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Interpretation of Rice Husk Ash on Geotechnical Properties of 
Cohesive Soil    

By Grytan Sarkar, Md. Rafiqul Islam, Dr. Muhammed Alamgir, Dr. Md. 
Rokonuzzaman 

Khulna University of Engineering & Technology(KUET), Khulna, Bangladesh   

Abstract - This paper demonstrates the effects of rice husk ash (RHA) on the geotechnical 
properties of soil in stabilized forms specifically strength, workability, compaction and 
compressibility characteristics. Therefore, laboratory tests such as compaction, Atterberg limits, 
free swell index, unconfined compressive strength, direct shear and consolidation tests for 
different percentages of RHA content and original soil samples were performed. These test 
results show that the soil can be made lighter which leads to decrease in dry density and 
increase in moisture content and reduced free swelling and compressibility due to the addition of 
RHA with the soil. Besides that the unconfined compressive strength and shear strength of soil 
can be optimized with the addition of 10% RHA content. 

Keywords  :  RHA, Index Properties, strength properties, swelling and consolidations.  
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Interpretation of Rice Husk Ash on Geotechnical 
Properties of Cohesive Soil

Grytan Sarkar α, Md. Rafiqul Islam σ, Dr. Muhammed Alamgirρ, Dr. Md. Rokonuzzaman Ѡ

Abstract - This paper demonstrates the effects of rice husk ash 
(RHA) on the geotechnical properties of soil in stabilized forms 
specifically strength, workability, compaction and 
compressibility characteristics. Therefore, laboratory tests 
such as compaction, Atterberg limits, free swell index, 
unconfined compressive strength, direct shear and 
consolidation tests for different percentages of RHA content 
and original soil samples were performed. These test results 
show that the soil can be made lighter which leads to 
decrease in dry density and increase in moisture content and 
reduced free swelling and compressibility due to the addition 
of RHA with the soil. Besides that the unconfined compressive 
strength and shear strength of soil can be optimized with the 
addition of 10% RHA content.  
Keywords : RHA, Index Properties, strength properties, 
swelling and consolidations  

I. INTRODUCTION

enerally, partially saturated clayey soils having  
high plasticity are very sensitive to variations in 
water content and show excessive volume 

changes. Such soils, when they increase in volume 
because of an increase in their water contents, are 
classified as expansive soils. This highly plastic soil may 
create cracks and damage on the pavements, railways, 
highway embankments, roadways, building foundations, 
channel and reservoir linings, irrigation systems, water 
lines, sewer lines etc (Gromko, 1974, Mowafy, 1985 and 
Kehew, 1995). Thereafter, highly plastic soil   exhibits 
undesirable engineering properties under load. They 
have low shear strengths and tendency to lose shear 
strength further upon wetting or other physical 
disturbances (Mitchell, 1986). Therefore, this plastic soil 
are very prone to shear failure due to the constant load 
over time and considered poor material for 
foundations(Liu, et. al., 2008). 

Khulna is the southwest part of Bangladesh 
having high clayey and silt content of very soft to soft 
consistency up to 20 ft. from the ground surface level on 
the basis of several soil report collected from CRTS of 
Khulna University of Engineering & Technology.

Author α: Lecturer, Dept. of Civil Engg., Khulna University of 
Engineering & Technology(KUET), Khulna, Bangladesh,
(Tel: +8801726703825 email: grytan_ce04@yahoo.com) 
Author σ : under graduate student, Dept. of Civil Engg., KUET .
Author ρ : Professor, Dept. of Civil Engg., Khulna University of 
Engineering & Technology, E-mail : alamgir63dr@yahho.com
Author Ѡ: Asst. Professor, Dept. of Civil Engg., Khulna University of 
Engineering & Technology, E-mail :

  
rokoncekuet@yahho.com

High water content, high compressibility and low 
workability of these soils often caused difficulties in the 
civil engineering construction projects. The soil which is 
used for the construction pavement or sub-base should 
have some specification of geotechnical properties for 
obtaining required strength against tensile stresses and 
strains variety. In this study, RHA was used for the 
improvement of workability, compressibility and 
compaction characteristics as well as the physical 
properties of highly plastic clayey soil. In the earlier, 
cement and lime are the two main materials used for 
stabilizing soils which is now costly in price due to the 
sharp increase in the cost of energy since 1970s 
(Neville, 2000). RHA is the most cost-effective locally 
available materials act as a binding agent like cement 
which increases some geotechnical properties as well 
as stabilization of soil as an alternative option of cement 
and lime.   

Rice husk is an agricultural waste obtained from 
rice milling. About 108 tons of rice husks are generated 
annually in the world (Alhassan, 2008). In Bangladesh, 
about 39.3 million ton of rice is produced annually 
(Mustafi, 2005) which generate about 9.83 million ton of 
RH after milling of the paddy is used as animal food as 
well as fuel in rural area. RHA which is generated from 
the burning of Rice husk is considered as waste material 
and usually dumped backside of the kitchen of the 
village people in Bangladesh. Rice husk ash has high 
quantity of silica with small quantities of oxide (Agarwal, 
1989, Kumar, 1993) having high specific surface that is 
very suitable for activating the reaction of soil and act as 
a binding material like cement. Thus RHA can be used 
as a cost-effective additive particularly in regions having 
high production capacity like Bangladesh. The silica 
content in RHA depends on the burning temperature. 
The technique which is used for burning RH to produce 
amorphous silica is suitable for pozzolana cement 
production, have been developed (Kumar, 1993, 
Ahmed, et al.1993).   A mini incinerator has been 
designed by Ahmed, et al.(1993) in BCSIR laboratory, 
Dhaka to produce RHA and a comparative study has 
been carried out in relation to compressive strength and 
setting time of the pozzolana cement prepared by using 
this ash and boiler ash. 
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II. MATERIALS AND METHODS

a) Specification of Soil
Nearly greyish silty clayey soil was used in this 

study, collected from Khanjahan Ali Hall at Khulna 
University of Engineering & Technology(KUET) in 
Khulna,  Bangladesh. The collected soils was hard and 
it was pulverized manually by hammer. Then the soils 
were screened through the sieve of 4.75 mm apearture 
before preparing the specimensfor testing. According to 
the AASHTO classifiation systems, the soil is classified 
as A-7-6 and acoording to the Unified soil classification 
sytems, soil is CL(Clay with low plasticity). The particle 
size distribution of the original soil is shown in the Figure 
1. 

Fig 1 :  Particle size distribution of original soil

b) Specification of  RHA
RHA was prepared by simply burning rice husk, 

collected from the locally available mill. In this 
arrangement, rice husk were kept into a Steel box of 
1.5m x 1.5m in dimensions. Five thermocouples with a 
connecting data logger were used for measuring the 
burning temperature. Briquettes were used as fuel to 
start and maintain fire. The produced RHA contains 
about 93% silica which is a key factor for improving the 
properties of soil.

c) Preparation of testing samples
The collected  soils and ash contents were 

oven-dried at 1050C overnight to remove moisture and 
repress microbial activity.Then the oven dried samples 
were mixed throughly by hand in a large tray in a dry 
state as per shown in Table 1.

Table 1 : Combination scheme of  soil samples

Samples 
ID

Samples Description

Soil (gm) RHA
(gm)

% Ash 
content

Original soil 4000 -- 0
R1 4000 200 5
R2 4000 300 7.5
R3 4000 400 10
R4 4000 500 12.5

d) Testing procedure
To determine the workability, compressibility, 

strength and compaction characteristics of treated and 
original soil samples several tests were performed in the 
laboratory. 

Before conducting the compaction test, the  
non-treated and RHA treated soils (5, 7.5, 10% and 
12.5% RHA content) were mixed with water for about ten 
minutes by hand. After that, the mixtures were put into 
polyethylene bags and mixing was continued by 
shaking, overturning and pressing the bag to squeeze 
out the air from the soil voids. In the similar way, 
different amount of water contents were added to the 
different soil samples and mixing were done as 
described before to obtain the optimum moisture 
content and maximum dry density.  A series of standard 
proctor tests on non-treated and RHA treated soils  were 
conducted according to ASTM D 698.

  

Specific gravity of original and ash treated soil 
samples were determined according to ASTM D854. 
Consistency of the original and treated soil samples 
were determined by Atterberg limit test (ASTM D-
4318).The effect of shrinkage of fine grained soils are of 
considerable significance to cause serious damage to 
small building and highway pavements. Free swell index 
of soil samples were determined as per as IS: 
2720(Part-40). Ten grams of soil samples were put into 
two 100ml glass cylinders and the remaining volumes of 
the cylinders were filled with distilled water and kerosene 
respectively. After keeping it overnight the volume of soil 
in each cylinder was measured and from this volume 
free swell index of soil was determined from the 
equation shown in below. 

Free swell index (%) =

ker 100
ker

Volumeof in distilled water Volumeof in distilled osene x
Volumeof in distilled osene

−

All the test specimens for strength and 
consolidation tests were prepared by compacting the 
soils mixed with RHA (0, 5, 7.5, 10% and 12.5%) in the 
standard compaction molds at the corresponding 
optimum moisture content which has been determined 
already. The specimens were demolded after 
completion of compaction and samples of different size 
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were prepared as per requirement for performing the 
selected test in uncured condition. 

The uncured unconfined compressive strength 
of the cylindrical specimens (36 mm diameter and 71 
mm length) was determined according to ASTM D-2166. 
Drained shear strength parameters(c & φ) were 
determined by direct shear test (ASTM D 3080) of the 
compacted uncured soil specimens (60mm diameter 
and 25 mm height).  Settlement characteristics of soils 
were determined by performing consolidation test 
(ASTM D-2435) on the samples of 63.5 mm diameter 
and 25 mm height.

.
III. RESULTS AND DISCUSSIONS

a) Compaction characteristics
The variation of optimum moisture content and 

maximum dry density of RHA treated and untreated soil 
is shown in figure 2. This figure represents the maximum 
dry density of soil decreases gradually with an increase 
of RHA content. This is due to comparatively low 
specific gravity value (2.25) of RHA than that of replaced 
soil (2.65) and the initial simultaneous flocculation and 
agglomeration of clay particles caused by cation 
exchange may be the another cause. On the other hand, 
the optimum moisture content of soil increases with an 
increase RHA, because RHA are finer than the soil. The  
more fines the more surface area, so more water is 
required to provide well lubrication.  The RHA content 
also decrease the quantity of free silt and clay fraction, 
forming coarser materials, which occupy larger spaces 
for retaining water. The increse of water content was 
also attributed by the pozzalanic reaction of RHA with 
the soil.

Fig 2 :  Variation of maximum dry density and 
optimum moisture content with rice husk ash content.

The specific gravity of composite soil is 
decreasing due to the addition of RHA as shown in 
Figure 3 because of the low specific gravity of 
participating RHA as compared with soil.

