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ABSTRACT 

This study evaluates the effect of combining 12% rice husk ash (RHA) with varying percentages of 

RCC-15 spent catalyst (7%, 9%, 11%, and 13%) on the engineering properties of soft clay soil obtained 

from Cililin. Laboratory tests were conducted, including physical property characterization, compaction 

tests, and unconfined compressive strength (UCS) tests with curing periods of 0, 3, 7, and 14 days. The 

results show that the addition of RHA and RCC-15 improves soil compaction characteristics, indicated 

by an increase in maximum dry density and a reduction in optimum moisture content. Furthermore, the 

UCS values increased significantly with higher RCC-15 content and longer curing periods, reaching 

values between approximately 1.57 and 3.66 kg/cm² at 14 days. These improvements are attributed to 

mechanical densification and pozzolanic reactions between the stabilizing agents and soil minerals. This 

study emphasizes the synergistic application of agricultural and industrial waste materials for local soil 

stabilization, indicating that the combined use of rice husk ash and RCC-15 spent catalyst can enhance 

the engineering performance of soft clay while supporting sustainable and resource-efficient ground 

improvement practices. 
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1. INTRODUCTION 

Soft clay soils in active seismic zones are susceptible to permanent deformation, which significantly 

increases the risk of structural failure. Soil from the Cililin area represents this condition, as it is 

classified as high-plasticity clay with a liquid limit (LL) of approximately 62.2% and a plasticity index 

(PI) of 30.2%. The natural moisture content (37.9%) exceeds the optimum moisture content for 

compaction (OMC = 28.4%), resulting in a low maximum dry density (MDD = 1.29 g/cm³). In addition, 

the unsoaked CBR value of only 2.5% indicates very low bearing capacity, making the soil unsuitable 

for use as a subgrade without improvement [1] [2], [3], [4]. 

Rice husk ash (RHA) has been widely reported as an effective pozzolanic material due to its high content 

of amorphous silica (SiO₂), which reacts with calcium to form cementitious compounds such as calcium 

silicate hydrate [5], [6], [7]. Spent catalyst RCC-15 contains calcium oxide (CaO) and other oxides that 

can act as a calcium source or micro-filler, suggesting a potential synergistic effect when combined with 

RHA[11]. However, studies investigating the combined use of RHA (e.g., 12%) with varying RCC-15 

contents on the unconfined compressive strength (UCS) of soft clay soils, particularly those with 

characteristics similar to Cililin soil, remain limited. 

Therefore, this study aims to evaluate the effect of combining RHA with varying percentages of RCC-

15 on the UCS of soft clay soil obtained from the Cililin area through a series of laboratory tests. The 
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study is expected to provide empirical data for local soil stabilisation design and support the sustainable 

utilisation of agricultural and industrial waste materials. 

 

1.1. Soft clay soil properties and UCS relevance 

The mechanical properties of clay soil are greatly impacted by moisture content, density, and 

mineralogical composition. [12], [13]. High moisture content, associated with problematic soft soil 

conditions, causes significant deformation and weak engineering properties[14]. Samples with low dry 

density (high initial void ratio) tend to exhibit insignificant unconfined compressive strength (UCS)[15]. 

The type of clay mineral, such as bentonite (montmorillonite) or kaolin (kaolinite), determines the 

specific surface area (SSA). Clay minerals affect index properties (i.e., plastic limit and liquid limit) as 

well as mechanical behaviour such as strength and stiffness[16]. The behaviour of clay soil is highly 

dependent on the type of clay minerals it contains[13]. 

Grain structure (fabric) or aggregation affects macroscopic strength performance because the 

strengthening mechanism involves microstructure and chemistry[16]. The formation of flocculated 

structures can occur through the adsorption of calcium ions (Ca2+) onto the surface of clay particles, 

forming larger clumps[17]. Crystalline cementation products are formed through pozzolanic reactions 

and Ca2+ ion diffusion, providing a significant bridging or cementation effect on the final strength[14]. 

