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Abstract— This paper presents - Soil is the basic foundation for any civil engineering structures. 

It is required to bear the loads without failure. In some places, soil may be weak which cannot 

resist the oncoming loads. In such cases soil stabilization is needed. Soil stabilization cannot 

explain as the alteration of soil properties by chemical or physical means in order to enhance the 

engineering quality of the soil. This report deals with the complete analysis of the improvement 

of soil properties and its stabilization using the sodium silicate. Various lab tests are conducted 

like liquid limit, plastic limit, standard proctor test etc.., and field tests like core cutter and sand 

replacement methods etc.., on soils to decide the properties and stiffness of them. The 

constructional activities in some particular areas often demand deep foundations because of poor 

engineering properties and the related problems arising from weak soil at shallow depths. The 

very low bearing capacity of the foundation bed causes shear failure and excessive settlements. 

Further, the highwater table and limited depth of the top sandy layer in these areas restrict the 

depth of foundation thereby further reducing the safe bearing capacity. This report discusses 

grouting as one of the possible solutions to the foundation problems by improving the properties 

of soil at shallow depths by using sodium silicate. Since 1945, various researchers have reported 

on the effectiveness of sodium silicate has a stabilizing admixture. Sometimes the silicate was 

used alone and some times in the combination with various other chemicals. Sodium silicate has 

to improve building materials more than a century. This study presents characterization of 

sodium silicate prepared from kankra kaolin.  
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I. INTRODUCTION 

General The construction of structures on weak ground 

often requires the soil to be improved in order to ensure the 

safety and the stability of surrounding buildings. Soil is one 

of the most important engineering materials.  

Determination of soil conditions is the most important 

first phase of work for every type of civil engineering 

facility. The knowledge of soil is necessary for the 

designing of foundation, pavement, underground structures, 

embankments, earth retaining structures, dams etc. As a 

result, various parameters like bearing capacity, stress 

distribution in the soil beneath the loading area, the probable 

settlement of the foundation, effect of ground water and 

effect of vibrations etc are needed for the design of 

foundation.  

The selection of the most suitable method depends on a 

variety of factors, such as: soil conditions, required degree 

of the compaction, type of structures to be supported, 

maximum depth of compaction, as well as site-specific 

considerations such as sensitivity of adjacent structures or 

installations, available time for completion of the project, 

competence of the contractor, availability of equipment’s 

and materials etc. Soil compaction can offer effective 

solutions for many foundation problems, and is especially 

useful for reducing total settlements in sands. However, 

efficient use of soil compaction methods requires that the 

geotechnical engineer understands all factors that influence 

the compaction process.  

The poor-quality soils, especially their low bearing 

capacity, make it necessary to improve their properties by 

stabilization. The compaction of soils is intrinsically 

dependent upon the vertical effective stress, the type and 

gradation of soil, etc. The settlement of saturated cohesive 

soil consists of the sum of three components:  

• Immediate settlement occurring as the load is applied.  

• Consolidation settlement occurring gradually as excess 

pore pressures generated by loads are dissipated.  

• Secondary compression essentially controlled by the 

composition and structure of the soil skeleton. The 



 

 

Improving The Properties Of Soil At Shallow Depths By Using Sodium Silicate Settlements  

 

Available at https://jscer.org 

 

 

 

Page | 2  

 

 

 

 

 

settlement of coarse-grained granular soils subjected to 

foundation loads occurs primarily from the compression of 

the soil skeleton due to rearrangement of  particles. The 

permeability of coarse-grained soil is large enough to justify 

the assumption of immediate excess pore pressure 

dissipation upon application of load. Settlement of coarse-

grained soil can also be induced by vibratory ground motion 

due to earthquakes, blasting or machinery, or by soaking and 

submergence.  

II. LITERATURE REVIEW  

Button (1953)1 He analyzed the bearing capacity of a 

strip footing resting on two layers of clay. He assumed that 

the cohesive soils in both layers are consolidated 

approximately to the same degree. In order to determine the 

ultimate bearing capacity of the foundation, he assumed that 

the failure surface at the ultimate load is cylindrical, where 

the curve lies at the edge of the footing. The bearing 

capacity factor used depends on the upper soil layer and on 

the ratio of the cohesions of the lower/upper clay layers. 

