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THE EFFECT OF

ADDING QUICKLIME ON
STABILIZATION OF EXPANSIVE
SOILS

The object of this research is Ampelgading clay (Malang, East Java), known for its high plasticity and low strength, which impact
building stability. This study focuses on how varying proportions of quicklime affect soil properties. One of the main issues is clay instabil-
ity, caused by volume changes due to water fluctuations, which poses a major challenge for infrastructure, particularly in high-rainfall
and humid areas. In the study, expansive clay from Ampelgading with quicklime percentages of 0 %, 5 %, 10 %, 15 %, and 20 % was
tested. Geotechnical and mechanical tests, including water content, specific gravity, Atterberg limits, compressive strength, and swelling,
were conducted. The results show that adding quicklime significantly alters the physical and mechanical properties of the clay, reducing
water content from 58.20 % to 35.64 % and specific gravity from 3.362 to 2.118. Volumetric weight initially increases at low quick-
lime levels but decreases at higher levels. Quicklime alters soil microstructure through a pozzolanic reaction with calcium hydroxide
(Ca(OH),) and silica/alumina, forming calcium hydrates that enhance cohesion and strength. However, excessive quicklime creates
non-uniform aggregates, reducing density and stability. Optimal compressive strength occurs at 15 % quicklime, but at 20 %, stability
decreases, plasticity reduces, and swelling accelerates. Furthermore, lower moisture content improves compaction and enhances soil
stability. Compared to cement or fly ash, quicklime reacts faster, provides immediate stability, and minimizes long-term swelling and
shrinkage. The pozzolanic reaction further strengthens the soil by forming stable calcium hydrate and calcium aluminate compounds.

Agus Tugas Sudjianto,

Arnol Da Costa De Jesus Vili,
Aji Suraji,

Riman,

Sugeng Hadi Susilo

Keywords: quicklime, soil water content, soil specific gravity, soil tension, volume swelling, soil stabilization, expansive soil.

Received: 15.01.2025
Received in revised form: 15.03.2025
Accepted: 05.04.2025
Published: 15.04.2025

How to cite

© The Author(s) 2025
This is an open access article
under the Creative Commons CC BY license

https://creativecommons.org/licenses/by/4.0/

Sudjianto, A. T, Vili, A. D. C. D. ], Suraji, A., Riman, Susilo, S. H. (2025). The effect of adding quicklime on stabilization of expansive soils. Technology Audit and Production

Reserves, 2 (3 (82)), 12-17. https://doi.org/10.15587/2706-5448.2025.326784
1. Introduction

Many construction sites, especially in regions with expansive clay
soils such as in areas of California, Texas, and parts of Southeast Asia,
frequently encounter clay soil characterized by its low strength and high
plasticity. This leads to a decrease in the structure’s bearing capacity and
stability, which poses significant challenges for infrastructure. There-
fore, it is crucial to investigate the efficacy of quicklime as a soil stabi-
lizer in enhancing the physical and mechanical properties of clay soils,
such as its weight-bearing capacity, shear strength, and the reduction of
expansion. The challenge in implementing this is determining the op-
timal dose of quicklime to improve soil performance without affecting
other factors, such as cost, processing time, and environmental impact.

When clay soil is wet, it begins to change its volume. When water is
present, expansive clay soil expands, and when it is not, it contracts [1].
This feature of expansive clay soil causes the ground to shift, posing
a significant threat to public infrastructure such as roads, rail lines, and
pipe networks [2]. Minerals such as calcite, quartz, and clay minerals
compose expansive clay soil. Most wide soils, especially montmorillonite,
belong to the smectite group [3, 4]. Expansive clay minerals in the soil
can expand significantly when it absorbs water and contract when it
dries out. This tendency for things to expand and contract can have
a significant impact on buildings, foundations, and structures [5]. The
cycle of wetting and drying makes the soil shrink and swell, especially
in clay soils that are loose and clay-like. The process of shrinking and
growing helps cracks form and spread [6]. Building deep foundations

can be challenging due to the presence of clay layers that cover a large
area and extend to great depths [7].

In places with a lot of water, the way expansive clay soil behaves
affects how stable foundation buildings are. When soil expands and con-
tracts, it often deforms the surface. Monitoring ground subsidence over
time is crucial to prevent and control large-scale soil disasters, as it poses
a serious engineering danger [8, 9]. In the humid tropics, where it rains
a lot and tropical storms happen often, land degradation through mass
movement is a big problem. Rainfall increases the amount of water in the
soil. This can cause mass movement, especially in clay soils with minerals
that expand, where changes in humidity can weaken the structure [10].

