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Abstract:- Fly ash, a resultant of combustion of coal at high temperature, has been regarded as a problematic solid waste 

all over the world. Many possible beneficial applications of fly ash are being evaluated to minimize waste, decrease cost of 
disposal and provide value-added products. The conventional disposal methods for fly ash lead to degradation of arable 

land and contamination of the ground water. However fly ash is a useful ameliorant that may improve the physical, chemical 
and biological properties of problem soils and is a source of readily available plant macro and micronutrients. In 

conjunction with organic manure and microbial inoculants, fly ash can enhance plant biomass production from degraded 

soils. Detailed studies on the nature and composition of fly ash, conducted during the latter half of the 20th century have 
helped in repeatedly confirming the various useful applications of this hitherto neglected industrial waste. The purpose of 

this paper is to review the available information on various attributes of fly ash and explore the possibility of exploiting 
them for agronomic advantage. 

 

1. INTRODUCTION 

Soil stabilization is the alteration of soil properties to improve the engineering performance of soils. The properties most 

often altered are density, water content, plasticity and strength. Modification of soil properties is the temporary 

enhancement of subgrade stability to expedite construction. 

Class C fly ash and Class F-lime product blends can be used in numerous geotechnical applications common with highway 

construction: 

 To enhance strength properties 

 Stabilize embankments 

 To control shrink swell properties of expansive soils 
 Drying agent to reduce soil moisture contents to permit compaction 

Class C fly ash can be used as a stand-alone material because of its self-cementitious properties. Class F fly ash can be 
used in soil stabilization applications with the addition of a cementitious agent (lime, lime kiln dust, CKD, and cement). The 

self-cementitious behavior of fly ashes is determined by ASTM D 5239. This test provides a standard method for 

determining the compressive strength of cubes made with fly ash and water (water/fly ash weight ratio is 0.35), tested at 

seven days with standard moist curing.  

The self-cementitious characteristics are ranked as shown below: 

Very self-cementing > 500 psi (3,400 kPa) 

Moderately self-

cementing  

100 - 500 psi (700 - 3,400 

kPa) 

Non self-cementing < 100 psi (700 kPa) 

It should be noted that the results obtained from ASTM D 5239 only characterizes the cementitious characteristics of the 
fly ash-water blends and does not alone provide a basis to evaluate the potential interactions between the fly ash and soil 

or aggregate. The use of fly ash in soil stabilization and soil modification may be subject to local environmental 

requirements pertaining to leaching and potential interaction with ground water and adjacent water courses. 

 

2. SOIL STABILIZATION TO IMPROVE SOIL STRENGTH 

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 
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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 

Soil improvement is of major concern in the construction activities due to rapid growth of urbanization and 
industrialization. The term soil improvement is used for the techniques which improve the index properties and other 

engineering characteristic of weak soils. In India expansive soil cover about 0.8x106 km2 area which is approximately one-

fifth of its surface area. These soils contain montmorillonite mineral due to this they swell and shrink excessively with 
change of water content. Such tendency of soil is due to the presence of fine clay particles which swell, when they come in 

contact with water, resulting in alternate swelling and shrinking of soil due to which differential settlement of structure 
takes place.  

Expansive soils can be stabilized by the addition of a small percentage of admixtures. These techniques have been 

used for many construction purposes, notably in highway, railroad and airport construction to improve subgrades and sub-

bases. The Granite waste is a by-product produced in granite factories while cutting huge granite rocks to the desired 

shapes. About 3000 metric ton of granite waste is produced per day as a by-product during manufacturing of granite tiles 

and slabs from the raw blocks. The marble and granite cutting industries are dumping these wastes in nearby pits or open 

lands. This leads to serious environmental pollution and occupation of vast area of land. This project work presents the 

effect of quarry dust on engineering properties of black cotton soil blended with 10%, 15% and 20% of quarry dust by 

weight of soil.  

The soil description and classification is to be based on the distribution and behaviour of fine-grained (passing No. 