 

1.2. Rice husk ash ( RHA) 

The high reactivity of RHA is due to its high silica content in the form of non-crystalline or amorphous 

silica, and highly reactive RHA is obtained when rice husks are burned under controlled conditions[18]. 

Burning rice husks in the temperature range of 600–700 °C produces amorphous silica[19], [20]. RHA 

burned at high temperatures (800–1000 °C) was found to contain cristobalite and quartz phases[21].  

Reactivity is generally increased by improving the fineness of RHA; therefore, reducing its particle size 

is one of the most common methods for increasing pozzolanic activity[18]. Post-combustion grinding is 

recommended to remove agglomeration and increase pozzolanic activity[22].  

RHA is an ideal pozzolanic material because it contains a large amount of active silica[23]. However, 

RHA cannot be used alone due to its lack of cementing properties and must be combined with a binder, 

such as lime or cement, and its effectiveness depends on the availability of Ca(OH)2, which reacts with 

SiO2 to produce C−S−H[24], [25].  

 

 
  Source: Prepared by the authors. 

Figure 1. Rice husk ash (RHA) 

 

 

1.3. Spent Catalyst RCC-15 

The role of spent catalysts such as Residium Catalytic Cracking 15 (RCC-15) as a stabilising agent is to 

improve the physical and mechanical properties of soft clay soil, because it is industrial waste from the 
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petroleum processing process that contains silica oxide, alumina, and ferrous oxide, making it 

pozzolanic and suitable for use as a binder agent. Its addition can reduce the percentage of clay particles, 

which then changes the plastic limit and reduces the plasticity index (PI) due to a decrease in soil 

moisture content. These changes in physical properties increase compressive strength (qu) through a 

pozzolanic reaction between silicates and aluminates with clay minerals, causing the dominant elements 

of the spent catalyst to fill the silica and gibbsite sheets to form stable minerals. However, this increase 

in soil stability is only optimal at a certain RCC-15 content and decreases again if the dosage is added 

excessively, indicating a limit to the effectiveness of using this stabilising material[3], [4], [26]. 

 

 
  Source: Prepared by the authors. 

Figure 2. RCC-15 

 

2. RESEARCH METHOD 

This research methodology describes the systematic steps used to assess the effectiveness of adding 

RHA and RCC-15 in increasing the shear strength of clay soil. To test the effect of these two stabilising 

materials on the geotechnical properties of soil, this study applied a structured laboratory-based 

experimental approach, including sample selection, soil material preparation, a series of laboratory tests, 

and data processing and interpretation. 

 

2.1.  Soil Sampling Location 

The sampling area, comprising rice fields and residential yards west of the village center, is indicated 

on the research location map with red markers. This location is easily accessible for field activities due 

to its proximity to the main road and service facilities along it. The soil conditions, consisting of wet 

clay layers and rice fields, indicate that the clay soil is soft and suitable for laboratory testing. The 

purpose of selecting this point is to show the actual field conditions in Cililin that often cause problems 

with pavement and foundations. In the future, the results of stabilization testing with RHA  and RCC-

15 can be applied to comparable local conditions. 

 

  Source: Prepared by the authors. 

Figure 3. Research location 
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2.2. Sample Variations 

Table 1 shows the percentage of additives in each treatment variation (Initial Soil, C1–C3) for RHA and 

RCC-15. 

Table 1. Sample Variations 

Variasi RHA RCC-15 

Initial Soil 0 % 0 % 

C1 12 % 7 % 

C2 12 % 10 % 

C3 12 % 13 % 
Source: Prepared by the authors. 