The expansiveness of clay soil influences the design of buildings.
Expansive soils pose a significant challenge to the building industry
due to their tendency to undergo significant volume changes when
the water content varies. When these soils get wet, they expand, and
when they dry out, they shrink, putting a lot of stress on the footing
system [11, 12]. Clay-rich areas typically host them. Most estimates say
that rebuilding and fixing up land costs 10-11 billion USD a year in
the US, 2-3 billion USD in China, and 1-2 billion USD in the UK and
India. Total yearly losses rose by about 160 % from 1990 to 2020, with
6 billion dollars in losses just for US pavement buildings [13]. To keep
the pavement and structure stable and to lower the risk of damage, it is
important to treat and stabilize expansive soil before building [14, 15].
Its clear from these numbers that expansive soils have a big effect on
building, and it is necessary to find better ways to manage and stabilize
the soil right away. Geotechnical studies and using the right engineering
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solutions during planning and construction are necessary to make sure
that structures built on big areas of land are stable and last a long time,
which lowers their economic and structural effects [16-18].

To keep expansive clays stable, two popular methods are chemi-
cal stabilization and mechanical stabilization [19, 20]. To change the
physical features of expansive clay soils and make them stronger, me-
chanical stabilization uses non-cementitious materials like fibers [21],
tires [22], glass 23, 24], and among others. By adding soil binders [25],
chemical stabilization uses combinations of chemicals like fly ash [26],
geopolymers [27], cement [28], lime [29], zeolites [30], and more to
make clay soils better.

Studies have explored the use of quicklime as a stabilizer for ex-
pansive clay soils, but none have examined the optimal dosage. More
research on the effects of adding quicklime (CaO) on the physical,
mechanical, and volumetric swelling properties of expansive clay soils
is necessary to stabilize them.

The aim of this research is to identify the pattern of soil nature
change due to the addition of quicklime, understand the mechanism of
chemical reactions that occur between quicklime and soil components,
and determine the optimal dose of quicklime to increase the carrying
capacity, shear strength, and reduce the volumetric expansion of the
soil. Practically, this research is expected to provide applicative solu-
tions in the stabilization of expansive clay soils to increase the stability
of building structures and infrastructure. The results of this research can
be used as a reference in soil improvement techniques in construction
projects, especially in areas that have expansive clay.

2. Materials and Methods

Expansive clay soil samples were collected in the Ampelgading
area, Malang Regency, East Java. The test composition of the Ampel-
gading expansive clay soil includes both original, undisturbed soil and
disturbed soil, as outlined in Table 1.

Table 1

The composition of mixtures used on passive soil and quicklime

Material Percentage of test object weight
Expansive clay soil 100% | 95% 90 % 85 % 80 %
Quicklime 0 % S % 10 % 15 % 20 %

Let’s conduct soil properties tests by taking, drying, storing, and
filtering soil that passes sieve number 4. Then it is possible to use this
soil for various tests such as water content, specific gravity, degree of
saturation, grain gradation, Ateberg Limit, Standard Proctor, and soil
that passes sieve number 200. The next step involved testing the physi-
cal and mechanical properties of expansive clay soil. Testing the physi-
cal properties of expansive clay soil, including the water content test,
specific gravity, degree of saturation, grain gradation, Atterberg limits,
standard proctor, and vertical swelling test:

CaO (Quicklime) == H20 (Water)—>Ca(OH)2 (Calcium Hydroxide)

J

Soil Stabilization (Ca?* + Silicates)

The reaction diagram illustrates the process of stabilizing expan-
sive soils using quicklime (calcium oxide, CaO). When quicklime
is mixed with water (H,0), it undergoes a reaction to form calcium
hydroxide (Ca(OH) a compound that is highly alkaline. This reaction
is as follows:

CaO+H,0-Ca(OH).

Calcium hydroxide, once formed, interacts with the minerals in
the expansive soil, particularly with silicates present in the soil. This
interaction results in the formation of calcium-silicate compounds,
which improve the structure and stability of the soil. The stabilized
soil exhibits reduced swelling, making it less susceptible to expansion
when exposed to moisture changes. The overall effect of this process
is enhanced soil strength, improved load-bearing capacity, and better
overall soil stability, which is crucial in construction and engineering
applications where expansive soils are encountered.

3. Results and Discussion

3.1. Effect of quicklime on water content

The original soil water content is 58.20 %; adding 5 % quicklime
reduces it to 38.80 %; adding 10 % quicklime reduces it to 38.11 %; add-
ing 15 % quicklime reduces it to 37.42 %; and adding 20 % quicklime
reduces it to 35.64 %. Fig. 1 illustrates this. The addition of lime alters
the physical properties of the soil by enhancing the cohesion between
particles, which consequently decreases the soil's water-holding capacity.
The microstructure of the soil becomes more granular and less dense,
leading to a reduction in pore space and a subsequent decrease in the
water absorption capacity.

y=0.5x3-5.25x2+ 15.75x + 15.1
R?=0.9539

5 | Data - Poly. (Data)

Water Content (%)
P
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0% 5% 10% 15% 20%

Quicklime (%)

Fig. 1. Rclationship of quicklimc to water content

Fig. 1 shows the relationship between the percentage of quick-
lime (%) and Water Content (%) with the polynomial order three re-
gression model, producing an equation y:0.5x3—5.25x2+15.75x+15.1
and the coefficient of determination R?=0.9539, which shows a very
high level of compatibility (95.39 %). From the graph, it can be seen
that water content increases to the peak at around 5 % quicklime, then
decreases with an increase in quicklime levels to 20 %, indicating the
optimum point in the use of quicklime by around 5 %. This pattern
reflects that the addition of quicklime initially increases the water con-
tent, but after passing a certain threshold it actually reduces it, which is
most likely caused by a chemical reaction between quicklime and water.

