
 
 

Delft University of Technology

Evaluating the effectiveness of rice husk ash and lime in subgrade soil enhancement

Arif, Syed Mohd; Thakur, Rambha; Ravish, Govind; Akhai, Shalom; Pathak, Swati; Singh, Avishreshtha

DOI
10.1063/5.0258861
Publication date
2025
Document Version
Final published version
Published in
AIP Conference Proceedings

Citation (APA)
Arif, S. M., Thakur, R., Ravish, G., Akhai, S., Pathak, S., & Singh, A. (2025). Evaluating the effectiveness of
rice husk ash and lime in subgrade soil enhancement. AIP Conference Proceedings, 3261(1), Article
020005. https://doi.org/10.1063/5.0258861

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.1063/5.0258861
https://doi.org/10.1063/5.0258861


 

 

 

 

 

 

 

 

 

Green Open Access added to TU Delft Institutional Repository 
as part of the Taverne amendment. 

 

 

 
 

More information about this copyright law amendment 
can be found at https://www.openaccess.nl. 

 
 

Otherwise as indicated in the copyright section: 
the publisher is the copyright holder of this work and the 

author uses the Dutch legislation to make this work public. 

https://repository.tudelft.nl/
https://www.openaccess.nl/en



View

Online


Export
Citation

RESEARCH ARTICLE |  JUNE 04 2025

Evaluating the effectiveness of rice husk ash and lime in
subgrade soil enhancement 
Syed Mohd. Arif ; Rambha Thakur; Govind Ravish; Shalom Akhai; Swati Pathak; Avishreshtha Singh
AIP Conf. Proc. 3261, 020005 (2025)
https://doi.org/10.1063/5.0258861

Articles You May Be Interested In

A review on sustainable stabilizing for subgrade soil by GGBS and CKD

AIP Conf. Proc. (October 2024)

Strength and bearing resistance of subgrade granular soils treated using portland cement and
polypropylene fiber reinforcement

AIP Conf. Proc. (May 2025)

The effect of ballast and sub-ballast thickness variation on subgrade

AIP Conf. Proc. (August 2024)

 30 June 2025 10:35:27

https://pubs.aip.org/aip/acp/article/3261/1/020005/3348339/Evaluating-the-effectiveness-of-rice-husk-ash-and
https://pubs.aip.org/aip/acp/article/3261/1/020005/3348339/Evaluating-the-effectiveness-of-rice-husk-ash-and?pdfCoverIconEvent=cite
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1063/5.0258861
https://pubs.aip.org/aip/acp/article/3249/1/060016/3316085/A-review-on-sustainable-stabilizing-for-subgrade
https://pubs.aip.org/aip/acp/article/3292/1/060028/3346563/Strength-and-bearing-resistance-of-subgrade
https://pubs.aip.org/aip/acp/article/3069/1/020082/3306095/The-effect-of-ballast-and-sub-ballast-thickness


Evaluating the Effectiveness of Rice Husk Ash and Lime in 
Subgrade Soil Enhancement 

 
Syed Mohd. Arif1,a), Rambha Thakur2,  Govind Ravish3, Shalom Akhai4, Swati 

Pathak5 and Avishreshtha Singh6 
 

1,5Department of Civil Engineering, Chandigarh Engineering College, Chandigarh Group of Colleges, Jhanjeri, 
Mohali – 140307, Punjab, India. 

2Department of Civil Engineering Rattan Institute of Technology and management, Saveli, Hodel, Palwal –   
121102, Haryana, India 

3Department of Civil Engineering, Swami Devi Dyal Institute of Engineering and Technology, Barwala, Panchkula 
– 134118, Haryana, India 

4Department of Mechanical Engineering, Maharishi Markandeshwar Engineering College, Maharishi 
Markandeshwar (Deemed to be University), Mullana, Ambala – 133207, Haryana India 

6Faculty of Civil Engineering and Geosciences, Delft University of Technology, Delft, The Netherlands. 
 

