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ABSTRACT:  The chemical stabilization of soft clay aims to improve its bearing capacity, enabling it to support 

structural loads effectively. This study investigates the effectiveness of Rice Husk Ash (RHA) and Spent Catalyst 

RCC 15 (RCC) as stabilizing agents. The research begins with soil sampling and index property analysis, followed 

by engineering tests to evaluate the Unconfined Compressive Strength (UCS), Atterberg limits, and compaction 

characteristics. The stabilization mixtures were composed of 6% RHA, with RCC 15 varying at 5%, 7%, 9%, and 

11%. The Plasticity Index (PI) decreased from 29.45% to 25.55% with increasing RCC 15 content, indicating 

reduced plasticity and improved stability due to pozzolanic cementation. The compaction test results show that the 

Maximum Dry Density (MDD) increased to 1.355 g/cm³, while the Optimum Moisture Content (OMC) decreased 

to 25.67%, demonstrating improved densification. UCS testing revealed a significant strength increase, with the 

highest compressive strength of 0.217 MPa (2.17 kg/cm²) achieved at 6% RHA and 11% RCC 15, marking a 4.4-

fold improvement over untreated soil. These findings confirm that RHA and RCC 15 significantly enhance the 

strength, density, and plasticity characteristics of soft clay, making them viable alternatives for soil stabilization. 

The study highlights the sustainability benefits of using industrial byproducts in geotechnical applications, 

reducing dependence on conventional materials while enhancing soil performance. 
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1. INTRODUCTION 

 

Soil is a fundamental component in construction, 

especially in foundation engineering [1], as it must 

have sufficient strength to support the loads of 

superstructures built upon it[2]. However, soils at 

many construction sites often exhibit limitations, 

including low permeability, high plasticity index, and 

poor compressibility [3]. These unfavorable 

properties can compromise infrastructure stability 

and potentially lead to structural failures. Thus, 

improving soil engineering characteristics through 

stabilization is critical[4]. 

Soil stabilization is a widely used civil 

engineering technique designed to modify and 

enhance the mechanical and physical properties of 

soft soil to make it more sustainable for construction 

purposes[5]. This process generally involves the 

addition of specific materials to increase soil bearing 

capacity, reduce plasticity, and improve compaction 

characteristics[6]. Stabilization is especially 

important in soils with low strength, high plasticity, 

excessive swelling potential, or inadequate 

gradation[7]. 

A sustainable and efficient material for soil 

stabilization is Rice Husk Ash (RHA),  waste product 

derived from rice milling[8]. Rice Husk Ash (RHA) 

is rich in silica (SiO₂) and possesses pozzolanic 

properties, enabling it to react with calcium 

hydroxide in the presence of moisture to form 

calcium silicate hydrates (C-S-H), which contribute 

to increased soil strength. Numerous studies have 

shown that incorporating RHA can significantly 

enhance the compressive strength and reduce the 

swelling potential of clayey soils, making it an ideal 

stabilizing agent[9]. 

Another innovative material gaining attention in 

soil stabilization is the Spent RCC 15 Catalyst, a 

byproduct of petroleum refining industries such as PT. 

Pertamina[10]. RCC 15 is rich in silica, ferrous 

compounds, and alumina, which also possess 

pozzolanic properties. The combined use of RHA and 

RCC 15 in stabilizing soft clay soils offers an 

environmentally friendly approach, as both materials 

are industrial byproducts[10]. This strategy not only 

minimizes waste but also enhances the load-bearing 

capacity of soil, reduces settlement, and improves its 

overall engineering properties. 

Recent international studies support the 

application of these pozzolanic materials in soil 

stabilization[11]. Research has indicated that adding 

rice husk ash (RHA) can enchance the unconfined 

compressive strength (UCS) of soft soil by up to 

50%[5]. Furthermore, incorporating catalysts such as 

RCC 15 improves durability and resistance to 

environmental factors, including moisture 

fluctuations. Additionally, the use of these materials 

helps mitigate the environmental impact associated 

with conventional soil stabilization methods, such as 

cement or lime, which are energy-intensive and 
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Fig. 1 Rice husk ash  

contribute to carbon emissions[12]. 

In conclusion, the combined application of Rice 

Husk Ash and Spent RCC 15 Catalyst offers a 

promising and sustainable approach to improving the 

geotechnical properties of weak soils. This method 

not only enhances soil structural performance but also 

promotes industrial waste recycling, aligning with 

global efforts toward more sustainable construction 

practices[13].  