The decline trend in the value of specific gravity (%) is in line
with an increase in quicklime levels from 0 % to 20 % can be seen
in Fig. 2. Initially, specific gravity is worth around 3.3 % when there is
no quicklime, then experienced a significant decrease to around
2.2 % at 10 % quicklime, and after that it tends to be stable close to
2.0 % to 20 % quicklime. This pattern indicates that the addition of
quicklime gradually decreases the relative density of the soil, possibly
due to chemical reactions between quicklime and soil components
that cause weathering particles and the formation of new or porous
new compounds. The stability point began to be seen after 10 %, which
indicated that the effect of adding quicklime to specific gravity was at
least after that point.

Fig. 2 shows the relationship between the percentage of quick-
lime (%) and specific gravity (%) with the polynomial order two re-
gression approach that produces equations y=0.125x*~1.033x+4.218
and the coeflicient of determination R2=0.9712, which reflects a very
good model compatibility (97.12 %). The pattern formed shows a de-
crease trend of specific gravity as the quicklime level increases, with the
most significant decreases occurred between 0 % to 10 %, and tends
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to slop afterwards. This indicates that the addition of quicklime
progressively decreases the value of specific gravity, the possibility
of changes in material structure due to chemical reactions between
quicklime and soil components, which causes a reduction in the rela-
tive density of the mixture.
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S o, Y=0.125x2-1.033x +4.218
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Fig. 2. Relationship between quicklime and specific gravity

The weight of the original dry volume of the soil is 1.48 g/cmS,
while the wet volume weight is 1.63 g/cm®. The addition of 5 % quick-
lime increases the weight of the dry volume to 1.54 g/cm® and the
weight of the wet volume to 1.69 g/cm?. If the quicklime is added as
much as 10 %, the weight of the dry volume rises to 1.61 g/cm®. When
adding 15 % quicklime, the dry volume weight decreases to 1.60 g/cm3,
and the wet volume weight also drops to 1.60 g/cm®. Meanwhile, add-
ing 20 % quicklime makes the dry volume weight return to 1.48 g/cm®,
while the wet volume weight stays at 1.48 g/cm’ (Fig. 3).
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Fig. 3. Relationship between quicklime and density

It can be seen that the addition of quicklime affects the soil micro-
structure. At low concentrations, quicklime (CaO) reacts with water
and soil, increasing cohesion between soil particles, which has the
potential to increase dry and wet soil density due to decreasing voids
between grains. When lime is added at 5 %, this reaction is optimal
so that the volume weight increases. However, at higher lime addi-
tions (15 % or 20 %), excessive amounts of lime cause the formation
of larger and non-uniform aggregates, which reduces the ability of soil
particles to stick together, resulting in a decrease in dry and wet bulk
weight. Meanwhile, chemically quicklime reacts with water to form
calcium hydroxide (Ca(OH),) through an exothermic process. Initially,
this reaction improves the bonds between soil particles and water, in-
creasing the bulk weight. However, if excessive additions are made, the
calcium hydroxide formed can cause saturation in the soil structure
and chemical reactions that are not optimal, resulting in the formation
of lime layers that are not evenly distributed, thereby reducing the
volume weight. In addition, adding too much lime can also increase the
stiffness of the soil, making it more difficult to compact the soil, which
contributes to fluctuations in volumetric weight values.

3.2. Effect of quicklime on Atterberg limit

Fig. 4 shows that the addition of quicklime to the plastic index can
reduce the IP value of the original soil. The original land plasticity index
is 27.18 %. With 5 % quicklime, the value remains 27.18 %. The addition

of 10 % quicklime reduced it to 12.97 %. If added 15 %, the index rose
to 22.16 %. The addition of 20 % quicklime makes it down to 16.33 %.
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Fig. 4. Relationship between quicklime and the Atterberg limit

This shows that quicklime (CaO) has the ability to change the soil
microstructure. When lime is added in certain amounts (for example,
5% and 10 %), lime interacts with water and soil, causing changes in the
soil texture to become more granular and reduced attraction between
clay particles, which usually have high plasticity. This decrease in plas-
ticity occurs because lime helps accelerate soil drying and reduces the
soil’s ability to absorb and retain water, which is an important factor in
plasticity. Upon addition of 10 % lime, this optimal chemical reaction
resulted in a significant reduction in IP, reflecting the reduced ability
of the soil to deform without cracking or fracturing. Meanwhile, from
a chemical point of view, the addition of lime triggers a pozzolanic re-
action, where calcium hydroxide (Ca(OH),) formed from the reaction
of lime and water reacts with silica and alumina in the soil, producing
compounds such as calcium silicate hydrate (CSH) and calcium alu-
minate hydrate (CAH). This reaction reduces the active clay content,
which is usually responsible for the plasticity of the soil, because they
bind water more easily. At the addition of 15 %, there is an increase in
IP again because excess lime can form large aggregates that maintain
plasticity, although at 20 % lime, excess lime again reduces IP because
the soil loses its flexibility due to calcium hydroxide saturation, which
inhibits the mobility of clay particles.

