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Abstract: Before construction, it is essential to enhance the engineering 

properties of soft soil. The most common technique, cement stabilisation 

(either alone or in combination with other methods), causes a number of 

environmental issues. Efforts have been made to find alternatives to the 

commonly used techniques for soil stabilization, various strategies have been 

investigated. Biopolymers an eco-friendly material is one of the sustainable 

solutions as an alternative for soil improvement. This study examines the 

relationship between biopolymers, particularly xanthan gum, and weak soil. 

The results indicate that biopolymer improved the weak soil's geotechnical 

properties. The improvement varies with the percentage of biopolymer added 

to the soil. In this study 0.5%, 1%, 1.5%, 2% & 2.5% of xanthan gum added 

to week soil. Their impact on the strengthening of weak soil was evaluated. 

Index properties, unconfined compressive strength and resilient modulus is 

determined. A very minute amount of biopolymer improves the soil's me- 

chanical properties. Therefore, biopolymer have a very strong potential to 

replace cement as the conventional soil binder in context of development to 

replace the conventional method. 

 

Keywords: Cement stabilization, Biopolymers, Xanthan gum, Index 

properties, Unconfined compressive strength, Resilient modulus. 

 

 

1. Introduction 
 

To achieve the desired and ideal performance of the week soil, soil stabilization is the 

targeted improvement of the geotechnical characteristics of the week soil. A geotech- 

nical engineer should establish the most cost-effective and efficient approach of soil 

treatment. Based on the type of soil, the desired level of improvement and environmen- 

tal friendliness of the method are among the most important parameters to be consid- 

ered. The selection of the appropriate treatment method is the most effective part of a 

geotechnical engineer to stabilize the week soil [1]. Since the beginning of human 
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civilization, people have used many different things and methods to make soils better. 

Materials like mud and straw come from the earth [2]. Rome and Roman concrete are 

made from volcanic ash, aggregates, and binders (i.e., gypsum or lime) [3]. Particularly 

after the Industrial Revolution i.e., 20
th

 century, Portland cement has become the utmost 

used material for construction and soil treatment [2]. 

 
In the building and construction industry, Portland cement is a substance that offers a 

number of well-known advantages, including affordability, durability and workability. 

The manufacture and use of cement, however, are linked to some environmental con- 

cerns. The most pressing problems of the last few decades have been associated with 

global warming and climate change. According to reports, one of the main contributors 

to worldwide CO2 emissions, cement use accounts for approximately 8% of all CO2 

emissions [1,4]. In an effort to reduce these effects on the environment, researchers 

have been making new, better applications that reduce damage in the environment [5]. 

Sustainable techniques have been used to create environmentally friendly materials, 

notably microbial biopolymers, for application (i.e., microbes that produce high-mo- 

lecular polysaccharides). These biopolymers were developed as a replacement to con- 

ventional soil remediation techniques [6,7]. Several studies have showed that biopoly- 

mer application significantly strengthens soil due to direct ionic interactions with tiny 

particles or the creation of a continuous matrix phase among coarse particles. Geotech- 

nical Engineering has explored numerous applicability for these biopolymers to address 

soil issues [2]. 

 
In recent years, the majority of research is on the application of biopolymers have in- 

cluded experimental data, characterization evaluations, and, in a few instances, case 

studies of actual implementation. The most frequently mentioned biopolymers in the 

literature are guar gum, polyacrylamide, xanthan gum, gellan gum, agar, and poly- 

acrylamide. In this study, the xanthan gum-treated soil's index properties, unconfined 

compressive strength (UCS), and resilient modulus (RM) are assessed. 

 

 
2. Materials in present study 

 
2.1 Biopolymers selection 

In this study biopolymer i.e., Xanthan Gum (XG) is procured from PC industries, Jodh- 

pur, India. With a global industrial output of 30,000 tons per year, XG is an EPS pro- 

duced by the bacterium Xanthomonas campestris [8]. The strong demand for XG in the 

food industry led to the development of a number of alternative techniques to create it, 

including the fermentation of bacteria and yeast as well as the use of other low-cost 

substrates, nutrients, and raw materials [8,9]. By adding a little amount of XG, an aque- 

ous system’s viscosity can be increased, creating a pseudo-plastic solution [10]. There- 

fore, with a substantial improvement in strength, these natural biopolymers bind non- 

cohesive and dispersive geomaterials. [11]. The characteristics and environmental im- 

pacts of Xanthan Gum is listed in Table.1 
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Fig.1 Xanthan Gum Powder 

 
Table 1. Characteristics of XG used for soil treatment & their effects on the environment 

[12] 

 

Source Bacterial fermentation of glucose / sucrose 

by Xanthomonas campestris. 

