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Abstract – With this study, Bottom Ash (BA) and EcoSand (ES) which are actually construed as a waste 
product from the cement sector are actually tried as alternative materials for steadying clay. On realizing 
the significance of environmental protection against the unscrupulous dumping of waste materials of all 
of the types, it's turned out to be the demand of the hour to check out the feasibilities of exploiting them 
in an advantageous manner. This particular study has found that the waste by-products ES and BA have 
the potential to enhance the attributes of clay. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

I. BACKGROUND 

The growing price of the conventional stabilizing 
agents as well as the demand for reuse and 
recycling of manufacturing waste has incited an 
investigation into the stabilization latent of 
manufacturing waste materials in difficult expansive 
soil. Manufacturing waste materials including fly ash, 
bottom ash, and sludge ash are really popular soil 
stabilizers as they clearly show a great pozzolanic 
activity with soil particles with an additional benefit of 
purifying the earth. Utilization of manufacturing waste 
materials for the improvement of bothersome soils is 
a cost-effective as well as an environmental helpful 
method of the sense that it can help in minimizing the 
disposal issues triggered by different manufacturing 
wastes created because of industrialization and 
urbanization. 

Soil stabilization research includes a sizable volume 
of laborious labor. The soil attributes are actually to 
be studied at various proportions of additives to 
figure out the maximum dosage of the manufacturing 
waste. The outcome of the various curing days is 
usually deemed finding the maximum fraction of 
additives. To be able to save electricity, price & time, 
an effort is created establishing a model for the 
prediction of the strength parameters. In general, 
stabilization is actually carried out by scarifying the 
soil to the necessary level and then spreading the 
stabilizer combined with the soil. Good 
communication between the soil as well as the 
stabilizer is actually made possible by the physical 
blending procedure. The limitation of the method is 
the fact that this procedure is able to strengthen soil 

just to a shallow depth. Exploration, usually, must 
be taken out to a depth up to which the increased 
anxiety as a result of structural loading is actually 
more likely to result in conspicuous settlement or 
maybe shear disaster and such a level is actually 
recognized as substantial level. 

In this we examine the efficacy of the 
manufacturing waste materials namely Bottom Ash 
(BA) and EcoSand (ES) collected from near at 
hand cement sector as well as to assess the 
maximum content of the manufacturing wastes as 
additives separately and in conjunction to clay of 3 
distinct compressibility attributes like Clay of High 
Compressibility, Clay of Intermediate 
Compressibility as well as Clay of Low 
Compressibility. 

Bearing capacity  

Bearing capacity of the soil is actually the grounds 
for the look of any foundation. Bearing capacity is 
actually described as the ton or maybe stress 
created with no harmful motions to the foundation 
along with the framework borne by the foundation 
(Teng 1984). The improvement in the bearing 
capacity of clay as a result of the launch of slurry 
piles might be best predicted whether the load 
settlement attributes are actually received for 
recognized dimensions of the footing. 
Reinforcements in the type of columns offer 
strength with stiffness and enhance the bearing 
capacity of the soil. 30 6 design plate load 
assessments have been carried out to study the 
effect as a result of the addition of BA? ES slurry 
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pile and also the effect as a result of various sizes of 
footings. The small scale version testing may well not 
replicate the accurate qualities of soil, clay 
particularly. No matter how small scale lab models 
are actually conducted for evaluating the bearing 
capacity as well as the bearing capacity great 
received from the small scale design is used to large-
sized footings with appropriate reduction 
components. 

II. MATERIALS AND METHOD 

Soil Sampling 

The symbolic soil samples I, II and III had been 
collected from 3 locations. Best soil was eliminated 
to a level of 0.6m to stay away from organic matter 
as well as vegetation. Collected samples had been 
brought to the laboratory, air dried as well as 
pulverized with a wooden mallet and had been kept 
in 3 diverse containers. 

Soil Properties 

Standard laboratory soil assessment methods as per 
Bureau of Indian Standards had been used to 
discover the important and basic qualities including 
consistency limits, compaction attributes, swelling 
qualities as well as shear strength. 

Properties of Industrial Wastes  

The Bottom Ash and EcoSand had been collected 
from near you cement Industry, Madhukkarai, 
Coimbatore. The different qualities of Bottom Ash 
and EcoSand specifically particular gravity, pH, 
permeability as well as Plasticity Index (PI) had been 
driven and therefore are provided in Table 1. 

Table 1 Physical Properties of Bottom Ash and 
Eco Sand 

 

Photo images of the soil and sieved Bottom Ash and 
Eco Sand are actually shown in Figure 1. It has 
showed that smaller sized particle size of Bottom 
Ash increases the power from the pozzolanic 
impulse due to bigger particular surface area. 

 

 

Figure 1 Grain size distribution curves of Bottom 
Ash and EcoSand 

III. RESULTS  

Sample Identification  

In order to ease the soil samples, I, II and III, BA and 
ES passing through 425 microns was used in 
different percentages. The soil sample I was 
termed as CH, as well as the soil handled with BA, 
termed as CHBAXX in which XX denotes the 
fraction of BA included. The soil treated with ES 
was termed as CHESXX with XX as a percent of 
ES. 

