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  ABSTRACT 

Usually, the measurement of maximum dry density (MDD) and optimum moisture content 

(OMC) is important for assessing the quality control of the compacted fill or earthwork 

constructions as the compaction parameters. Rice husk ash (RHA), plentifully available in 

many rice-producing countries, can be used as a building material. This study mainly tries to 

investigate the effect of RHA on compaction features of sandy soil classified as A-2-4 or SM 

for soil stabilization. Nominal to a maximal dosage of RHA addition in the soil was 

considered for the experiments by the standard Proctor compaction tests. The result revealed 

that by increasing the amount of RHA in the soil, MDD was reduced and OMC increased 

significantly. It can be concluded that applying a soil-RHA combination is beneficial to soil 

improvement. 
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1. Introduction 

Rice is one of the most consumed food items 

worldwide, and the annual global paddy production 

is predicted to be 519 million tons in 2022 (FAO, 

2022). This indicates that 114.18 million tons of 

rice husk will be produced in that same year. Rice 

husk is an agrarian waste and a by-product of rice 

generated from paddy during the milling process 

(Singh, 2018), which is plentifully available in 

many rice-producing countries (Chandrasekhar et 

al., 2003). RHA forms when rice husk burns under 

controlled temperature (Babaso and Sharanagouda, 

2017). More than 20 million tons of RHA are 

manufactured worldwide each year (Soltani et al., 

2015; Alhassan, 2008). Due to the lack of its 

utilization, a considerable amount of RHA is 

discarded in abandoned areas, riversides, and open 

places, which causes environmental pollution 

(Pode, 2016) and poses a health hazard due to local 

air pollution. However, RHA is a supplementary 
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cementitious material, and it comprises about 85-

90% amorphous silica, a pozzolan that can react 

and partially replace Portland cement (Chopra and 

Siddique, 2015; Ramakrishnan, 2014). It can 

potentially be used as a construction material for 

various geotechnical applications. On the other 

side, cement is an essential binding element of 

concrete, but producing it is expensive, energy-

extensive, diminishes natural resources, and 

produces a significant quantity of greenhouse gas 

emissions (Khan et al., 2012) that also cause 

environmental degradation, and severe pollution 

(Malhotra, 1999; Sabir et al., 2001; Worrell, 2001). 

Therefore, if the larger part of the RHA was used 

for ground improvement, it would have eliminated 

the need to dump RHA and reduced CO2 emissions 

into the environment by reducing the necessity to 

produce cement. As a pozzolanic material, there are 

several benefits to using RHA in cement and 

concrete, such as increased strength and durability, 

lessen carbon dioxide emissions, etc. (Siddique and 

Khan, 2011). 

RHA is not a brand-new substance for enhancing 
soil properties. All across the world, RHA has been 
used successfully with a wide range of soil types. 
Construction of building foundations, earth 
retaining structures, roads, highway embankments, 
footpaths, foundations, earth dams, and many more 
engineering constructions all require soil 
compaction (Ibrahim, 2018). Soil compactibility 
illustrates the mechanical behavior of soil, which is 
influenced by the compaction energy, water 
content, inherent bulk density, soil texture, organic 
matter, structural stability, and soluble salts 
(Thacker et al., 1994). Regarding the 
compactibility, combining RHA in the soil reduces 
the MDD and improves OMC (Ahmad et al., 2018; 
Kaur and Jha, 2016;). There are many pieces of 
research on soil compaction parameters (Basha et 
al., 2005; Behak, 2017; Bera and Ghosh, 2011; 
Boltz et al., 1998; Eberemu and Sada, 2013; Matteo 
et al., 2009; Nahar et al., 2021; Qu et al., 2014; 
Sridharan and Nagaraj, 2005). Still, very few 
studies have been conducted on the compactibility 
of the ground where a small amount of RHA was 
used. Thus, the current study attempts to understand 
the impacts of a lower to a higher amount of RHA 
on the compaction characteristic of soil. 