 

2.3. Index Properties Test 

Preliminary testing was carried out by characterising the properties of the soil in each test specimen 

variation. The tests performed were as follows: 

a. Moisture content: Determined according to standard laboratory procedures using the oven drying 

method to obtain the water content of the sample; this measurement is useful for evaluating changes 

in water retention capacity before and after stabilisation treatment. 

b. Specific gravity: Measured to assess the relative mass density of soil to water; this parameter is 

important in understanding the internal structure and density level of the soil. 

c. Atterberg limits: Liquid limit, plastic limit, and plasticity index were determined to evaluate the 

consistency and plasticity of the soil; the results of this test were needed to assess the effect of 

stabiliser addition on the working properties and plasticity behaviour of clay soil. 

 

2.4. Soil Classification 

Soil classification is important in geotechnical engineering because it provides a framework for 

interpreting the physical and mechanical properties of soil that are relevant to the design and execution 

of structures. The two most commonly used systems are USCS and AASHTO, each developed for 

different purposes but both relying on particle size and plasticity. 

USCS divides soils into two main categories: coarse-grained gravel (G) and sand (S) when <50% by 

weight of the sample passes a No. 200 sieve; and fine-grained silt (M), clay (C), and high organic 

material (PT) when ≥50% passes a No. 200 sieve. USCS combines grain size curves and plasticity 

parameters (liquid limit, plasticity index) for subclassification that reflects engineering behavior 

(bearing capacity, permeability, shrinkage/swelling potential). 

AASHTO (Public Roads Administration, 1929) was designed for the evaluation of subgrades and 

pavements, grouping soils into A-1 to A-7. Groups A-1–A-3 are generally coarse-grained with a fine 

fraction ≤35%, while A-4–A-7 are dominated by a fine fraction (>35%). The main criteria include 

particle size and plasticity index (silt: PI ≤10; clay: PI ≥11), as well as recording the percentage of coarse 

rock (>75 mm) removed. 

Practically, use USCS for general geotechnical analysis (foundations, slope stability, soil-structure 

interaction) and AASHTO when focusing on pavement performance; technical reports often include 

both classifications to facilitate cross-application interpretation. 

 

2.5. Unconfined Compression Strength Test (UCS) 

The Unconfined Compressive Strength (UCS) test is conducted by applying axial loading to cohesive 

soil samples until failure occurs without applying lateral pressure, thereby obtaining the UCS, which is 

often used to estimate undrained shear strength. This test is relevant for determining the short-term 

mechanical resistance of soil and assessing the effect of stabilisation treatment on bearing capacity. The 

UCS test in this study was carried out on test specimens that had been soaked for 0, 3, 7, and 14 days to 

observe changes in compressive strength due to soaking time and the addition of stabilising agents. 

Drying of stabilized soil specimens is carried out in closed and humid conditions: after the soil samples 
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are mixed with chemical stabilizing agents, each specimen is placed into a plastic bag and sealed tightly 

to maintain humidity so that the water in the mixture does not evaporate excessively, so that the reaction 

between the soil and the additional materials can proceed more evenly. 

 

3. RESULTS AND DISCUSSION 

3.1. Index Properties Test 

Table 2 presents changes in soil index properties due to the stabilization of soft clay soil using rice husk 

ash (RHA) and spent catalyst RCC-15 under C3 conditions. The particle density (Gs) increased from 

2.68 in the initial soil to 2.82 in C3, indicating a change in the composition of the solid phase of the soil. 

This increase indicates that the stabilization material contributes to the density of soil grains through 

filling voids or binding between particles, thereby modifying the mineralogical characteristics and 

microstructure of the soil. 

More significant changes were observed in the Atterberg limit parameters. The liquid limit (LL) 

decreased from 59.10% to 41.79%, while the plastic limit (PL) decreased from 25.75% to 22.19%. The 

decrease in LL indicates a reduction in the soil's ability to absorb and retain water under plastic to liquid 

conditions, while the decrease in PL reflects a change in the plastic behavior limit towards a semi-solid 

condition. The combination of these two changes results in a significant decrease in the plasticity index 

(PI) from 33.35% to 19.60%, which indicates a narrowing of the soil's plasticity range. 