a) Corresponding author: syed.aarif3@gmail.com 
 

Abstract. This study explored the use of Rice Husk Ash (RHA) and lime as soil stabilizers for subgrade soil. RHA, a by-
product of rice milling, poses environmental hazards if improperly disposed of. The optimal RHA content for subgrade 
stabilization is 15%, combined with 3% lime. The research found that RHA not only improves subgrade properties but also 
mitigates environmental pollution and offers a cost-effective stabilization method. The study evaluated engineering properties 
like plasticity index, maximum dry density (MDD), optimum moisture content (OMC), and California Bearing Ratio (CBR). 
Results showed a significant decrease in plasticity index and an increase in MDD with RHA addition up to 15%. However, 
further increase in RHA content led to a decrease in MDD. The combination of 15% RHA and 3% lime exhibited the highest 
CBR improvement (61.48%), indicating enhanced soil strength. This research suggests that RHA may be a sustainable and 
cost-effective subgrade stabilization material that improves pavement performance and waste utilization. RHA is abundant, 
easy to obtain, and economical as compared to cement as a soil stabilizer, reducing disposal issues and environmental impact. 
Keywords: Soil, Rice husk Ash, Lime, Maximum dry density, Optimum moisture content & CBR 

INTRODUCTION 

Research suggests that soil stabilization is crucial for the maintenance and improvement of engineering 
characteristics of structures like roads, trains, and airport runways [1]. In India, waste production and pollution are 
major challenges, and subgrade stabilization can help address these issues [2]. A combination of RHA and lime can 
strengthen and reduce soil flexibility, making it construction-ready. Wood ash can also be used for clay stabilization, 
reducing plasticity and increasing CBR value and strength [3]. Road construction subgrades using RHA, lime, and 
fly ash can lower pavement thickness and project costs [4]. RHA can also improve index values in Lateritic soil, and 
experiments on black soil with 5% RHA and Lime showed increased unconfined compressive strength and CBR [5].  

MATERIALS 

The study tested virgin soil from Kalanwali, Haryana, India having high clay content and low bearing capacity. The 
soil's high compressibility necessitates stabilization for engineering use [6]. The soil's geotechnical properties were 
determined in a laboratory setting, with the results showing a liquid limit of 41%, a plastic limit of 30.54%, a 
plasticity index of 10.46%, water content of 9.59%, dry density of soil 1.789 g/cc and maximum moisture content of 
18.95%. The soil's high clay content and compressibility result in low bearing capacity, making it unsuitable for 
engineering use [7]. The soil can be stabilized using RHA and lime to improve its properties [8]. 
 

Table 1: Geotechnical Properties of Soil Sample. (Source: Author) 
Property Value 
Liquid limit (WL) 41% 
Plastic limit (WP) 30.54% 
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Plasticity index (Ip) 10.46% 
Water content (W) 9.59% 
Soil classification CI 
Maximum Dry Density (MDD) 1.789 g/cc 
Optimum Moisture Content (OMC) 18.95% 
CBR Value (Soaked)-2.5mm 3.56% 
CBR Value (Soaked)-5.0mm 3.53% 

 
Rice husk, a by-product of rice processing, is used as fuel in rice factories to generate steam during boiling [9]. After 
burning, 25% RHA is produced, posing a significant environmental threat to India, a major rice-producing nation 
[10]. India produces about 20 million tonnes of RHA annually, posing significant ecological risks if not properly 
utilized [11]. This husk, high in silica, is an effective soil stabilizer due to its pozzolanic properties (Table 2). 
Despite its potential commercial use, improper disposal of RHA poses significant ecological risks [12]. Various 
methods are being explored to commercially utilize RHA, but proper disposal is crucial [13]. 

 
Table 2: Chemical Composition of RHA [10] 

Composition SiO2 Fe2O3 MgO Al2O3 CaO Loss on ignition 
Amount (%) 85 1.98 0.41 3.7 3.9 4.9 

 
Lime (CaO), known for its caustic and alkaline properties, was procured from a local market for this study [14].This 
study used lime (CaO), a white, caustic, alkaline crystalline solid at room temperature, to prepare soil samples. Rice 
Husk Ash was used in different percentages, with a constant percentage (3%) of lime in every mix. The soil, RHA, 
and lime samples were analyzed using different mix proportions. The results are shown in Figure 1, and the mix 
proportions are tabulated in Table 3. The soil, RHA, and lime samples were categorized into subgrade soil, graded 
sand, and graded lime [15]. The study aimed to understand the effects of different mix proportions on soil quality 
and nutrient content. 

SAMPLE PREPARATION 
Samples were prepared with varying RHA contents (0%, 5%, 10%, 15%, 20%, and 25%) and a constant lime 
content (3%), presented in Table 3. 

