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Preface

This new volume of Lecture Notes in Civil Engineering contains the Proceedings
of the 4th International Conference of Construction, Infrastructure, and Materials
(ICCIM 2025). The theme of ICCIM 2025 is Advancing Technology in Civil Engi-
neering Towards Sustainable and Resilient Infrastructure. It highlights the conference
scope, such as: Structural Engineering and Materials; Geotechnical Engineering;
Transportation Engineering and Materials; Construction Management; and Water
Resources. ICCIM 2025 received papers from various countries, such as Indonesia,
Malaysia, Singapore, Taiwan, Japan, and South Korea. All 56 papers published in
this volume went through the double-blind peer-review and plagiarism check. Each
paper was reviewed by two experts of the paper’s subject. The expert reviewers
assessed the papers’ technical contents. They would give constructive feedback to
improve the papers’ quality, while they also rejected them if the papers were not up
to standard.

The Fourth International Conference of Construction, Infrastructure, and Mate-
rials (ICCIM 2025) was hosted by the Civil Engineering Undergraduate Program
of Universitas Tarumanagara on 24 July 2025. The conference provided an inter-
national platform for professionals of their respective fields to share information
about the state of the art of Civil Engineering. By having a better understanding of
the current state and by establishing firm collaboration with each other, Civil Engi-
neering stakeholders will be more prepared to thrive in a perpetually progressing
civilization.

This conference is a biannual conference that we have routinely organized since
2019. With the theme that is increasingly developing following existing global prob-
lems, it is hoped that this book can convey new ideas that are very useful for future
development planning. ICCIM 2025 is motivated by the development of views on
sustainable development, where development does not only focus on one aspect, but
all aspects of social, cultural, economic, and environmental impacts of the develop-
ment. Stakeholders such as academics, researchers, experts, and policymakers must
be ready to implement sustainable development for current needs. Therefore, we held
a conference to accommodate ideas, input, suggestions, and other forms of thought
to support the sustainable infrastructure. This conference is expected to contribute
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to various studies related to development that can later be used for the benefit of the
construction community.

Therefore, we acknowledge all authors who have dedicated their time to writing
the papers and presenting them to this conference. Our gratitude is also conveyed to
the distinguished keynote speakers who delivered an excellent speech: Prof. Louis
Ge (National Taiwan University, Taiwan); Hyunjin Ju, Ph.D. (Hankyong National
University, South Korea); Dr. Gustavo A. M. de Almeida (University of Southampton,
United Kingdom); and Andy Prabowo, Ph.D. (Universitas Tarumanagara, Indonesia).

We also appreciate the support from 6 university partners: Nihon Univer-
sity, Japan; Universitas Katolik Parahyangan, Indonesia; Universitas Atma Jaya
Yogyakarta, Indonesia; Universitas Katolik Soegijapranata, Indonesia; Universitas
Muhammadiyah Yogyakarta, Indonesia; Universitas Mataram, Indonesia; together
with all sponsors of the ICCIM event.

‘West Jakarta, Indonesia Leksmono Suryo Putranto
Taipei, Taiwan Louis Ge
Anseong, South Korea Hyunjin Ju
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Improving the CBR Value of Silt Soil )
Using Waste Tire and PET Plastic e
as Sustainable Stabilization Materials

Aniek Prihatiningsih and Steven Jonathan

Abstract This study investigates the potential use of waste tire and polyethylene
terephthalate (PET) plastic as sustainable stabilization additives to improve the Cali-
fornia Bearing Ratio (CBR) value of silt soil. Silt soil, known for their low bearing
capacity and poor compaction properties, poses significant challenges for infras-
tructure development in rapidly growing areas such as Pantai Indah Kapuk (PIK)
2, Tangerang. In this study, the soil was mixed with 2, 4, 6, and 8% waste tire and
0.2, 1, 2, and 4% PET plastic by dry weight of soil, using materials passing through
a 4.75 mm sieve. Standard Proctor and CBR tests were conducted to compare the
natural soil and treated samples. Natural silt soil exhibited a CBR value of 11.9%),
while the mixture of waste tire material with 4% proportion recorded a CBR value
of 16%, indicating an increase of approximately of 33.6% and for the mixture of
PET plastic material with 2% addition yielded a CBR value of 14.7%, which equals
an increase of about 22.7% compared to the natural soil. These findings highlight
the potential of using waste tire and PET plastic as alternative stabilizers, offering a
technically effective, cost-saving method and environmentally sustainable solution
for improving the subgrade soil performance in geotechnical engineering uses.

