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ABSTRACT: Soil stabilization is a common technique to increase the strength, durability and reduce the swell-shrink 

behavior of foundation or subgrade soil in pavement. Nowadays, several nontraditional stabilizers (e.g., Polymer, Enzyme, 

Ionic etc.) are available in market whose behavior is not fully understood for wide range of soil types. In the present study 

two types of soils i.e., Carbondale soil ‘clay with high plasticity (CH)’ and Galatia soil ‘silt with low plasticity (ML)’ has 

been used. A commercially available liquid polymer was used as a stabilizer and mixed with both the soils at various 

percentages i.e., 0.0%, 0.5%, 1.0%, 1.5% and 3.0% by dry weight of soil to study the effect of polymer on physical and 

geotechnical properties of soil. Particle size distribution, liquid limit, plastic limit, specific gravity and standard Proctor tests 

were conducted to identify the basic physical or index properties of the soil. Unconfined Compressive Strength (UCS) tests 

were conducted after 3, 7, and 28 days of curing period for CH soil. For ML soil, UCS tests were carried out after 7, and 28 

days of curing period. In addition, California Bearing Ratio (CBR) tests were conducted for CH soil at unsoaked conditions. 

The results show that with the addition of liquid polymer stabilizer, no significant changes in UCS values were observed 

for ML soil. For CH soil, UCS value increases upto 1.5% of stabilizer doses and then decreases with 3.0% of stabilizer. 

Also, for CH soil, UCS value increases with the increase in curing period. The unsoaked CBR value for CH soil increases 

upto 1.5% of stabilizer doses and then decreases with 3.0% of stabilizer.  

 
KEYWORDS: Fine-grained soil, Liquid polymer, Compaction, UCS, CBR 

   

1 INTRODUCTION 

Soil stabilization projects have been implemented all 

over the World to improve the strength and stiffness of 

foundation soil by controlling permeability, swell-

shrink behavior and related geotechnical properties 

(Inyang and Bae, 2006). For the stabilization purpose 

generally two methods are typically adopted i.e., 

mechanical and chemical stabilization. However, 

mechanical stabilization followed by chemical 

stabilization is also used to improve strength, stiffness 

and durability of poor soil. Chemical stabilization of soil 

can be done by using either traditional stabilizers or 

nontraditional stabilizers. Traditional stabilizers (e.g., 

cement, lime, fly ash, bitumen etc.) are those which are 

often used in civil engineering practice. A number of 

researches have been carried out using traditional 

stabilizers and their behavior is well known in variety of 

soil condition. Non-traditional stabilizers are 

implemented in limited number and most non-

traditional additives can be grouped into seven 

categories: ionic, enzymes, lignosulfates, salts, 

petroleum, resins, polymers and tree resins (Tingle et al., 

2007). Nowadays, liquid polymer stabilizers are 

available in market for soil stabilization. Liquid 

products are usually supplied in concentrated liquid 

which are diluted in water in appropriate proportion and 

can be used to stabilize soil. The amount of polymer 

selected for lab test is generally suggested by polymer 

production company. For field application, stabilizer is 

best supplied with spray bar mounted inside the cowling 

of reclaimer/stabilizer machine (Newman and Tingle, 

2004). Spraying of diluted liquid polymer in the field is 

often followed by compaction in different layer by field 

compacting equipment. 

The present study focuses on the effect of vinyl 

copolymer liquid stabilizer on the geotechnical 

properties of two different soils i.e., high plastic 

Carbondale soil and low plastic Galatia soil at various 

mix proportions with liquid copolymer stabilizer. 

Various physical and engineering properties were 

carried out to find the strength of soil after mixing with 

various percentages of polymer.  