Fig. 5 shows that the addition of quicklime to the relative uncon-
fined compressive strength can increase the Qu of the original soil. The
original soil has Qu of 1.200 kg/cm?. Adding 5 % quicklime reduces this
to 0.435 kg/cm?, adding 10 % quicklime reduces this to 0.277 kg/cm?,
adding 15 % tohor increases the Qu to 0.517 kg/cm?, and adding 20 %
carbide waste mixture reduces Qu to 0.409 kg/cm. This is because
quicklime plays a role in changing the structure and texture of the soil
as well as influencing its mechanical properties, such as its unconfined
compressive strength. Initially, the addition of quicklime at 5 % and
10 % resulted in a decrease in Qu, as the amount of lime was insufhicient
to trigger a significant chemical reaction.
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Fig. 5. Relationship between quicklime and free compressive strength

Fig. 5 shows the relationship between the percentage of quick-
lime (%) and the value of the free compressive strength (Qu) in kg/cm?,

C
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with the polynomial order regression curve two is displayed as a blue dot-
ted line. The regression equation obtained is y=0.1357x"-0.9643x+1.94
with the coeflicient of determination R*=0.8156, which shows that
this regression model is able to explain around 81.56 % data variation.
From the curve form, it appears that the qual value decreases sharply
to the minimum point at around 10 % quicklime, then increases again
to 15 %, before decreases slightly at 20 %. This pattern indicates a non-
linear relationship, where the addition of quicklime to a certain extent
actually decreases the strength of the soil, before experiencing an in-
crease due to the process of more effective chemical stabilization at
certain doses.

Suboptimal binding of soil particles, where lime is insufficient to
transform clay soil into a stronger and more stable structure, leads
to this decrease in Qu, as the soil tends to lose cohesion between its
particles. Pressure at this concentration easily destroys the weaker
soil structure, leading to a decrease in Qu. On the other hand, quick-
lime (CaO) reacts with water to make calcium hydroxide (Ca(OH),).
This then reacts with silica and alumina in the soil in a process called
pozzolanic reaction. Calcium silicate hydrate (CSH) and calcium alu-
minate hydrate (CAH) are made when 15 % quicklime is added. These
chemicals strengthen the bonds between soil particles, which makes
the soil stronger and raises the Qu. However, when adding 20 % lime,
excessive calcium hydroxide saturation occurs, which makes the poz-
zolanic reaction less optimal. Excess lime causes uneven distribution
in the soil and results in brittle aggregates. This leads to a weakening
of the soil and a subsequent decrease in Qu. This unbalanced chemical
reaction causes fluctuations in the free compressive strength of the soil
with variations in quicklime content.

3.3. Effect of quicklime on proctor standards

Fig. 6 shows that the addition of quicklime to the optimum wa-
ter content can reduce the W, value of the original soil. The W, of
the original Ampelgading soil is 26.50 %, if the soil is added with 5 %
quicklime, it can increase the Wopt of the original soil by 29.50 %, with
the addition of 10 % quicklime, it can reduce the W, of the original soil
to 27.00 %, with the addition of 15 % quicklime, it can reduce the Wop
of the original soil to 25.67 %, and the addition of 20 % quicklime can
reduce the W, of the original soil to 23.64 %.

N
(=]

(=]

N W
(=)
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Fig. 6. Relationship between quicklime and 77,

This is because quicklime (CaO) added to the soil functions to
change the structure of the soil, especially by reducing the ability of
soil particles, especially clay particles, to hold water. When to add 5 %
lime to the soil, the initial hydration reaction of the lime absorbs wa-
ter, causing the soil to require more water to reach optimum compac-
tion conditions. However, along with the addition of lime up to 10 %,
15 %, and 20 %, the optimum water content decreases because the soil
becomes stiffer and more granular. The chemical reaction between
lime and soil causes a more stable and less plastic structure to form,
so the soil requires less water to reach maximum density. A chemical
reaction called pozzolanic reaction happens between calcium hydrox-
ide (Ca(OH),) and the silica and alumina in the soil when lime is
added. When there is more lime in the soil, this reaction makes calcium
silicate hydrate (CSH) and calcium aluminate hydrate (CAH) com-
pounds. These compounds make the soil more stable and strengthen
the bonds between the particles. With this stabilization, soil particles

lose some of their ability to absorb and retain water, so that the opti-
mum water content decreases. Additionally, the formation of a stiffer
structure reduces the volume of soil pore space, allowing the soil to
reach its maximum density with less water, leading to a further decrease
in the optimum water content even with the addition of lime up to 20 %.

