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Abstract 
 
Soil stabilization has become the major issue in construction engineering and the researches regarding the effectiveness of using 
industrial wastes as a stabilizer are rapidly increasing. This paper briefly describes the suitability of the local fly ash to be used in the 
local construction industry in a way to minimize the amount of waste to be disposed to the environment causing environmental 
pollution. Several civil engineering laboratory tests are conducted to study the geotechnical properties of fly ash and strength gain when 
mixed with local clay sample. A different proportion of fly ash and soil sample cured for 7 days results in a strength gain. A better 
understanding of the properties of fly ash is gained from the study and the tests indicates an improved strength and better properties of 
soft soil sample when stabilized. 
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1. INTRODUCTION 

ivil engineering projects located in areas with soft or weak soils have traditionally incorporated improvement of soil 
properties by using cement and lime. Use of fly ash as a ground improvement soil admixture, when found viable, 
will be effective in terms of cost and a good approach to the environment to preserve and minimize accumulation of 
industrial waste. This study is performed to obtain geotechnical properties of fly ash for its application in the 

stabilization of soft soil. The geotechnical properties of fly ash will be evaluated with various laboratory tests to investigate 
the feasibility of using fly ash in soft soil stabilization. Constructions over soft soil are one of the most frequent problems in 
many parts of the world. The typical approach to soil stabilization is to remove the soft soil, and substitute it with a stronger 
material of crushed rock. Due to substantial cost of replacement, alternative methods to the problems are assessed. The study 
of using coal combustion residues, fly ash, is carried out to observe the effectiveness of its addition on stabilization of soft 
soil. This is one of the approaches to overcome the increasing amount of solid waste generated by the population. As land is 
a very valuable commodity and landfills are fast diminishing, the disposal of the ash generated from solid waste incineration 
poses increasingly difficult problems for the municipalities. A practicable solution to the disposal problems would be the 
reuse of solid waste ash for civil engineering applications. A research study of the geotechnical properties of the incinerator 
fly ash derived from solid waste incineration is investigated. The objectives of the study are to determine the geotechnical 
properties of fly ash and to investigate the effects of fly ash addition for strength of stabilized soft soil. Scope of this study is 
to analyze the consequences of the application of fly ash in soft soil stabilization. It covers methods for determining the 
geotechnical properties of fly ash to assess its suitability for soft soil stabilization. The fly ash is taken from Sejingkat 
Thermal Plant, Kuching. 

2.   LITERATURE REVIEW 
Fly ash is one of the most plentiful and industrial by-products. It is generated in vast quantities as a by-product of burning 
coal at electric power plants (Senol et al., 2006). Electric utility companies in many parts of the world generate electricity by 
burning coal which generate an amount of fly and bottom ash. Fly ash generated by coal combustion based power plants 
typically fall within the ASTM fly ash classes C and F (Reyes and Pando, 2007). Fly ash consists of inorganic matter present 
in the coal that has been fused during coal combustion. This material is solidified while suspended in the exhaust gases and 
is collected from the exhaust gases by electrostatic precipitators. Since the particles solidify while suspended in the exhaust 
gases, fly ash particles are generally spherical in shape (Ferguson et. al., 1999). Fly ash particles those are collected in 
electrostatic precipitators are usually silt size (0.074 - 0.005 mm).  Making a more productive use of fly ash would have 
considerable environmental benefits, reducing air and water pollution. Increased use as a partial cement or lime replacement 
would also represent savings in energy because fly ash has been called a high-energy-based material (Hausmann, 1990). Fly 
ash utilization, especially in concrete, has significant environmental benefits including (FHWA, 2006):  
i. Increasing the life of concrete roads and structures by improving concrete durability,  
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ii. Net reduction in energy use and greenhouse gas and other adverse air emissions when fly ash is used to replace or 
displace manufactured cement,  

iii. Reduction in amount of coal combustion products that must be disposed in landfills,  
iv. Conservation of other natural resources and materials. 

 
Atterberg Limits 
Soils containing fines display the properties of plasticity and cohesiveness where a lump of soil can have its shape changed 
or remolded without the soil changing in volume or breaking up. This property depends on the amount and mineralogy of the 
fines and the amounts of water present, or generally known as moisture content. As the moisture content increases clayey 
soil will become softer and sticker until it cannot retain its shape when it is described as being in a liquid state. If the 
moisture content is decreased, the soil becomes stiffer until there is insufficient moisture to provide cohesiveness when the 
soil become friable and cracks or breaks up easily if remolded. This is described as semi – plastic solid or semi – solid. If the 
moisture content decreased further there is a stage where the forces between the soil particles will not permit them to move 
closer and now the soil described as a solid. It is very useful to define the moisture content at these transitions between above 
states. They are determined  as liquid limit, plastic limit and shrinkage limit. A Swedish soil scientist named Atterberg, thus 
the tests now known as Atterberg Limits devised the tests for liquid and plastic limit. Both tests are carried out on the portion 
of a soil finer than 425 µm. 
 