 

2 MATERIALS AND METHODS 

Two types of soils were selected in this study i.e., 

Carbondale soil (clay with high plasticity (CH)) and 

Galatia soil (silt of low plasticity (ML)) for stabilization 

purpose. A copolymer liquid stabilizer ‘Soiltac’ has 

been selected for this study. According to the 
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manufacturer, the polymer used in the present study is 

non-toxic and non-hazardous. The pH value of the 

polymer is 5.5. Typically, polymer stabilizers are vinyl 

acetates or acrylic copolymers suspended an emulsion 

by surfactants. The polymer stabilizer coats soil particle 

and physical bonds are formed when the emulsion water 

evaporates leaving soil-polymer matrix (Tingle et al., 

2007).  

 

3 Soil Testing 

Laboratory tests includes basic index property tests like 

hydrometer, Atterberg limit, specific gravity test; and 

engineering property tests like standard Proctor, UCS 

and CBR tests. All tests were performed according to 

respective ASTM standards. 

Samples for UCS test were prepared at maximum dry 

density (MDD) and optimum moisture content (OMC) 

obtained from standard Proctor tests. The length to 

diameter ratios were maintained around two (2). 

Untreated samples were cured for 24 hours before 

conducting the test. Carbondale soil samples were tested 

after 3, 7, and 28 days curing with various percentages 

of polymers; whereas Galatia soil samples were tested 

after 7, and 28 days of curing. Unsoaked CBR tests was 

carried out at all stabilizer contents mentioned 

previously i.e., at 0, 0.5, 1.0, 1.5, and 3.0% of polymer 

by dry weight of soil. For unsoaked CBR tests, samples 

were kept in air for 30 minutes before the tests.  

 

4 RESULTS AND DISCUSSION 

4.1 Index Properties Test 

Specific gravity tests were carried out by using gas 

pycnometers. In this study, specific gravity of 

Carbondale and Galatia soil was found to be 2.52 and 

2.49, respectively. Specific gravity of liquid polymer 

stabilizer is 1.05 to 1.1 (Provided by manufacturing 

company). 

The results of hydrometer test for Carbondale soil 

indicate that it is a fine-grained soil composed of 27% 

clay fraction (< 0.002 mm) and 73% of silt fraction 

(0.075 to 0.002 mm). According to Unified Soil 

Classification System (USCS), Carbondale soil is 

classified as Inorganic CH. The Galatia soil is a fine-

grained soil composed of 19% clay fraction and 81% 

silt fraction. According to USCS, Galatia soil is 

classified as Inorganic ML. 

The LL value for Carbondale soil was found to be 

62.5 and PL was 30.54. No significant change in LL 

and PL was observed with the addition of polymer 

upto 3.0% by weight. The maximum difference in LL 

value is 0.8% and PL value is 3.3%. The maximum 

change in plasticity index (PI) was around 1.9% which 

was obtained for 0.5% Polymer. Onyejekwe and 

Ghataora (2015) also found no significant change in LL 

and PL of a medium to high plastic clay when mixed 

with polymer stabilizer. Rauch et al. (2002) also found 

no substantial change in plasticity index with the 

addition of polymer stabilizers in three different (CH) 

soils.  

The LL value for Galatia soil was found to be 30.00 and 

PL was 22.79. No significant change in LL and PL was 

observed with the addition of polymer upto 3.0% by 

weight. The maximum change in LL value is 4.0% and 

PL value is 5.0%. The maximum change in plasticity 

index (PI) was around 2.35% which was obtained for 

0.5% Polymer. A similar type of result was found by 

Onyejekwes and Ghataora (2015) for a different mix 

proportions of polymer with a low plasticity silty clay. 

Rauch et al. (2003) also found no substantial change in 

plasticity index with the addition of polymer stabilizers 

in elastic silt (MH) type soil. 

