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Abstract— Rapid industrialization leads to increasing scarcity 

of land in the developing nations like India. This scenario 

forces us to utilize the problematic land for various 

construction activities. The problematic soil includes 

expansive soils, loess, collapsible soils, dispersive soils etc. 

These soils can be used for construction purpose only after 

adopting suitable ground improvement techniques. One such 

ground improvement technique is soil stabilization using 

chemicals. The chemical stabilizers are mostly preferred in 

case of expansive soils. The traditional chemical stabilizers 

are lime and fly ash. However there are several other 

chemical stabilizers also available for stabilizing the 

expansive soils which requires detailed investigation. 

Construction chemical is such a stabilizer which started 

gaining attention of the researchers. The   soil   is   treated   

with   Construction chemical independently and tested for the 

index (liquid limit, plastic limit and shrinkage limit) and UCC 

strength characteristics for 7, 14 and 28 days of curing. The 

test results indicate that the plasticity characteristics of soil 

treated with Construction chemical decreased with increase 

in percentage of Construction chemical and curing period The 

shrinkage limit values are increased for all four chemicals but 

the increase in shrinkage limit is less significant for other 

three chemicals Similarly the UCS values increased for all 

chemicals with increase in percentage and curing period. 

Construction chemical can also be used to improve the 

properties of soil. 
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I. INTRODUCTION 

Expansive soils are commonly found in many parts of the 

world particularly in arid and semi-arid regions of Australia, 

Canada, China, India, Israel, South Africa and the United 

States. These soils typically exhibit moderate to high 

plasticity, low to moderate strength and high swell-shrink 

characteristics (Holtz and Gibbs 1956; Sherwood 1967; 

Aitchison et al 1973; Lytton 1981; Alonso et al 1987; Chen 

1988; Al-Rawas et al 2005; Puppala et al 2006). Due to 

urbanization and industrialization it is required to utilize the 

land with unsuitable soil by improving its properties by using 

appropriate ground improvement technique in order to meet 

the engineering requirement. Stabilization of expansive soil 

by using chemicals is one of the popular methods of 

improving the properties of expansive soil.  The addition of 

lime to such soils to improve their engineering properties so 

that the stabilized soil could be used for construction purposes 

has a very long history. For instance, McDowell (1959) 

mentioned that stabilized earth roads were used in ancient 

Mesopotamia and Egypt, and that the Greeks and Romans 

used soil-lime mixtures. Sabat 2012 mentioned the utilization 

of Bagasse Ash and Lime Sludge for Construction of Flexible 

Pavements in Expansive Soil Areas. 

Since chemical stabilizers are mostly preferred in 

case of expansive soils, many researchers concentrated on 

improving the properties of expansive soil using traditional 

chemical stabilizers like lime and fly ash. However there are 

several other chemical stabilizers also available for 

stabilizing the expansive soils which requires detailed 

investigation. Lekha et al 2013, investigated black cotton soil 

stabilized with  Non  Traditional stabilizer. It has been proved 

that these stabilizers successfully improve the engineering 

properties of expansive soil. Due to advancement in the field 

of construction industry several other chemicals are 

commercially available which are used during construction. 

However, the effect of these modern chemicals on 

engineering properties of expansive soil is not well 

documented. Hence, the present study aims to carryout 

extensive experimental study on the effect of a construction 

chemical (CC) on index properties and strength of expansive 

soil.  

In this study, an expansivE soil is treated with 

different percentages of  a construction chemical which was 

cured for 7, 14 and 28 days and then subjected to liquid limit, 

plastic limit and shrinkage limit tests to obtain index 

properties and also unconfined compressive strength test to 

get  strength of stabilized soil. 

II. MATERIALS 

A. Soil 

Soil collected from Chennai, Tamilnadu, India at a depth of 

3 to 5 m was used for all the experiments. The grain size 

distribution analysis, Atterberg limits tests, Proctor 

compaction test and unconfined compressive strength tests 

are conducted on natural soil as per respective Indian 

Standard (IS) recommendations. Table 1 summarizes the 

properties of the natural soil.  The soil composed of 2% 

gravel, 19% sand, 8% silt and 71% clay. The soil showed 

liquid limit of 68%, plastic limit of 27%, plasticity index of 

41%, shrinkage limit of 20% and differential free swell index 

of 60%. As per Indian Soil Classification system, the soil is 

classified as Clay of High plasticity (CH).  