2. Materials and Methods 

2.1 Materials 

Data from primary and secondary sources were 

both used in this investigation.  Laboratory 

experiments were conducted to get the primary 

data. The testing specimens were made of soil and 

RHA. The soil sample was collected from the 

Handa area, Tsu City, Mie Prefecture, Japan. The 

soil sample is texturally composed of 89% sand, 

9% silt, and 2% clay. According to the Unified 

Classification of Sandy soils by ASTM D-2487, the 

particular soil is well-graded sand with silt. The soil 

is also classified as Silty gravel and sand, A-2-4 

type by the American Association of State Highway 

and Transportation Officials (AASHTO). The soil 

had a specific gravity of 2.74 g/cm3. The liquid 

limit, plastic limit, and plasticity index of the soil 

were 37.52%, 28.97%, and 8.55%, respectively. In 

this investigation, RHA was generated through 

burning at temperatures between 650°C and 700°C. 

The RHA consisted of particles of sizes ranging 

from 0.001 to 0.3 μm, which were given by the 

Make Integrated Technology (MIT) Company, 

situated in Osaka, Japan. The specific gravity of 

RHA was 2.12 g/cm3. The significant chemical 

properties of RHA were silica (91.1%), carbon 

dioxide (4.35%), potassium oxide (2.40%), and 

alumina (0.03%) (M.I.T., 2018). Available ordinary 

tap water in the laboratory was used in all of the 

specimens. Secondary data were used from the 

literature review as a supplement to primary data.  

2.2 Mix Designs of Specimens 

In this study, two mixed Groups of soil-RHA 

specimens were arranged, and the specimens 

mixing design ranged from a nominal to a maximal 

percentage of RHA amount of soil weight to 

comprehend how RHA affected the soil samples. 

Initially, soil addition with nominal RHA of 0.5%, 

1.0%, and 1.5% was used for this investigation 

(considered as Group A). Later, data (where 

maximal dosages of RHA were taken) from another 

study (Nahar et al., 2021) was used to understand 

the compaction behavior of nominal to higher 

dosages of RHA in the soil. These data included the 
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compactibility of 5%, 10%, and 15% RHA (which 

are ten times higher RHA amounts than that of 

Group A) with a similar type of soil (considered as 

Group B). Table 1 displays the mixing composition 

of the specimens. 

Table 1 Investigated mixtures with indices 

Mix Group Mix design Index 

 Natural soil  Control 

Group A Soil + 0.5% RHA S+0.5R 

Soil + 1.0% RHA S+1.0R 

Soil + 1.5% RHA S+1.5R 

Group B Soil + 5% RHA S+5R 

Soil + 10% RHA S+10R 

Soil + 15% RHA S+15R 

2.3 Laboratory Test 

All laboratory experiments of this study were 

conducted at the International Environment 

Conservation Laboratory (IECL) at Mie University, 

Japan. The Standard Proctor compaction test was 

carried out in accordance with Japanese Industrial 

Standards (JIS-A-1210), to ascertain the MDD and 

OMC of natural soil and other soil-RHA 

combinations. The test was conducted using a 10 

cm diameter cylindrical compaction mold that had a 

base and a collar, a 2.5 rammer mass, and a 30 cm 

falling height (Figure 1). The RHA mixed soil was 

compressed in the compaction mold in three layers, 

each receiving 25 blows. 

 

Figure 1. Apparatus (Mold and Rammer)  

Soil-RHA was mechanically blended thoroughly in 

a dry environment for each combination type. 

Subsequently, water contents were supplemented 

uniformly by hand mixing to obtain the desired 

moisture content (Figure 2). After removing the 

compressed specimen from the mold, samples were 

divided evenly into three layers. 

 

Figure 2. Mixing water manually with air-dried 

soil to reach the expected water content  

Then each layer of a sample was separated into nine 

parts from where the central part was taken as a 

sample for the oven-dry weight (Figure 3). Similar 

way, water was added repeatedly to get the 

maximum dry density and optimum water content. 

 

Figure 3. Sample collection from the central part of 

a layer in a specimen 

Thereafter, the dry and wet unit weights of each 

soil-RHA combination are computed to obtain the 

distinct range of dry density and water content 

values for each specimen. The collected data were 

plotted on X-axis representing the water content 

(%) and on Y-axis representing the dry density 

(g/cm3). The plotted points were then connected 

which showed a curvilinear relationship known as 
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the compaction curve, which indicated the OMC 

against MDD for each soil-RHA specimen. The 

OMC is the quantity of water that corresponds to 

the MDD value, which is the highest point on the 

compaction curve (Figure 4). 