Keywords Soil stabilization - Silt soil - Waste tire and PET plastic - CBR

1 Introduction

The strength and stability of the subgrade soil are key factors in determining the
success of transportation infrastructure development, particularly in road construc-
tion. One of the main parameters that can determine whether soil can be used as a
subgrade or subbase is the California Bearing Ratio (CBR) value. To determine the
CBR value, soil samples are compacted at the Optimum Moisture Content (OMC)
and Maximum Dry Density (MDD) [1]. In tropical regions such as Indonesia, this

A. Prihatiningsih () - S. Jonathan
Tarumanagara University, Jakarta, Indonesia
e-mail: aniekp @ft.untar.ac.id
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testing is essential for pavement design, as the CBR value directly influences the
required pavement thickness and thus construction cost. The bearing capacity of the
subgrade is crucial in determining the thickness of the pavement [2], which can also
significantly impact construction costs [11]. The CBR value plays a crucial role in
determining the thickness of the pavement, where a higher CBR value allows for a
thinner pavement layer in road construction, and vice versa [3].

Silt soil is commonly found at various construction sites and generally has a low
CBR value, so it does not meet the minimum requirements as subgrade material
without additional improvement. Silt soil is typically classified as a fine-grained soil
with the primary criterion being that more than 50% of the soil’s weight passes
through a No. 200 sieve (0.075 mm) and has low to moderate plasticity, making it
a suitable material for directly supporting structural loads. Therefore, stabilization
efforts are required to enhance the bearing capacity and technical properties of silt
soil [4].

On the other hand, waste tire and PET plastic have become a growing envi-
ronmental problem due to the limited waste management, especially in Indonesia.
According to data from the Ministry of Environment, in 2024 the total waste of over
33 million tons, the rubber waste accounts for 2.13% (around 600 thousand tons)
and plastic waste accounts for 19.73% (around 5.7 million tons). Improper manage-
ment of these materials can result in pollution and health hazards. Repurposing these
wastes as soil additives not only mitigates environmental risks but also presents a
resourceful approach to soil enhancement.

Previous investigations into waste-based soil stabilization have examined various
materials, including shredded tires, carpet fibres, and paper fibres. Among these,
tire waste had the highest improvement in the tested soil properties [5]. Several
studies have discussed the opportunities and challenges of utilizing waste materials
for soil improvement. It has been demonstrated that the incorporation of recycled
tire particles into soil mixtures can result in lower CBR values unless combined with
additional stabilizing agents, which emphasizes the need for appropriate treatment
and mix proportioning [6]. Other research also indicates that recycled PET strips are
capable of improving both CBR and compressive strength, thereby reinforcing their
potential as sustainable soil stabilizers [7]. In general, tire waste and PET plastic
represent promising alternatives for ground improvement, although their effective-
ness is highly dependent on dosage and soil type. This can also be demonstrated by a
study using used tire waste with dimensions of 10—40 mm in length and 10-15 mm in
width, with varying additions of 2, 4, 6, 8, and 10% showed a significant increase in
CBR values at a 6% addition rate, with the CBR value increasing from 2.41 t0 6.59%
[8]. There was an experiment using tire waste that had passed through a sieve no. 4
(4.75 mm) with addition variations of 2, 4, 6, and 8%, showing the greatest increase
at the 6% addition variation, with the CBR value increasing from 6.13 to 9.48%
[9]. For the PET plastic waste, there was also a study that used PET plastic with
dimension of 5 x 0.5 mm with varying additions of 0.1, 0.2, 0.3, and 0.4% showed
an increase in CBR values increasing from 12.2 to 16.2% [10]. Another study that
used PET plastic waste with the size less than 20 mm and bigger than 4.75 mm with
addition variations of 0.5, 1, 2, 3, and 4% showed the increasing of CBR value at 2%
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addition from 2.92 to 9.72% [11]. The results of previous studies indicate that either
tire waste or PET plastic waste can be a promising solution to address environmental
issues while improving soil performance.

Based on the background and review of previous research, the research question
in this study is how the variation in the addition of tire and PET plastic waste material
affects the increase in the California Bearing Ratio (CBR) value of silt soil, as well as
what percentage of used tire and PET plastic material is most effective in improving
the bearing capacity of silt soil.