Overall, the data in Table 2 show that stabilization with ASP and RCC-15 is effective in reducing the 

plasticity of soft clay soils. The decrease in PI indicates a reduction in the dominance of plastic behavior 

and soil sensitivity to changes in moisture content, so that the soil index properties under C3 conditions 

reflect a more stable and less plastic soil compared to the initial soil. 

 

Table 2. Index Properties Test 

No Detail Symbol Unit Initial 

Soil 

C3 

1 Specific gravity Gs - 2,68 2,82 

2 Plastic Limit PL % 25,75 22,19 

3 Liquid Limit LL % 59,10 41,79 

4 Plasticity Index PI % 33,35 19,60 
Source: Prepared by the authors. 

 

3.2. Soil Classification 

Based on the results of testing the properties and classification according to the Unified Soil 

Classification System (USCS), the soil tested was classified as fine-grained soil because the percentage 

passing the No. 200 sieve was 63% (>50%). Under original soil conditions, the Liquid Limit (LL) value 

was 59.10% and the Plasticity Index (PI) was 33.35%. The PI value was greater than the A-line limit, 

which is 0.73(LL − 20) = 28.54%, and the LL value was greater than 50%, so the original soil was 

classified as CH (inorganic clay with high plasticity or fat clay). Meanwhile, the stabilized soil (Mixture 

3) had an LL value of 41.79% and a PI value of 19.60%. This PI value is still above the A-line limit of 

15.91%, but with an LL value of less than 50%, the stabilized soil is classified as CL (inorganic clay 

with low plasticity or lean clay). 

The change in soil classification from CH to CL indicates that the stabilization process in Mixture 3 

effectively reduces soil plasticity, as evidenced by a significant decrease in LL and PI values. This 

reduction in plasticity has a positive impact on soil engineering properties, particularly in improving 

subgrade stability and quality. CH soil is generally soft, highly plastic, and highly sensitive to changes 

in moisture content, so it tends to lose strength when wet. After stabilization, the soil properties become 

stiffer, less sticky, and more stable against the effects of water, which is generally indicated by an 

increase in bearing capacity and soil performance as a construction base layer. 
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Source: Prepared by the authors. 

Figure 4. USCS Classfication 

 

 

Table 3. USCS Classification 

Passed No. 

200 

LL > 

50% 

PI > 0,73 (LL – 

20)%  

Symbol Desc. 

>50% 

Yes 
Ya CH Fat Clay  

No MH Elastic Silt  

No 
Yes CL Lean Clay  

No ML Lean Silt 
Source: Prepared by the authors. 

 

AASHTO classification parameters are determined from the results of Atterberg tests (LL and PI) and 

particle size distribution (passing No. 200 sieve). Since the percentage passing No. 200 = 63% (>35%), 

the sample is classified as silt-clay. With LL = 59.1% and PI = 33.35%, the sample does not meet the PI 

limit for A4/A5 (max 10%) and LL for A4–A6 (max ~40–41%), so it falls into group A7. Criteria A7-

5: PI ≤ LL−30, A7-6: PI > LL−30; because 33.35 > 59.1−30 (29.1), the final classification is A7-6, 

which is a soil type dominated by clay and has a value as a base material that is fair to poor. 

 

Table 4. AASHTO Classification 

General classification Silt-clay materials 

Group classification 
A-4 A-5 A-6 A-7 

A-4 A-5 A-6 A-7-5 / A-7-6 

Sieve analysis (% passing)     

2 mm - - - - 

420 μm - - - - 

75 μm >36 >36 >36 >36 

Characteristics (<420 μm)     

Liquid limit <40 >41 <40 >41 

Plasticity index <10 <10 >11 >11 

Usual significant 

materials 
Silty soils Clayey soils 

General rating as 

subgrade 
Fair to poor 

Source: Prepared by the authors. 
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3.3. Compaction Test 

Table 3 shows the compaction test results, including Maximum Dry Density (MDD) and Optimum 

Moisture Content (OMC) in the initial soil and three treatment variations (C1, C2, and C3). The MDD 

value of the initial soil only reached 1.216 g/cm³, whereas after treatment, there was a gradual increase, 

namely 1.409 g/cm³ in C1, 1.498 g/cm³ in C2, and the highest value of 1.565 g/cm³ in C3. This increase 

in MDD indicates that the soil became denser after treatment, allowing the soil particles to be arranged 

more tightly and producing a higher maximum density. 