200 sieve) and coarse-grained (retained on the No. 200 sieve) soil constituents, as described in ASTM D 2487 and D 2488. 

a. Soil descriptions contained on exploration logs and in field/laboratory reports shall be consistent with the visual-manual 

procedure of ASTM D 2488. The visual-manual method employs visual observations and simple manual test (index tests) to 

estimate the size and distribution of the coarse- grained soil reactions and to indicate the plasticity characteristics of fine- 

grained fractions. These index tests should be performed on representative samples from each soil unit. b. Soil 

classifications are determined based on soil descriptions and laboratory testing.  

Representative soil samples that are submitted for laboratory testing shall be classified using the procedure of 

ASTM D 2487, which generally requires grain size and plasticity testing (Atterburg limits). Secondary consolidation occurs 

after full dissipation of excess pore water pressure. Secondary consolidation is a problem with high organic deposits, such 
as peat. For peat, the total secondary consolidation could be twice as much as the primary consolidation. With mineral 

soils, the secondary consolidation is not commonly considered a problem. The consolidation characteristics of fine-grained 

soils are evaluated in the laboratory, on specimens taken from undisturbed soil samples. If consolidation test data is not 

available, the primary settlement(s) can be estimated using geotechnical parameters obtained from empirical relationships 

following are empirical formulas suggested by various researchers to calculate compression index (Cc) values. 

 

Table 2.1 For calculation of Life cycle Inventory system. 

Equation Reference Region of applicability  

Cc = 0.007(LL -7) Skempton Remolded clays 

Cc = 0.01wn  Chicago clays 

Cc = 1.15(eo - 0.27) Nishida All clays 

Cc = 0.30(eo - 0.27) Hough Inorganic cohesive soil: silt, silty 
clay, clay 
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Cc = 0.0115 wn  Granite dust soil   

Cc = 0.0046(LL - 9)  Brazilian clays 

Cc = 0.75(eo - 0.5)  Soils with fly ash 

Cc = 0.208eo + 

0.0083 

 Chicago clays 

Cc = 0.156eo + 0.0107  All Clays 

 

After Rendon-Herrero (1980) 

Note: eo = in situ void ratio; wn = in situ soil content 

Swell Index (Cs) 

The swell index is appreciably smaller in magnitude than the compression index and can generally be determined from 

laboratory tests. In most cases, 
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)                    Equation (2.1) 

For Life Cycle Inventory Calculation of settlement: 

For normally consolidated soils 
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Where Po is the existing pressure on the compressible layer due to soil strata above this layer (lb/ft2). 

     Increase in pressure on the compressible layer   (lb/ft2). 

    = initial void ratio 

Normally consolidated soil is the soil which has not been subjected to higher pressure than existing total pressure (total 

pressure at present including any additional pressure due to construction at the surface) any time in the past. Pc = pre-

consolidation pressure is the maximum pressure the compressible layer has been subjected to in the past (lb/ft2). 

For over consolidated soil the settlement may be calculated as given below: 
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)        Equation (2.3) 

 

   = Compression index 

     =Recompression index 

 H = Thickness of compressible layer (ft.) 

   = Initial void ratio 

For very soft to soft clays (  between 0.25 to 0.50 tsf), the settlements computed by this method are likely to be 

reasonably accurate. For medium and stiff clays (  between 0.5 and 2.0 tsf), the actual settlements are likely to range 

between one-fourth and one-tenth of the computed values. The analysis of a proposed wick drain should include: design 

spacing at a specific embankment section based on consolidation test results. 
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The consultant geotechnical engineer shall furnish an estimated coefficient of horizontal consolidation, a plot of 
percent total estimated settlement vs. time using the optimum wick drain design, the limits from station to station and 

offset to offset where the proposed wick drains should be installed with any other information needed. Parameters 

calculated for the fly ash soil and granite dust soil for the sustainability analysis.  