Fig 3 : Variation of specific gravityof soil with rice husk 
ash content.

b) Index Properties
Soil index properties are used extensively by 

engineers to discriminate between the different kinds of 
soil within a broad category.The index properties of soil 
is obtained from Atterberg limit test results and free 
sweel index test. The Atterberg limits are a basic 
measure of the nature of a fine-grained soil. The test 
result of atterberg limt is shown in Table 2.

Table 2 :

  

Atterberg limit test result

RHA(%) LL(%) PL(%) PI(%) SL(%) SR

0 46 22 24 22 1.62

5 50 27 23 27 1.55

7.5 52 31 21 28 1.49

10 55 34 21 31 1.51

12.5 56 36 20 34 1.37

Figure 4 shows that liquid limit of soil increses 
graduallywith the increses of RHA content. This 
improvement attributed that more water is required for 
the RHA treated soil to make it fluid because of the 
pozalonic characteristics of RHA. Similar trend was 
obtained for plastic limit  that the value of plastic limit 
increases with the increases of RHA due to the 
pozalonic charactericts of RHA as shown in Figure 5.  
This increase of plastic limit implies that RHA treated soil 
required more water to change it plastic state to 
semisolid state. This may also improve the shear 
strength characteristics of soil.
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Fig 4 : Variation of LL with RHA
                                         

Fig 5 : Variation of PL with RHA

The shrinkage limit (SL) is the water content 
where further loss of moisture will not result in any more 
volume reduction. The variation of shrinkage limit and 
shrinkage ration is shown in Figure 6. Figure 6 illustrate 
that as the addition of RHA the value of shrinkage limit 
increases. It is clear from that result that the RHA treated 
soil absorb more water to change it semisolid state to 
solid state. This figure also illustrate the variation of 
shrinkage ratio with the RHA content. The value of 
shrinkage ratio decreases with the increases of RHA .  

Fig 6 :  Variation of Shrinkage Limit(SL) and Shrinkage 
Ratio(SR) with RHA

From the test result of Atterberg limit, changing 
of soil grain size due to the addition of RHA can be 
illustrated by plasticity chart. The effect of RHA on the 
particle size of soil is shown in Figure 7. This figure 
illustrate that initially the soil was clay with medium 
plasticity. Due to the addition of RHA, the soil class 
shifts to silt (due to the increase in particle sizes for the 
aaglomeration of caly particles with RHA) and high 
plasticity zone. For 12.5% of RHA, it changes to silt with 
high plasticity.  

Fig 7 :   Plasticity chart showing the original and RHA 
treated soil

The variation of free swell index with increasing 
RHA content is shown in Figure 8. The free swell index 
gradually decreased from 20% to 17.5% for up to 10% 
RHA content. After the addition of 2.5% more RHA 
content with the soil, it felt down pointedly from 17.5% to 
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10%. So it is clear from the above discussion that 
swelling of soil as well as the possibility of crack 
formation on foundation can be minimized with the 
addition of RHA.  

Fig 8 : Variation of Free swell index with RHA

c) Strength Characteristics
Unconfined compressive strength

The test result of unconfined compressive 
strength is shown in Figure 9. This figure illustrates the 
stress-strain behavior of original and RHA treated soil 
under vertical load. Initially the stress is gradually 
increases with the increase of strain. After attaining the 
peak stress, it decreases with the increase of strain for 
all the combination of RHA and soil. Approximately all 
the specimen shows shear failure after observing the 
failure plane of specimens. The variation of unconfined 
compressive strength for soil at different percentages of 
RHA is shown in Figure 10. There is a rapid increase of 
unconfined compressive strength from 0.06 MPa to 
0.172 MPa with the addition of only 5% RHA. The 
optimum value of unconfined compressive strength 
0.255 MPa were obtained for 10% of RHA content. After 
that, the value of unconfined compressive strength 
decreased from 0.255 MPa to 0.211 MPa for 12.5% of 
RHA content. So it can be accomplished that the 
maximum unconfined compressive strength were 
obtained at 10% of RHA and after that the value of 
unconfined compressive strength decreased with the 
addition of RHA. The following mechanism also explains 
that there is an positive impact of RHA on uncofined 
confined compressive strength.The reason for this 
improvement is due to the pozzolanic reactions of RHA 
with soil.  This results in agglomeration in large size 
particles and causes the increase in compressive 
strength 

  

Fig 9 : UCS of original and RHA treated soil

              

Fig 10 : Variation of UCS with RHA

Mohr-Coulomb’s shear strength parameters
The Mohr-Coulomb shear strength envelops of 

the RHA based composite soils are shown in the Fig. 
11. Fig. 12 shows the variation of the intercept or 
cohesion (c) and angle or frictional angle (φ) 
corresponding lines. This Figure illustrates that the slope 
of the of curve increases with the increases of RHA and 
there is a rapid increase in cohesionupto 5 % of RHA 
content ant it decreases  for the further amount of RHA 
content. The improvement of angle of internal friction(φ) 
implies that the silica content in RHA act as a binder 
which agglomerate the particles into a larger one and 
the soil changes from clay to silt. However, the 10% 
RHA addition gives the outermost shear strength 
envelope.
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Fig 11 :  Shear strength parameters(c &φ) of     
original and RHA treated soil

Fig 12 :  Variation of  shear strength parameters(c&φ)  
with RHA

d) Consolidation characteristics
In this study one dimensional consolidation test 

were performed to determine the consolidation 
characteristics of original and RHA treated soil and the 
corresponding consolidation curves are shown in Figure 
13. The variation of compression index and initial void 
ratio with RHA content are shown in Figure 14. Firstly, 
this plot shows that the compression index (Cc) is 
decreasing gradually from 0.368 to 0.328 with 
increasing RHA for up to 7.5%. The value of Cc 
decreased well under from 0.328 to 0.248 for the 
addition of 10% RHA with the soil and after that it is 
slightly increased from 0.248 to 0.258 for 12.5% RHA 
content. This decrease in compression index implies 
that there could be a result of increased formation of 
pozzolanic products within the pore spaces of soil from 
physicochemical changes (Osinubi et al. 2006) which 
leads to a reduction in compression index. When the 
rice husk ash content exceeds the quantity required for 
the soil-ash reaction, they will be filled between the voids 

of the soil. A more compact state of the soil is probably 
attained. On the other hand the value of initial void ratio 
(eo) increased gradually from 1.305 to 1.378 with 
increasing RHA for up to 7.5%. Then the value of eo

decreased well under from 1.378 to 1.315 for the 
addition of 10% RHA and after that, it decreased slightly 
from 1.315 to 1.314 for 12.5% RHA content.

  

Fig 13 :  Plot of void ratio,e versus effective stress, σ

The variation of compression index and initial 
void ratio with RHA content are shown in Figure 14. 

Figure 14 : Variation of  Initial void ratio(eo) and 
Compression index(cc) with RHA

IV. CONCLUSIONS

In this study the effect of RHA on the 
geotechnical properties of cohesive soil are investigated 
and it can be concluded that there is an improvement of 
all the geotechnical properties of RHA treated soil. It was 
observed that the maximum dry density of soil 
decreased with the addition of RHA because of the
lower specific gravity of RHA. The value of optimum 
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moisture content of RHA treated soil increased because 



 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 

 

 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

of the pozzalonic action of RHA and soil, which needs 
more water. Moreover, the value of liquid limit and 
plastic limit also increased with the increasing 
percentage of RHA whereas the value of plasticity index 
shows different characteristics. Increasing the amount of 
RHA cause a decrease in shrinkage limit as well 
increase in shrinkage ratio which improves the shear 
strength characteristics of soil. The pozzalonic behavior 
of RHA makes the RHA treated soil coarser than original 
soil samples due to the agglomerations of RHA and soil 
particles. This improvement changes the naming of soil 
from clay to silt. The free swell index test result shows a 
negative relationship with RHA as it decreased with the 
increase of RHA content which reduced the possibility of 
crack formation on the surface of foundation. The 
optimum unconfined compressive strength was 
obtained for 10% of RHA content. The best shear 
strength envelope of soil was obtained for 10% of RHA. 
The cohesion of soil shows an increasing order for first 5 
% of RHA and after that this value decreases with the 
addition of RHA whereas the angle of internal friction 
shows a positive relationship with RHA content. From 
the consolidation test result, it can be concluded that 
the values of compression index decreased with the 
increases of RHA and the initial void ration shows 
positive relation with RHA. 
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Abstract - Degradation of soil considered as one of the foremost vulnerability and global threats 
nowadays not only for agricultural production and food security, but also for the environmental challenges 
related to watershed protection, disaster management, bio-diversity conservation, sustainable 
management of natural resources and climate change, furthermore, complication in Civil engineering. In 
Bangladesh where arable lands are less than necessary, certainly susceptible to severe erosion due to 
rainfall and flood, particularly when poor agricultural methods are used or preventive measures are not 
taken. Implementation of Jute Geotextiles (JGT) aided by native vegetation cover was investigated 
intended to design a sustainable and low cost tactic at Beel Dakatia through the entire year of 2009. 
Prime consequences were that erosion, moisture content and runoff are likely to be considerably 
impacted by rainfall intensity, soil surface slope; additionally, combined presence of JGT and vegetation 
cover reduced rate of erosion about 95% and runoff about 70% with respect to bare plots. Hence, play 
noteworthy role to conserve soil and stabilize the slope as well and mitigate susceptibility to degradation. 
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Abstract – Degradation of soil considered as one of the 
foremost vulnerability and global threats nowadays not only for 
agricultural production and food security, but also for the 
environmental challenges related to watershed protection, 
disaster management, bio-diversity conservation, sustainable 
management of natural resources and climate change, 
furthermore, complication in Civil engineering. In Bangladesh 
where arable lands are less than necessary, certainly 
susceptible to severe erosion due to rainfall and flood, 
particularly when poor agricultural methods are used or 
preventive measures are not taken. Implementation of Jute 
Geotextiles (JGT) aided by native vegetation cover was 
investigated intended to design a sustainable and low cost 
tactic at Beel Dakatia through the entire year of 2009. Prime 
consequences were that erosion, moisture content and runoff 
are likely to be considerably impacted by rainfall intensity, soil 
surface slope; additionally, combined presence of JGT and 
vegetation cover reduced rate of erosion about 95% and runoff 
about 70% with respect to bare plots. Hence, play noteworthy 
role to conserve soil and stabilize the slope as well and 
mitigate susceptibility to degradation.
Keywords : Soil Protection, Jute Geotextiles (JGT), 
Watershed Management, Renewable Natural Resource, 
Disaster Management, Soil Strength.