 

4.2 Standard Proctor Test 

The results of standard Proctor tests for Carbondale Soil 

are presented in Table 1. For Carbondale soil, with the 

addition of stabilizer, MDD’s were increased and OMCs 

were decreased. Dry density value was increased from 

15.18 kN/m3 to 15.90 kN/m3 and OMC was decreased 

from 23.75% to 17.05% with the addition of 3.0% 

stabilizer by dry weight of soil. Ali (2012) also obtained 

the increase in MDD and decrease in OMC with the 

addition of liquid chemical stabilizers for natural soil.  

 

Table 1 MDD and OMC of Carbondale soil and Galatia soil 

with various percentages of Polymer 

% 

Polymer 

Carbondale Soil Galatia Soil 

MDD 

(kN/m3) 

OMC 

(%) 

MDD 

(kN/m3) 

OMC 

(%) 

0.0 15.18 23.75 16.56 15.00 

0.5 15.24 23.00 16.65 15.00 

1.0 15.37 21.16 16.68 14.44 

1.5 15.58 19.00 16.81 14.25 

3.0 15.90 17.05 17.03 13.50 

 

Similar types of results were obtained for Galatia soil. 

The results of standard Proctor tests for Galatia soil are 

also presented in Table 1. In Galatia soil, MDD was 

increased and OMC was decreased with the addition of 

stabilizer. Dry density was increased from 16.56 kN/m3 

to 17.03 kN/m3 and OMC was decreased from 15.0% to 
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13.05% with the addition of 3.0% stabilizer by dry 

weight of soil. Ali (2012) also obtained similar results 

for natural soils with the addition of liquid chemical 

stabilizers. 

 

4.3 Unconfined Compression Strength (UCS) 

Test 

The results of UCS tests for Carbondale soil are 

presented in Fig. 1. With the addition of polymer, UCS 

values were increased upto 1.5% stabilizer and then 

decreased for 3.0%. Also, for each polymer contents, 

UCS values were increased with increase in curing time. 

The maximum increment was obtained when soil was 

mixed with 1.5% stabilizer and cured for 28-days. The 

maximum percentage increase in UCS value observed 

for Carbondale soil was 220%. The UCS value of 

untreated soil was 171.82 kN/m2 and when the soil 

mixed with 1.5% polymer and cured for 28 days, the 

UCS value was increased to 550.34 kN/m2. The increase 

of UCS value with the addition of polymer stabilizer 

may be due to the adsorption of polymer emulsion into 

the clay particles. Polymer can absorb on the surface of 

clay mineral through electrostatic attraction, van-der 

Waal forces, and hydrogen bonding. The polymer 

absorption also depends on various factors such as type 

of polymer, temperature, molecular weight of polymer 

etc. (Van Olphen 1977; Theng, 1982).  

 

Since the fine grained clay particles are negatively 

charged and the vinly copolymer is cationic polymer; 

polymer molecules can easily form an electrostatic bond 

with clay particles. The adsorption of polymer 

molecules can occur on internal or external pore spaces 

which cause more cohesion of particles of clay and thus 

increases in UCS value (Naeini et al., 2012). 

 

According to ASTM D4609-08 (2008), for a stabilizer 

to be considered effective, improvement in UCS 

exceeding 344.74 kN/m2 is required. The result obtained 

for 1.5% polymer and cured for 28 days meet this 

criterion. Naeini et al. (2012) conducted a research on 

clay of high plasticity adding waterborne polymer and 

found similar kind of trend and also mentioned that UCS 

was increased upto 4.0% of polymer addition and then 

started decreasing.  

 

UCS value for 5.0% polymer addition was lower than 

the UCS for 4.0% polymer addition. Also, Naeini et al. 

(2012) found that the UCS values were increased 

significantly with increase in curing time upto 8-days 

and then remained almost constant. 

 

Fig. 1. UCS Value of Carbondale Soil with Various 

Percentages of Polymer and Curing Period 

 

The results of UCS tests for Galatia soil are presented in 

Fig. 2.  