B. Construction Chemical 

A commercially available construction chemical is used as 

additive to stabilize the soil in this study. Construction 

chemical used in the present investigation is a solvent free, 

low viscosity, hydrophilic grout used for injection in rocks. 

The unique features of the construction chemical are low 

viscous, good bonding to wet surfaces and have no 

environmental impact. Due to hydrophilic nature of the 

product, the adhesion is also good on wet surfaces, and the 

non-foaming product contains neither solvents nor toxic 

components. As the product is non aggressive it provides 

improved working safety. The chemical compositions and 

morphology of construction chemical and stabilized soil are 

obtained from EDX (Energy Dispersive X-ray Spectroscopy) 

and SEM (Scanning Electron Microscope) analysis. The 

chemical composition of construction chemical is shown in 

Table 2. Figure 1 shows the view of EDX analysis of 
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Construction chemical. Figure 2 shows SEM images of 

Construction chemical for magnification of 500 µm, 30 µm 

and 20 µm. 

Properties Value 

Gravel (%) 2 

Sand (%) 19 

Silt (%) 8 

Clay (%) 71 

Liquid limit (%) 68 

Plastic limit (%) 27 

Plasticity index (%) 41 

Shrinkage limit (%) 10 

Free swell index (%) 60 

Soil classification CH 

Optimum Moisture Content (%) 19.22 

Maximum Dry unit weight (kN/m3) 16.1 

Swell pressure (kN/m2) 200 

Swell classification High 

Table 1: Properties of Soil used in the Present Study 

 

 
Fig. 1: View of EDX analysis of Construction chemical 

 

 

 
Fig. 2. SEM images of Construction chemical of 

magnification 500 µm, 30 µm, 20 µm 

Element Weight% 

O 56.01 

Mg 1.31 

Si 40.31 

Ca 2.37 

Table 2: Chemical Composition of Construction Chemical 

C. Experimental Programme 

Experiments were conducted on  natural soil mixed with 3%, 

4%, 5%, 7% & 9% of construction chemical and the soil-

chemical mix is cured for 7, 14 and 28 days prior to testing. 

The various tests conducted are liquid limit, plastic limit and 

shrinkage limit tests and also unconfined compressive 

strength test.  

III. RESULTS AND DISCUSSION 

A. Influence of Construction Chemicals on the properties of 

soil 

The index properties such as liquid limit, plastic limit and 

shrinkage limit plays a vital role in understanding the 

engineering behavior of fine grained soil. Irrespective of the 

soil conditions many empirical correlations have been 

developed to predict engineering behavior of fine grained soil 

based on index properties. Atterberg limits are found to 

correlate with the engineering behavior of soils because both 

the Atterberg limits and engineering properties are found to 

be influenced by the same factors such as the clay minerals, 

the ions in the pore water and the stress history of the soil 

deposit. 

Fine silts and clays, whose strength is influenced by 

cohesion is determined from unconfined compressive 

strength test. The peak values of stress strain curve are 

designated as unconfined compressive strength test. 

Unconfined compressive strength test were conducted on 

samples treated with various percentages of chemicals. The 

influence  of  various  chemicals  on  the  index  and  strength 

properties  is  dealt  in following sub sections.  

B. Effect of Construction Chemical on Index properties and 

strength 

Effect of different percentage of Construction chemical on 

index properties (liquid limit, plastic limit, plasticity index, 

shrinkage limit) and UCC strength have been presented in 

Tables 3 to 5. 

C. Effect of percentage of Construction chemical on index 

properties 

Figures 3 to 6 show the variation of index properties with 

increase in percentage of Construction chemical (3%, 4%, 

5%, 7% and 9%) and curing period respectively. Addition of 

Construction chemical to soil in general increased its liquid 

limit. However, with curing period it is observed that liquid 

limit decreases and plastic limit values tend to increase which 

in turn decreases the plasticity index. 