Conversely, the OMC value showed a downward trend from 37.14% at the initial condition to 30.78% 

in C1, 27.92% in C2, and 24.55% in C3. This decrease indicates that treated soil requires less water to 

achieve optimum compaction. This can be attributed to changes in texture and interactions between soil 

particles, which become more stable, so that they do not require large amounts of water to achieve 

maximum density. Overall, the combination of increased MDD and decreased OMC indicates that the 

treatment given is able to improve soil compaction quality, which has the potential to increase its bearing 

capacity and stability in geotechnical engineering applications. 

 

Table 5. Compaction Test 

Detail Unit Initial Soil C1 C2 C3 

MDD gr/cm3 1,216 1,409 1,498 1,565 

OMC % 37,14 30,78 27,92 24,55 
Source: Prepared by the authors. 

 

 
Source: Prepared by the authors. 

Figure 5. MDD Test Result 

 

 
Source: Prepared by the authors. 

Figure 6. OMC Test Result 
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3.4. Unconfined Compression Strength Test (UCS) 

The UCS data in Table 4 shows a consistent and meaningful pattern between conditions C1–C3 and 

curing time. On day 0, the qu values for C1, C2, and C3 were 0.843, 1.666, and 2.733 kg/cm², 

respectively, and on day 14, they increased to 1.570, 2.763, and 3.655 kg/cm². In absolute terms, the 

increase in qu from 0 to 14 days was +0.727 kg/cm² for C1, +1.097 kg/cm² for C2, and +0.922 kg/cm² 

for C3. The increase from 0 to 14 days was 86.24% for C1, 65.85% for C2, and 33.74% for C3. Thus, 

C3 maintained the highest qu value throughout the observation period, while C1 showed the largest 

relative increase, even though its value remained the lowest in absolute terms. 

Temporal development analysis also shows differences in the rate of strength increase during the curing 

interval: for C1, the gradual increase is +0.300 (0 to 3 days), +0.238 (3 to 7 days), and +0.189 kg/cm² 

(7 to 14 days); for C2, they were +0.446, +0.337, and +0.314 kg/cm²; for C3, they were +0.174, +0.571, 

and +0.177 kg/cm². This pattern shows that the rate of increase in qu is not linear under some conditions, 

with a larger jump in the 3 to 7 day range, while under other conditions (C1), the rate of increase 

decreases gradually over time. This phenomenon is important because it shows that there is an initial 

phase of rapid strength increase followed by a slower hardening phase. 

Mechanistically, the increase in qu can be explained by two complementary groups of mechanisms. 

First, the mechanical-microstructural aspect, namely increased contact between particles and 

redistribution of stress at the grain interface, increases internal shear resistance, thereby raising the peak 

unconfined compressive strength. Second, the chemical/physicochemical hardening aspect due to the 

formation of binding agents or internal reactions such as hydration or pozzolanic reactions. The 

formation of secondary binding phases or inter-grain hardening increases effective cohesion and adds 

load capacity. 

Table 6. UCS Test Result 

Curing Detail Initial Soil C1 C2 C3 

0 day qu (kg/cm2) 0,320 0,843 1,666 2,733 

3 days qu (kg/cm2) - 1,143 2,112 2,907 

7 days qu (kg/cm2) - 1,381 2,449 3,478 

14 days qu (kg/cm2) - 1,570 2,763 3,655 
Source: Prepared by the authors. 