 
Figure 4. Schematic of soil compaction curve 

3. Results and Discussions 

The compaction curves of different soil-RHA 

specimens illustrate the association between dry 

density and soil water content. It is observed from 

the compaction curves of the test specimens that 

MDD and OMC followed a typical behavior 

(Figure 5). The compaction curves of Group A 

(S+0.5R, S+1.0R, and S+1.5R) specimens are more 

closely spaced than those of Group B (S+5R, 

S+10R, and S+15R) specimens because there is less 

variation in RHA between specimens in Group A 

and more variation in RHA between specimens in 

Group B. 

Figure 5. Compaction curves of control, Group A 

(S+0.5R, S+1.0R, and S+1.5R) and Group B 

(S+5R, S+10R, and S+15R) specimens 

The variations of OMC of soil-RHA specimens are 

presented in Figure 6. The OMC of control was 

17.5%. The figure illustrated that with increasing 

RHA amount, OMC increased significantly 

compared to the control specimen. The specimens 

in Group A (S+0.5R, S+1.0R, and S+1.5R) 

exhibited a slightly increasing tendency of OMC 

but the specimens in Group B (S+5R, S+10R, and 

S+15R) showed a significantly increasing tendency 

of OMC. After mixing the additional RHA with 

soil, the quantity of fine particles increases in the 

soil which needs more water for hydration 

(Eberemu and Sada, 2013). The rates of increase in 

OMC over the control were 1.4%, 4.0%, and 6.4%, 

respectively for the S+0.5R, S+1.0R, and S+1.5R 

specimens, whereas these rates were 14.2%, 

37.1%, and 61.1%, respectively for S+5R, S+10R, 

and S+15R specimens (Table 2). 

 

Figure 6. Variation of OMC of control, Group A 

(S+0.5R, S+1.0R, and S+1.5R), and Group B 

(S+5R, S+10R, and S+15R) specimens 

Figure 7 presents the variations in MDD of soil-

RHA admixtures. Untreated soil (control) had an 

MDD of 1.69 g/cm3. According to the graph, MDD 

significantly decreased when soil RHA levels 

dropped in comparison to the control specimen. The 

specimens in Group A (S+0.5R, S+1.0R, and 

S+1.5R) exhibited a slight reduction in MDD in 

comparison to the natural soil, while the specimens 

in Group B (S+5R, S+10R, and S+15R) showed a 

significant drop in MDD. The MDD decreased as 

the increment of RHA content in the soil because 

RHA has a specific gravity (2.12 g/cm3) that is
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Table 2 Compaction features of control, Group A (S+0.5R, S+1.0R, and S+1.5R) and Group B (S+5R, 

S+10R, and S+15R) specimens. Data of Group B adopted from Nahar et al., (2021). 

Mix 

group 

Index Optimum Moisture Content (OMC)  Maximum Dry Density (MDD) 

OMC (%) *Increase rate (%)  MDD (g/cm
3
) *Decrease rate (%) 

 Control 17.5 -  1.696 - 

Group A S+ 0.5R 17.8 1.7  1.688 0.471 

 S+1.0R 18.2 4.0  1.672 1.415 

 S +1.5R 18.6 6.4  1.656 2.358 

Group B S+ 5R 20.0 14.2  1.545 8.903 

 S+10R 24.0 37.1  1.436 15.330 

 S+15R 28.2 61.1  1.334 21.344 

* Note: Increase and decrease rates were calculated compared to the control specimens. 

comparatively lower than natural soil's (2.74 

g/cm3). According to Osinubi and Katte (1997) and 

Nahar et al. (2021), RHA particles are replacing 

soil particles. The specimens S+0.5R, S+1.0R, and 

S+1.5R showed decrease rates of 0.47%, 1.41%, 

and 2.35%, respectively; in contrast, the specimens 

S+5R, S+10R, and S+15R showed reduction rates 

of 8.90%, 15.33%, and 21.34%, respectively (Table 

2). The dry density of the soil tends to decline, 

indicating that less compaction energy is needed to 

achieve the MDD for a given specimen, hence 

lowering the cost of compaction (Muntohar and 

Hantoro, 2000; Eisazadeh et al., 2019). 