 
Table 3: Mix Proportions of Soil, RHA, and Lime. (Source: Author) 

Sample ID Soil (%) RHA (%) Lime (%) 
CS 100 0 0 
SP0 98 0 3 
SP5 92 5 3 

SP10 87 10 3 
SP15 82 15 3 
SP20 77 20 3 
SP25 72 25 3 

EXPERIMENTAL WORK  

Plasticity Index: The Plasticity Index (Ip) was determined according to BIS: 2720 (Part-5), 1985 [16]. Results are 
shown in Table 4 and Figure 1. 

 
Table 4: Plasticity Index of Samples (Source: Author). 

Sample ID Liquid Limit (%) Plastic Limit (%) Plasticity Index (%) 
CS 41 30.54 10.46 
SP0 39.5 30.95 8.55 
SP5 38.7 31.45 7.25 
SP10 37.7 31.84 5.86 
SP15 36.9 32.42 4.48 
SP20 36.1 32.69 3.41 
SP25 35.7 33.21 2.49 
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Figure 1: Graph of Liquid limit, Plastic limit & Plasticity Index of different Soil Samples. (Source: author) 

 
MDD and OMC: Maximum Dry Density (MDD) and Optimum Moisture Content (OMC) were determined using 
the Standard Proctor Test according to BIS: 2720 (Part-8), 1984 [17]. Results are shown in Table 5. The graph 
shown in Figure 2displays the MDD and OMC of various soil samples. 
 

Table 5: MDD and OMC of different soil samples (Source: Author). 
Sample ID MDD (g/cc) OMC 

(%) 
CS 1.789 18.95 
SP0 1.812 18.10 
SP5 1.824 17.59 
SP10 1.894 16.95 
SP15 1.912 15.21 
SP20 1.906 16.26 
SP25 1.856 16.06 

 

 
Figure 2: Graph of MDD and OMC of different soil samples. (Source: author) 

 
California Bearing Ratio (CBR): CBR tests, as per BIS: 2720 (Part-16), 1987 [18], were conducted to determine 
soil strength. Results are shown in Table 6 and Figure 3. 

 
Table 6: CBR Values of different Soil Samples (Soaked & Unsoaked) (Source: Author). 

Soil Sample  
CBR (Soaked) (%) 

CBR (Unsoaked) 
(%) 

2.5 mm 5.0 mm 
CS 3.56 3.53 
SP0 4.21 4.11 
SP5 4.87 4.58 
SP10 5.21 5.04 
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SP15 5.79 5.67 
SP20 5.42 5.31 
SP25 5.08 4.87 

 

 
Figure 3: Comparison of soaked CBR Values of different Soil Samples (Soaked & Unsoaked). (Source: author) 

 RESULTS AND DISCUSSION  

The study found that the Plasticity Index decreased from 10.46% to 2.49% with the addition of RHA and lime 
content, indicating a transition towards a non-plastic state. Dry density improved with RHA and lime content up to a 
specific limit, then exhibited a downward trend. The peak value of MDD (1.912g/cc) was obtained at S.P. 15 (RHA-
15% and Lime-3%), and the corresponding OMC was reported. The addition of more than 15% RHA had an adverse 
effect on the bonding behavior of soil particles, as reflected in the CBR test. The CBR value improved with RHA 
content ranging from 0-15% with 3% lime due to the presence of silica oxide in RHA. The combination of RHA 
with lime made the soil more plastic, reducing the soil particle bond. The CBR followed a downward trend with 
increased RHA and lime, indicating reduced plasticity.In the future work, simulations like parametric 
optimizationscould further optimize these processes by predicting optimal RHA and lime content for various soil 
types, reducing testing times and costs [19-23].AI-powered material science simulationscould further optimize these 
processes by predicting optimal RHA and lime content for various soil types, reducing testing times and costs [24-
26]. 

CONCLUSIONS 

The study found that using residual husk (RHA) and lime stabilized soil subgrade, resulting in a 61.48% increase in 
strength. This method not only improved subgrade properties but also addressed environmental concerns related to 
RHA disposal. Experiments were conducted to evaluate geotechnical properties, including liquid limit, plastic limit, 
moisture content, maximum dry density, and California Bearing Ratio. The optimal RHA quantity was found to be 
15% with a constant 3% lime percentage, resulting in a significant increase in soil strength. Key findings included a 
decrease in plasticity index, improved dry density, and a peak MDD value. However, over 15% RHA negatively 
affected soil particle bonding behavior. The combination of RHA and lime made soil more plastic, reducing particle 
bond, and decreased CBR, indicating reduced plasticity. 
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