Soil stabilization is crucial in construction, 

particularly when dealing with weak soils 

characterized by high plasticity, poor permeability, 

and low strength. Traditional stabilizers such as 

cement and lime have been widely used but are costly 

and contribute to carbon emissions. This study 

introduces an alternative approach using RHA and 

RCC 15, which are rich in silica and alumina, 

enabling pozzolanic reactions that improve soil 

properties. Compared to lime and cement, RHA and 

RCC 15 offer a cost-effective and sustainable solution, 

reducing reliance on conventional materials while 

addressing industrial waste disposal issues. 

 

2. RESEARCH SIGNIFICANCE 

This research highlights a sustainable and cost-

effective approach to soil stabilization in geotechnical 

engineering. By incorporating Rice Husk Ash (RHA) 

and Spent RCC 15 Catalyst—both industrial 

byproducts—the study provides an eco-friendly 

alternative to traditional stabilizers like cement, 

reducing carbon emissions and promoting waste 

recycling. The use of these pozzolanic materials 

enhances the load-bearing capacity, compressive 

strength, and overall stability of soft clay soils. 

Additionally, this approach lowers material costs and 

addresses waste disposal challenges. By examining 

the combined effects of RHA and RCC 15, this study 

bridges a research gap and contributes to more 

resilient and sustainable construction practices. 

 

3. MATERIAL AND METHODS 

 

3.1 Rice Husk Ash (RHA) Waste 

 

Rice husk, a byproduct of the rice milling process, 

accounts for approximately 20% of the total weight 

of rice and yields ash with a silica content exceeding 

90% when burned[14]. This silica-rich Rice Husk 

Ash (RHA) exhibits pozzolanic properties, allowing 

it to react with calcium hydroxide to form beneficial 

compounds such as calcium silicate hydrate (C-S-

H)[15]. Visually gray in color, RHA functions as a 

filler in construction applications, effectively 

occupying voids between coarse aggregates to 

enhance density and reduce permeability, which 

ultimately improves the durability of mixtures[16]. 

Agricultural waste, such as rice husk ash (RHA), 

is commonly utilized in chemical soil stabilization 

techniques due to its abundance[17]. In addition, the 

Philippines' top rice-producing provinces produce 

about 9 million tons of rice annually. This large-scale 

production is accompanied by a significant amount of 

rice husk ash waste, which poses both an 

environmental challenge and an opportunity for 

potential reuse in various applications[9]. The 

potential of RHA in the field of soil stabilization is 

significant. 

 

 
 

 

 

Table 1 Chemical Elements Of Rice Husk Ash[18] 

 

Oxide Composition (%) RHA 

SiO2 94.47 

Al2O3 0.92 

Fe2O3 1.08 

CaO 0.87 

MgO 3.18 

TiO2 0.04 

 

This table shows that RHA has a primary 

composition of silicon dioxide (SiO₂) at 93.47%, 

making it a highly pozzolanic material that 

contributes to soil stabilization reactions and the 

production of geopolymer-based concrete . Research 

has demonstrated RHA's effectiveness in soil 

stabilization and concrete production, highlighting its 

ability to ameliorate compressive strength, decrease 

plasticity, and improve the load-bearing capacity of 

weak soils[19]. Its fine particle size and high specific 

surface area enable RHA to act as a binder, 

facilitating better compaction and structural 

integrity[20,21]. Moreover, the utilization of RHA 

aligns with sustainable construction practices by 

decreasing dependence on traditional cement, thus 

reducing carbon emissions[22]. In summary, RHA is 

a valuable material that enhances the physical and 

mechanical properties of construction materials, 

supporting more environmentally friendly 

engineering solutions[23,24]. 

 

3.2 Spent Catalyst RCC 15 Waste 

 

Spent Catalyst RCC (Residium Catalytic 

Cracking) 15 is a byproduct produced during the 

kerosene distillation process at PT. Pertamina RU VI 
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in Balongan, West Java. This waste material 

possesses pozzolanic properties, making it a valuable 

resource for construction applications[25]. It 

comprises various components, including alumina, 

silica oxide, iron, and other elements that enhance its 

reactivity when mixed with water and calcium 

hydroxide[10]. 

One of the key advantages of Spent Catalyst RCC 

15 is its significant availability, with production 

levels reaching approximately 20 tons per day. This 

substantial output presents a unique opportunity for 

its use in construction projects, as it can be sourced at 

no cost. By utilizing this waste material, the 

construction industry can address environmental 

concerns related to waste disposal while 

simultaneously improving the performance of 

construction materials [26]. 