I. INTRODUCTION

oil, one of the most fundamental and essential 
resources of our earth, providing the medium for 
plant growth and water retention; hence make 

certain conservation of life in the earth. Prime soil
resources of the worlds are finite over the human time 
frame, and prone to degradation. Natural balances amid 
pivotal natural resources like soil, water, and plant 
deteriorated due  to  disproportionate  and  Unplanned 
use of these resources for centuries in Bangladesh. 
Consequently,  a substantial amount of  soil loss
becomes  a very common phenomena and one of the

Author  α : Research Associate, SHAKKHOR Environment & Education 
Development Society, Bangladesh. E -mail: tomnhz@gmail.com 
Author  σ : Department of Civil Engineering, Khulna University of 
Engineering & Technology (KUET), Bangladesh.  
Email  : nazmul.shuvo32@gmail.com, manjurkuet@gmail.com,
cehasan06@yahoo.com, kamrul.hasan2k7@gmail.co 

most vital tribulations as it has enormous effects on the 
soil feature, aquatic being, soil productivity in natural 
and managed ecosystems, and on the entire 
environment of the country.(Chowdhury. E. H et. al., 
1988)

Scientists and professionals are sentient about 
apposite utilization of soil, and considered soil erosion 
as one of the most severe environmental problems in 
the earth and ecosystem (Govers, G. et. al 1990). 
Around one-third of the world's coastal regions are at 
soaring jeopardy of soil erosion (Caffyn et al., 2002) for 
the most part, from land-based sources of 
contamination and infrastructure development. Erosion 
is one of the most significant forms of land degradation 
(soil truncation, loss of fertility, slope instability), greatly 
influenced by land use and management (Rey, 2003; 
Bini et al., 2006). Soil erosion would remain an 
imperative global issue for the 21st century because of 
its adverse impact on agronomic productivity, the 
environment, and its effect on food security and the 
quality of life (Esrawan et al., 2001).

Detrimental impact of accelerated soil erosion 
on entire surrounding had been recognized since 
agricultural societies of ancient date back to Plato and 
Aristotle (Marsh, 1864; Lowdermilk, 1953; Dale, 1955). 
Formerly, a handful investigation of the changes and 
comprehensive inventories of components of natural 
resources took place to illustrate the cause, effect, and 
remedy; which leads to modern research. At present, 
the focal causes of land use alteration around the world 
is pervasive use of land for agricultural purposes plus 
substantial expansion of urban areas and changes in 
the land cover. This directly affects ecological landscape 
functions and processes with all-embracing 
consequences for biodiversity as well as natural 
resources (Hansen et al., 2004; State et al., 2001). The 
potential for surface runoff and soil erosion has 
consistently affected by land use, crop growing and 
vegetation cover reduction in an enormous quantity (Van 
Ropey et al., 2001).

Evaluation of soil loss along with runoff 
associated sediment yield is obligatory for the resolution 
of several applied environmental troubles. For instance, 
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this is important to assess contaminant mobility 
(Johansen et al., 2003), efficacy of land management 
treatments (Hastings et al., 2003), post-fire hydrology 
(Johansen et al., 2003) indices of ecosystem health 
(Davenport et al., 1998) and archeological site stability 
(Sydoriak et al., 2000). In favor of the rationale that soil 
quality has influence over to whole ecosystem, this is 
essential to take urgent actions for appropriate 
conservation of this pivotal resource. Although extensive 
attempt has gone into studying and controlling soil 
erosion (Pimentel et al., 1987; Renard et al., 1997; Fullen 
and Booth, 2006) optimization of integrated strategy for 
sustainable system for watershed management is yet to 
commence. 

Sustainable Soil Conservation System (SSCS) 
implies the prudent use land, water and vegetation to 
obtain optimum production along with enhancing the 
productivity of resources in ways that are ecologically  
protective,  socially  acceptable, efficiently  productive, 
economically  viable  and  institutionally sustainable with 
least disturbance to the environment (Hurni, 1997).To 
achieve sustainable  development,  sustainable  
technologies  needed  to  be  developed, transferred  
and  adopted  (Guerin,  2001).   

The intention of the study was to amplify our 
understanding of the effect of different initial soil surface 
roughness and rainfall intensity on runoff and sediment 
yield in a variety of stages of runoff generation for the 
period of comparing the data found from field 
experiment and from the analysis, and optimize JGT as 
stabilizer for land as well technical feasibility study of 
JGT designed for soil erosion reduction, slope 
stabilization and bio-mass augment; hence providing a 
sustainable conservation method for land and 
watershed management in Bangladesh. Moreover, in 
this study, we investigated the rainfall intensity, runoff, 
soil moisture contents and rate of erosion on several 
model beds with the variation of slope. 

The use of JGT for soil surface management 
has not received significant consideration despite their 
potential (Ogbobe et al., 1998). Jute produced in 
Bangladesh was once known as the ‘Golden fiber’ 
accounting for 80% of total world export. In course of 
time with the advent of synthetic material jute lost that 
primary position and had to go for diversification (such 
as JGT) ; nonetheless,  strength  properties  of  JGT  are  
often  superior  to  synthetic  fibers (Mandal, 1987). 
Initially it gets the high strength and non-hazardous 
properties; likewise it is a renewable source of energy as 

 

Influence of vegetation cover on water 
infiltration, runoff and erosion has  been  reported by  
numerous investigators including  Rauzi  (1963),  Orr  
(1970),  Busby  and  Gifford  (1981).Vegetation cover 
provides incredibly imperative function in reduction of 
erosion rate in quite a lot of mode such as interception, 
restraint, retardation, infiltration, transpiration etc (Gray 
and Leiser, 1982). Greenway (1987) notes that roots 
reinforce the soil, increase soil shear strength, reduce 
susceptibility to erosion and extract moisture from soil.

 

II.

 

Study Area

 

The study area was Beel Dakatia, situated at the 
district of Khulna, southwestern part in Bangladesh and 
falls within the Ganges tidal deltaic plain. Lies

 

between 
administrative boundaries of

 

Dumuria

 

and

 

Phultala 
Upazilas of Khulna district (longitudes 89°20'E and 
89°35'E and latitudes 22°45'N and 23°00’N). The climate 
of the area is characterized by sultry summers, 
moderate winters, tropical

 

cyclones, tidal inundation, 
heavy rainfall and salinity. The average annual 
rainfall

 

during is about 1,750 mm. (Rahman 1995; 
Chowdhury 2006) 

 

III.

 

Treatment of JGT

 

Generally jute fiber is swelled and degraded 
within six months in water and less durable in acidic, 
alkaline and other solutions. Therefore some chemical 
treatment is necessary to convert jute into design 
biodegradable (5-20 years) and hydrophobic in nature 
without changing its environmental friendly properties. 
Designed for the treatment purpose firstly, we collected 
JGT from local jute mill, after that we prepared a mixer of 
Copper Sulphate (0.01 kg/m2), Sodium Carbonate (0.1 
kg/m2) and sprayed manually over JGT mat and then 
dried in sun light. As soon as treated JGT were fully 
dried, we laminated the JGT mat by an emulsion made 
from Bitumen (0.5 kg/m2) and Kerosine (0.4 L/m2). 
Finally, we added Sodium Silicate (0.005 kg/m2) solution 
on the bitumen treated surface and a layer of Rice mill 
by product (0.075 kg/m2) and kept it under sun light until 
fully dried. Treated JGT shows following properties:

 

   

Properties of Treated JGT

 

 

 

 

 

Weight ( g/m2)

 

800 

 
Thickness (mm)

 

5

 
Spiral angle (degree)

 

9

 
Water holding capacity %

 

275

 
Tensile strength (kN/m) (MDXCD)

 

18 X 18 

 
Porometry (micron)

 

200

 
Elongation on break %

 

6
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natural bio-mass and it protects soil and can endow with 
instant rain splash and runoff control, creating a stable 
non-eroding environment (Mitchell et al., 2003). It also 
protects seeds in the preliminary stages of vegetative 
growth and helps vegetation establishment (Langford 
and Coleman, 1996).

Table 1 :

Mitigation of Soil Erosion with Jute Geotextile Aided By Vegetation Cover: Optimization of an 
Integrated Tactic for Sustainable Soil Conservation System (SSCS)



 

IV. Research Methodology 

We established study plots within the Beel 
Dakatia in such a way that reflects a variety in the slope 
and vegetation cover. The studies were conducted 
during the year of 2009 on eight 5.0 X 8.0 m runoff plots. 
Runoff plots numbered (P1-P8) consisted of a set of 
eight sheet metal sediment traps with aperture parallel 
to the slope contour. 

We used a profile probe to measure moisture 
contents of soil and implemented a self reading rain 
gauge to measure the rainfall intensity; in addition at 
each site, we also evaluated bulk density and surface 
shear strength. Every plot was different from each other 
in such a manner that at least one of the three 
parameters (Geotextile, vegetation cover, and slope) is 
dissimilar as follows: 
 
 
 
 
 
 

 

 

 
 
 

Table 2 :  Variation among Plots 

We prepared bare plots by removing the grass 
turfs and rotavating the surface and did maintain in a 
bare condition by regular herbicide treatments. To 
maintain perfect slope we used level. After implementing 
JGT mat on four plots, a layer of soil of average     
thickness 100mm was laid over the mat, later the 
surface was finished uniformly.  

We planted native grass in four plots and 
nourished them. We used traps and water stage 
recorder for measurement of soil sediment yield, soil 
splash height, and runoff volume. Total runoff during a 
rain was channeled through traps fabricated from a 
2000 L reservoir and 3 mm mesh hardware cloth in each 
plot. Each trap consisted of a 30 cm diameter circular 
tube inserted into the soil, containing a similar-sized 
funnel on top of the reservoir; however, analogous 
splash traps have been used by Poesen and Torri 
(1988). After collecting the jar we dried the 
sedimentation by oven and weighted them.  

Our study was distinctive in several respects, as 
we physically captured soil and sediment in collector 
traps, more to the point we were able to measure slope 
erosion directly, rather than relying on ocular estimates 
or indirect techniques such as erosion pins (Haigh 1977) 
or erosion bridges (Ranger and Frank 1978). Four 

technicians were employed during the study to monitor 
and evaluate overall criteria. 

V. Results and Discussion 

Variation in erosion rate, runoff and moisture 
content illustrate the competence of each plot to sustain 
against the susceptibility of soil degradation. Results 
showed that during the experimental period total runoff 
from plots aided with both JGT and vegetation cover 
was ~70% and ~35% less than those of bare plots and 
plots with either JGT or vegetation cover respectively 
(Table-3). Sediment yield from the plots with both JGT 
and vegetation cover were about 95% and 65% less 
than those of bare plots and singly treated plots 
respectively. Although, mere implementation of JGT or 
vegetation cover can shrink considerable amount of 
erosion, consequence of combined outcome was 
tremendous. Mean total soil loss equates to 18, 7.5, 5.5 
and 1 t/ha from the bare plots, vegetated plots, JGT 
plots and combined JGT and Vegetated plots 
respectively (Table-3). However, amount of slope is a 
crucial factor for soil degradation, its affect can be 
alleviated by JGT and vegetation cover. 