Fig. 6 shows the relationship between the percentage of quick-
lime (%) and optimum water content (OWC) (%), with the polyno-
mial order regression curve two depicted in the blue dotted line. The
regression equation obtained is y=-0.7143x?+3.2857x+25, with the
coeflicient of determination R2=0.8571, indicating that the regression
model is able to explain around 85.71 % accurate data variations. From
the graphics pattern, it appears that the OWC has increased to the
maximum point at around 5 % quicklime, then gradually decreases
with the addition of quicklime levels. This decreased parabolic pattern
shows that the addition of early quicklime increases optimum water
requirements due to calcification initial reactions, but after a certain
point, the stabilization reaction causes reduced water needs due to the
formation of more stable and dense compounds.

3.4. Effect of quicklime on yd,,y

Fig. 7 shows that the addition of quicklime to the relative maximum
dry volume can increase the yd,, of the original soil. The original soil’s
dinax is 1180 g/cm’. Adding 5 % quicklime to the soil can increase its
Ainay to 1.220 g/cm®. Adding 10 % quicklime can further increase the
dmax to 1.270 g/cm®. Quicklime at 15 % can increase the ydy,y of the
original soil to 1.310 g/cm?, and the addition of quicklime at 20 % can
increase the Ydy,x of the original soil to 1.315 g/cm?. This is because
the addition of quicklime changes the mechanical properties of the soil,
especially in terms of the ability of soil particles to bond and compact.
Quicklime acts as a stabilizing agent that increases the stiffness and den-
sity of the soil. Adding 5 %, 10 %, 15 %, or up to 20 % lime leads to an
increase in dp,y as it aids in reducing the plasticity of clay soil, thereby
making soil particles more granular and easier to compact under pres-
sure. The reduction in pore space between soil particles allows for the
compacting of this more stable soil to a higher dry volume.

e Dat Poly. (Data)
o —e—Data - oly. ata
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E 115 | y=-0.0057x2+0.0663x + 1.116
~ . R2=0.9832
0 5 10 15 20

Quicklime (%)

Fig. 7. Relationship between the addition of quicklime and the maximum

dry volume weight (Ydmay)

Meanwhile, chemically, quicklime (CaO) reacts with water to
form calcium hydroxide (Ca(OH),), which then reacts with silica
and alumina components in the soil through a pozzolanic process.
Compounds like calcium silicate hydrate (CSH) and calcium alu-
minate hydrate (CAH) are made in this reaction. These compounds
strengthen the bonds between soil particles and stop them from de-
forming because of mechanical loads. This process results in the soil
becoming denser and more structurally stable. As lime content in-
creases, soil stabilization increases, enabling soil particles to compact
more efficiently and achieve a higher maximum dry volume weight.
The increase in Ydy,x to 1.315 g/cm® with the addition of 20 % lime
shows that the chemical reaction and physical changes are optimal in
strengthening the soil structure.

Fig. 7 shows the relationship between the percentage of quick-
lime (%) and the maximum dry content weight (ydy,y) in units of
gr/cm3, with the polynomial order regression two displayed as blue
dotted lines. The regression equation is y=-0.0057x>+0.0663x+1.116,
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with the coefficient of determination R*=0.9832, which means this
model is very accurate and is able to explain around 98.32 % data
variation. From the graph, it can be seen that the addition of quicklime
increases YD Max significantly to around 15 %, then the graphics start
to slop. This shows that the addition of quicklime increases the maxi-
mum density of the soil due to the binding reaction of soil particles
that make the structure denser, but after a certain point, the effect
starts to be saturated. The curve pattern that is close to linear shows
that quicklime is very effective in increasing soil density to a certain
extent, making it efficient stabilization material.

Fig. 8 illustrates how the percentage of added quicklime influences
the time for Ampelgading expansive clay soil to stop swelling. The
more quicklime increases, the time required for the expansion process
of expansive clay soil will decrease. This is because the addition of
quicklime (CaO) to the soil alters its microstructure. Expansive clay soil
has the unique property of being able to absorb large amounts of water,
causing volume expansion. Adding lime causes the soil to become more
stable and granular, which reduces the soils ability to absorb water.

7
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o0 5
?3;3 y=6.1679x0317 sy
%) R2=0.8354

1t —e—Data - Power (Data)
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0 5 10 15 20

Quicklime (%)

Fig. 8. Relationship between the addition of quicklime
and volumetric swelling

When lime reacts with soil, it enhances the cohesiveness of soil par-
ticles and strengthens their bonds, thereby reducing the available pore
space for water. As a result, the soil expansion process takes less time, as
water cannot penetrate the soil as effectively as it used to. Meanwhile, if
viewed from a chemical perspective, the addition of quicklime produces
a hydration reaction, where the lime reacts with water to form calcium
hydroxide (Ca(OH),). Aside from that, quicklime also reacts with silica
and alumina in the soil to make calcium silicate hydrate (CSH) and
calcium aluminate hydrate (CAH; see below). These compounds act
as chemical binders that strengthen the soil’s structure and reduce its
plasticity and expansive capacity. This process reduces the ability of
clay soil particles to absorb water, thereby accelerating the end of the
soil expansion process. Adding more lime enhances the effectiveness of
the pozzolanic reaction, which in turn reduces the amount of water the
soil can absorb, leading to shorter swelling times.