 

Fig. 2 Spent catalyst rcc 15 

 

Table 2 Chemical Elements Of Spent Catalyst RCC 

15 [10] 

 

The chemical composition of Spent Catalyst RCC 

15, as detailed in the accompanying table, 

underscores its potential benefits for soil stabilization 

and various engineering applications. The pozzolanic 

materials present in RCC 15 can enhance the strength 

and durability of soil and concrete mixtures, 

contributing to more sustainable and efficient 

construction practices. In summary, Spent Catalyst 

RCC 15 represents a promising solution for 

improving construction materials while promoting 

waste recycling within the industry. 

 

3.3 Selection of Stabilizers 

 

The choice of 6% RHA and varying RCC 15 

percentages (5%, 7%, 9%, 11%) was based on 

previous optimization studies that identified these 

compositions as most effective in enhancing soil 

strength [26,27].  

 

3.4 Stabilization Soil Sampling 

 

In this study, soil samples were taken from a 

location with coordinates 6°58'48"S 107°26'08"E,  

Cililin area, West Bandung Regency, Indonesia. The 

research was conducted at the Soil Mechanics 

Laboratory, Department of Civil Engineering, 

Bandung State University of Technology. The rice 

husk ash used in this stabilization process was sieved 

using a No. 20 sieve. The mixture content in this test 

consisted of 6% rice husk ash (RHA) and 5%, 7%, 

9% and 11% spent catalyst rcc 15 (RCC) from soft 

clay, followed by Compaction, Atterberg Limit, 

Unconfined Compressive Strength (UCS) and 

California Bearing Ratio (CBR)  testing. 

 

4. TEST RESULTS 

 

The initial stage of this study involves collecting 

soft soil samples from Cililin, West Java. These soft 

soil samples will undergo index property testing, 

followed by stabilization with the addition of Rice 

Husk Ash (RHA) and Spent Catalyst RCC 15 (RCC) 

with 3 and 7 days of curing. The mixture percentages 

used in this study are based on previous research, with 

RHA at 6%, and RCC 15 varied at 5%, 7%, 9%, and 

11%. The purpose of index properties testing is to 

determine the specific gravity, water content, unit 

weight, and Atterberg limits. This test aims to identify 

the characteristics of the soft soil based on its 

classification according to AASHTO and USCS 

standards [28]. The table below presents the results of 

the soft soil's index properties. 

Table 3 Index Properties of Soft Soil 

Index 

Properties 

Symbol Unit Value 

Water 

Content 

w % 41.48 

Specific 

Gravity 

Gs - 2.591 

Weight of 

Content 

γ kN/m3 13.13 

Atterberg 

Limit 

   

Liquid Limit LL % 59.38 

  Plastic Limit PL % 29.93 

Plasticity 

Index 

     PI % 29.45 

 

Based on the data from the physical property tests, the 

soil is classified as type A-7-6 according to AASHTO 

standards. Under the USCS classification, the soil is 

identified as CH, indicating it is an inorganic clay 

with high plasticity or expansive clay [29]. 

Type Characteristic (%) 

Si02 47.13 

Al2o3 45.34 

Fe2O3 0.61 

CaO 0.16 

Na2O 0.45 

MgO 0.26 



International Journal of GEOMATE, July, 2025 Vol.29, Issue 131, pp. 48-55 

51 

 

4.1 Moisture Content and Density Relationship 

 

Table 4 presents a summary of the compaction test 

results for each mixture proportion. The findings 

indicate a noticeable increase in the maximum dry 

density (MDD) and a decrease in the optimum 

moisture content (OMC) with the addition of spent 

catalyst rcc 15 to the mixture sample. A similar trend 

is observed when a constant 6% Rice Husk Ash 

(RHA) is incorporated into the specimens. Generally, 

the compaction curves for clay soils exhibit a bell-

shaped pattern, as seen in the compaction test curve 

for soil soil and the soil mixture containing 11% spent 

catalyst rcc 15. Conversely, the introduction of RCC 

into the soil specimens resulted in a leftward shift of 

the compaction curves, a pattern typically associated 

with silt mixed with sand. This alteration in the 

compaction curve trends highlights the effectiveness 

of the admixtures used in the research[30]. A more 

detailed visualization of the curve comparisons is 

provided in Figure 2. 

