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Abstract: 

The purpose of this paper was to analyze the techniques and materials used for soil stabilization based on 

experimental investigation. Investigation on various materials had been done in order to evaluate their 

effectiveness as soil stabilizer, which includes the use of materials like lime, sodium hydroxide additive, fly ash 

geo polymeric binder, various ashes and cementitious binders. These materials were discussed in this paper and 

their effectiveness for stabilizing soft soils were observed from the obtained results, only in term of strength, based 

on unconfined compressive strength (UCS) test and California Bearing Ratio (CBR) test that had been conducted. 

The strength of soft soils was significantly increased with the used of these materials and supposed they had the 

potential as effective soil stabilizers in field application. 
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1. INTRODUCTION 

Working on a soft subgrade is major problem 

for Highway and Geotechnical technicians (Fauzi et al., 

2010; Cristelo et al., 2013, Senol et al., 2006). A clay 

soil in civil engineering means finely-grained natural 

rock or soil material that combines one or more clay 

minerals with possible traces of metal 

oxides and organic matter quartz. Clays are fine-grained 

soils but it cannot be simply said that all of fine grained 

soils are clays. Flakes or tiny plates form is how the 

individual. Although many naturally occurring deposits 

include both silts and clay, clays are distinguished from 

other fine-grained soils by differences in size and 

mineralogy. Silts, which are fine-grained soils that do 

not include clay minerals, tend to have larger particle 

sizes than clays.  

There is, however, some overlap in particle 

size and other physical properties. The distinction 

between silt and clay varies by discipline. Take the 

sandy soil of extremely small-sized rocks which is 

known for aeration but not for water retention. On the 

other hand, clay soils have colloidal particles that can 

hold water but are very poor in aeration. Rock particles 

of big sizes do not hold any water between them. In 

fact, any such soil consisting of rock particles which do 
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not hold water in between them is not good for the 

development of root system. This is because water the 

holding capacity of the soil is abysmal. However, if you 

are wondering which type of soil retains maximum 

amount of water then the soil is loam. Loam provides 

good aeration and proper capillary spaces to hold water. 

It has the mixture of clay, sand and decomposed 

organic material called humus. Thus, this soil is 

considered to be the best soil for the growth of plants 

since it has good water holding capacity. A lot of other 

factors like infiltration rate permeability, percolation 

etc. affect the water absorption of soil too. To stabilize 

soft subgrades, the most common or usual approach 

was by removing the soft soil first. Materials that were 

stronger, such as crushed rock then will be used to 

replace it. The cost involved for replacing the materials 

was quite high, thus it leads to various researches to 

find another method in order to encounter this problem 

(Fauzi et al., 2010, Senol et al., 2006). In order to create 

an improved soil material which has the desired 

engineering properties, it is essential for the soil to gone 

through alteration for one or more properties. 

Either by doing the alteration by mechanical or 

chemical, this process is called as soil stabilization 

(ASTM, 1992). The purpose of soil stabilization not 

only limited to enhance the load-bearing of the soil 

capacity 

The consistency of a fine-grained soil is 

largely influenced by the water content of the soil. A 

gradual decrease in water content of a fine-grained soil 

slurry causes the soil to pass from the liquid state to a 

plastic state, from the plastic state to a semi-solid state, 

and finally to the solid state. The water contents at these 

changes of state are different for different soils. The 

water contents that correspond to these changes of state 

are called the Atterberg limits. The water contents 

corresponding to transition from one state to the next 

are known as the liquid limit, the plastic limit and the 

shrinkage limit. Soil compaction is one of the ground 

improvement techniques. It is a process in which by 

expending compactive energy on soil, the soil grains 

are more closely rearranged. Compaction increases the 

shear strength of soil and reduces its compressibility 

and permeability. 

Soil stabilization is a very common process for almost 

all the road projects. Broadly, all types of soil 

stabilization can be classified into two groups, i.e. 

mechanical stabilization and chemical stabilization. In 

mechanical stabilization, the grading of a soil is 

changed by mixing it with other types of soils of 

different grades. By doing so, a compacted soil mass 

can be achieved. On the other hand, chemical 

stabilization is associated with the modification of soil 

properties by the addition of chemically active 

materials. In soil stabilization, it is very important to 

understand the material properties involved in the 

mixture and the outcome after mixing. Moreover, it is 

important to find out how the material is going to 

perform after stabilization. At the same time the effects 

of the process on the nearby structures and surrounding 

conditions need to be evaluated. Accordingly, decisions 

can be taken on the selection of materials and the 

corresponding doses. In addition to the selection of 

materials and the doses there are many other factors 
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governing the effectiveness of this method, e.g. mixing 

and spreading, selection of roller, compaction layer 

thickness, compaction effort, sequence of operation, 

curing, environmental and climatic conditions, etc. In 

this chapter, the mechanical and different types of 

chemical stabilizations are discussed. 