 

Fig. 2 UCS Value of Galatia Soil with Various Percentages 

of Polymer and Curing Period 

Fig. 2 show average UCS values with various 

percentages of polymer. With addition of each polymer 

percentage mentioned above and curing time, UCS 

value remains almost similar when compared with UCS 

value of soil without polymer. Although small 

improvement in UCS values were obtained with 

increase in stabilizer content and with increase in curing 

time; the increase is not significant to recommend the 

stabilizer for stabilization of Galatia soil. The maximum 

increase in UCS value was 22.73% and was obtained in 

soil with 3.0% stabilizer and cured for 28 days. Study 

conducted by Rauch et al. (2002) for the mixture of 

Elastic Silt and polymer found the similar trend as in 

Galatia Soil. No significant change in UCS was found 

for Elastic Silt when mixed with polymer stabilizer and 

cured for 7-days. 

 

4.4 California Bearing Ratio (CBR) Test 

The results of unsoaked CBR test for original 

Carbondale soil and with various percentages of 

polymers are presented in Table 2. From Table 2, it is 
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observed that the unsoaked CBR values were increasing 

upto the addition of 1.5% polymer and then decreases 

for 3.0%. The CBR value was increased from 7.13 to 

16.40 with the addition of 1.5% polymer. The 

percentage increase in unsoaked CBR value for soil with 

1.5% polymer is 126.0%. These results are coherent 

with the results obtained from UCS tests with 1.5% of 

polymer. The increases in unsoaked CBR values from 

untreated soil with 1.5% polymer are 200% for 2.54 mm 

deformation and 195.5% for 5.08 mm deformation with 

3-days of curing. Almost similar CBR values are 

obtained with marginal increase with 1.5% polymer for 

7 and 28 days of curing period.  

  

Table 2 Unsoaked CBR test results for Carbondale soil 

with various percentages of polymer 

The UCS value of untreated soil was 0.132 N/mm2 

(19.14 psi). The unsoaked CBR values for 2.54 mm and 

5.08 mm deformation were 5.4% and 4.4%, 

respectively.  

 

5 CONCLUSIONS 

Based on the physical and engineering properties test 

conducted with and without liquid polymer stabilizer, 

the following conclusions were made from the present 

study.  

 Atterberg limit for Carbondale soil (CH) and Galatia 

soil (ML) were slightly decreased with the addition of 

polymer, and no significant changes were observed 

for both soil. 

 With the addition of polymer, MDD increases and 

OMC decreases for Carbondale soil (CH) and Galatia 

soil (ML). 

 For Carbondale soil (CH), UCS values increases upto 

the addition of 1.5 % of polymer by weight and 

thereafter decreases for 3.0 % polymer addition. Also, 

UCS values increases with the increase in curing 

period for all soil-polymer mixture. The maximum 

increase in UCS value (with 1.5 % polymer stabilizer 

and 28-days of curing period) was 220% with 

polymer. For Galatia soil (ML), no significant 

changes in UCS were observed for all soil-polymer 

mixture at any curing periods. Maximum increase in 

UCS value was approximately 23% with polymer. 

 Unsoaked CBR value for Carbondale soil (CH) 

increases upto 1.5% of polymer addition and then 

decreases with 3.0% polymer stabilizer. The increases 

in unsoaked CBR values from untreated soil are 200% 

for 2.54 mm deformation and 195.5% for 5.08 mm 

deformation with 3-days of curing. Almost similar 

unsoaked CBR values are obtained for 7 and 28 days 

of curing. 
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% 

Stabilizer 

 

2.54 mm 

displacement 

5.08 mm 

displacement 

CBR (%) 

(% Increase) 

CBR (%) 

(% Increase) 

0 6.50 (0.00) 7.13 (0.00) 

0.5 11.40 (75.38) 12.47 (74.89) 

1.0 12.10 (86.15) 13.07 (83.31) 

1.5 14.70 (126.15) 16.40 (130.01) 

3.0 12.50 (92.31) 13.47 (88.92) 