Reddy and Srinivasan (1967)2 They extended the work of 

Button to include the effect of the non-homogeneity and 

anisotropy of soil with respect to the shear strength. The 

basic assumptions involved in determining the ultimate 

bearing capacity are: the failure surface is cylindrical, the 

coefficient of anisotropy is the same at all points in the 

foundation medium, the soil in each layer is either 

homogeneous with respect to the shear strength or the shear 

strength in each layer varies linearly with depth. In both 

papers, the assumption of cylindrical potential failure 

surface led to values of Nc is 7% higher than the values 

obtained by the Prandtl solution in the case of homogeneous 

subsoil. In the case of an-isotropic and non-homogeneous 

subsoil, the values are even higher and the error increases 

with increasing nonhomogeneity of the two layers. Brown 

and Meyerhof (1969)3 They investigated foundations 

resting on a stiff clay layer overlying a soft clay layer 

deposit, and the case of a soft layer overlying a stiff layer. 

They assumed that the footing fails by punching through the 

top layer for the first case, and with full development of the 

bearing capacity of the lower layer in the second case. They 

also conducted a series of tests on footings in homogeneous 

clay. They observed that the pattern of failure beneath a 

footing is a function of the physical mode of rupture of the 

clay, which is strongly dependent on the structure of the 

clay. The failure mechanism of the structure of the clay is 

not adequately defined by conventional Mohr-coulomb 

concepts of cohesion and friction. Meyerhof and Hanna 

(1978)4 They considered the case of footings resting in a 

strong layer overlying weak deposit and a weak layer 

overlying strong deposit. The analyses of different soil 

failure were compared with the results of model tests on 

circular and strip footings on layered sand and clay. They 

developed theories to predict the bearing capacity of layered 

soils under vertical load and inclined loading conditions. 

This paper is a development of the previous theory 

(Meyerhof 1974), taking into consideration all possible 

cases of two different layers of subsoil, and also including 

the effect of inclined and eccentric loading on the ultimate 

bearing capacity of strip, rectangular, and circular footings. 

This theory and the failure mechanism considered are 

approximations of the real failure mechanism, which 

depends on many factors. Meyerhof (1974)5 He investigated 

the case of sand layer overlying clay: dense sand on soft 

clay and loose sand on stiff clay. The analyses of different 

modes of failure were compared with the results of model 

test results on circular and strip footings and field data. . 

Theory and test results showed that the influence of the sand 

layer thickness beneath the footing depends mainly on the 

bearing capacity ratio of the clay to the sand, the friction 

angle (ᶲ) of the sand, the shape and depth of the foundation. 

This paper is limited to vertically loaded footings, and does 

not include eccentric or inclined loads, it is also limited to 

sand over clay, and has no solution for clay over sand. In the 

case of dense sand on soft clay, the theory considers 

simultaneous failure of the sand layer by punching, and 

general shear failure in the clay layer, which is not always 

the case. Hanna and Meyerhof (1979)6 They extended their 

previous theory of the ultimate bearing capacity of two-layer 

soils to the case of three-layer soils. The analysis compared 

well with the results of model tests of strip and circular 

footings on a three-layer soil. Only one case was considered 

in this paper, that for footings subjected to vertical loads and 

resting on subsoil consisting of two strong layers overlying a 

weak deposit. 

1.3. Aim To stabilize the soil by adding sodium silicate 

to achieve high and effective properties of the soils. 1.4. 

Scope of Study To focused on the quality and improvement 

of settlement of soils by sodium silicate.  

III.  MATERIALS AND METHODS  

2.1. Materials Collection Data In this study Black cotton 

soil (IS sieve 4.75mm passed), Red soil (IS sieve 4.75mm 

passed), and Sodium silicate (Na2siO3) powder 

commercially available in market were used for the 

Settlement of Soils and for entire tests 

• The Black cotton soil and Red soils were obtained from 

Dhullapally, Hyderabad, Telangana. 

 • Sodium silicate can change the property to raise the 

normal properties of soil in effective manner.  

To obtain the maximum dry density of soils to settleable. 

Fig 2.1. (a) Black cotton soil Fig 2.1. (b) Red soil Fig 2.1. 