Table 4 The Average OMC and MDD of Mixture 

Variation 

Variation OMC (%) MDD (g/cm3) 

Soft Soil 20.51 1.318 

6 % RHA + 5% RCC 26.45 1.327 

6 % RHA + 7% RCC 26.06 1.337 

6 % RHA + 9% RCC 26.00 1.343 

6 % RHA + 11% RCC 25.67 1.355 

 
Fig. 3 The comparison of maximum dry density 

curves of stabilization soil 

 

The graph displays the moisture-density curves 

for each mixture, plotting MDD against varying 

moisture contents. As the RCC content increases 

from 5% to 11%, the peak of each curve shifts slightly 

higher, indicating that the MDD improves as RCC 

content rises. This leftward and upward shift of the 

compaction curves reflects a typical response for clay 

stabilized with pozzolanic materials like RHA and 

RCC[9]. The highest MDD is observed at the 

combination of 6% RHA with 11% RCC, supporting 

the conclusion that increased RCC contributes to 

greater dry density. In summary, both the table and 

graph demonstrate that the addition of RHA and RCC 

ameliorate the compaction characteristics of soft clay, 

with 6% RHA and 11% RCC yielding the best results 

in terms of lower OMC and higher MDD. This 

improvement is consistent with the pozzolanic 

reaction that contributes to soil densification and 

strength. 

 

4.2 Atterberg Limit 

 

The plasticity index (PI) of soft clay measures the 

range of water content at which the soil displays 

plastic behavior, making it a critical property in 

geotechnical engineering. This value is determined by 

the difference between the soft clay's liquid limit (LL) 

and plastic limit (PL)[31]. The following table 

presents the results of physical property tests, 

specifically the Atterberg limits, for the original soil 

after stabilization with RHA and RCC 15. 

Table 5 Atterberg Limit Test Result 

Variation LL PL PI 

Soft Soil 59.38 29.93 29.45 

6 % RHA + 

5% RCC  

54.67 26.45 28.22 

6 % RHA + 

7% RCC 

52.50 26.06 26.44 

6 % RHA + 

9% RCC 

51.68 26.00 25.68 

6 % RHA + 

11% RCC 

51.23 25.67 25.55 

 

Fig. 4 Liquid limit graph 
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The figure above illustrates that adding rice husk 

ash and Spent Catalyst RCC 15 as stabilizing agents 

reduces the soil’s liquid limit. This reduction occurs 

because the soil is mixed with silica compounds that 

exhibit pozzolanic properties. These properties 

promote cementation, increasing the size of soil 

particles and thereby decreasing the attractive forces 

between them. 

 

 
Fig. 5 Plastic Limit and Plasticity Index graph 

  

 The figure above illustrates that adding rice husk 

ash and Spent Catalyst RCC 15 as stabilizing agents 

reduces the soil’s plastic limit. This reduction occurs 

because the soil is mixed with silica compounds that 

exhibit pozzolanic properties. These properties 

promote cementation, increasing the size of soil 

particles and thereby decreasing the attractive forces 

between them. 

The figure above demonstrates that incorporating 

rice husk ash and spent catalyst RCC 15 as stabilizing 

materials lowers the plasticity index of the soil. A 

reduced plasticity index diminishes the soil’s 

potential for swelling and shrinkage[32]. This effect 

is due to the hydration process of rice husk ash and 

spent catalyst RCC 15, which exhibit pozzolanic 

properties that strengthen the bonds between soil 

particles, creating more stable and rigid aggregates. 

When mixed with water, rice husk ash and RCC 15 

form a paste that binds clay particles and fills the 

soil's pores. These filled pores become less permeable, 

enhancing the mixture’s resistance to water 

absorption and thereby decreasing its plasticity. 

 

4.3 Unconfined Compression Test (UCS) 

 

The results of the unconfined compression test 

provide the values of unconfined compressive 

strengths (qu) for the original soil and the variations 

of soil stabilized with rice husk ash (RHA) and spent 

catalyst RCC 15 with 3 days and 7 days of curing time. 

These results include the values of compressive 

strength (qu) and cu (shear strength values) for each 

mix variation, which can be found in the following 

table. The unconfined compressive strength (UCS) of 

the original soft clay was recorded at 0.040 MPa. As 

the proportion of spent catalyst RCC 15 (RCC) and 

rice husk ash (RHA) increased in the mixture, the 

compressive strength of the stabilized soil showed a 

significant improvement. This trend is clearly 

illustrated in Fig. 6, where both 3-day and 7-day 

curing periods exhibit a continuous increase in qu 

values with the addition of stabilizing agents. 