Likewise, soil sample II was termed as CI as well 
as the soil handled with BA termed as CIBAXX in 
which XX denotes the fraction of BA included. The 
soil treated with ES was termed as CIESXX with 
XX as a percent of ES. In line with the above, soil 
sample III, was termed as CL as well as the soil 
treated with BA termed as CLBAXX in which XX 
denotes the fraction of BA included. The soil 
treated with ES was termed as CLESXX with XX as 
a percent of ES. 

Dispersion Dynamics 

The maximum dosage of ES and BA had been 
obtained depending on the optimum UCS worth, 
least Plasticity Index worth and lowest Free Swell 
Index worth for all the 3 soil samples studied. The 
vital requirement of an improvisation analysis 
justifies a near-perfect simulation of the natural 
setting of clay leading to the negative qualities of it 
is of swelling or maybe shrinkage or maybe crack 
development linked to the various phases of 
moisture absorption, desorption as well as 
retention. The crux of the simulation is meant to 
take a look at the result at the clay soil mechanics 
to the impulses of the dispersion dynamics 
associated with the proliferation of the 
improvisation additives within the intergranular 
community of interconnected soil pores. Hence it 
becomes important to produce a simulation 
standard by bringing in all these variations to take 
place in a confined controlled homogenous clay 
soil stratification base. Making the most of the 2 
severe conditions of nature, one leading to 
shrinkage splits in season that is dry and also the 
other, saturation of clay as a result of constant 
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source of h20 throughout expansion or monsoon in 
groundwater table, dispersion of additives through 
the cracks line created in a desiccated condition and 
because of water aiding the ion migration in a 
saturated state, an experimental setup simulating the 
2 conditions is actually expounded beneath. 

Bearing Capacity 

A plate load test had been conducted on soil and 
reinforced soil. The clay soil is actually reinforced 
with columnar inclusions in the type of BA ES slurry 
piles. For every clay soil, a plate load test was done 
with plates of size 30mm, 45mm, 60mm as well as 
75mm. The impact of various sizes of improvement 
and plates in the bearing capacity of clay was 
studied. 

 

Figure 2 Arrangement of piles for model plate 
load test 

The clay soil was oven-dried, pulverized as well as 
was sieved via two mm sieve in batches. The dried, 
pulverized clay was uniformly combined with the 
water content of 23%, 26% as well as 20.5 % for CH, 
CL and CI soil samples respectively. The bath mixed 
clay soil was statically compressed to the essential 
dried up densities of theirs, as stated in Table 5.3 
with a centralized hole of diameter 25mm. Tests had 
been conducted for 2 densities, one selected to be 
the maximum as received from the Indian Standard 
Light Compaction test as well as the other an 
arbitrary benefit taken as the minimum one, based 
on area conditions with identical drinking water 
content as above. 

Table 2 Maximum and minimum densities for 
reinforcement effects 

 

Catia Modelling for Dispersion Study 

Computer-Aided 3-Dimensional Interactive 
Application (CATIA V5R20) was utilized along with 

ANSYS Fluent to learn the dispersion dynamics. The 
impulse reply modelling depending on the temporal 
and spatial variants in accord with dispersion 
dynamics guided by the Newtonian flow of the slurry 
with the interconnected soil pores that are precisely 
portrayed by Darcy's law correlated to the flow nets 
of seepage. The pattern of dispersion should also 
kowtow to the orthogonal grid of equipotential lines 
as well as flow lines of the slurry seeping out of the 
centralized pit. To get a good intersection of 
dispersion spheres spacing of centralized pits gets 
perfectly essential to accomplish the desired 
uniformity in renovating the fundamental clay to suit 
the stability as well as strength demands. 

IV. CONCLUSION 

3 distinct soil samples classified as CH, CL, and CI 
as per BIS had been stabilized with manufacturing 
wastes comprising of BA and ES individually and in 
conjunction. Such stabilized samples had been 
analysed in the laboratory for their modified 
properties which include strength, compaction, 
swelling, and plasticity attributes. Synthetic Neural 
Network (ANN) and Regression analysis (SPSS) 
had been employed for the prediction of unconfined 
compressive strength of stabilized clay. Then, 
Computer-Aided Design modeling for the 
dispersion analysis was carried out with CATIA 
V5R20 software program and brought in to ANSYS 
Fluent to observe the dispersion dynamics. 
Subsequently, the field problems had been 
simulated making use of an experimental model 
learn to confirm the dispersion dynamics. Following 
this, an experimental study was done comparing 
the improvement in the bearing capacity of clay 
reinforced with unreinforced clay as well as slurry 
piles. The outcome of the curing of stabilized clay 
soil was furthermore studied in the laboratory, 
experimental and bearing capacity studies. 
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