 

2. MATERIALS USED FOR SOIL 

STABILIZATION. 

 

2.1 Sodium hydroxide additive: 

Sodium hydroxide is a highly caustic base 

and alkali that decomposes  proteins at ordinary 

ambient temperatures and may cause severe chemical 

burns. It is highly soluble in water, and readily 

absorbs moisture and carbon dioxide from the air. The 

main advantage of sodium hydroxide is it can be a great 

compaction aids by giving higher density for the same 

compactive effort when react with water (Olaniyan et 

al., 2011). 

 

1.2 Lime: 

Lime is a calcium-containing inorganic material in 

which carbonates, oxides and hydroxides predominate. 

Strictly Speaking, lime is calcium oxide or calcium 

hydroxide. The word "lime" originates with its earliest 

use as building mortar and has the sense of "sticking or 

adhering." These materials are still used in large 

quantities as building and engineering materials 

(including limestone products, concrete and mortar) and 

as chemical feedstock’s, and sugar refining, among 

other uses. The rocks and minerals from which these 

materials are derived, typically limestone or chalk, are 

composed primarily of calcium carbonate. They may be 

cut, crushed or pulverized and chemically altered. 

"Burning" (calcinations) converts them into the highly 

caustic material quicklime (calcium oxide, CaO) and, 

through subsequent addition of water, into the less 

caustic (but still strongly alkaline) slaked lime or 

hydrated lime (calcium hydroxide, Ca (OH)2), the 

process of slaking of lime. 

 

1.3 Fly Ash Geopolymeric Binder: 

Geopolymerisation or alkaline activation of 

aluminate materials is alternative to cement (Hardjito 

and Rangan, 2005), due to the reduction of CO2 

emissions from the activation of ashes and/or slags with 

the absence of high temperature in calcination step 

compared to cement production (Cristelo et al., 2013). 

The reduction is as high as 80% based on the activating 

solution; dissolved solids of Na2O and SiO2 content 

(Duxson et al., 2007). In strength development of 

alkaline activated systems, sodium hydroxide 

concentration plays a very important role (Cristelo et 

al., 2012). Sodium hydroxide concentration 

significantly influenced the strength development 

(Criestelo et al., 2012; Cristelo et al., 2013). In 

geotechnical applications, alkaline activation 

(geopolymeric binder) of fly ash was tested for soil 

improvement since waste material was obtained as 

binder in most of other geopolymer applications 

(Cristelo et al., 2012). Alkaline-activated materials 

showed better performance since durability and stability 

can be increased, improvement from mechanical aspect 
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compared to cement and also improved bond between 

the soil particles and binder (Torgal et al., 2012; Villa et 

al., 2010). Alkaline activation generally was a reaction 

concerning alumina-silicate materials and alkali or earth 

substances’ alkali. At a molecular level to natural rocks, 

materials formed from reactions between silica, 

alumina and alkali cations were very alike in term of 

stiffness, durability and strength (Cristelo et al., 2012). 

1.4 Ashes: 

Fly ash and bottom ash are part of combustion of 

non-combustible residue or combustion of sub-

bituminous coal which had been generated in such a 

huge quantity in electric plants and they are by-product 

of burning coal (Fauzi et al., 2010; Prabakar et al., 

2004; Ferguson, 1993; Misra, 1988) that can be used 

without activators for soil stabilization (Ferguson, 

1993; Misra, 1988). Fly ash is actually the portion of 

ash which escapes from the chimney or stack, while on 

the wall of the furnace is clinkers which formed from 

bottom as hand will fall to the bottom in a long run 

(Fauzi et al., 2010).Fly ash can be classified to two 

classes based on the present of calcium content. Class C 

fly ash usually has calcium percentage above 20% and 

it was resulted from sub-bituminous coal while class F 

fly ash, resulted from combustion of bituminous coal 

usually has calcium percentage which is not higher than 

10% (Cristelo et al., 2013). Application of other ashes, 

such as sewage sludge ash to the soft soil was also 

investigated and it has been combined with other 

material, cement (Chen and Lin, 2009). This further 

investigation was due to the several researches which 

proved that the properties of soil and strength of the soft 

cohesive subgrade soil can be improved with the 

application of sewage sludge ash and hydrated lime 

(Lin et al., 2007). 