Fig. 8 shows the relationship between the percentage of quick-
lime (%) and the value of swelling (soil development), with the type of
function (power function) regression curve that is displayed as a blue
dotted line. The regression equation is y=6.1679x. From the graph,
it appears that the swelling value decreases consistently as the quick-
lime level increases, although there is a slight fluctuation at 10 %. This
decline pattern reflects that the addition of quicklime is effective in
reducing the potential for soil development, which is generally caused
by active clay minerals. The regression model shows the inverse rela-
tionship, which means the higher the quicklime level, the lower the
swelling value, so that the addition of quicklime is proven effective in
stabilizing expansive soil.

The application is very useful for infrastructure projects such as
roads, airports, and building foundations in high-risk areas to changes
in soil volume due to humidity. Compared to cement or fly ash, quick-
lime reacts faster, provides long — term stability, and reduces soil shrink-
age and swelling, making it efficient choice in soil stabilization.

This research is limited to one type of soil in Ampelgading, so the
results are not necessarily applicable to soil with different character-

istics. Long-term environmental impacts have not yet been analyzed.
Further studies are needed to test the effectiveness of quicklime in
various types of soil and explore combination with other stabilization
materials to improve efficiency and sustainability.

4. Conclusions

The research findings support the following conclusion:

1. The addition of quicklime gradually reduces soil water content
from 58.20 % to 35.64 % at a level of 20 %, indicating that lime is effec-
tive in reducing water absorption capacity and increasing soil micro-
structural stability. The specific gravity of the soil also decreased from
3.362 to 2.118 because the soil became more granular and less dense at
high lime content.

2. Dryand wet volumetric weight varies with the addition of lime:
at low levels, the density increases due to the hydration reaction, but at
higher levels it decreases due to non-uniform structure formation. The
plasticity index (IP) decreased from 27.18 % to 12.97 % at 10 % lime
content due to changes in soil microstructure, although at higher levels,
the IP increased again.

3. Unconfined compressive strength (Qu) reaches its peak at a lime
content of 15 % but decreases at 20 % due to uneven lime distribution
and the formation of weak aggregates. Lime also reduces the optimum
water content (W) from 26.50 % to 23.64 %, making the soil stiffer and
requiring less water to reach maximum density.

4. The increase in maximum dry volume weight (Ydy,y) from
1.180 g/cm? to 1.315 g/cm? occurred because lime strengthened the
soil structure by up to 20 % addition. The addition of lime acceler-
ates the expansion time of expansive clay soils by reducing water
absorption capacity, resulting in a more stable structure with smaller
pore spaces.

Acknowledgements

The author thanks the Indonesian Ministry of Research, Tech-
nology, and Higher Education (RISTEKDIKTI) and the Widyagama
University Malang and State Polytechnic of Malang for sponsoring
this research.

Conflict of interest

The authors declare that they have no conflict of interest regarding
this research, including financial, personal, authorship or other, which
could affect the research and its results presented in this article.

Financing

This research was funded by Widyagama University Malang (In-
donesia).

Data availability

The manuscript has no associated data.

Use of artificial intelligence

The authors confirm that they did not use artificial intelligence
technologies when creating the current work.

References

1. Liu, M., Saberian, M., Li, ., Zhu, ], Perera, S. T., Anupiya, M. et al. (2024).
Evaluation of brown coal fly ash for stabilising expansive clay subgrade:
A sustainable solution for pavement construction. Resources, Conservation
and Recycling, 204, 107533, https://doi.org/10.1016/j.resconrec.2024.107533

G

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 2/3(82), 2025



ISSN-L 2664-9969; E-ISSN 2706-5448

CHEMICAL ENGINEERING:
CHEMICAL AND TECHNOLOGICAL SYSTEMS )

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Zhu, ], Saberian, M., Li, J., Maqsood, T., Yang, W. (2023). Performance of

clay soil reinforced with PET plastic waste subjected to freeze-thaw cycles for
pavement subgrade application. Cold Regions Science and Technology, 214,
103957. https://doi.org/10.1016/j.coldregions.2023.103957

. Suhudi, S, Frida, S. K., Damayanti, F. (2024). Analysis of the Stability Plan for

Kambaniru Weir, East Sumba District. Journal of Evrimata: Engineering and
Physics, 2 (2), 138-143. https://doi.org/10.70822/journalofevrmatav2i02.65

. Putra, M. H. R, Utomo, E. B, Maulana, F. R, Huda, M. S. (2024). Improving

the Quality of Frozen Chicken Sempol Products Using the Six Sigma Method
at UMKM Suropati Pasuruan. Journal of Evrimata: Engineering and Physics,
2(1),104-111. https://doi.org/10.70822/journalofevrmatayi41