 

Figure 7. Variation of MDD of control, Group A 

(S+0.5R, S+1.0R, and S+1.5R), and Group B 

(S+5R, S+10R, and S+15R) specimens.  

Furthermore, a greater percentage of RHA amount 

addition with soil results in a higher OMC and a 

lower MDD value of the specimens. The OMC and 

MDD trends in Group B specimens were 

significantly higher than those in Group A. 

Additional research also revealed this pattern 

(Alhassan, 2008; Ahmad et al., 2018; Basha et al., 

2005; Qu et al., 2014; Kaur and Jha, 2016; Nahar et 

al., 2021). 

4. Conclusions 

This study investigated the effects of RHA on the 

compactibility of soil, and the results revealed that 

an extensive environmental pollutant, RHA can 

improve soil quality.  The addition of RHA 

increased the OMC but diminished the MDD of the 

soil. The specimens of Group A (S+5R, S+10R, and 

S+15R) showed a greater increment in OMC and a 

slighter reduction in MDD compared to the 

specimens of Group B (S+0.5R, S+1.0R, and 

S+1.5R). Road projects and other ground 

development projects requiring large quantities of 

earth materials can benefit from the use of RHA 

waste combined with soil. Efficient utilization of 

waste materials can significantly reduce 

construction expenses and protect the environment.  

Acknowledgments 

The authors would like to acknowledge Noma 

Tamaki, President, Make Integrated Technology 

(M.I.T.) Company, Osaka, Japan, for providing 

research materials and financial support. 

References 

Ahmad J, Rosli MIF, Rahman, AAS. 2018. 

Efficient utilization of leftover materials 

can significantly reduce construction 

1.3

1.4

1.5

1.6

1.7

1.8

M
D

D
 (

g
/c

m
3
)

Specimen types



92 Impact of Rice Husk Ash on the Compaction Characteristics of Soil 

expenses and have positive environmental 

effects. In Regional Conference on 

Science, Technology and Social Sciences 

(RCSTSS 2016) Theoretical and Applied 

Sciences (p 345-352). Springer Singapore. 

Alhassan, M. 2008. Permeability of lateritic soil 

treated with lime and rice husk ash. 

Assumption University Journal of 

Technology, 12(2), 115-120. 

Babaso PN, Sharanagouda H. 2017. Rice husk and 

its applications: Review. International 

journal of current microbiology and 

applied sciences, 6(10), 1144-1156. 

Basha EA, Hashim R, Mahmud HB, Muntohar AS. 

2005. Stabilization of residual soil with 

rice husk ash and cement. Construction 

and Building Materials, 19(6), 448-453.  

Behak L. 2017. Soil stabilization with rice husk 

ash. Rice: Technology and Production, 29. 

Bera A, Ghosh A. (2011). Regression model for 

prediction of optimum moisture content 

and maximum dry unit weight of fine 

grained soil. International Journal of 

Geotechnical Engineering, 5(3), 297-305. 

Blotz LR, Benson CH, Boutwell GP. 1998. 

Estimating optimum water content and 

maximum dry unit weight for compacted 

clays. Journal of Geotechnical and 

Geoenvironmental Engineering, 124(9), 

907-912. 

Chandrasekhar SA, Satyanarayana KG, Pramada 

PN, Raghavan P, Gupta TN. 2003. Review 

processing, properties and applications of 

reactive silica from rice husk—an 

overview. Journal of materials science, 

38(15), 3159-3168.  

Chopra D, Siddique R. 2015. Strength, permeability 

and microstructure of self-compacting 

concrete containing rice husk 

ash. Biosystems engineering, 130, 72-80. 

Eberemu AO, Sada H. 2013. Compressibility 

characteristics of compacted black cotton 

soil treated with rice husk ash, Nigerian 

Journal of Technology, 32(3), 507-521. 

Eisazadeh A, Bhurtel A, Phai H. 2019. Compaction 

characteristics of Bangkok clay stabilized 

using rice husk ash, bottom ash, and lime. 

IOP Conference Series: Materials Science 

and Engineering, 527(1), 012039 

Food and Agriculture Organization of the United 

Nations, World paddy production, 2022.  