From Figure 3, it is observed that liquid limit 

decreases for 14 days curing and beyond that no significant 

change in liquid limit is observed. The liquid limit values 

decreases from 78% to 72% for 7% of Construction chemical 

with the difference of only 4%. From Figure 4, plastic limit 

values increases from 27% to 31% is noted. Decrease in 

liquid limit and increase in plastic limit combined shows 

decrease in plasticity index values which is noted in Figure 5. 
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The variation of shrinkage limit is very marginal up to 14 

days curing period and increases linearly for 28 days curing. 

The shrinkage limit values increases for any percentage of 

Master Roc and curing period which indicates improvement 

in volume change behavior of soil is viewed in Figure 6. 

Percentage of 

MasterRoc 
0% 3% 4% 5% 7% 9% 

Liquid Limit 

(%) 
68 79 82 84 78 78 

Plastic Limit 

(%) 
27 27 27.5 28 29 29 

Plasticity 

Index (%) 
41 52 54.5 56 49 49 

Shrinkage 

Limit (%) 
10 10.6 11.4 11.5 13.50 15.2 

UCS (kN/m2) 195 310 316 422 539 500 

Table 3: Influence of Construction Chemical on Plasticity 

Characteristics and UCC Strength for 7 Days Curing 

Percentage of 

MasterRoc 
0% 3% 4% 5% 7% 9% 

Liquid Limit (%) 68 77 75 73 72 74 

Plastic Limit (%) 27 25 26 27 27 27 

Plasticity Index 

(%) 
41 52 49 46 45.4 47 

Shrinkage Limit 

(%) 
10 13 14 13 14.1 15 

UCS (kN/m2) 195 292 352 399 630 551 

Table 4: Influence of Construction Chemical on Plasticity 

Characteristics and UCC Strength for 14 Days Curing 

Percentage of 

MasterRoc 
0% 3% 4% 5% 7% 9% 

Liquid Limit (%) 68 76 74 73 72 73 

Plastic Limit (%) 27 28 29.5 28 31 30 

Plasticity Index 

(%) 
41 48 44.5 45 41 43 

Shrinkage Limit 

(%) 
10 13.5 14 15 16.1 17.3 

UCS (kN/m2) 195 241 325 461 590 495 

Table 5: Study Influence of Construction Chemical on 

Plasticity Characteristics and UCC Strength for 28 Days 

Curing 

From Table 2 it is seen that the major composition 

of Construction chemical is silica (40.31%) and oxygen 

(56.01%). As Construction chemical is itself silica colloids it 

is considered as non-reactive with soil. Hence the liquid limit 

of soil construction chemical mix is higher than that of virgin 

soil. The variation of index properties with curing period may 

be due to traces of calcium (Ca2+- 2.37%) and magnesium 

(Mg2+- 1.31%). 

D. Effect of percentage of Construction chemical on 

strength properties 

Unconfined compressive strength of soil was evaluated by 

stabilization with variable percentages of Construction 

chemical for 7, 14 and 28 days curing.   

The specimens were prepared and preserved to 

retain moisture of the sample so that reaction between soil 

particle and chemical may be continued.  Numbers of samples 

were tested with different percentage of Construction 

chemical i.e., 3%, 4%, 5%, 7% & 9%. The results of the UCS 

tests for natural and treated soil compacted at maximum dry 

density and optimum moisture content are summarized in 

Tables 3 to 5. 