Charge Type Anionic 

Water Solubility Soluble 

Potential Impact on Environment 0.1 kg CO2 per kg of biopolymer produced, 

with no anionic land usage 

 

 

2.2 Collection of soil sample 

Soil sample collection is done from Antagarh town, from Kanker district located in the 

state of Chhattisgarh, India. The Basic Geotechnical and strength properties of the col- 

lected soil sample is evaluated as per Indian Standards has been tabulated in Table.2 

and Table.3 

 
Table 2. Basic Geotechnical Properties of the soil 

 

 

Name of the test 
Test 

property 

Test 

method 

 

TestResult 

Grain 

size 

anal- 

ysis 

(%) 

 
Coarse sand fraction 

 
Particle 

size analy- 

sis 

 
IS 2720 

(Part – IV) 1985 

Reaffirmed 1995 

 
22.8% 

Medium sand fraction 32.2% 

Fine sand fraction 17.5% 

Silt + Clay 27.5% 

Atterberg’s 

limits 

Liquid 

Limit 
(WL), % 

IS 2720 

(Part – V) 1985 
Reaffirmed 1995 

 

32.0% 
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 Plastic 

Limit 
(WP), % 

  

20.0% 

Plasticity 

Index (IP), 
% 

 

12.0% 

Shrinkage 

limit, % 

IS 2720 

(Part – VI)1972 
Reaffirmed1995 

 

8.6% 

 
Free Swell index 

 

Swell po- 

tential, % 

IS 2720 

(Part – XL) 

1977 
Reaffirmed 1997 

 
31% 

 
Specific Gravity (G) 

IS 2720 

(Part III/Sec 1 & 

2) 1980 (Reaf- 
firmed 1997) 

 
2.47 

Soil Classification as per IS 1498 – 1970 SC 

 

Table 3. Strength properties of soil 

 

Name of the 

test 

Strength 

property 
Test method 

Test 

Result 

 
Modified Proc- 

tor Test 

Maximum dry 

density, kN/m
3
 

 

IS 2720 

(Part – VIII)1980 

(Reaffirmed 1997) 

 
16.25 

Optimum 

moisture con- 
tent, % 

 
21 

Unconfined 

Compressive 

Strength (UCS) 
Test 

 

Compressive 

Strength, Mpa 

IS: 2720 

(Part-X) 1991(Reaffirmed 

1995) 

 
0.60 

Resilient 

Modulus 

Modulus of 

elasticity, Mpa 
AASHTO T307 115.32 

 

 

3. Experimental methodology 
 

In this study 0.5, 1, 1.5, 2 and 2.5 percentages of biopolymer, Xanthan Gum (XG) were 

used to examine the index and strength properties of the soil bound with biopolymer. 

 
The commercially available dry powdered biopolymer is mixed dry before being intro- 

duced. Before the water is added, dry mixing involves combining the biopolymer and 

soil in the form of a proportion determined by the weight of the soil. The biopolymers 

are confined during dry mixing. The mentioned procedure is the process adopted for 

the preparation of soil samples. The demolded soil samples were individually kept for 
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7 and 28 days of curing, which were wrapped tightly in polyethylene bags to minimize 

moisture loss before being stored inside the desiccator. With the intention of keeping 

the relative humidity inside the desiccator at a steady state, a small amount of water 

was retained at the device's base. The desiccator was covered and stored in a room set 

at about 21°C [13] [14] 

 
4. Results and Discussions 

 
4.1 Index properties of soil treated with biopolymer 

From Fig.1 the liquid limit of the biopolymer treated soil varies in a range of 35 to 38% 

and the plastic limit in a range of 23 to 25%. There is an increment in both the liquid 

and plastic limit values as the percentage of biopolymer increases. However, the type, 

content, and material characteristics of the biopolymer used were related to the rate of 

fluctuation. The addition of a biopolymer modifies the liquid limit through a variety of 

important mechanisms. Inclusion of biopolymers decreases flowability by making the 

pore solution more viscous. Additionally, the added biopolymer interacts with the soil 

matrix and free water to create a cross-linked hydrogel network or hydrogel bonding 

[15]. The creation of hydrogels helps to boost the liquid limit and plastic limit value by 

increasing the shear resistance of biopolymer modified soil. The liquid limit for virgin 

soil was determined to be 32%, whereas the plastic limit was 20%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1 Liquid and Plastic Limit of soil treated with Biopolymer 
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4.2 Strength properties of Biopolymer treated soil 

4.2.1 Maximum dry density and Optimum moisture content of soil treated with 

biopolymer 

 
The moisture content of the biopolymer treated soil varies in a range of 22 to 26%, an 

increase is observed, and a decrement of dry density is observed as stated from Fig.2. 