A broad observation confirms that the JGT 
plays the essential role of catalyst to burgeon native 
grasses. Whereas in the plots with JGT and grasses 
contain at least 40% more grasses than those of the 
plots without JGT implemented. JGT slows down and 
catches runoff so that sediment settles and moisture 
retains in the root zone and encourages vegetation 
growth by creating a congenial climate conductive to 
augmentation on the soil surface. Moreover, the density 
of the grass roots within the soil mass and the root 
tensile strength contribute to the ability of the soils to 
resist shear stress; hence increase the shear strength of 
soil. 

When JGT turn out to be drenched they swell to 
the soil surface, enhancing the tendency to support 
surface micro-topography and hence runoff and erosion 
control. Results put forward JGT aided by vegetation 
cover are very functional in dipping soil erosion and 
runoff. This is for the reason that JGT serve as a 
defensive barrier that dissipates raindrop kinetic energy 
impact. Following severe rainfall (Graph-1), fine 
sediment was visible, trapped by the JGT resulting in 
decreased surface erosion. Besides offering defense, 
JGT might have improved soil organic matter that bind 
soil particles and aid the retention of topsoil structure 
and aggregate stability, thereby reducing surface 
erosion by encouraging infiltration. Both of the remedial 
processes increase the quantity of moisture content 
(Graph-2). This is due to the intermingle opening of JGT, 
which provides a porous soil condition and water 
passes into the underlying soil, in contrast grasses 
absorb moisture in the root zone. Outcome of the 
treatment in the plots corroborate the significance of 
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retaining protective vegetative covers on sloping land. In 
view of the fact that vegetation cover serve as a 
shielding hurdle that squanders the impact of raindrop 
kinetic energy. Every part of these aspects may perhaps 
have contributed to the increased effectiveness of JGT 
in attenuation of soil erosion and total runoff.  

VI. Conclusion 

The results subsequent to one year of research 
signify the combined implementation of JGT aided by 
native vegetation cover drastically trimmed down soil 
erosion rate and runoff. Intended for sustainable soil 
conservation by means of eco friendly, low cost 
technology combined application of JGT and vegetation 
cover can be the factual competent as JGT has distinct 
advantages in respect of each variable determinant. 
JGT is excellent design biodegradable, anionic, price-
competitive and environment friendly material; besides 
its flexibility and distinctive physical characteristics 
coupled with its high spin ability make it an ideal 
material for new technical applications. Even though we 
have been able to formulate several preliminary 
comparisons and note general trends, further adaptive 
relentless research with technology development and 
participatory dissemination addressed along with 
existing functioning relations between the government, 
multilateral development partners and the local people 
will be necessary prior to obtain optimum outcome. 
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Graph-1 :  Monthly Rainfall Measured at Site 

0

100

200

300

400

500

600

Ra
in

fa
ll 

(m
m

)

Month

Monthly  rainfall measured at
Beel Dakatia in 2009

l 

G
lo
b a

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

V
ol
um

e 
 X

II
  

Is
su

e 
vvvvII
  

V
er
si
on

 I
 

  
  
  

  
  

  
  

  
  

13

( E
)

 ©  2012 Global Journals Inc.  (US)

      
20

12
  

e
b
r
u
a
r
y

F

Mitigation of Soil Erosion with Jute Geotextile Aided By Vegetation Cover: Optimization of an 
Integrated Tactic for Sustainable Soil Conservation System (SSCS)

Rainfall (mm)



 

 

   

 

 

 

 

 

 

   

 

  

 

 
 

 

 
 

 
    
    
    
    
    
    
    
    

    
20

12
  

e
b
r
u
a
r
y

F
G
l o
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   
  

V
ol
um

e 
 X

II
  

Is
su

e 
vvvvII
  

V
er
si
on

 I
 

14

( E
)

©  2012 Global Journals Inc.  (US)

Mitigation of Soil Erosion with Jute Geotextile Aided By Vegetation Cover: Optimization of an 
Integrated Tactic for Sustainable Soil Conservation System (SSCS)

  

0

10

20

30

40

50

P1 P2 P3 P4 P5 P6 P7 P8

M
oi

st
ur

e 
co

nt
en

t (
%

)

Plot

Variation in Moisture content (%) at different  
plot in August (2009)

Moisture content (%) at 20 cm 
depth in August (2009)

Plot Erosion Value
Measured in the 
site (g/m2)

Erosion Rate 
Equivalent
t/ha/yr

Runoff 
(L/m2)

P1 21050 21 79.5
P2 17308 17.3 71.9
P3 8255 8.2 49.5
P4 7005 7.1 43.3
P5 6140 6.1 43.6
P6 4920 4.9 35.5
P7 1150 1.1 20.8
P8 809 0.8 17

Graph-2 : Moisture Content at Different Plots in 20 cm Depth

Table-3 : Measured Variation in Erosion And Runoff
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Aggregate    
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Abstract - This research paper outlines the method of preparation, testing procedure and salient results 
on the eco-friendly concrete that is manufactured using the waste products of steel industries. Results of 
eight flexural behaviour of Steel slag concrete beams and thier comparison with normal weight concrete 
(NWC) with reinforcement and without reinforcements are presented and discussed .The concrete is of 
grade 20 and the reinforced concrete beams of size 150 mm x 150 mm x 900 mm were prepared to study 
the structural behaviour. Similar grade concrete using NWC were also prepared and reinforced. It has 
been observed from the experimental investigation of the beams, that the moment capacity of SSRC 
beams was higher than NWC beams . In addition, the mode of failure observed in SSRC was ductile 
compared to the brittle failure of NWC beams. Thus, the SSRC beams showed a ductile failure, giving 
amble warning before failure happened. SSRC beams also exhibited a lot of cracking thus the crack width 
and crack spacing was small. The other advantage for SSRC beams was deflection. The SSRC beams 
exhibited higher deflection under constant load until failure, compared to NWC beams that failed in brittle 
manner without warning.  
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Moment Capacity, Cracking Behaviour And 
Ductile Properties Of Reinforced Concrete 

Beams Using Steel Slag As A Coarse Aggregate 
Arivalagan. S

Abstract - This research paper outlines the method of 
preparation, testing procedure and salient results on the eco-
friendly concrete that is manufactured using the waste 
products of steel industries. Results of eight flexural behaviour 
of Steel slag concrete beams and thier comparison with 
normal weight concrete (NWC) with reinforcement and without 
reinforcements are presented and discussed .The concrete is 
of grade 20 and the reinforced concrete beams of size 150 
mm x 150 mm x 900 mm were prepared to study the structural 
behaviour. Similar grade concrete using NWC were also 
prepared and reinforced. It has been observed from the 
experimental investigation of the beams, that the moment 
capacity of SSRC beams was higher than NWC beams . In 
addition, the mode of failure observed in SSRC was ductile 
compared to the brittle failure of NWC beams. Thus, the SSRC 
beams showed a ductile failure, giving amble warning before 
failure happened. SSRC beams also exhibited a lot of cracking 
thus the crack width and crack spacing was small. The other 
advantage for SSRC beams was deflection. The SSRC beams 
exhibited higher deflection under constant load until failure, 
compared to NWC beams that failed in brittle manner without 
warning.  
Keywords : Steel slag reinforced concrete (SSRC), 
Structural Behaviour, Failure Mode,Ductile Behaviour, 
crack study. 

I. Introduction 

urrently India has taken a major initiative on 
developing the infrastructures such as express 
highways, power projects and industrial 

structures etc., to meet the requirements of 
globalization. In the construction of buildings and other 
structures concrete plays the rightful role and a large 
quantum of concrete is being utilized. Use of more and 
more environment-friendly materials and industrial 
wastes in any industry in general and construction 
industry in particular, is of paramount importance. A 
number of studies have been conducted concerning the 
protection of natural resources, prevention of 
environmental pollution and contribution to the economy 
by using the waste material like fly ash and steel slag. 
This would pose problem for their safe disposal and 
Sometimes degrades the environment. The structural 
grade  Steel  slag  concrete  produced  using  Slag  is  a 
 
Author : Post doctoral fellow,Professor and H.o.D Dept. of Civil 
Engineering Dr.M.G.R Educational and Research Institute, 
Dr.M.G.R University, Chennai, Tamil Nadu, India. 
Phone: 9444738687, E-mail : arivu357@yahoo.co.in 

byproduct of metal smelting in the process of refining 
metals and making alloys referred to hereafter as SSRC. 
Slag appears in concrete, aggregate road materials, as 
ballast, and is sometimes used as a component of 
phosphate fertilizer. Like other industrial by products, 
slag actually has many uses, and rarely goes as waste. 
Ashour (2000) concluded from his investigation the 
members with a displacement ductility in the range of 3 
to 5 has adequate ductility and can be considered for 
structural member subjected large displacements, such 
as sudden force caused by earth quake. Delsye et 
al.(2006) conducted an experiment on light weight 
concrete beams made with oil palm shell. From their 
research it was concluded that all the LSC beams are 
satisfied all the serviceability requirements as per ACI 
318 and BIS 8110 codes. Ganesan et al(2007) 
conducted an experimental programme has been 
carried out to compare the behaviour of high 
performance concrete (HPC) and steel fibre reinforced 
high performance concrete (SFRHPC) flexural members 
under two point loading. Results indicate that 
introduction of steel fibres significantly improves the 
cracking behaviour in terms of significant increase in 
first crack load and the formation of large number of 
finer cracks. However, only marginal improvement was 
observed in the case of ultimate load. Addition of steel 
fibres to HPC imparted high ductility to structural 
members which is essential for seismic force resisting 
structures. Hisham Qasraui et al. (2009) studied the 
effect of waste material of steel plant in concrete. In their 
investigation local unprocessed steel slag was used in 
concrete as fine aggregate replacing the sand partly or 
totally. The compressive strength of concrete was 
reported to be improved when steel slag is used for low 
sand replacement ratio (up to 30%). Johnson 
Alengaram et al, (2008) conducted experiments on palm 
kernel shell concrete and its comparison with normal 
weight concrete (NWC). From their work they conclude 
that the PKSC beams showed a ductile failure, giving 
ample warning before failure. PKSC beams also 
exhibited a lot of cracking thus the crack width and 
crack   spacing   were   small. The  other  advantage  for 
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PKSC beams was deflection. The PKSC beams 
exhibited higher deflection under constant load until 
failure, compared to NWC beams that failed in brittle 
manner without warning. Khidhair et al. (2009) has used 



 

the steel slag as replacement of aggregate in the 
concrete. The results showed that the density of 
concrete, compressive strength, flexural strength after 7 
days and 28 days were increased by increasing slag 
content while water absorption was decreased by 
increasing slag content. Matsunaga et al. (2003) have

 

prepared SSC with small amount of an alkali activator 
(calcium hydroxide or lime dust). The compressive 
strength of these SSC products was reported to exceed 
18 N/mm2, which is the general design strength of 
breakwater blocks. It was also reported that the 91 days 
compressive strength is approximately 1.3 times greater 
than 28 days strength. Ramakrishnan et al. (1987) 
studied the flexural fatigue performance of concrete 
reinforced with collated hooked-end steel fibres of size 
50 mm× 0.50 mm and 60 mm×0.80 mm. Two different 
fibre volume fractions of 0.50% and 0.75% were tested. 
After addition of these

 

fibres to the concrete, the ductility 
and post-crack energy absorption capacity were greatly 
increased. 

