results show that both 4% and 6%
lime additions yielded excellent outcomes, with the 6%

lime addition being the most effective in enhancing the
soil's bearing capacity. Curing for 28 days produced
optimal results, highlighting the importance of curing
time in maximizing the effectiveness of soil stabilization.
In other words, the addition of 2% lime is only suitable
for light to moderate load applications, while 4% and 6%
lime are effective for heavy load applications.
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Figure 4: The Result of the CBR Measurement

C. CBR Values and Their Application in Road
Construction

Figure 5 illustrates the relationship between curing time
and the California Bearing Ratio (CBR) values for natural
soil and soil stabilized using a mixture of pumice, lime,
and lime at varying concentrations of 2%, 4%, and 6%.
The application of this soil stabilization method shows a
significant increase in CBR values compared to natural
soil. For 2% lime stabilization, the CBR value increased
from 9.90% to 26.09% after 28 days of curing, while
stabilization with 4% lime resulted in a more significant
increase, from 20.69% to 33.28%. Meanwhile, 6% lime
stabilization showed an improvement from 17.09% to
27.89% over the same period. These results indicate that
the highest CBR value was achieved with 4% lime
stabilization, which demonstrated an increase of more
than sevenfold compared to natural soil.

Based on the CBR value classification, soil stabilization
using 4% lime falls into the "Good" category, indicating
that the stabilized soil can be utilized as a Base or Sub-
base layer in road construction. This combination
provides the highest CBR value compared to 2% and 6%
lime and shows consistent results throughout the curing
period. With a final CBR value of 33.28% on the 28" day,
this soil demonstrates sufficient bearing capacity for use
in road construction subjected to moderate to heavy
traffic loads, such as primary highways or arterial roads.

The results of this study indicate that the stabilization
method using a mixture of pumice, aluminium hydroxide,
and 4% lime is an effective solution for improving the
mechanical characteristics of soil, particularly its CBR
value. With a significant increase in bearing capacity, this
technique enables the use of previously unsuitable local
soils as construction materials. The application of this
method has the potential to enhance technical efficiency

Innovative Research Publication



International Journal of Innovative Research In Engineering and Management (IJIREM)

and sustainability in road infrastructure development,
especially in areas requiring a high-bearing-capacity
subbase layer.
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Figure 5: The Effect of Time and Curing Period on CBR
Values

IV. CONCLUSION

This study concludes that soft soil stabilization using a
combination of pumice, aluminium hydroxide (AH), and
lime significantly improves the soil's California Bearing
Ratio (CBR) compared to its natural condition. Natural
soil, with a CBR value of 4.49%, categorized as "Poor to
Fair," is only suitable for use as a sub-grade layer. The
addition of lime at concentrations of 2%, 4%, and 6%
demonstrated progressive improvements in CBR values,
with 4% lime yielding the highest value of 33.28%,
classified as "Good." This makes it suitable for use as a
Base or Sub-base layer for roads subjected to medium to
heavy traffic loads. The findings affirm that 4% lime is
the most efficient concentration for improving soil
bearing capacity in terms of both effectiveness and result
stability. Additionally, the study highlights the importance
of curing time in maximizing the stabilization effects, as
CBR values continued to increase up to 28 days of curing.
The use of local materials, such as pumice and lime, not
only provides a superior technical solution but also offers
a more environmentally friendly and cost-effective
alternative to conventional cement stabilization.
Therefore, this method has the potential to become a
sustainable solution for improving subgrade quality in
remote areas with limited access to conventional
construction materials.
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