. Rezaee, L., Davatgar, N., Moosavi, A. A, Sepaskhah, A. R. (2024). Assess-

ing the impact of soil shrinkage and pore size dynamics on rice crop yield
in expansive clay soils. Soil and Tillage Research, 244, 106261. https://doi.
org/10.1016/j.5til1.2024.106261

. Listiyono, L., Subagijo, S., Hadi susilo, S. (2023). Analysis Of Hardening Prod-

ucts And Micro Structure Of Steel With Carbon Equivalent Variations And
Cooling Oil Viscosity. Journal of Evrimata: Engineering and Physics, 1 (1),
24-30. https://doi.org/10.70822/journalofevrmatavi.8

. Liu, C, Wu, Z,, Garg, A, Qin, Y., Mei, G, Ly, C., Zhang, H. (2023). Experi-

mental investigation for dynamic characteristics of paraffin-graphite based
CPCM (composite phase change material) amended expansive soil under
dry-wet cycles. Construction and Building Materials, 404, 133170. https://doi.
org/10.1016/j.conbuildmat.2023.133170

. Lazuardi, L., Akhlis Rizza, M., Maryono, M. (2024). application Planning

of Microhydro Electricity Generating Technology With 55 Kw Power in the
Mountains Using the River Flow of Coban Rondo Waterfall, Krajaan, Pan-
desari, Kec. Pujon, Malang, East Jawa. Journal of Evrimata: Engineering and
Physics, 1 (2), 61-69. https://doi.org/10.70822/journalofevrmatavi.25

. Crichlow, A, Roopnarine, R., Eudoxie, G., Pinongcos, F. (2024). Nature-based

solutions for regulating moisture content in an expansive clay soil. Nature-
Based Solutions, 5,100125. https://doi.org/10.1016/j.nbsj.2024.100125
Suhudi, S., Damayanti, F. (2024). Stability Analysis of Retaining Soil Walls
Protecting Banu Canal, Ngantru Village, Ngantang District, Malang-Indone-
sia. Journal of Evrimata: Engineering and Physics, 2 (1), 95-103. https://doi.
org/10.70822/journalofevrmatayi.37

Abden, A., Al-Shamrani, M., Dafalla, M. (2024). Evaluating the feasibility of
inverted T foundation on expansive soils. Journal of Building Engineering, 97,
110788. https://doi.org/10.1016/jjobe.2024.110788

Du, ], Zhang, L., Hu, Q, Luo, Q, Connolly, D. P, Liu, K. et al. (2024). Char-
acterization of controlled low-strength materials from waste expansive soils.
Construction and Building Materials, 411, 134690. https://doi.org/10.1016/
j.conbuildmat.2023.134690

Irfin, Z., Moentamaria, D., Nur Arifa, A. (2023). Optimization of Making
Edible Film from Glucomannan Flour with the Addition of CaCQOs3, Gelatin,
Glycerol, Coconut Oil, and Tea Tree Oil. Journal of Evrimata: Engineering and
Physics, 1 (1),9-17. https://doi.org/10.70822/journalofevrmatavi.3

Zainal, M. Z. A., Susilo, S. H. (2023). Simulation of Heat Transfer Rate in
Motorcycle Engine Cylinder with Variation of Distance Between Fins and
Material. Evrimata: Journal of Mechanical Engineering, 1 (1), 1-8. https://doi.
org/10.70822/evrmatayi.12

Ma, S, Ma, M., Huang, Z., Hu, Y., Shao, Y. (2023). Research on the improve-
ment of rainfall infiltration behavior of expansive soil slope by the protection
of polymer waterproof coating. Soils and Foundations, 63 (3), 101299. https://
doi.org/10.1016/j.sandf.2023.101299

Pratama, A. Y., Widyasari, A., Fakhruddin, M., Muzaki, M., Firmansyah, H. I.
(2024). Simulation of the Effect of Blank Geometry Toward the Mecanical
Properties of Strains and Stress on Deep Drawing Process Using Material
Aluminum 7075. Journal of Evrimata: Engineering and Physics, 1 (2), 70-77.
https://doi.org/10.70822/journalofevrmatayi.27

Almuaythir, S., Zaini, M. S. I, Hasan, M., Hoque, Md. I. (2024). Sustainable
soil stabilization using industrial waste ash: Enhancing expansive clay proper-
ties. Heliyon, 10 (20), €39124. https://doi.org/10.1016/j.heliyon.2024.¢39124
Asrori, A, Alfarisyi, M. F. ., Zainuri, Ach. M., Naryono, E. (2024). Charac-
terization of the Bioenergy Potential of Corncob and Rice Husk mixtures in
Biochar Briquettes. Evrimata: Journal of Mechanical Engineering, 1 (1), 14-20.
https://doi.org/10.70822/evrmatayi.22

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Danxi, S, Xian-Feng, L., Sheng-Yang, Y., Gaofeng, P., Guanlu, J., Hailong, W.