 

II.

 

Research Significance

 

The present investigation was planned to study 
the performance of SSRC beams containing slags as a 
coarse aggregate subjected to

 

flexural bending loading. 
Concrete containing five volume fractions of steel slags 
of 10%, 20%, 30%, 40% and 50% with steel slag is 
tested. The flexural bending tests of SSRC were 
determined for different volume fractions of steel slags 
and compared with that of plain and reinforced concrete 
beams.

 

III.

 

MATERIAL PROPERTIES

 

a)

 

Steel Slag-Physical and Chemical Properties

 

Steel slag aggregates are highly angular in 
shape and have rough surface texture. They have high 
bulk specific gravity and moderate water absorption 
(less than 3 percent) The physical properties of steel 
slag are shown in Table 1. 

 
 

 

 
 

 

 

 

            

               

 
 

 
 
 
 
 
 
 
 
 
 
 
             Table 1

 

:

 

Typical physical properties of steel slag

 
 

 
 
 
 
 
 
 
 
 
 
 

 

Table 2

 

:

 

Typical

 

steel slag chemical composition

 
 

The chemical composition of slag is usually 
expressed in terms of simple oxides calculated from 
elemental analysis determined by X-ray fluorescence. 
Table 2 lists the range of compounds present in steel 
slag from a typical base oxygen furnace. Virtually all 
steel slags fall within these chemical ranges but not all 
steel slags are suitable as

 

aggregates

 

of more 
importance is the mineralogical form of the slag, which 
is highly dependent on the rate of slag cooling in the 
steel-making process. The cooling rate of steel slag is 
sufficiently low so that crystalline compounds are 
generally formed.

 

Free calcium and magnesium oxides 
are not completely consumed in the steel slag, and 
there is general agreement that the hydration of 
unslaked lime and magnesia in contact with moisture is 
largely responsible for the expansive nature of most 
steel slags. Steel slag is mildly alkaline, with a solution 
pH generally in the range of 8 to 10. However, the pH of 
leachate from steel slag can exceed 11, a level that can 
be corrosive to aluminum or galvanized steel pipes 
placed in direct contact with the slag.

  
b)

 

Concrete Properties

 

The concrete mix was made with ordinary 
Portland cement, river sand and coarse aggregate of 
maximum size 20mm. Cement, sand and coarse 
aggregates was 1:1.5:3

 

in proportion by weight. Steel 

Property

 

Value

 
Specific Gravity 

 

3.2 -

 

3.6

 
Unit Weight, kg/m3

  

1600-1820

 
Absorption

 

up to 3%

 
Maximum size of aggregate, mm

 

16.00

 
Aggregate impact value (%)

 

8.00

 
Aggregate crushing value (%)

 

9.00

 

Constituent

 

Composition (%)

 

CaO

 

40 -

 

52 

 

SiO2

 

10 -

 

19

 
FeO

 

10 -

 

40

 

(70 -

 

80% FeO, 20 -

 

30% Fe2O3)

 

MnO

 

5 -

 

8

 

MgO

 

5 -

 

10

 

Al2O3

 

1 -

 

3

 

P2O5

 

0.5 -

 

1

 

S

 

< 0.1

 

Metallic Fe

 

0.5 -

 

10
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Figure 1 : Steel slag used for concrete mix

slag of 0.5 mm diameter and 30 mm length was used 
for the entire concrete mix. Steel slags are obtained from 



 

from ordinary

 

Portland cement, river sand and coarse 
aggregates

 

maximum 20mm, and steel fibers were 
added to the dry mix of the materials.

 

Water was then 
added to the mix to prepare the concrete. The W/C ratio 
for the mix was 0.50. After through mixing, beam 
specimens were cast along with companion cube 
moulds to measure the compressive strength of 
concrete. All the beams and companion cubes

 

were 
compacted properly. The beam specimens were 
stripped from their moulds after 24 hours and 
submerged in water tank for 28 days for curing after 
casting. Before testing, the beams were coated with 
whitewash to facilitate the observation of cracking 
pattern.

 IV.

 

EXPERIMENTAL

 

PROGRAM

 In the present investigation, tests (Figure:2) 
were conducted on ten beam specimens of 150 
mmX150 mm X 900 mm cast in moulds. Specimens 
labels are shown min Table 3 according to the volume of 
steel slag added in to the concrete. The steel slags are 
added in to 10%-50%. The beams referred as 10% of 
steel slag as SSRC1 respectively. The reinforcement 
used are 2 Nos. of 12mm diameter bar for all the 
beams. All the nine beams were tested in a Universal 
Testing Machine (U.T.M) of capacity 40 tonnes available

 
in the structural Engineering Laboratory of Dr.M.G.R 
University. During testing, the beams were preloaded 
with a minimal force of 0.5 kN to allow initiation of the 
diagauges. The developments of cracks were observed 
and crack width was measured at the level of tensile 
reinforcement using a hand-held microscope with 
sensitivity of 0.02 mm. All strain, crack width and 
deflection measurements were measured at every load 
increment. The first crack load was noted immediately 
after its formation and all the cracks were marked as 
and when they propagated in the beam.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Figure  2 :  Experimental set up 

V. TEST RESULT AND DISCUSSION 

a) Ultimate moments and Cracking Behaviour 
A comparison between the experimental 

ultimate moments (Mult) and the theoretical design 
moments are shown in Table 3. The theoretical design 
moments (Mdes) of the beams was predicted using the 
parabolic rectangular stress block analysis are 
recommended by IS 456-2000. For slag beams, the 
ultimate moment obtained from the experiments was 
approximately 2% to 32% higher compared to predicted 
values. From the performed tests, it was observed that 
for steel slag concrete beams, IS 456 can be used to 
obtain a conservative estimate of the ultimate moment 
capacity and also adequate load factor against failure.  
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north Chennai steel plant. First dry mix was prepared 



 

Table 3 : Comparison between experimental and theoretical ultimate moments 

 
Crack widths were measured at every load 

interval at the tension steel level and the crack 
formations were marked on the beam.  The initial cracks 
were occurred at about 15% to 30% of the ultimate load. 

It was noticed that first crack always appeared close to 
the midspan of the beam. The cracks formed on the 
surface of the beams were mostly vertical, suggesting 
failure in flexure. 

  

 

 

 

 

 

 

 

 

Flexure failure pattern of  S.S.R.C beam 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shear failure of Plain S.S.C beam 

Figure 5 :  Failure pattern of concrete beams 

b) Deflection behaviour 
Figures 4 show the typical experimental load-

deflection curves for steel slag concrete beams. In all 
beams, before cracking occurred, the slope of the load-
deflection curved was steep and closely linear. Once 

flexural cracks formed, a change of slope of the load-
deflection curve was observed and this slope remained 
fairly linear until yielding of the steel reinforcement took 
place. 

Beam No. Experimental Ultimate 
moment(kN m)  

Theoretical design moment 
(kN m)  

Capacity ratio of Steel slag concrete 
beams  NWC  6.94 5.24 1.32 SSRC1 6.81 5.24 1.30 SSRC2 6.68 5.24 1.27 SSRC3 6.41 5.24 1.22 SSRC4 5.87 5.24 1.12 SSRC5 5.61 5.24 1.07 PSCB1 5.34 5.24 1.02 PSCB2 4.67 5.24 0.90 PSCB3 2.54 5.24 0.50 PCCB 5.34 5.24 1.02     
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Table 4 compares the predicted midspan 
deflection under service moments with the experimental 
values. The predicted deflection is calculated from load 
values according to the strength of materials equation, 
using the formula 

 
35Wl  

163EI 
∆ =                                    (1) 

 
Where, 
∆   = Midspan deflection  in mm,  
W  = Load acting on the beam  in kN, 
 l   = Effective span of the beam in mm and  
EI  =  Flexural rigidity in N/mm2.  
 

It was observed that the deflection obtained 
from the experiment at the service moments compares 
reasonably well to the predicted deflection. The modulus 
of elasticity of concrete very much governed by the 
stiffness of the coarse aggregate. From the properties in 
Table 1, it can be seen that steel slag is porous in nature 

also equal density compacted to granite, which directly 
influence the stiffness of the aggregate. Due to the 
equal modulus of elasticity of the steel slag beam when 
compared to R.C.C beam, the deflection under the 
service loads is acceptable as the span–deflection ratios 
ranged between 167 to 291 and are within the allowable 
limit provided by IS 456. IS 456 recommends an upper 
limit of span/250 for the deflection in order to satisfy the 
appearance and safety criteria of a structure.  

From the load deflection graph it is observed 
that the beams beam behave similar to  conventional 
R.C.C beams and 10% to 50% steel slag to concrete 
shows behaviour at the yield point and have further 
yielded with loads. Particularly the beam specimens with 
normal concrete have no ductile failure the failing in 
compression remaining all specimens are failure in 
shear failure. Hence it is also observed that  the grade of 
concrete and reinforcement ratio and spacing of stirrups 
have certain effects on the flexural behaviour of 
reinforced concrete beam. 

 
Table 4 : Deflection of concrete beams at service load moments 

 

Beam No. 