 

 

 

Source: Prepared by the authors. 

Figure 7. UCS Test Result 
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The C3 stabilization mixture combination showed the most optimal performance, as it obtained the best 

results compared to other variations in the entire series of tests, including the Atterberg limits, 

compaction, and Unconfined Compressive Strength (UCS). However, the maximum combination 

cannot yet be determined, given that within the range of stabilization material percentages tested, 

conditions causing a decline in mechanical properties or soil index have not been identified. Thus, 

increasing the proportion of stabilization material still has the potential to produce higher performance 

and requires further study. 

In a study conducted by Syahril using 12% RHA + 10% phosphoric acid under maximum conditions, a 

qu value of 1.056 kg/cm² was obtained from the original soil condition of 0.0386 kg/cm² under non-

incubation conditions[6]. In the study conducted by the author, it was proven to be more effective in 

increasing the qu value under the same incubation conditions with 12% RHA and RCC-15 13%, 

increasing the value from the original soil of 0.320 kg/cm² to 2.762 kg/cm². In Benny's study using 15% 

RHA and 10% lime under maximum conditions, a value of 1.983 kg/cm² was obtained from the original 

soil condition of 0.704 kg/cm² with a 7 day curing condition[24]. Under the same curing conditions, 

tests conducted with 12% RHA and 13% RCC-15 stabilizing agents proved to be more effective in 

increasing the qu value of the original soil from 0.320 kg/cm²  to 3.459 kg/cm². 

 

4. CONCLUSION 

Based on the results of the study, the addition of 12% RHA combined with variations of RCC-15 spent 

catalyst proved effective in improving the characteristics of soft clay soil from Cililin. The initial soil, 

which was classified as highly plastic clay (CH), showed low compaction and initial strength, requiring 

improvement. The combination of RHA and RCC-15 resulted in an increase in maximum dry density 

and a decrease in optimum moisture content, indicating improved soil structure and more efficient water 

requirements during the compaction process. The most significant improvement was seen in the 

Unconfined Compressive Strength (UCS) value, where all treatment variations showed strength 

development over time during curing, with the highest value achieved in treatment C3 (13% RCC-15). 

These results indicate that pozzolanic reactions and the formation of inter-particle bonds contribute to 

the increase in soil compressive strength. Overall, the combination of 12% RHA and RCC-15, 

particularly at doses of 10-13%, offers an economical and environmentally friendly soil stabilisation 

alternative that is worth considering for subgrade improvement in geotechnical projects. However, for 

field applications, additional testing related to durability, environmental variations, and microstructure 

evaluation is required to ensure long-term performance. In addition, this research contributes to the 

development of environmentally friendly stabilization materials by demonstrating the use of agricultural 

waste (rice husk ash) and industrial waste (spent catalyst) as active binding agents that provide options 

with the potential to reduce dependence on conventional cement/lime, as well as opening up avenues 

for the utilization of waste in soil engineering practices. 

5. REFERENCES 

[1] H. Kheradi, K. Nagano, H. Nishi, And F. Zhang, “1-G Shaking Table Tests On Seismic 

Enhancement Of Existing Box Culvert With Partial Ground-Improvement Method And Its 2d 

Dynamic Simulation,” Soils And Foundations, Vol. 58, No. 3, Pp. 563–581, Jun. 2018, Doi: 

10.1016/J.Sandf.2018.01.002. 

[2] A. F. Setiawan, E. Rahadian, G. Firuliadhim, And B. Wintoro, “Expansive Soil Stabilization 

Using Lime And Bottom Ash To Increase The Cbr Value: A Case Of Cililin Soil,” 2025. 

[3] M. Rio Eka Shaputra, I. Noer Hamdhan, And G. Firuliadhim, “Perbaikan Nilai Kadar Air Dan 

Indeks Plastisitas Tanah Lempung Lunak Menggunakan Bahan Tambah Expanded Polystyrene 

(Eps) Dan Residium Cracking Catalyst 15 (Rcc 15),” 2025. 