(c) Sodium silicate (Na2siO3) powder. 2.2. Study objects • 

To study the properties of Red soil and Black cotton soil. • 

To stabilize soils with sodium silicate. • Improving 

settlements of soils. • Different types of laboratory tests on 

soils. 2.3. Methodology Take a representative oven-dried 
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sample, approximately 3 kg in the given pan. Thoroughly 

mix the sample with sufficient water to dampen it with 

approximate water content of 4-6 %. Add 10% of sodium 

silicate powder to the samples. Weigh the proctor mould 

without base plate and collar.  

 

Fix the collar and base plate. Place the soil in the Proctor 

mould and compact it in 3 layers giving 25 blows per layer 

with the 2.5 kg rammer falling through. The blows shall be 

distributed uniformly over the surface of each layer. 

Remove the collar; trim the compacted soil even with the 

top of mould using a straight edge and weigh. Divide the 

weight of the compacted specimen by volume and record the 

result as the bulk density. Remove the sample from mould 

and slice vertically through and obtain a small sample for 

water content. Add water in sufficient amounts to increase 

the moisture content of the soil sample by one or two 

percentage points and repeat the above procedure for each 

increment of water added. Continue this series of 

determination until there is either a decrease or no change in 

the wet unit weight 

 

IV.  

CONCLUSION 

Based on this experimental investigation made on Black 

cotton soil and Red soil was concluded as • Sodium silicate 

is used as an excellent soil stabilizing material for active 

soils which undergo through frequent expansion and 

shrinkage. • The reaction is very quick and stabilizes the 

soil within few hours. • Sodium silicate acts immediately 
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and improves various properties of soil such as resistance to 

shrinkage during moist conditions and subsequent increase 

in the compression resistance with the increase in time. 

Hence, there is overall gain in strength parameters of soil 

due to addition of sodium silicate. 

REFERENCES 

[1]. P. Nirmala, T. Manimegalai, J. R. Arunkumar, S. Vimala, G. 

Vinoth Rajkumar, Raja Raju, "A Mechanism for Detecting the 

Intruder in the Network through a Stacking Dilated CNN 

Model", Wireless Communications and Mobile Computing, 

vol. 2022, Article ID 1955009, 13 pages, 2022. 

https://doi.org/10.1155/2022/1955009. 

[2]. D. Sathyanarayanan, T. S. Reddy, A. Sathish, P. Geetha, J. R. 

Arunkumar and S. P. K. Deepak, "American Sign Language 

Recognition System for Numerical and Alphabets," 2023 

International Conference on Research Methodologies in 

Knowledge Management, Artificial Intelligence and 

Telecommunication Engineering (RMKMATE), Chennai, 

India, 2023, pp. 1-6, doi: 

10.1109/RMKMATE59243.2023.10369455. 

[3]. J. R. Arunkumar, Tagele berihun Mengist, 2020” Developing 

Ethiopian Yirgacheffe Coffee Grading Model using a Deep 

Learning Classifier” International Journal of Innovative 

Technology and Exploring Engineering (IJITEE) ISSN: 2278- 

3075, Volume-9 Issue-4, February 2020. DOI: 

10.35940/ijitee.D1823.029420. 

[4]. Ashwini, S., Arunkumar, J.R., Prabu, R.T. et al. Diagnosis 

and multi-classification of lung diseases in CXR images using 

optimized deep convolutional neural network. Soft 

Comput (2023). https://doi.org/10.1007/s00500-023-

09480-3 

[5]. J.R.Arunkumar, Dr.E.Muthukumar,” A Novel Method to 

Improve AODV Protocol for WSN” in Journal of Engineering 

Sciences” ISSN NO: 0377-9254Volume 3, Issue 1, Jul 2012. 

[6]. R. K, A. Shameem, P. Biswas, B. T. Geetha, J. R. Arunkumar 

and P. K. Lakineni, "Supply Chain Management Using 

Blockchain: Opportunities, Challenges, and Future 

Directions," 2023 Second International Conference on 

Informatics (ICI), Noida, India, 2023, pp. 1-6, doi: 

10.1109/ICI60088.2023.10421633. 

[7]. Arunkumar, J. R. "Study Analysis of Cloud Security 

Chanllenges and Issues in Cloud Computing 

Technologies." Journal of Science, Computing and 

Engineering Research 6.8 (2023): 06-10. 