Deflection 
form 
experiment 
∆exp  (mm) 

Theoretical 
deflection 
∆the   (mm) 

∆exp / 
∆the Span/∆exp 

Displacement 
Ductility ratio 
μ = ∆u/Δy  

Mode of 
failure 

NWC 4.50 1.51 2.98 174 3.46 Flexure 
SSRC1 5.50 1.63 3.37 167 3.67 Flexure 
SSRC2 4.53 1.41 3.21 173 3.11 Flexure 
SSRC3 5.72 1.76 3.23 151 3.00 Flexure 
SSRC4 4.00 1.35 2.96 291 3.00 Flexure 
SSRC5 4.20 1.30 3.23 229 2.80 Flexure 
PSCB1 5.50 1.50 3.67 276 2.11 Shear 
PSCB2 5.30 1.40 3.78 320 2.00 Shear 
PSCB3 4.95 1.25 3.96 267 1.76 Shear 
PCCB 4.50 1.20 3.75 162 1.88 Shear 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4
 
:
 
Load Vs Deflection of tested beams
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c) Ductility Behaviour 
The ductility of reinforced concrete structures is 

also of paramount importance because any member 
should be capable of undergoing large deflection at 
near maximum load carrying capacity, providing ample 
warning to the imminence of failure. In this study, the 
displacement ductility was investigated. Table 4 shows 
the ductility of the tested steel slag concrete beams. The 
displacement ductility ratio is taken in terms of μ = 
∆u/Δy, which is the ratio of ultimate to firest yield 
deflection, where ∆u  is the deflection at ultimate 
moment and Δy is the deflection when steel yields. In 
general, a high ductility ratio indicates that a structural 
member is capable of undergoing large deflections prior 
to failure. In this investigation it was observed that the 
steel slag beams have ductility  ratio of more than 3 
which means relatively good ductility. One of the 
important factors contributing to the good ductility 
behaviour of the steel slag beam was toughness and 
good shock absorbance nature of steel slag aggregate 
as indicated by the aggregate crushing value and 
aggregate impact value from Table 1. Ashour (2000) 
mentioned that the members with a displacement 
ductility in the range of 3 to 5 has adequate ductility and 
can be considered for structural member subjected to 
large displacements, due to sudden force caused by 
earthquake.  

VI. CONCLUSION 

From the experiments conducted, it was 
generally observed that the investigation of flexural 
behaviour of steel slag concrete beam gives 
encouraging results in favor steel slag to be used as 
coarse aggregate.  
 
1. All steel slag concrete beams showed typical 

structural behaviour in flexure. The overall flexural 
behavior of SSRC beams used in this study closely 
resembles that of equivalent beam made with NWC. 

2. The experimental ultimate moment gives a 
conservative estimate for steel slag concrete beams 
for 7% to 32% of a theoretical ultimate moment. 

3. Deflection of steel slag concrete beams calculated 
using Equation (1) under service loads can be used 
to give reasonable predictions. The deflection under 
the service loads for beams were within the allowable 
limit provided by IS 456(2000). 

4. Steel slag beams showed good ductility behaivour. 
All the beams exhibited considerable amount of 
deflection, which gives enough warning before 
failure. 

5. The crack widths at service loads varies from 0.20 
mm to 0.45 mm and this was within the maximum 
allowable limits. 
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Stabilisation of Black Cotton Soils Using Fly Ash, 
Hubballi-Dharwad Municipal Corporation Area, 

Karnataka, India 
Udayashankar D.Hakari α , S.C.Puranik σ 

Abstract  Urbanisation and growth in the economy of tier-2 
cities of India have led to the steep increase in the building 
construction activities and has necessitated the 
implementation of infrastructure projects such as highways, 
railways, air strips, water tanks, reclamation etc. These 
projects invariably require quality earth in massive quantity. In 
urban areas, borrow earth is not easily available which has to 
be hauled from a long distance. Quite often, large areas are 
covered with highly plastic and expansive soil, which is not 
suitable for such purpose. The twin city of Hubballi-Dharwad is 
a fastest growing tier-2 city of Karnataka state and is the 
second largest city of the state just next to Bangalore. The 
wide spread of the black cotton soil in the twin city of Hubballi-
Dharwad has posed challenges and problems to the 
construction activities. A task was therefore undertaken to 
investigate and improve the engineering properties of the 
black cotton soils of Hubballi-Dharwad Municipal Corporation 
area  so that, a better understanding is facilitated for the civil 
engineering practitioners, while dealing with these soils. The 
West Coast Paper Mills, Dandeli (Karwar Dist, Karnataka), 
located at about 60 km. from Hubballi-Dharwad generates 
huge quantity of fly ash and the fly ash management is posing 
serious problem. Considering the proximity and availability 
aspects, the Dandeli fly ash was chosen to be used for the 
task, as a stabilizer of black cotton soil. The paper investigates 
the effect of Dandeli fly ash treatment to the black cotton soils 
of Hubballi-Dharwad on their index, compaction and strength 
properties in an effort to improve their geotechnical 
characteristics. It is observed that the geotechnical    
properties of    the    Hubballi-Dharwad    black   cotton   soils 
improve considerably by using Dandeli fly ash as stabilizer. 
The plasticity parameters such as liquid limit, plastic limit and 
shrinkage limit exhibit favorable changes in their values i.e. the 
liquid and plastic limits decrease while the shrinkage limit 
increases with the addition of  fly ash. The  compaction  
characteristics viz. the maximum dry density  increases with 
the corresponding decrease in the optimum moisture content. 
The California bearing ratio as well as the unconfined 
compressive strength of these soils show an increase in their 
values upon the addition of fly ash. The study reveals that the 
most favourable results can be obtained by using the fly ash at 
20% to 40% which may be termed as optimum percentage of 
fly ash that can be mixed with the soils under study. 
 
Author α: Asst. Professor, Department of Civil engineering,   
S.D.M.College of Engineering and Technology, Dharwad – 580 002, 
Karnataka, India. (Cell phone:+9194819 30359,  
Email:  uday.hakari@gmail.com)  
Author  σ:   Professor, Department of studies in Geology, Karnatak 
University, Dharwad – 580 003, Karnataka, India.  
(Telephone: +919448029155, Email: puranik_sc@yahoo.co.in) 

Keywords : Stabilisation of black cotton soils, Fly ash, 
Hubballi-Dharwad Municipal Corporation, Karnataka, 
India. 

I. INTRODUCTION 

he black cotton soils possess low strength and 
undergo excessive volume changes, making their 
use in the constructions very difficult. The 

properties of the black cotton soils may be altered in 
many ways viz. mechanical, thermal, chemical and other 
means. Modification of black cotton soils by chemical 
admixtures is a common stabilisation method for such 
soils (Bell, 1993). Among various admixtures available 
lime, fly ash and cement are most widely and commonly 
used for the stabilisation of the black cotton soils. Fly 
ash contains siliceous and aluminous materials 
(pozzolans) and also certain amount of lime. When 
mixed with black cotton soils, it reacts chemically and 
forms cementitious compounds. The presence of free 
lime and inert particles in fly ash suggests that it can be 
used for stabilisation of expansive soils (Indraratna 
et.al., 1991).      

The Hubballi-Dharwad Municipal Corporation 
(HDMC) area lies between 15 ° 18' 25'' - 15° 30' 47'' 
North latitudes and 74° 57' 37'' - 75° 11' 0'' East 
longitudes.  Hubballi-Dharwad is a twin city in the state 
of Karnataka and is considered as second biggest city 
in the state and is the largest city corporation in the state 
next only to Bangalore. It is recognized as the 
commercial hub of the North Karnataka region with 
tremendous increase in the commercial and industrial 
activities taking place in the twin city at present. In order 
to provide a matching infrastructure for sustaining the 
growing economy, there has been a rapid change in the 
land use in the twin city. Most of these areas comprise 
of agricultural fields with the black cotton soil coverage. 
As a matter of fact, the construction of the buildings, 
roads and other structures on these expansive soils has 
become inevitable. The wide spread of the black cotton 
soil in the twin city of Hubballi-Dharwad has posed 
challenges and problems to the construction activities. 
However no work has so far been carried out with 
regards to the stabilisation of Hubballi-Dharwad black 
cotton soils and to study the effect of fly ash on these 
soils in improving their geotechnical properties. The 
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possible use of fly ash for stabilizing these soils has 
been explored in this study.  

The West Coast Paper Mills, Dandeli (Karwar 
dist, Karnataka), located at about 60 km. from Hubballi-
Dharwad, generates huge quantity of fly ash and its 
disposal and management is posing serious problem. 
Considering the proximity of the source and availability 
aspects as well, the Dandeli fly ash (DFA) has been 
preferred and used for the stabilisation of the black 
cotton soils under study. Fig. 1 shows the location 
details of Dandeli and Hubballi-Dharwad. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 :  Karnataka state map showing the location of 
             Hubballi-Dharwad and Dandeli 

II. REVIEW OF EARLIER WORK 

A number of researchers have worked in 
developing different methods of soil stabilization, which 
are practical and economical. Amarjit Singh (1967) 
reported the use of fly ash and lime for stabilizing soils in 
road construction. Amos and Wright (1972) have 
studied the effect of mixing fly ash with black cotton 
soils. In the recent past, many researchers have carried 
out experimental and field studies for the stabilization of 
expansive soils using fly ash. Yudhbir and Honjo (1991) 
stated that the pozzolanic fly ashes can be 
advantageously made use of to improve the 
geotechnical properties of black cotton soils.  
Modification of black cotton soils by chemical 
admixtures is commonly adopted method for stabilizing 
the swell-shrink tendency of expansive soils (Bell, 1993). 
Sivapullaiah et.al.(1996) reported that the addition of fly 
ash decreased the liquid limit of black cotton soils and 
studied the effect of fly ash on the index properties of 
these soils from Karnataka, India. Bhoominadhan and 
Hari (1999) proposed the use of fly ash in construction 
works like brick making and soil stabilization. Cokca 
(2001) studied the effect of fly ash on expansive soils 
and he concluded that fly ash can be recommended as 
an effective stabilizing agent for the improvement of 
expansive soils. Pandian et.al.(2002) studied the effect 

of Raichur fly ash and Neyveli fly ash on the CBR 
characteristics of black cotton soils from Karnataka, 
India and  reported the beneficial aspects of the fly ash-
soil mixes in road construction.  Phanikumar and 
Sharma (2004) presented the effect of fly ash on free 
swell index, swell potential, plasticity, compaction, 
strength characteristics of expansive soils and 
concluded that the fly ash improves the plasticity, 
compaction and strength characteristics of black cotton 
soils obtained from Andhra Pradesh, India.  

The stabilization of black cotton soils with fly 
ash is thus well recorded and recognized in the 
literature; particularly in the past two decades. 

III. MATERIALS AND METHODS 

The  properties of the materials used and the 
details of the methods of testing are as follows. 

a) Materials used 
 i Black cotton soil 

Twenty natural black cotton soil samples were 
collected from different locations of Hubballi-Dharwad 
Municipal Corporation (HDMC) area were studied for 
their expansive characters. These samples have been 
identified for their swell potential and have been broadly 
grouped into three categories based on their degree of 
expansiveness and problematic nature as (i) Highly 
expansive and problematic group, (ii) Moderately 
expansive and problematic group and (iii) Least 
expansive and problematic group (Hakari and Puranik, 
2010). In the present work, one sample from each of the 
above category has been considered for the 
stabilisation study. The location and the category of 
these samples are indicated below: 

About 200 kg. of the above black cotton soil 
samples were collected by open excavation from a 
depth of 1 meter from the natural ground level. The soil 
samples were air dried and pulverized to pass through 
IS 425 micron sieve before testing. The geotechnical 
properties of the above soils are given below at Table-1. 