[4] F. Rizky, T. Judiantono, And M. Rio Eka Shaputra, “Stabilisasi Tanah Lempung Lunak 

Menggunakan Kalsit Dan Rcc 15 Dalam Peningkatan Nilai Cbr Unsoaked,” 2025. 



Journal of Green Science and Technology    P-ISSN : 2598-1277 

UNIVERSITAS SWADAYA GUNUNG JATI CIREBON E-ISSN : 2621-3966 

Journal of Green Science and Technology - Vol.10 No.1, March 2026 | 21 

[5] Daryati And M. A. Ramadhan, “Improvement Of Expansive Soils Stabilized With Rice Husk 

Ash (Rha),” In Journal Of Physics: Conference Series, Iop Publishing Ltd, Sep. 2020. Doi: 

10.1088/1742-6596/1625/1/012006. 

[6] S. Syahril, A. Suyono, T. Sirait, M. Raihan Riandi, And P. Negeri Bandung, “Nilai Kuat Tekan 

Bebas Pada Tanah Lunak Yang Distabilisasi Menggunakan Limbah Abu Sekam Padi Dan Asam 

Fosfat,” 2022. 

[7] M. M. Shah And H. Li, “Utilization Of Lime-Mixed Geopolymerized Rice Husk Ash (Lgr) For 

Balanced Amelioration Of Collapsible Soil,” Journal Of Rock Mechanics And Geotechnical 

Engineering, Jun. 2025, Doi: 10.1016/J.Jrmge.2024.12.022. 

[8] Y. Hastuti, E. Silitonga, And R. Dewi, “Pengaruh Substitusi Residium Catalytic Cracking Dan 

Limbah Pabrik Batu Terhadap Nilai Cbr Tanah Lempung Ekspansif,” 2014. 

[9] B. Caicedo, C. Mendoza, F. López, And A. Lizcano, “Behavior Of Diatomaceous Soil In 

Lacustrine Deposits Of Bogotá, Colombia,” Journal Of Rock Mechanics And Geotechnical 

Engineering, Vol. 10, No. 2, Pp. 367–379, Apr. 2018, Doi: 10.1016/J.Jrmge.2017.10.005. 

[10] S. Hamidi And S. M. Marandi, “Clay Concrete And Effect Of Clay Minerals Types On Stabilized 

Soft Clay Soils By Epoxy Resin,” Appl Clay Sci, Vol. 151, Pp. 92–101, Jan. 2018, Doi: 

10.1016/J.Clay.2017.10.010. 

[11] P. Rabbani, S. H. Lajevardi, A. Tolooiyan, Y. Daghigh, And M. Falah, “Effect Of Cutter Soil 

Mixing (Csm) Method And Curing Pressures On The Tensile Strength Of A Treated Soft Clay,” 

Heliyon, Vol. 5, No. 8, Aug. 2019, Doi: 10.1016/J.Heliyon.2019.E02186. 

[12] M. Mirzababaei, A. Arulrajah, And M. Ouston, “Polymers For Stabilization Of Soft Clay Soils,” 

In Procedia Engineering, Elsevier Ltd, 2017, Pp. 25–32. Doi: 10.1016/J.Proeng.2017.05.005. 

[13] J. Wu, C. Wan, Z. Hong, A. Zhou, Y. Tan, And Y. Deng, “Insights Into Clinker-Clay Interactions 

In Stabilized Soft Clay Using Nmr, Tem, And Ftir,” Journal Of Rock Mechanics And 

Geotechnical Engineering, Oct. 2025, Doi: 10.1016/J.Jrmge.2024.11.037. 

[14] K. Kunchariyakun Et Al., “Mechanical And Microstructural Properties Of Cement-Stabilized 

Soft Clay Improved By Sand Replacement And Biochar Additive For Subgrade Applications,” 

Developments In The Built Environment, Vol. 20, Dec. 2024, Doi: 10.1016/J.Dibe.2024.100552. 