[8]. J. R. Arunkumar, R. Raman, S. Sivakumar and R. Pavithra, 

"Wearable Devices for Patient Monitoring System using 

IoT," 2023 8th International Conference on Communication 

and Electronics Systems (ICCES), Coimbatore, India, 2023, 

pp. 381-385, doi: 10.1109/ICCES57224.2023.10192741. 

[9]. S. Sugumaran, C. Geetha, S. S, P. C. Bharath Kumar, T. D. 

Subha and J. R. Arunkumar, "Energy Efficient Routing 

Algorithm with Mobile Sink Assistance in Wireless Sensor 

Networks," 2023 International Conference on Advances in 

Computing, Communication and Applied Informatics 

(ACCAI), Chennai, India, 2023, pp. 1-7, doi: 

10.1109/ACCAI58221.2023.10201142. 

[10]. R. S. Vignesh, V. Chinnammal, Gururaj.D, A. K. Kumar, K. 

V. Karthikeyan and J. R. Arunkumar, "Secured Data Access 

and Control Abilities Management over Cloud Environment 

using Novel Cryptographic Principles," 2023 International 

Conference on Advances in Computing, Communication and 

Applied Informatics (ACCAI), Chennai, India, 2023, pp. 1-8, 

doi: 10.1109/ACCAI58221.2023.10199616. 

[11]. Syamala, M., Anusuya, R., Sonkar, S.K. et al. Big data 

analytics for dynamic network slicing in 5G and beyond with 

dynamic user preferences. Opt Quant Electron 56, 61 (2024). 

https://doi.org/10.1007/s11082-023-05663-2 

[12]. Krishna Veni, S. R., and R. Anusuya. "Design and Study 

Analysis Automated Recognition system of Fake Currency 

Notes." Journal of Science, Computing and Engineering 

Research 6.6 (2023): 16-20. 

[13]. V. RamKumar, S. Shanthi, K. S. Kumar, S. Kanageswari, S. 

Mahalakshmi and R. Anusuya, "Internet of Things Assisted 

Remote Health and Safety Monitoring Scheme Using 

Intelligent Sensors," 2023 International Conference on 

Advances in Computing, Communication and Applied 

Informatics (ACCAI), Chennai, India, 2023, pp. 1-8, doi: 

10.1109/ACCAI58221.2023.10199766. 

[14]. R. S. Vignesh, R. Sankar, A. Balaji, K. S. Kumar, V. Sharmila 

Bhargavi and R. Anusuya, "IoT Assisted Drunk and Drive 

People Identification to Avoid Accidents and Ensure Road 

Safety Measures," 2023 International Conference on 

Advances in Computing, Communication and Applied 

Informatics (ACCAI), Chennai, India, 2023, pp. 1-7, doi: 

10.1109/ACCAI58221.2023.10200809. 

[15]. I. Chandra, G. Sowmiya, G. Charulatha, S. D, S. Gomathi and 

R. Anusuya, "An efficient Intelligent Systems for Low-Power 

Consumption Zigbee-Based Wearable Device for Voice Data 

Transmission," 2023 International Conference on Artificial 

Intelligence and Knowledge Discovery in Concurrent 

Engineering (ICECONF), Chennai, India, 2023, pp. 1-7, doi: 

10.1109/ICECONF57129.2023.10083856. 

[16]. G. Karthikeyan, D. T. G, R. Anusuya, K. K. G, J. T and R. T. 

Prabu, "Real-Time Sidewalk Crack Identification and 

Classification based on Convolutional Neural Network using 

Thermal Images," 2022 International Conference on 

Automation, Computing and Renewable Systems (ICACRS), 

Pudukkottai, India, 2022, pp. 1266-1274, doi: 

10.1109/ICACRS55517.2022.10029202. 

[17]. R. Meena, T. Kavitha, A. K. S, D. M. Mathew, R. Anusuya 

and G. Karthik, "Extracting Behavioral Characteristics of 

College Students Using Data Mining on Big Data," 2023 

International Conference on Artificial Intelligence and 

Knowledge Discovery in Concurrent Engineering 

(ICECONF), Chennai, India, 2023, pp. 1-7, doi: 

10.1109/ICECONF57129.2023.10084276. 