 

 

Sl.no. Soil 
sample 
no.  

Location  Category of soil  

1 
 
 
 
2 
 
 
 
3 

BC  8  
 
 
 

BC 10  
 
 
 

BC 11  

Charanthimath 
Gardens,  
Dharwad.  

 
Shalini Lay out, 
Gadag Road, 
Hubballi.  

 
Adjacent High 
Court,  Dharwad.  

Highly expansive and 
problematic soil  

 
Moderately  expansive 
and problematic soil  

 
Least expansive and 
problematic soil  
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ii. Fly ash 

The fly ash used in this work is procured from 
“The West Coast Paper Mills, Dandeli, Karwar District,  

Karnataka. It is located reasonably near at about 60 
kms. from Hubballi-Dharwad twin city. The fly ash 
sample is designated as DFA (Dandeli Fly Ash). The 
DFA belongs to class-F category and its chemical 
composition and physical properties are given below in 
the Table-2 (a) and (b) respectively. 

iii.
 
Black cotton soil and DFA mixes

 
 
The black cotton soil samples were mixed with 

DFA on dry weight basis in varying percentages of 10%, 
20%, 30%, 40%, 50% and 60%. The corresponding 
mixes have been designated as M-10, M-20, M-30, M-
40, M-50 and M-60 respectively. M-0 indicates virgin soil 
sample. The finely blended mixes were then kept for 
oven drying for 24 hours and tests were conducted 
immediately after wet mixing with water in required 
quantity depending on the test. For the strength test, 
curing periods of 7, 14 and 28 days were considered.

 

Table 2
 
(a):

  
Chemical composition of Dandeli Fly ash 

(DFA)
 

Table 2

 

(b): 

 

Physical properties of Dandeli Fly ash

 

(DFA)

 

b)

 

Tests conducted

 

The tests for the determination of specific 
gravity, Atterberg limits, compaction parameters, 
unconfined compressive strength and California bearing 
ratio were conducted as per relevant I.S. codes.

 
 
 

IV. MATERIALS AND METHODS 

a)  Liquid limit 

The results indicating the effect of varying 
percentages of DFA on the liquid limits of selected black 
cotton soil samples are presented in Fig.2. 

The liquid limit decreases with the addition of fly 
ash. The results show a considerable decrease in the 
liquid limit upto 30% increase in the fly ash percentage    
(i.e. M 30 mixes) and then after the decrease is 
observed to be marginal for further increase of fly ash 
percentage. The liquid limit of the black cotton soils is 
essentially controlled by the thickness of the diffused 
double layer and the   shearing  resistance at  particle 
level.  The addition  of fly ash results in the decrease of 
liquid limit due to the effect of reduction in the diffused 
double layer thickness as well as due to the effect of 
dilution of clay content of the mix. The decrease of liquid 
limit becomes very marginal or nil beyond 50 – 60 % of 
fly ash. This is due to the increased dilution effect i.e. 
due to the increased percentage of coarser size 
particles in the mix because of the increased 
percentage of fly ash. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Constituents

 

Percentage

 

(%)

 

Silica  (Si O2)

 

Alumina  (Al2 O3)

 

Ferric oxide  ( Fe2 O3)

 

Calcium oxide  (CaO)

 

Magnesium oxide(MgO)

 

Titanium Oxide  (Ti O2)

 

Loss on ignition

 

57.00

 

23.00

 

8.32

 

2.70

 

0.83

 

0.23

 

7.92

 

Sl.no.

 

Property

 

Value

 

1.

 
 

2.

 
 
 
 
 

3.

 

Specific gravity

 
  

Grain size distribution:

 

Clay size

 

Silt size

 

Fine sand size

 
 

Atterberg limits:

 

Liquid limit

 

Plastic limit

 

Plasticity index

 

Shrinkage limit 

 

2.07

 
 
 

4.0 %

 

85.0 %

 

11.0 %

 
 
 

59.0 %

 

Non-plastic

 

--

 

Varies with initial water  
content
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Category under which  
the soil is identified

Least expansive and 
problematic soils

Moderately expansive 
and problematic soils

Highly expansive and 
problematic soils

Soil sample no.      → BC  8 BC 10 BC  11

Properties               ↓
Plasticity characteristics :
Liquid limit (%)
Plastic limit (%)
Plasticity index (%)
Shrinkage limit (%)

   Compaction characteristics :
Optimum moisture content   (OMC) (%)
Maximum Dry Density (MDD)  (gm/cm3)
California Bearing Ratio  (CBR)  (%) 

Strength  characteristics :
    Unconfined compressive strength(UCS)(kN/m2)

54.6
13.6
41.0
9.5

23.5
1.86
4.05

116.3

50.7
18.5
32.2
12.2

32.0
1.60
2.50

72.5

68.4
23.2
45.2

10.62

31.0
1.65
0.96

74.5

                     Table 1 : Geotechnical properties of the selected black cotton soil samples

VARIATION OF LIQUID LIMIT WITH  FLY ASH %
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  Fig. 2 : Variation of liquid limit with DFA percentages

VARIATION OF PLASTIC LIMIT WITH  FLY ASH %
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Fig. 3 : Variation of plastic limit with DFA percentages

b) Plastic limit  
Fig.3 shows the variation of the plastic limit of 

the samples with DFA percentages. As can be seen 
from the graph, the addition of fly ash results in a steady 
decline in the plastic limit of the soils. The decrease of 
the plastic limit is observed to be more significant for the 
sample BC 8   as compared to the samples BC 10 and   
BC 11.

On addition of fly ash, the plastic limit of the soil 
may increase due to flocculation owing to  the  presence 
of  free lime in the fly ash.  But in the case of DFA, the 
free   lime content is not sufficient enough as to increase 
the plastic limit and hence no such change is observed. 
Further increase in the addition of fly ash results in the 
decrease of plastic limit. This is because of the fact that 
as the quantity of fly ash in the mix increases, the 
amount of soil to be flocculated decreases and also the 
finer particles of fly ash may be incorporated in the voids 
of flocculated soil. This leads to the decrease in the

water held in the pores leading to the decrease of the 
plastic limit.

c) Plasticity Index 
The variation of plasticity index of the samples 

with the addition of different percentages of DFA is 
shown in the Fig.4. As seen from the graph, the addition 
of DFA decreases the plasticity index of the soil 
samples. The decrease is observed to be more with the 
increase in the quantities of fly ash up to 30% and then 
the trend of decrease is nominal with further increase in 
the percentages of fly ash.The effect on the liquid limit 
and plastic limit by the addition of fly ash is observed to 
reflect the trend of variation of plasticity index upon the 
addition of fly ash in increasing percentages.



 

 
 

 
Variation   of   plasticity   index  with    DFA 

Percentages
 

d)
 
Shrinkage limit 

  Fig.5 shows the variation of shrinkage limit in 
respect of the study samples

 
BC 11, BC 10 and BC 8 

upon the addition of DFA in increasing percentages
 
It is 

seen that the shrinkage limits of the samples follow a 
steady increase with the addition of DFA in increasing 
percentages. The increase in the shrinkage limit with the 
addition

 
of DFA is mainly due to the flocculation of clay 

particles caused by the free lime present in the DFA 
resulting in the reduction of friction between the 
particles; and also due to the  substitution of finer 
particles of black cotton soil by relatively coarser fly ash 
particles. 

 
 

 Fig.5 : Variation of shrinkage limit with DFA
 percentages

 
e)

  
Compaction parameters –

 
Optimum Moisture 

Content (OMC)
 
and Maximum Dry Density (MDD)

  Fig.s 6(a), (b) and (c) below show the variation 
of dry density-moisture content relationship for the 
varying percentages of DFA for the study samples BC 
11, BC 10 and BC 8 respectively. 

 

 

It is seen that density-moisture content relation 
is affected and

 

varies upon the addition of DFA in 
increasing percentages; for all the three black cotton 
soil samples considered for the stabilisation study.  It is 

observed from the Fig.6 that, the trend of increase in 
MDD and decrease in OMC with increasing percentages 
of DFA is observed up to 30 -

 

40% and the MDD is 
observed to decrease with further increase in the DFA 
percentages.

 
 

 

Fig.7(a):

 

Variation of MDD with varying DFA

 

Percentages

 

 

Fig.7(b):

 

Variation  of  OMC  with  varying   DFA

 

Percentages

 
 

Fig.s 7(a) and (b) present the variation of MDD 
and corresponding OMC respectively for the soil 
samples BC 11, BC 10 and BC 8 with the varying 
percentage of DFA from 10% to 60%.  Fig.s 7(a) and (b) 
indicate  that, on addition of  fly  ash to  the black cotton
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VARIATION OF SHRINKAGE LIMIT  WITH  FLY ASH %
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Fig.4 : 



 

 DRY DENSITY - MOISTURE CONTENT RELATIONSHIP 
WITH VARIATION IN FLY ASH % ( Sample : BC11 )
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Fig.6(a): Variation of  Moisture content – Dry density 
relationship of soil sample BC 11 with DFA percentages 
 

 
 

Fig.6(b): Variation of  Moisture content – Dry density 
relationship  of soil sample BC 10 with DFA percentages 
 

 

Fig.6(c): Variation of Moisture content – Dry density 
relationship of soil sample BC 8 with DFA percentages 

 
Soil, the MDD increases and the OMC decreases. The   
MDD shows a gradual increase with the  increase in  the 
fly ash percentages up to 30-40% of fly ash. There after 
it exhibits a decreasing trend with further increase in the 
fly ash percentages. The OMC values corresponding to 
their respective MDD values show a steady decrease 
with the increasing fly ash percentages. The decreasing 
trend of OMC continues up to a certain fly ash 
percentage; here in the present study it is between 40 – 
50%, and then after it appears to be stable with very 
marginal variation in its value. 

The above observations in the variation of MDD 
and OMC values with the varying percentages of DFA 
suggest an optimum percentage of fly ash between 30 – 
40% as suitable for addition to the study black cotton 
soil samples so as to obtain the best possible 
favourable changes in the compaction parameters for 
these soils i.e. to obtain a higher value of MDD and a 
lower value of OMC for any particular soil sample. 
 The behaviour of black cotton soil is controlled 
by diffused double layer. The addition of fly ash in small 
percentage results in the decrease of repulsive pressure 
of soil particles. This in turn reduces the resistance to 
compactive effort and the mix gets compacted to 
relatively higher densities. Though there will be 
flocculation due to free lime in the fly ash, this effect is 
dominated when the fly ash percentage is low. Hence a   
marginal increase in dry density is observed. Further 
addition of fly ash beyond 30-40% results in increased 
flocculation due to increased availability of free lime 
content of fly ash. This would increase the repulsive 
forces of soil particles, thereby increasing the resistance 
to compactive effort and hence the density of mix starts 
decreasing. 

f) Strength characteristics – Unconfined Compressive 
Strength ( U C S ) 

The effect of addition of fly ash to the black 
cotton soil samples BC 11, BC 10 and BC 8 on their 
UCS values along with the variation of UCS with 
increase in the curing period is presented respectively at 
Fig.8(a), (b) and (c) below. 