1.5 Cementations Binders: 

Mix underperforming sailor soft soils with cementitious 

binders is one of the major techniques to overcome the 

created problems and cement and/or lime based are the 

common binders used. Through chemical reaction, 

binders such as cement and lime can bond the soil 

particles together (Cristelo et al., 2012; Cristelo et al., 

2013) but not through physical reactions (Cristelo et al., 

2013).For civil engineering purposes, lime or cement 

had been used for improving the handling of soils as 

well as the mechanical properties (Sherwood, 1993). 

Cement application in soil however becomes an issue 

related to environment and durability (Cristelo et al., 

2013) since it releases high levels of CO2 during 

production (Garcia et al., 2009) and chemical 

vulnerability due to sulphates attack in ground or 

chemical wastes when use in soil improvement or 

structural foundations (Tomlinson, 2001).The major 

reaction between lime and soil was to bind together the 

soil particles through a tough and water insoluble gel 

(Diamond and Kinter, 1965). For short-term pozzolanic 

process, the exchanged of ion between calcium ions 

from lime and cations that closed to the clay particle 

surface, can transform soil to a strong flocculated 

structure from weak dispersed structure. Meanwhile for 

long-term, pH of water increased due to the increased 

of hydroxyl ions from lime, which then leads to the 

dissolved of silicate and aluminum sheets of clay. The 
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clay particles were then binded together silica and 

alumina, and combined with calcium to form calcium 

silicate hydrates or calcium aluminate hydrates 

(Rafalko et al., 2008). During the hydration of Portland 

cements the similar reaction occurred (Way and 

Shayan, 1989) since pozzolanic component was already 

integrated in the cement and the reaction only needed 

water to increase strength (Janz and Johansson, 2002). 

Gypsum in a form of finely divided powder was 

reported can be a stabilizing material, not only because 

of its relatively cost, but it reasonable solubility in 

water, (Bell and Maud, 1994)but there was not much 

research conducted by using it as a stabilizer for soft 

soils (Yilmaz and Civelekoglu, 2009). The performance 

of gypsum as an additive for soil treatment was studied 

in term of strength (Yilmaz and Civelekoglu, 2009) due 

to the positive result obtained from other investigation. 

Mixture of phosphatic soil and gypsum was reported 

had an Incensement at curing period of 360 days (FIPR, 

1988). Cement kiln dust is also an effective stabilizer 

for certain types of soil since it has cementations 

properties (Miller and Azad, 2000). Portland cement is 

manufactured by mixing the correct portions of lime, 

silica, alumina and iron. The mixture was then passed 

through the upper end of a kiln at a controlled rate of 

the kiln slope and speed. Burning fuel with temperature 

of 1400-1650°C at the lower end of a kiln changed the 

mixture to cement clinker. So, this was the operation 

where cement kiln dust which also material in the form 

of dust was collected. The raw materials used and how 

the cement kiln dust was collected from plant to plant 

might cause varying physical and chemical properties. 

The cement kiln dust typically has consistent 

composition if it was collected from the same kiln 

which produced the same cement type (Baghdadi et al., 

1995). Ladle furnace slag is useful in application of 

improving the soil and usually known as basic slag, 

reducing slag, white slag and secondary refining slag 

(Manso et al., 2013). Since ladle furnace slag has 

majority presence of calcium and magnesium oxides, 

silicates and aluminates (Manso et al., 2013), it can be 

considered as a dusty material which has limited 

hydraulic reactivity (Papayianni and Anastasiou, 2006). 

Ladle furnace slag has common chemical features (Shi, 

2002) in terms of the presence of dicalcium silicate, 

calcium aluminates, free lime and free magnesium 

oxide (Manso et al., 2013), and it was useful in 

improving soils by considering the application of these 

substances (Manso et al., 2005). Its volumetric 

instability has been concerned (Wang et al., 2010) due 

to the weathering and exposure to air and water, but the 

use of it in low proportion (less than 10%) in soil 

mixtures was irrelevant for this expansiveness (Manso 

et al., 2013). 

3. SOIL STRENGTH AFTER 

STABILIZATION USING STABILIZERS  

3.1 Sodium Hydroxide Additive: 

Olaniyan et al. (2011) found that the increase in 

clay to sand ratio, or lower percentage of filler used, 

results in the enhancement of kaolin activity. Thus, this 

had speed up the process of mineral polymerization. 