Specific Gravity 
The variation of specific gravity of fly ash is the result of a combination of many factors such as gradation, particle shape 
and chemical composition (Gray and Lin, 1972). This low specific gravity of fly ash results in low dry density. This is 
because of micro bubbles of air entrapped in ash particles. The trapping of air increases the surface area hence the volume of 
fly ash. The breaking of fly ash particles increases specific gravity that may be because of release of entrapped gas when ash 
grounded by mortar and pestle (WEBB, 1973). According to Pandian et al.,(1998) the low specific gravity could be either 
the presence of more hollow cenospheres from which the entrapped air cannot be removed or the variation in the chemical 
composition (in particular, iron content) or both. 
  
Mechanical Properties 

Compaction Characteristics 
Compaction characteristics of soil-fly ash mixes were studied by several investigators since they are very important in the 

construction of embankments, roads, and backfilling of retaining walls. Several investigators reported that the maximum dry 
unit weight increases and the optimum moisture content decreases due to addition of fly ash (Basavanna and Ravi Kumar 
1990, Choudhary 1994, Pandian 2004, Prabakar 2004) 
 
        The compaction tests were performed to get the optimum water content and maximum dry unit weight of fly ash 
sample. 

Table 2: Geotechnical Properties of Fly Ash (Gupta, 2008) 
 

No Property Name Value 
1 Grain size distribution 

     % of Gravel 
     % of sand 
     % of silt + clay 

 
Nil 
6 
94 

2 Coefficient of Uniformity, Cu 2 
3 Coefficient of Curvature, Cc  1.13 
4 Specific Gravity 1.95-2.2 
5 Direct shear test 

     Cohesion 
     Angle of Shear resistance 

 
0.0 
27o 

6 Proctor’s Density 
     Optimum Moisture Content 
     Max. Dry Density 

 
18% 

1.29 g/cc 
7 Permeability Test 

     Coefficient of Permeability 
 

1.3 x10-4 cm/sec 
 

Compressive strength 
Based on Reyes and Pando (2007), the compressive strength of tested plain fly ash for 7 days curing period gives 4754 
kN/m2. The compressive strength values indicate that all admixture treatment types resulted in strength gains and that most 
of the gain occurred within the first seven days of curing. The fast strength gain is believed to be related to the initial rapid 
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hydration that takes place with the admixture.  The strength gain due to stabilization depends mainly upon three factors; ash 
content, molding water content and compaction delay (Senol et al 2006). 

Fly ash has been used successfully in many projects to improve the strength characteristics of soils. Fly ash can be used to 
stabilize bases or subgrades, to stabilize backfill to reduce lateral earth pressures and to stabilize embankments to improve 
slope stability. Typical stabilized soil depths are 15 to 46 centimeters (6 to 18 inches). The primary reason fly ash is used in 
soil stabilization applications is to improve the compressive and shearing strength of soils. The compressive strength of fly 
ash treated soils is dependent on: 

• In-place soil properties 
• Delay time 
• Moisture content at time of compaction 
• Fly ash addition ratio 

 
Hydration of Fly Ash 
Formation of cementitious material by the reaction of free lime (CaO) with the pozzolans (AlO3, SiO2, Fe2O3) in the 
presence of water is known as hydration. The hydrated calcium silicate gel or calcium aluminate gel (cementitious material) 
can bind inert material together. Hydration of tricalcium aluminate in the ash provides one of the primary cementitious 
products in many ashes. The rapid rate at which hydration of the tricalcium aluminate occurs results in the rapid set of these 
materials, and is the reason why delays in compaction result in lower strengths of the stabilized materials. The hydration 
chemistry of fly ash is very complex in nature. So the stabilization application must be based on the physical properties of 
the ash treated stabilized soil and cannot be predicted based on the chemical composition of the fly ash (Wikipedia, 2008) 
 

3. METHODOLOGY 
 
 
 

 

 

 

 

 

 

 

 
 

 
Figure 1: Flowchart of Methodology 

 
The overall flow of research is as illustrated in Figure 1. The tests were conducted in accordance with British Standard 1377. 
Several physical tests had been conducted for clay sample, fly ash sample and mixes of clay and fly ash.  The tests 
mentioned were Atterberg Limits test, Specific Gravity test, sieving and hydrometer test. In Atterberg Limit tests, Liquid 
Limit (LL) and Plastic Limit (PL) were obtained. Then, Plasticity Index was determined based on Plasticity chart (BS 
5930:1981).  The LL of clay and fly ash mixes is obtained by testing varies of fly ash percentage. Specific gravity and 
particle size distribution are obtained for original fly ash and clay sample. In addition, Standard Proctor and Unconfined 
Compressive Tests were conducted in order to obtain geotechnical properties of the sample. Unconfined compressive 
strength for clay and fly ash mixes is obtained based on cured sample for 7 days.  
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iii. For further study it is suggested that the Consolidation Test to be performed to attain the compressibility of samples 
and to obtain soil data which is used in predicting the rate and amount of settlement of structures founded on clay.  

 
iv. It is also proposed to run the X-ray diffraction (XRD) to obtain the chemical composition of FA in order to 

determine the type of Fly Ash accurately. 
 

v. For advance research, it is recommended that the effect of combining two stabilizing agents in the stabilization of 
soft soil to be investigated to see whether it can improve the properties of soil better than fly ash alone. 
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