Ibrahim MIA. (2018). Prediction of compaction 

parameters from fine soil index properties 

(Doctoral dissertation, Sudan University of 

Science and Technology). 

JIS A 1210. 2010. Test method for soil compaction 

using a rammer. Japanese Industrial 

Standard, Guidance and Basic - Soil Test, 

The Japanese Geotechnical Society (in 

Japanese), 71-78. 

Kaur I, Jha JN. 2016. Effects of rice husk ash - 

cement mixtures on stabilization of clayey 

soils, IJCA Proceedings on International 

Conference on Advancements in 

Engineering and Technology, 8, 30-33. 

Khan R, Jabbar A, Ahmad I, Khan W, Khan AN, 

Mirza J. 2012. Reduction in environmental 

problems using rice-husk ash in 

concrete. Construction and Building 

Materials, 30, 360-365.  

Malhotra VM. 1999. Role of supplementary 

cementing materials in reducing 

greenhouse gas emissions. 

In Infrastructure regeneration and 

rehabilitation improving the quality of life 

through better construction: a vision for 

the next millennium (Sheffield, 28 June-2 

July 1999) (p 27-42). 

Matteo LD, Bigotti F, Ricco R. 2009. Best-fit 

models to estimate modified proctor 

properties of compacted soil. Journal of 

geotechnical and geoenvironmental 

engineering, 135(7), 992-996. 

M.I.T. 2018. What is plant-based (fir shell) silica? 

Difference from conventional technology 

(in Japanese). https://www.mit-

corp.biz/business/biosilica/ 

Muntohar AS, Hantoro G. 2000. Influence of rice 

husk ash and lime on engineering 

properties of a clayey subgrade, Electronic 

Journal of Geotechnical Engineering, 5, 1-

9.  

Nahar N, Owino AO, Khan SK, Hossain Z, Tamaki 

N. 2021. Effects of controlled burn rice 



 Nahar et. al./ JnUJSci., Vol 10, No. II, Dec. 2023, pp. 89─95 93 

husk ash on geotechnical properties of the 

soil. Journal of Agricultural 

Engineering, 52(4). 

Osinubi KJ, Katte VY. 1997. Effect of elapsed time 

after mixing on grain size and plasticity 

characteristics; soil lime mixes. NSE 

technical Transactions, Nigeria, 32(4), 65-

76. 

Pode R. 2016. Potential applications of rice husk 

ash waste from rice husk biomass power 

plant, Renewable and Sustainable Energy 

Reviews, 53, 1468-1485.  

Qu J, Li B, Wei T, Li C, Liu B. 2014. Effects of 

rice-husk ash on soil consistency and 

compactibility. Catena, 122, 54-60. 

Ramakrishnan S, Velrajkumar G, Ranjith S. 2014. 

Behavior of cement-rice husk ash concrete 

for pavement, International Journal of 

Emerging Trends in Engineering and 

Development, 1(4), 31-41. 

Sabir BB, Wild S, Bai J. 2001. Metakaolin and 

calcined clays as pozzolans for concrete: a 

review. Cement and Concrete 

Composites, 23(6), 441-454.  

Siddique R, Khan MI. 2011. Supplementary 

cementing materials. Springer Science & 

Business Media.  

Singh B. 2018. Rice husk ash. In Waste and 

supplementary cementitious materials in 

concrete (p 417-460). Woodhead 

Publishing. 

Soltani N, Bahrami A, Pech-Canul MI, González 

LA. 2015. Review on the physicochemical 

treatments of rice husk for production of 

advanced materials. Chemical engineering 

journal, 264, 899-935. 

Sridharan A, Nagaraj HB. 2005. Soil compaction 

and permeability prediction models. 

Ground Improve, 9(1), 17-22. 

Thacker DJ, Campbell JA, Johnson RL. 1994. The 

Effect of Soil Compaction on Root 

Penetration, Mechanical Impedance and 

Moisture-Density Relationships of 

Selected Soils of Alberta. Alberta 

Conservation and Land Reclamation 

Management Group Report #RRTAC OF-

9, p 37 

Worrell E, Price L, Martin N, Hendriks C, Meida 

LO. 2001. Carbon dioxide emissions from 

the global cement industry. Annual Review 

of Energy and the Environment, 26(1), 

303-329.

 