Table 6 Unconfiend Compression Test Reuslt 

Variation 
3 Days 

qu (MPa) 

7 Days 

qu (MPa) 

Soft Clay 0.040 

6 % RHA + 5% 

RCC  

0.078 0.106 

6 % RHA + 7% 

RCC 

0.133 0.137 

6 % RHA + 9% 

RCC 

0.133 0.180 

6 % RHA + 9% 

RCC 

0.179 0.217 

 

 
Fig. 6 Unconfined compression (UCS) graph 

 

For the mixture containing 6% RHA and 11% 

RCC, the UCS reached its highest value of 0.217 MPa 

at 7 days of curing, demonstrating a substantial 

enhancement compared to untreated soil. The 

observed improvement in soil strength is primarily 

attributed to pozzolanic reactions and particle 

bonding mechanisms. The high silica content in RHA 

and the combination of silica, alumina, and iron in 

RCC react with calcium hydroxide in the soil, 

forming calcium silicate hydrate (C-S-H) and calcium 

aluminate hydrate (C-A-H) compounds. These 

cementitious compounds reduce soil plasticity, 

enhance particle interlocking, and densify the soil 

structure, leading to increased compressive 

strength[33]. 

The trend in Fig. 6 also highlights that longer 

curing durations further enhance soil strength, 

particularly as pozzolanic reactions continue to 

develop over time. This confirms the effectiveness of 

RHA and RCC in stabilizing soft clay, making it a 

viable and sustainable solution for soil improvement 

in construction applications. 
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4.4 SEM Analysis 

 

 
Fig. 7 Soft Clay Sample 

 

 
Fig. 8 Stabilization Sample (6% RHA + 11% RCC) 

 

The SEM analysis demonstrates a significant 

transformation in soil microstructure before and after 

stabilization with Spent Catalyst RCC 15 (RCC) and 

Rice Husk Ash (RHA). The untreated soil exhibits 

medium to large pores, indicating a loose structure 

with substantial voids capable of retaining water and 

air, which contributes to its low density and high 

plasticity. However, after stabilization, the soil pores 

become more compact as pozzolanic reactions occur, 

facilitating the formation of calcium silicate hydrate 

(C-S-H) that acts as a binder between particles. This 

reaction enhances the overall soil structure, reducing 

voids and increasing interparticle bonding. The 

improved density and homogeneity observed in the 

SEM images align with laboratory test results, which 

indicate increased unconfined compressive strength 

(UCS) and a lower plasticity index (PI). These 

findings confirm that the addition of RCC and RHA 

effectively improves the mechanical properties of soft 

clay soil, making it more suitable for construction 

applications. 

 

5. CONCLUSION 

 

The Atterberg limit tests conducted on the original 

soil yielded a plasticity index (PI) of 29.45%. In 

contrast, the soil stabilized with 6% rice husk ash 

(RHA) and 11% spent catalyst RCC achieved a PI 

value of 25.55%, indicating a reduction in plasticity. 

This suggests that the addition of RHA and RCC 

effectively enhances soil stability by reducing its 

tendency to undergo volumetric changes. The 

pozzolanic properties of these stabilizing agents 

promote cementation reactions, leading to a more 

cohesive and structurally stable soil matrix. In the 

compaction test, the addition of RCC 15 and RHA 

improved the maximum dry density (MDD) while 

influencing the optimum moisture content (OMC). 

The original soft clay exhibited an OMC of 20.51% 

and an MDD of 1.318 g/cm³. With a fixed 6% RHA 

and increasing RCC 15 content from 5% to 11%, the 

MDD increased to 1.355 g/cm³, while the OMC 

slightly adjusted to 25.67%. This indicates that higher 

RCC 15 content enhances soil compaction, leading to 

better densification and improved load-bearing 

capacity. During the unconfined compressive 

strength (UCS) test, the untreated soft soil recorded a 

compressive strength of 0.040 MPa. However, 

stabilization with 6% RHA and 11% RCC resulted in 

a significant increase, reaching 0.217 MPa after 7 

days of curing. This increase in UCS confirms that 

higher RCC 15 content enhances the binding 

properties of the soil, strengthening its internal 

structure through pozzolanic and cementitious 

reactions. The formation of calcium silicate hydrate 

(C-S-H) and calcium aluminate hydrate (C-A-H) 

compounds within the soil matrix contributes to this 

improved mechanical performance. 

Overall, the study findings confirm that RHA and 

RCC 15 significantly enhance the strength, 

compaction, and plasticity characteristics of soft clay. 

The optimal mixture of 6% RHA and 11% RCC 15 

resulted in a 5.4-fold increase in UCS, a 13.2% 

reduction in PI, and improved MDD with lower OMC. 

These results highlight the suitability of RHA and 

RCC 15 for field applications, with potential for 

further optimization through extended curing 

durations and alternative mixing techniques in future 

studies. 
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