As the proportion of biopolymer increased, the maximum dry density (MDD) and op- 

timum moisture content (OMC) of the biopolymer-treated soil decreased and increased, 

respectively. The biopolymer when mixed with soil and water produce a highly viscous 

solution that resists compaction, lowering MDD and increasing OMC for biomodified 

soil [14]. The decrease in dry density of biopolymer treated soils ranges from 15.8 to 

14.4kN / m
3
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.2 Maximum dry density (MDD) and Optimum moisture content (OMC) of biopolymer 

treated soil 

 
4.2.2 Unconfined compressive strength of soil treated with biopolymer 

 
The unconfined compressive strength of soil treated with biopolymer for 7days ranges 

from 0.4 to 1.7 MPa, the peak strength for 7 days is 1.7Mpa at a 1.5% concentration of 

Xanthan gum. The unconfined compressive strength for 28 days curing ranges from 

1.08 to 4.6Mpa, the peak strength for the entire 28-day period is 4.6Mpa at a 1.5% 

concentration of Xanthan gum. More biopolymer concentration leads the solution to 

become more viscous and less workable [15]. It might be a significant factor in the 

highest strength at 2.5% of concentration being lower than at 1.5-2%. 
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The material unconfined compressive strength (UCS) is a crucial geotechnical param- 

eter to assess its suitability for building purposes and to understand how the addition of 

a biopolymer affects the material's shear strength. Fig.3 displays the outcomes of the 

unconfined compressive strength test performed on soil treated with a biopolymer. This 

improves the soil strength after the biopolymer and soil are mixed. During curing, the 

hydrophilic biopolymers absorb the water and hydrogel networks were formed in the 

soil pores. Biopolymer that covers the soil grains connects the loose particles by build- 

ing bridges between them, which enhances the strength properties of the weak soil. 

Lower biopolymer concentration causes hydration process more quickly, and a high 

saturation rate causes the peak strength to decrease [16]. As the biopolymer concentra- 

tion rises, the peak stress rises along with the corresponding strain, which indicates a 

strain-hardening characteristic and ductile failure. It is concluded that treated soil be- 

haves better than untreated soil and can withstand loads to a greater extent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3 Unconfined compressive strength (UCS) of biopolymer treated soil for 7 & 28 days 

 
4.2.3 Resilient Modules for biopolymer treated soil 

 
Resilient modulus is regarded as the suitable input for the linear elastic theory selected 

in these guidelines for the study of flexible pavements because it is measured in a re- 

peated load test while only accounting for the elastic or resilient component of the spec- 

imen's deformation or strain. The repeated tri-axial test outlined in AASHTO T307-99 

can be performed to determine the resilient modulus of soils in the laboratory [17]. 
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Fig.4 Resilient modules testing for biopolymer treated soil 

 
Resilient modulus is the most important criterion for evaluating the stabilized pavement 

layer. The biopolymer-treated soil works better because it forms a gel-like structure that 

fills the pores and keeps the soil particles together. From Fig.5 we can see that the 

resilient modulus of soil treated with biopolymer varies from 86.73 to 258.32Mpa for 

7 days, with a 1.5% concentration of xanthan gum producing the highest modulus value 

258.32Mpa. The resilient modulus of soil treated with biopolymers for 28 days ranges 

from 183.96 to 687.32Mpa, with 1.5% xanthan gum concentration producing the high- 

est modulus value of 687.32Mpa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.5 Resilient modulus of biopolymer treated soil for 7 & 28 days 
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5. Conclusion 
 

The incorporation of biopolymer as a binder is one of the most efficient methods in soil 

treatment. In these findings, xanthan gum is used to improve weak soil, and difference 

in the geotechnical properties of the soil is observed. 

 

 The addition of biopolymer has an impact on the physical characteristics of 

soil, resulting in higher liquid and plastic limit. This may be due to adsorption 

of polymer and cross linkage with soil particles which plays an very important 

role in biomodification of week soil. 

 Due to the biopolymer concentration and the soil type, both the ideal moisture 

levels and the maximum dry densities are varying. Moisture content is a cru- 

cial parameter for improved soils to achieve the desired compaction condi- 

tions. 

 Upon curing for 7 and 28 days, the strength parameters are observed to in- 

crease by 2.5 times. 

 As per the results of unconfined compressive strength, the values of biopoly- 

mer treated soil depict that, the ideal biopolymer percentage is observed as 

1.5% by weight of the soil. 

 The results of resilient modulus values observed from the biopolymer treated 

soils depict that, the treated soil satisfied the criteria of low and high-volume 

roads in accordance with IRC 37-2018 codal provision. 

 Thus, this study assists that, the biopolymers are eco-friendly material that can 

replace cement in ground improvement, which decreases the carbon foot print. 

 A relatively low percentage is needed to obtain the compressive strength that 

is equivalent to more conventional materials like cement and lime, which is 

one benefit of using a biopolymer as a binder. 

 Finally, this study observed that, biopolymer additive gives required strength 

characteristics at minimal percentages as compared with conventional addi- 

tives like cement or lime etc. however this study may further be extended to 

other soils at different moisture levels. 
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