[15] H. Chao-Lung, B. Le Anh-Tuan, And C. Chun-Tsun, “Effect Of Rice Husk Ash On The Strength 

And Durability Characteristics Of Concrete,” Constr Build Mater, Vol. 25, No. 9, Pp. 3768–

3772, Sep. 2011, Doi: 10.1016/J.Conbuildmat.2011.04.009. 

[16] A. Kumar Yadav, K. Gaurav, R. Kishor, And S. K. Suman, “Stabilization Of Alluvial Soil For 

Subgrade Using Rice Husk Ash, Sugarcane Bagasse Ash And Cow Dung Ash For Rural Roads,” 

International Journal Of Pavement Research And Technology, Vol. 10, No. 3, Pp. 254–261, May 

2017, Doi: 10.1016/J.Ijprt.2017.02.001. 

[17] F. Hidalgo, J. Saavedra, C. Fernandez, And G. Duran, “Stabilization Of Clayey Soil For 

Subgrade Using Rice Husk Ash (Rha) And Sugarcane Bagasse Ash (Scba),” In Iop Conference 

Series: Materials Science And Engineering, Institute Of Physics Publishing, Feb. 2020. Doi: 

10.1088/1757-899x/758/1/012041. 

[18] J. B. Reis Et Al., “Experimental Investigation Of Binder Based On Rice Husk Ash And Eggshell 

Lime On Soil Stabilization Under Acidic Attack,” Sci Rep, Vol. 12, No. 1, Dec. 2022, Doi: 

10.1038/S41598-022-11529-6. 

[19] B. Li, F. Luo, X. Li, And J. Liu, “Mechanical Properties Evolution Of Clays Treated With Rice 

Husk Ash Subjected To Freezing-Thawing Cycles,” Case Studies In Construction Materials, 

Vol. 20, Jul. 2024, Doi: 10.1016/J.Cscm.2023.E02712. 

[20] Y. Liu Et Al., “Stabilization Of Expansive Soil Using Cementing Material From Rice Husk Ash 

And Calcium Carbide Residue,” Constr Build Mater, Vol. 221, Pp. 1–11, Oct. 2019, Doi: 

10.1016/J.Conbuildmat.2019.05.157. 



Journal of Green Science and Technology    P-ISSN : 2598-1277 

UNIVERSITAS SWADAYA GUNUNG JATI CIREBON E-ISSN : 2621-3966 

Journal of Green Science and Technology - Vol.10 No.1, March 2026 | 22 

[21] Y. Liu, Y. Su, A. Namdar, G. Zhou, Y. She, And Q. Yang, “Utilization Of Cementitious Material 

From Residual Rice Husk Ash And Lime In Stabilization Of Expansive Soil,” Advances In Civil 

Engineering, Vol. 2019, 2019, Doi: 10.1155/2019/5205276. 

[22] A. Kumar And D. Gupta, “Behavior Of Cement-Stabilized Fiber-Reinforced Pond Ash, Rice 

Husk Ash-Soil Mixtures,” Geotextiles And Geomembranes, Vol. 44, No. 3, Pp. 466–474, Jun. 

2016, Doi: 10.1016/J.Geotexmem.2015.07.010. 

[23] T. Sulistyowati And I. H. Muchtaranda, “Pengaruh Penambahan Spent Catalyst Terhadap Daya 

Dukung Tanah Lempung Ekspansif Yang Distabilisasi Dengan Fly Ash,” 2014. 

[24] B. Syaputra, A. Gazali, And E. Purnamasari, “Pengaruh Penambahan Campuran Kapur Dan Abu 

Sekam Padi Pada Stabilisasi Tanah Gambut Terhadap Nilai Kuat Tekan Dan Kuat Geser,” 2022. 

  

 