Table 2.2 Fly Ash 

Emergy Exergy 

×1011 (sej) MJ 

83236 
.12 

59638.9 

1463076.32 89745.78 

763151.72 236988.30 

789633.63 89632.78 

789635.96 789634.96 

 

Table 2.3 Granite dust 

Emergy Emergy 

×1011 (sej) MJ 

66778.22 33058.01 

61355.60 9941.18 

169775.43 31559.46 

386972.16 183111.28 

746936.30 357669.48 

 

3. CALCULATION FOR FOS FOR COST BENEFIT ANALYSIS  

While an analysis by hand is very helpful in understanding the mechanics of sliding earth masses such analysis is time 
consuming. Computer aided procedures are available and they provide a far more detailed analysis in less time. There are 

also rules of thumb that can be used to make a preliminary assessment of the Factor of Safety (FOS) to prevent failure. 

One such rule is: (Taylor's equation) 

     
  

  
 

Where:  

  cohesion of soft foundation soil 

  unit weight of embankment soil 

   Height of slope  

The FOS computed using the above equation should not be used for final design. This simple equation can be used to 

preliminarily check both slope and foundation (base) stability. If the factor of safety is less than 2.5, a more sophisticated 

stability analysis is required. A number of slope stability methods of analysis have been adapted for use with a computer, 

and without a doubt, there will be others in the future. The concern is whether or not the computer program represents the 

short-term and long-term conditions that exist in the field. For those analyses, the problem is described by a two-

dimensional slice, and the slice is typically thin (such as 1 ft. thick).  

The program should have the capacity to represent the actual site conditions, by inclusion of all forces acting on 

each side. Some methods include the side forces on each slide, while other methods ignore these forces. Foe cost benefit 

analysis we can calculate Factor of Safety (FOS) computations shall be made for various assumed failure surfaces until an 

apparent minimum factor of safety has been established for each analysis. All models will be approved by INDOT prior to 
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performing the analysis. A computer program should be used for analysis. The printout of input data, output data and plot 
of failure surfaces should be included with the analysis. In case of surcharge loading a graph of surcharge height and pore 

pressure should be provided. 

The maximum nominal soil resistance can be taken from the above table. From this value back calculate the 

maximum factored soil resistance with applicable geotechnical losses. The maximum nominal driving resistance shall be 

calculated from the maximum nominal soil resistance with the applicable geotechnical losses included. 
Factored design load,   , shall be less than the factored design soil resistance,   

         Maximum nominal soil resistance, i.e. (geotechnical long term capacity) 

        Maximum factored design soil resistance 

          Maximum nominal driving resistance 

     Nominal soil resistance equal to or less than the Rn max (Long term capacity) 

     Factored design soil resistance equal to or less than the RR max 

       Nominal driving resistance equal to or less than the Rndr max 

For soil sustainability seated on bedrock with minimal penetration in rock, driven through soils, and with less difficulty of 

driving, a drivability analyses is not required. The structural resistance will control the design. The nominal soil resistance 

for H soil driven to hard rock may be increased to 65 percent of the nominal structural  resistance, P n, if approved by the 

Office of  geotechnical Engineering.  

A step by step procedure showing the application of Brom's method, developed by the New York State Department of 

Transportation (2001) , is provided below: 

 

STEP 1: General Soil Type: 

Determine the general soil type (i.e., cohesive or cohesion less) within the critical depth below the ground surface, 

approximately four or five soil diameters. 

 

STEP 2: Coefficient Of Horizontal Subgrade Reaction: 

Determine the coefficient of horizontal sub grade reaction Kh within the critical depth from a cohesive soil: 

 

                           
         

 
 

Where: 

   = unconfined compressive strength in kN/m2 (psf) 

   = width of soil in meter (feet) 

           = empirical coefficients taken from Table 5.4. 

 

TABLE 2.4.Values of Coefficients n1 and n2 For Cohesive Soils. 

UNCONFINED COMPRESSIVE 

STRENGTH 
(  ) in kNm2 (PSF) 

   

< 50 (1000) 

50 (1000) to 200 (4000) 

> 200 (4000) 

0.32 

0.36 

0.40 

  MATERIAL    

Soil 1.00 
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