Therefore, experimental research on the addition of tire and PET plastic waste
to silt soil on CBR values is highly relevant as a solution in efforts to improve
subgrade soil performance. The purpose of this research is to analyze how different
proportions of tire waste and PET plastic waste influence the CBR values of silt
soil, using samples taken directly from a project site in Pantai Indah Kapuk (PIK) 2,
Tangerang. Unlike previous studies, which generally rely on general or laboratory-
prepared soil types, this study emphasizes the importance of using actual field soil to
reflect realistic construction conditions and to address a gap in site-specific soil stabi-
lization research. In addition, this study also determines the most effective mixture
ratio for soil stabilization techniques, thereby providing an environmentally friendly
alternative solution in the fields of civil engineering and road construction.

2 Materials and Methods

2.1 Research Materials

This experimental study utilized silty soil collected from Pantai Indah Kapuk (PIK) 2
in Tangerang. The samples were naturally air-dried and sieved to ensure uniformity.
Waste tire and PET plastic was obtained from local sources and cut into small pieces
until they passed through a sieve no. 4 (4.75 mm) to standardize particle size. The
proportions of tire waste used at 2, 4, 6, and 8%. For the PET plastic waste used at
0.2, 1, 2, and 4%. The proportions of both wastes were calculated based on the dry
weight of the soil.

2.2 Research Methods

The research began with the laboratory testing to find out the type of the soil based
on Unified Soil Classification System (USCS). The test consists of index properties,
grain size analysis, Atterberg limit, and standard proctor compaction test. After the
soil laboratory tests were conducted, the next step is to prepare the dry soil material
and shredded tire and PET plastic waste. Control samples without the addition of
additives were tested for compaction using the Standard Proctor method, based on
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ASTM D698 [12] to determine the Maximum Dry Density (MDD) and Optimum
Moisture Content (OMC). After the OMC is obtained, California Bearing Ratio
(CBR) testing, based on ASTM D1883 [13], will be conducted using the unsoaked
method three times to enhance data reliability, both for the control sample and the
sample mixed with additives. After all samples have been tested, data analysis will
be conducted to evaluate the effect of variations in tire and PET plastic addition on
CBR value improvement and to determine the optimal proportion of additives that
provide the best improvement in silt soil.

3 Results

Based on the results of soil laboratory testing, it is found that the soil type is included
in the MH classification, as presented in Table 1, namely inorganic silt with high
plasticity, indicated by Liquid Limit values 60.6% and Plasticity Index 20.35%. The
Specific Gravity value of 2.63 indicates that the soil is clay or silt. Based on the results
of the grain size distribution test, the soil sample is mainly composed of fine-grained
particles. Silt makes up the largest portion at around 60%, with sand contributing
about 25%, followed by 10% clay and a small amount of gravel at approximately
less than 5%. Compaction characteristics showed the Optimum Moisture Content
(OMC; 29%) and Maximum Dry Density (MDD; 1.358 g/cm?), indicating the soil
has low bearing capacity and potential for significant volume changes due to changes
in moisture content.

According to the data in Fig. 1, which is the result of laboratory compaction
test, it was found that the soil achieved its peak dry density of about 1.358 g/cm?
when the moisture content was close to 29%, indicating the optimal condition for
compaction. The shape of the curve showed a typical response of fine-grained soils,
where density increased with added moisture up to a certain point before decreasing
due to excess water. All data points followed a consistent trend and remained below

Table 1 Summary of soil sample testing

No. | Testing Parameters Test results

1 Index properties Specific gravity value 2.63

2 Grain size analysis %Gravel 4.31%; 4.26%; 4.27%
%Sand 24.09%; 22.21%; 23.95%
%Silt 60.85%; 62.98%; 63.56%
%Clay 10.75%; 10.56%; 8.22%

3 Atterberg limit test Liquid limit value 60.6%
Plasticity index value 20.35%

4 Standard proctor compaction | Optimum moisture content | 29%
Maximum dry density 1.358 g/lem?®
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Fig. 1 Standard proctor compaction curve

the theoretical zero air voids line, reflecting realistic compaction behavior under
field-like conditions.

After obtaining supporting data, CBR testing can be carried out with the condition
of the tested soil must be in accordance with compaction data such as soil must be
at Optimum Moisture Content (OMC) and Maximum Dry Density (MDD). CBR
testing will be carried out using three samples to maintain the accuracy of the data
starting from the original soil sample, a mixture of 2, 4, 6, and 8% waste tire, and a
mixture of 0.2, 1, 2, and 4% PET plastic waste. For the CBR value and the percentage
increase from the original soil can be seen in Table 2.