The strength increases because more amounts of hard 

geopolymeric products produced by higher kaolin 
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activity. The compressive strength was highest, at the 

highest clay to sand ratio. Compare to all specimens, 

dried specimens had the highest compressive strength 

and soaked specimens were the lowest. Through 

alkaline attack, sodium hydroxide can change the clay 

mineral lattice and it creates strong relationship 

between compressive strength and sodium hydroxide 

content. Sodium silicate and sodium aluminates are the 

products of the degradation, which then continue to 

precipitate insoluble aluminum oxide hydrates in soil. 

Higher strength can be achieved with higher NaOH 

content. 

3.2 Fly Ash Geopolymeric Binder: 

Cristelo et al. (2012) found that, increased in 

sodium hydroxide resulted increased of strength based 

on the unconfined compressive strength value after 7 

days curing. There was no significant different of 

unconfined compressive strength value for 12.5 molal 

and 15 molal. So, 12.5 molalwas determined as the 

optimum concentration, in designing field applications 

by considering not only unconfined compressive 

strength value but the cost and workability. Since 15 

molal had very poor workability, the molding process 

took about 4 to 5 minutes to be completed. High speed 

of dissolution and lesser time for gel to grow into well-

crystalline structure can be achieved with more 

availability of alkali in the mixture (Jimenez and 

Palomo, 2003). Cristelo et al. (2012) found that the 

performance of 15 molal cannot be sustained for longer 

period due to the decrease of raw silica when faster 

formation of polymeric matrix. Based on the different 

activator: solid ratio (soil and ash), there was an 

optimum activator: solid value which results in the 

higher compressive strength, at around 0.375. 

This can be explained by the theory of dry unit 

weight – liquid content relationship. Water occupied 

voids that could be filled with solid particles when 

water content value higher than the optimum result, 

while compaction process become more difficult when 

water content lower than the optimum result.Temuujin 

et al. (2010) quoted that when sand and other 

aggregates were added to the composition of sodium 

silicate solution and NaOh and/or KOH solution 

resulted to a not well-defined interface between the 

binder and siliceous materials. The same result obtained 

when the fly ash-based geopolymer mortars were mixed 

with varying sand aggregates Content Cristelo et al. 

(2013) also investigated the used of different 

concentration of sodium-based alkaline activators and 

different percentage of fly ash. For 20% and 30% fly 

ash mixtures, 15 molal produced the highest result of 

unconfined compressive strength, except for the 40% 

fly ash mixture where 12.5 molal concentrations 

produced the highest value. Lower strength values was 

obtained due the polymeric gel which available at 

medium to long term in 15 molal mixture and also due 

to original reactive silica which had been prevented 

from being more dissolved. The mixture of 15 molal 

had higher short-term strength when mix with 20% and 

30% of Fly ash due to the quick dissolved of vitreous 

phase from fly ash, so the gel had no enough time to 

grow into a well crystallized structure. 
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3.3 Ashes: 

The amount of fly ash influenced the increase in 

CBR values (Fauzi et al., 2010; Prabakar et al., 2004), 

soil type (Edil et al., 2006) and so do the bottom ash 

and water content in the mixture (Fauzi et al., 2010). 

But it clearly indicates that the higher content of fly ash 

the higher CBR values of the soil (Fauzi et al., 2010; 

Edil et al., 2006). Research done by Fauzi et al. (2010) 

found that either fly ash or bottom ash; both contribute 

to higher CBR value regardless the differences in water 

content. For Class F and ‘off-specification’ fly ashes, 

increase in soil water content relative to optimum 

moisture content results in decreasing of CBR value. 

Both do have the similarity in terms of sensitivity water 

content (Edil et al., 2006). Prabakar et al. (2004) quoted 

that the addition of fly ash for the improvement of soil 

strength is the function of soil fly ash interlocking 

phenomena. Edil et al. (2006) found that for soils which 

prepared 7% wetter than optimum water content, CBR 

value range from 0 to 5 and indicated that the soils are 

very poor subgrades in their in situ condition, if most of 

them less than 2. But when mixed with fly ash CBR 

value typically ranges between 10 to 20. When fly ash 

was added to wetter or more plastic fine-grained soil, 

the CBR increased by a great factor. Investigation by 

Senol et al. (2006) found that the amount of fly ash and 

water content in the mixtures had great influenced 

towards increasing the value of strength. Low plasticity 

clay had higher unconfined compression strength value 

compare to high plasticity clay but for CBR value it 

was opposite where high plasticity clay recorded higher 

value. It has been clearly proved that for both tests, 

decrease in strength was due to the higher water 

content, for mixtures that 7% wetter than the optimum 

water content. Kolias et al. (2005) quoted that the 

higher amount of fly ash used increase the unconfined 

compressive strength of the soil. But the use of large 

quantity of fly ash would be the problem and stabilized 

with small percentages of fly ash and cement could be 

considered. By using sewage sludge ash, Chen and Lin 

(2009) found that all proportions that had been used to 

the specimens showed such a great increased in UCS 

especially when the curing time reaches 90 days. The 

2% and 4% admixtures added showed the best 

increments compare to the others. The CBR values also 

increased where the results clearly indicate that the soil 

conditions were getting better from poor to excellent. 