etal. (2023). Three-dimensional characterization of cracks in undisturbed
Mile expansive soil using X-ray computed tomography. Soils and Foundations,
63 (3),101282. https://doi.org/10.1016/j.sandf2023.101282

Maryono, M., Ali, M., Lazuardi, L. (2024). Effect of Using Epoxy as a Sub-
stitute for Hydroxyl-Terminated Polybutadiene (HTPB) on Manufacturing
Solid Propellants. Evrimata: Journal of Mechanical Engineering, 1 (3), 69-76.
https://doi.org/10.70822/evrmatay1i03.39

Fadugba, O. G, Ajokotola, E. ], Oluyemi-Ayibiowu, B. D., Omomomi, O. ],
Bodunrin, M., Adetukasi, A. O. (2024). Evaluation of citric acid-treated
natural fibres as sustainable additives for improving expansive soil perfor-
mance in highway construction. Journal of Engineering Research. https://doi.
0rg/10.1016/j.jer.2024.02.012

Rasidi, N., Dora, M. P. I, Ningrum, D. (2022). Experimental Testing Com-
parison between Wiremesh Reinforcement and Plain Reinforcement on
Concrete Slabs. Asian Journal Science and Engineering, 1 (1), 48. https://doi.
org/10.51278/ajsev1il.405

A. Soltani, A, Taheri, A., Deng, A., O'Kelly, B. C. (2022). Stabilization of
a highly expansive soil using waste-tire-derived aggregates and lime treatment.
Case Studies in Construction Materials, 16, ¢01133. https://doi.org/10.1016/
j.csem.2022.e01133

Hidayat, T. R., Whidiyanto, P, Maryono, M., Mangililo, R. C., Zai, A. S. (2025).
Analysis of Material Variations (Ammonium Perchlorate/Aluminum/Epoxy)
And Pressure on Propellant Combustion Speed. Evrimata: Journal of Mechan-
ical Engineering, 1 (2), 57-62. https://doi.org/10.70822/evrmatavi.40
Yaghoubi, E., Yaghoubi, M., Guerrieri, M., Sudarsanan, N. (2021). Improving
expansive clay subgrades using recycled glass: Resilient modulus character-
istics and pavement performance. Construction and Building Materials, 302,
124384, https://doi.org/10.1016/j.conbuildmat.2021.124384

Ningrum, D, Nahak, A., Rasidi, N. (2023). Comparison Analysis of Equivalent
Static Earthquake and Spectrum Response Dynamics on Steel Structure. Asian
Journal Science and Engineering, 1 (2), 103. https://doi.org/10.51278/ajsev1i2.548
Perera, M., Anupiya, S. T, Saberian, M., Zhu, ., Roychand, R., Li, J. (2022). Ef-
fect of crushed glass on the mechanical and microstructural behavior of highly
expansive clay subgrade. Case Studies in Construction Materials, 17, ¢01244.
https://doi.org/10.1016/j.cscm.2022.e01244

Ibim, A. A. (2024). Adaptation to Climate Change, Conservation and Finan-
cial Feasibility in Heritage Buildings: A Nexus of Ideological Divergence in
Post-Flood Disaster Reconstruction. Journal of Evrimata: Engineering and
Physics, 2 (2), 150-157. https://doi.org/10.70822/journalofevrmatay2i02.60
Chabrat, N,, Russo, G., Vitale, E., Masrouri, F, Cuisinier, O. (2024). Long-term
characteristics of a stabilized expansive clay exposed to environmental-driven
processes. Transportation Geotechnics, 46, 101257, https://doi.org/10.1016/
jtrgeo.2024.101257

Ningrum, D., Wijaya, H. S, Van, E. (2023). Effect of Treatment Age on Me-
chanical Properties of Geopolymer Concrete. Asian Journal Science and Engi-
neering, 1(2), 121. https://doi.org/10.51278/ajsev1i2.544

><Agus Tugas Sudjianto, Professor, Department of Civil Engineering, University
of Widyagama Malang, Malang, Indonesia, e-mail: agustugas@widyagama.ac.id,
ORCID: https://orcid.org/0000-0001-7547-7004

Arnol Da Costa De Jesus Vili, Department of Civil Engineering, University of
Widyagama Malang, Malang, Indonesia, ORCID: https://orcid.org/0009-0007-
1775-4131

Aji Suraji, Professor, Department of Civil Engineering, University of Widyagama
Malang, Malang, Indonesia, ORCID: https://orcid.org/0000-0002-2636-2603

Riman, Associate Professor, Department of Civil Engineering, University of Widya-
gama Malang, Malang, Indonesia, ORCID: https://orcid.org/0000-0002-6992-7395

Sugeng Hadi Susilo, Associate Professor, Department of Mechanical Engineering,
State Polytechnic of Malang, Malang, Indonesia, ORCID: https://orcid.org/0000-
0003-3077-2039

P Corresponding author

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 2/3(82), 2025

17—