After conduction CBR testing, data such as CBR Top and CBR Bottom values
are obtained by taking readings during testing. The CBR value can be calculated by
finding the average value of the CBR Top and CBR Bottom values. In the natural
sample, the CBR value is 11.9%. Thereafter, the sample with the addition of tire
waste and PET plastic will be tested to demonstrate a notable influence on its CBR
values. The addition of 2% tire waste resulted in a CBR value of 14.8%. Increasing
the tire content to 4% further enhanced the CBR value to 16%, representing the peak
performance among the tested variations. Interestingly, further additions of 6 and 8%
led to decreases in performance, suggesting that excess tire particles may interfere
with optimal particle packing or bonding.

Meanwhile the sample with the addition of PET plastic waste as much as 0.2%
obtained CBR value of 12.6%. Increasing the plastic content to 1% led to a moderate
improvement, yielding a CBR value of 13.4%. The highest CBR value, 14.7%, was
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Table 2 CBR value and percentage increase

CBR top (%) | CBR bottom (%) | CBR value (%) | CBR value increase
(%)

Original soil 12.8 11 11.9 0

2% Tire waste 16 13.6 14.8 +24

4% Tire waste 17.7 14.3 16 +33.6
6% Tire waste 16.4 14.2 15.3 +28.2
8% Tire waste 15.6 13.8 14.7 +232
0.2% Plastic waste | 13.4 11.7 12.6 +53
1% Plastic waste 14.8 11.9 13.4 +11.6
2% Plastic waste 17.4 11.9 14.7 +22.7
49 Plastic waste 14.6 11.8 13.2 +10.8

observed at 2% plastic content, indicating that this percentage is the optimal dosage
for enhancing soil strength. However, arise to 4% PET plastic caused the CBR to drop
to 13.2%, implying that higher concentrations may reduce compaction efficiency or
hinder inter-particle contact.

The experimental investigation assessed the effect of both waste tire and PET
plastic waste incorporation on the California Bearing Ratio (CBR) of silt soil. The
natural (untreated) soil recorded a CBR value of 12%. The addition of waste tire mate-
rial in progressive levels showed a positive impact on soil strength, with the highest
CBR value of 16% achieved at 4% tire content. This represents an approximate
33.6% increase in CBR compared to the natural soil.

Similarly, PET plastic waste was added at varying proportions, with the optimal
CBR value of 14.7% observed at 2% plastic content, corresponding to an increase of
approximately 22.7% relative to the natural soil. Beyond these peak values, further
increases in waste content led to a decline in CBR performance, indicating the
existence of an optimal proportion for each type of waste.

As presented in Fig. 2, the incorporation of waste tire and PET plastic mate-
rials resulted in a noticeable increase in the bearing capacity of the silt subgrade.
When used in their optimum proportions, these additives contributed to improved
soil performance, offering both a technically effective stabilization method and a
sustainable approach to reusing waste materials in civil engineering applications.

4 Conclusions and Recommendations

Based on the analysis in this paper, various conclusion can be drawn as follow:

1. The incorporation of waste tire and PET plastic materials into silty soil effectively
increased the California Bearing Ratio (CBR) compared to the natural condition.
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2. The optimum CBR value from tire waste was obtained at 4% content, reaching

16%, which represents a 33.6% improvement over the natural soil.

3. The optimum CBR value from PET plastic waste was achieved at 2% content,
reaching 14.7%, indicating a 22.7% improvement compared to the untreated soil.
4. Increasing the content of either waste material beyond the optimal level resulted
in a decline in CBR value, suggesting that excessive addition may disrupt soil

structure and reduce compaction efficiency.

5. Both types of waste demonstrated potential as sustainable soil stabilizers,
supporting environmental goals through the reuse of non-biodegradable materials

in geotechnical applications.

These findings provide a foundation for improving the implementation of waste-
based stabilization in geotechnical applications. Although the study demonstrated
notable improvements in CBR values, it was conducted under controlled laboratory
conditions, which may not fully reflect long-term behavior or field-scale perfor-
mance. Future investigations should consider durability aspects under varying envi-
ronmental influences, including moisture variation, temperature changes, and cyclic
loading. Careful attention must also be given to the proportioning of tire and PET
plastic waste, as excessive amounts may adversely affect strength characteristics
[14]. In addition, evaluating hybrid use of these materials may reveal synergistic
effects that contribute to improved performance and broader applicability.
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