When the proportion of the admixture was added more 

the soil condition improved to be even better than 

excellent. So the soil has higher bearing capacity when 

added to the untreated soil thus can be an effective 

stabilizer for soft subgrade soil. 

3.4 Cementations Binder: 

Cristelo et al. (2013) found that the cement mixture 

of 0.75 was the best water cement ratio and higher ratio 

than that resulted loss of strength. Kasama et al. (2007) 

quoted that several research also proved that in a wide 

range of cement content, 30% gave the higher value of 

unconfined compressive strength. This also can proved 

from the result obtained by Cristelo et al. (2013) where 

at the curing days of 365, the cement content of 30% 

had the highest unconfined compressive strength value. 

Ninov et al. (2007) found that the addition of 8% lime 

had an increase in strength during the first 6 months and 
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after prolonged storage it can leads to a higher 

compressive strength. The reactions of lime with elite 

as the basic component of the clay were completed for 

about 3 to 4 months. Rafalko et al. (2008) quoted that 

soil type and mineralogy will influence the optimal 

dosage rate of lime for maximum strength gain unlike 

cement where the strength of the soil keep increasing 

when the dosage rate increase. When the dosage of lime 

is too high, the maximum strength might not be 

obtained due to the decrease of dry density of soil-lime 

mixture. Investigation done by Miller and Azad (2000) 

found that the unconfined compressive strength also 

can be improved by the addition of cement kiln dust 

and it was more significant with the soils with lower 

plasticity index. During the first 14 days the most 

significant strength occurred and the increased of 

cement kiln dust content resulted increased in 

unconfined compressive strength value. Peethamparan 

et al. (2009) also found that the unconfined 

compressive strength of CKD treated clay was 

progressively increased from day 1 to 90 due to the 

induction of cement kiln dust which extensively 

changes the physico-chemical properties of Na-

montmorillonite clay. Bell (1996) studied the addition 

of lime to Montmorillonite clay and found that there 

was a rapid initial increased in unconfined compressive 

strength even with small additions of lime. The same 

goes to kaolinite and quartz where lime gave rise in 

outstanding increases. The optimum lime strength for 

montmorillonite was about 4%. For kaolinite the 

optimum lime strength was varied between 4% and 6% 

while quartz between 4% and 8%. It was clearly shown 

that for montmorillonite low amount of lime can 

attained maximum strength compare to higher content. 

Strength was not linearly increase with lime content and 

strength was reducing with excessive addition of lime. 

Curing was one of the major important variables which 

affect the strength of lime stabilized clay soil in terms 

of function of time, temperature and also relative 

humidity. Bell (1996) also concluded that during the 

first 7 days of curing, the strength increase rapidly then 

increases more slowly after that at more or less constant 

rate. Even though soil-lime stabilization has been 

proved can increase the strength of the soil, the strength 

values obtained from combination of soil and lime were 

considerably lower than the values obtained from 

combination of soil and fly ash due to the hydraulic and 

pozzolanic reactions (Kolias et al., 2005). The rate of 

strength gain by soil was investigated by Yilmaz and 

Civelekoglu (2009) by using gypsum. It was slow but it 

keep increasing and the maximum strength was 

obtained at 7 days of curing. Different amount of 

gypsum was used but 5% of gypsum content showed an 

effective improvement compare to the others. Manso et 

al. (2013) Found significant improvement when clays 

were mixed with ladle furnace slag in terms of 

mechanical behavior and compressive strength. The 

compressive strength for clay which mainly consisted 

of elite and ladle furnace slag was better; since it kept 

increasing as from days three onwards compare to the 

clay and lime mixture. For smectite group of clay, the 

compressive strength was maintained and only 

increases at an age of 28 days but the result was much 
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similar with clay and lime mixture except at days 90 

where the result was improved. 

4. CONCLUSION.  

From this study, it can be concluded that the 

effectiveness of materials discussed above was already 

proven can stabilized the soft soils or improved the soil 

strength. But, further investigation has to be done in 

order to evaluate their effectiveness in field application 

rather than focusing in term of experimental 

studies.Other investigation also needs to be done so that 

other materials that would be effective as soil stabilizer 

could be found. 
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