[18]. S. Bharathi, A. Balaji, D. Irene. J, C. Kalaivanan and R. 

Anusuya, "An Efficient Liver Disease Prediction based on 

Deep Convolutional Neural Network using Biopsy 

Images," 2022 3rd International Conference on Smart 

Electronics and Communication (ICOSEC), Trichy, India, 

2022, pp. 1141-1147, doi: 

10.1109/ICOSEC54921.2022.9951870. 

[19]. I. Chandra, G. Sowmiya, G. Charulatha, S. D, S. Gomathi and 

R. Anusuya, "An efficient Intelligent Systems for Low-Power 

Consumption Zigbee-Based Wearable Device for Voice Data 

Transmission," 2023 International Conference on Artificial 

https://doi.org/10.1007/s00500-023-09480-3
https://doi.org/10.1007/s00500-023-09480-3
https://doi.org/10.1007/s11082-023-05663-2


 

 

Improving The Properties Of Soil At Shallow Depths By Using Sodium Silicate Settlements  

 

Available at https://jscer.org 

 

 

 

Page | 5  

 

 

 

 

 

Intelligence and Knowledge Discovery in Concurrent 

Engineering (ICECONF), Chennai, India, 2023, pp. 1-7, doi: 

10.1109/ICECONF57129.2023.10083856. 

[20]. Revathi, S., et al. "Developing an Infant Monitoring System 

using IoT (INMOS)." International Scientific Journal of 

Contemporary Research in Engineering Science and 

Management 6.1 (2021): 111-115. 

[21]. R. K, A. Shameem, P. Biswas, B. T. Geetha, J. R. Arunkumar 

and P. K. Lakineni, "Supply Chain Management Using 

Blockchain: Opportunities, Challenges, and Future 

Directions," 2023 Second International Conference on 

Informatics (ICI), Noida, India, 2023, pp. 1-6, doi: 

10.1109/ICI60088.2023.10421633. 

[22]. J.R.Arunkumar. “Comprehensice Analysis of Security Issues 

in Cloud Computing Technologies”, Journal of 

Science,Computing and Engineering Research, 6(5), 06-10, 

June 2023. 

[23]. S. Sugumaran, C. Geetha, S. S, P. C. Bharath Kumar, T. D. 

Subha and J. R. Arunkumar, "Energy Efficient Routing 

Algorithm with Mobile Sink Assistance in Wireless Sensor 

Networks," 2023 International Conference on Advances in 

Computing, Communication and Applied Informatics 

(ACCAI), Chennai, India, 2023, pp. 1-7, doi: 

10.1109/ACCAI58221.2023.10201142. 

[24]. I. Chandra, K. V. Karthikeyan, R. V, S. K, M. Tamilselvi and 

J. R. Arunkumar, "A Robust and Efficient Computational 

Offloading and Task Scheduling Model in Mobile Cloud 

Computing," 2023 International Conference on Artificial 

Intelligence and Knowledge Discovery in Concurrent 

Engineering (ICECONF), Chennai, India, 2023, pp. 1-8, doi: 

10.1109/ICECONF57129.2023.10084293. 

[25]. R. S. Vignesh, A. Kumar S, T. M. Amirthalakshmi, P. 

Delphy, J. R. Arunkumar and S. Kamatchi, "An Efficient and 

Intelligent Systems for Internet of Things Based Health 

Observance System for Covid 19 Patients," 2023 International 

Conference on Artificial Intelligence and Knowledge 

Discovery in Concurrent Engineering (ICECONF), Chennai, 

India, 2023, pp. 1-8, doi: 

10.1109/ICECONF57129.2023.10084066. 

[26]. DC Jullie Josephine, J Sudhakar, T Helan Vidhya, R 

Anusuya, G Ramkumar,“An Improved Multi class Breast 

cancer classification and Abnormality Detection based on 

Modified Deep Learning Neural Network Principles”, Deep 

Learning in Biomedical Signal and Medical Imaging, CRC 

Press, Taylor and Francis, 2024. 

[27]. R. Anusuya, Pragya Vashishtha, “Real Automatic Number 

Plate Image Detection With Yolo Algorithms”, Journal of  

Science, Computing and Engineering Research, 7(7), July 

2024. 