 
Fig. 3: Liquid limit vs curing period for various percentage 

of Construction chemical 

 
Fig. 4: Plastic Limit vs curing period for various percentage 

of Construction chemical 

 
Fig. 5: Plasticity Index vs curing period for various 

percentage of Construction chemical 

 
Fig. 6: Shrinkage Limit vs curing period for various 

percentage of Construction chemical 

 
Fig. 7: Stress-strain relationships for Construction chemical 

stabilized soil after 7 days curing period 
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Fig. 8: Stress-strain relationships for Construction chemical 

stabilized soil after 14 days curing period 

 
Fig. 9: Stress-strain relationships for Construction chemical 

stabilized soil after 28 days curing period 

 
Fig. 10: Variation of UCS of stabilized soil cured for 7, 14 

and 28 days with different percentages of Construction 

chemical 

Figures 7 to 9 show the effect of Construction 

chemical on the stress strain behavior of soil samples tested 

for UCS. Figure 7 shows the variation of stress strain for any 

percentage of Construction chemical for 7 days curing age. 

It is observed that treated soil specimens failed at a stress of 

310kPa, 316kPa, 422kPa, 539.6kPa and 500kPa for 3, 4, 5, 

7 & 9% Construction chemical respectively. Specimen 

treated with 7% Construction chemical failed at a maximum 

stress of 539.6kPa. Figures 8 and 9 depict the variation of 

stress-strain for 14 and 28 days curing period. The tested 

specimen fails at the maximum stress of 630kPa and 590kPa 

respectively for 7% Construction chemical. However the 

strength obtained at 14 days curing period is found to be 

higher than 28 days curing for same percentage of 

Construction chemical. 

Figure 10 shows the variation of UCS for various 

percentages of Construction chemical and curing period. The 

strength increases with increase in percentage of 

Construction chemical up to 7% addition, beyond that there 

is a reduction in strength for further addition of Construction 

chemical. Curing of Construction chemical treated 

specimens for higher periods marginally increased the 

unconfined compressive strength. Among the different 

percentages of Construction chemical and curing periods 

considered in the present study, soil treated with 7% 

Construction chemical and cured for 14 days showed higher 

unconfined compressive strength of 630 kN/m2. This is 3.2 

times as that for untreated soil. 

 

 
Fig. 11: SEM images of untreated and soil treated with 7% 

Construction chemical 

Since construction chemical has good bonding to 

wet surfaces it act as adhesive material to stick the soil 

particles together and increases the cohesion, thereby 

increasing the strength of soil. The unconfined compressive 

strength is found to be three times higher than that of virgin 

soil for 7% of Construction chemical.  Figure 11 shows 

morphology of untreated and soil treated with 7% 

Construction chemical. The structure of Construction 

chemical treated soil is nearly flocculated, whereas the 

structure of untreated soil is dispersed. The flocculated 

structure of Construction chemical treated soil is able to 

withstand more load, which leads to higher unconfined 

compressive strength. 

IV. CONCLUSION 

In order to understand the effect of Construction chemical on 

the index and engineering characteristics of expansive soil, 

tests were conducted on soil samples with increasing 

percentage of Construction chemical and duration of curing 

period. The general conclusions drawn from the analysis of 

test results are further below. 

1) Addition of Construction chemical, decreases the 

liquid limit and increases the plastic limit which in turn 

decreases plasticity index values of soil. Addition of 

Construction chemical does not show much variation in 

liquid limit and plastic limit with increase in percentage 

and curing period. The reduction in plasticity 

characteristic has been attributed to the suppression of 

double layer thickness caused by cation exchange of high 

valency ions. Reduction in plasticity behavior reduces 

the swelling nature of soil. 

2) The shrinkage limit of soil treated with Construction 

chemical has increased moderately with increase in 

percentage of chemical and curing period.  
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3) The unconfined compressive strength was increased for 

any percentage of Construction chemical. The increase 

in strength was 3 times higher for Construction chemical 

7%. The soil samples treated with Construction chemical 

shows ductile nature of failure  

4) Construction chemical treated soil shows higher strength 

at 14 days curing period than 28 days curing. 

A. General Conclusion 

The study was intended to look for the possibility of using 

Construction chemical for the improvement of problematic 

soil as a substitute for ordinary commercial chemical such as 

Lime, owing to the specific advantage of these chemicals. 

The Construction chemical mixed with soils for different 

percentage even though reduces the plasticity characteristics, 

while considering the strength criteria these chemicals are 

not anyway nearer to the performance of lime in soils.  
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