The Fig.8(a), 8(b) and 8(c) exhibit  that the UCS 
of the black cotton soil samples increases with the 
addition of DFA; suggesting an improvement taken in 
the strength characteristics of the black cotton soil + fly 
ash mixes. It is observed that, an increase in the values 
of UCS is gradual and relatively small for smaller curing 
periods of 7 days and 14 days. The improvement in the 
UCS is comparatively better for a longer curing period of 
28 days; as can be seen from the graph pertaining to 28 
days curing. For the same mix of any of the sample, at 
the relative increase in the UCS is thus observed 
maximum when a curing of 28 days is allowed. 
 It is seen that the strength increases on addition 
of small percentage of 10% or 20% of fly ash. Further 
increase in fly ash percentage shows no considerable 
increase in the strength. This is due to the probable 
disturbance of soil skeleton and consequent reduction 
in cohesion. The strength of soil is observed to improve 
considerably with curing time which is due to the 
pozzolanic reactivity of the free lime content of the fly 
ash.  

g) California Bearing Ratio ( C B R ) 
 The variation of CBR (soaked condition) of the 
three black cotton soil samples with the addition of DFA 
in increasing percentages is shown in Fig.9. The CBR 
value of the soil increases with the addition of DFA up to 
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a certain percentage of fly ash (30-40% here) and there 
after it starts decreasing for further addition of DFA.  
 The low CBR of the black cotton soil (as 
compared to the black cotton soil-fly ash mixes) is 
attributed to its inherent low strength which is due to the 
dominance of the clay fraction. Addition of fly ash to the 
black cotton soil increases gradually the CBR of the mix 
up to a peak value of addition of 30-40% of fly ash. This 
is due to the frictional resistance contributed from the 
DFA in addition to the cohesion from the  black cotton 
soil.  Further increase  in the fly ash  percentage causes 
a reduction in the CBR due to the reduction  in  the 
cohesion because of the decreasing  b lack cotton  soil 
content in spite of increase in strength due to increase in 
fly ash content. It is hence observed that, a suitable mix 
proportion (M30 for BC 11 and BC 8, M40 for BC 10 in 
the present study) optimizes the frictional contribution of 
fly ash and the cohesive contribution from black cotton 
soils; leading to the maximization (peak value) of the 
CBR.  

V. CONCLUSIONS 

Based on the results of the investigation, 
following conclusions are drawn. 

i) Dandeli fly ash is used as a stabiliser for 
improving the geotechnical characteristics of Hubballi-
Dharwad black cotton soils. Addition of Dandeli fly ash 
significantly improves the index properties, compaction 
and strength characteristics of black cotton soils 
understudy and the effects of fly ash treatment vary 
depending upon the quantity of  fly ash , that is mixed 
with the study black cotton soil samples. 

 

 

Fig.8(a): Variation of UCS with DFA percentages for 
different  curing periods in respect of sample BC 11 

 

 

Fig.8(b): Variation of UCS with DFA percentages for 
different curing periods in respect of sample BC 10 

 

Fig. 8(c):
 
Variation of UCS with DFA percentages for 

different curing  periods in respect of sample BC 8
 

 

Fig.9:
 
Variation

 
of CBR with DFA percentage      

 

ii)
 
The liquid limit and plastic limit of the soils 

decrease with the addition of Dandeli fly ash which 
indicates a desirable change as the soil + fly ash mix 
can gain shear strength at an early stage than the virgin 
soil with the change in the water content. The relative 
decrease in the plasticity index of the soils is another 
favourable change since it increases the workability of 
these soils. The shrinkage limit of the soils increases 
with the addition of Dandeli fly ash, which facilitates in 
checking

 
the volume change behaviour of the soils over 

a large variation in the moisture content as the season 
changes.

 

iii)
 

Addition of Dandeli fly ash brings in an 
improvement in the compaction parameters of the study 
soils, by increasing the maximum dry density of soils 
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VARIATION OF UCS WITH FLY ASH %                                        
(SAMPLE : BC 8)
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VARIATION OF CALIFORNIA BEARING RATIO (CBR) 
WITH  FLY ASH %
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with decrease in the corresponding values of optimum 
moisture content.  

iv) The unconfined compressive strength of 
these soils increases upon the addition of Dandeli fly 
ash. The trend of improvement in the unconfined 
compressive strength is observed to be more 
pronounced with the curing of the soil + fly ash mix. A 
curing period of 28 days is observed to yield the 
maximum enhancement in the unconfined compressive 
strength. 

v) The California bearing ratio of the study soils 
increase gradually with the addition of Dandeli fly ash up 
to a certain percentage of Dandeli fly ash, beyond 
which, further increase in Dandeli fly ash percentage is 
observed to cause a decreasing trend in the California 
bearing ratio values. The improvement in the California 
bearing ratio value of the black cotton soil upon the 
addition of Dandeli fly ash suggests that, it can be 
effectively used in bulk as sub-base material in 
combination with the study soils, for the road 
construction works. 

vi) The study of variations of different 
parameters viz. liquid limit, plastic limit, plasticity index, 
shrinkage limit, maximum dry density, optimum moisture 
content,  unconfined compressive strength and 
California bearing ratio with the addition of Dandeli fly 
ash suggest that, for each parameter of the study soil 
samples, there exists an optimum Dandeli fly ash 
percentage for mixing with the soil under consideration; 
at which the respective parameter attains its most 
desirable value from geotechnical point of view.  

Table-3 lists such optimum Dandeli fly ash 
percentage recommended for different parameters of 
the study soils. Remarks made thereon in the table 
indicate the effect of addition of Dandeli fly ash beyond 
the optimum percentage on these parameters. The 
geotechnical properties of Hubballi-Dharwad black 
cotton soils can be favourably changed using the 
Dandeli fly ash and an optimum quantity between 30-
40% can yield the best possible results. 

Table 3
 
:
 
Recommended DFA percentage for the stabilisation of the study soils

 

  

Soil parameters                                                                                                                                  
                                                         

 
considered for

 
 

assessment of  
 

 
stabilisation results

 

 
Optimum    

 

   DFA %
 Value of the parameter at 

optimum DFA %
 

 

Remarks
 

 
BC 11

  
BC 10

  
BC 8

 

Liquid limit (%)
 

 
 

Plastic limit (%)
 

 
 
 

Plasticity index (%)
 

 
 

Shrinkage limit (%)
 

 
 
 

Maximum dry 
density    (gm/cm3)        

 

and Optimum 
moisture content   
(%)
 

 

Unconfined 
compressive 
strength (kN/m3)

 
 
 

California bearing 
ratio (%)

 

30
 

 
 

20 –
 

30
 

 
 
 

30
 

 
 

30 –
 

40
 

 
 
 
 

30
 

 
 
 
 

20 –
 

30
 

 
 
 
 

30 –
 

40
 

 

42.3
 

 
 

12.7
 

 
 
 

30.2
 

 
 

17.8
 

 
 
 
 

1.93
 

and
 

22.0
 

 
 

176.2
 

  (0
 

day         
 

  curing)
 

 
 

6.32
 

37.3
 

 
 

17.2
 

 
 
 

20.9
 

 
 

20.2
 

 
 
 
 

1.71
 

and
 

29.5
 

 
 

110.5
 

(0
 

day 
  

curing)
 

 
 

4.17
 

53.1
 

 
 

21.6
 

 
 
 

32.0
 

 
 

18.1
 

 
 
 
 

1.72
 

and
 

28.8
 

 
 

115.1
 

(0
 

day 
  

curing)
 

 
 

2.28
 

 

The decrease in liquid limit is marginal with further 
increase of DFA beyond 30%.

 
 

Beyond 30% DFA the rate of decrease of plastic 
limit is relatively less as compared to the rate of 
decrease up to 30% DFA.

 
 

No considerable reduction in plasticity index value 
beyond 30% DFA.

 
 

Increase in shrinkage limit, though continuous 
with increase in DFA%; further increase in the 
shrinkage limit is not as effective and

 

considerable beyond 40% DFA.
 

 

The soil samples yield peak  values of maximum 
dry density and corresponding values of optimum 
moisture content for addition of DFA at 30%.

 
 

Unconfined compressive strength attains peak 
value at DFA % between 20 and 30, beyond 
which the increase in the strength is marginal. The 
trend is same for increased curing periods.

 
 

California bearing ratio reaches peak value when 
the DFA% is between 30 and 40, beyond which it 
starts decreasing with further addition of DFA.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 
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Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
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and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
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has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
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References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
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available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 
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via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
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The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 
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                 © Copyright by Global Journals Inc.(US) | Guidelines Handbook

IX



 

   
 

 
 

 

Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 6.1 Proof Corrections 

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print) 

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 6.3 Author Services 

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 6.4 Author Material Archive Policy 

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 

                   

X

© Copyright by Global Journals Inc.(US)| Guidelines Handbook

mailto:dean@globaljournals.org


 

 

   

 

the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 

choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 

to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 

data of that subject. Sometimes, detailed information plays a vital role, instead of short information. 

 

 

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 

They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 

think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 

automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 

logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 

have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 

supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 

have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 

research paper. From the internet library you can download books. If you have all required books make important reading selecting and 

analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 

not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 

mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 

always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 

either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 

and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 

diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 

if study is relevant to science then use of quotes is not preferable.  
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 

tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 

confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 

possible that evaluator has already seen it or maybe it is outdated version.  

18.
 
Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 

suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 

target. 

 20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 

good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 

sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 

word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 

sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 

language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 

changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 

records. 

 22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 

will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 

an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 

trouble. 

 25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 

then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 

improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 

several ideas, which will be helpful for your research. 

29.

 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

 30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 

descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 

irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 

NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be 
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 

Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 

evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 

be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 

necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 

to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 

measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 

study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 

extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 

be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 

essential because it serves to highlight your research paper and bring to light all necessary aspects in your research. 

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING 

Key points to remember:  

 Submit all work in its final form. 

 Write your paper in the form, which is presented in the guidelines using the template. 

 Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 

submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 

study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 

show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 

that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 

of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 

of prior workings. 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 

and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

 
To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

 
Insertion a title at the foot of a page with the subsequent text on the next page 
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 Separating a table/chart or figure - impound each figure/table to a single page 

 Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 
Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 

lines. It should include the name(s) and address (es) of all authors. 

 
Abstract:  

 
The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 

at this point. 

 
An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 

the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

 
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 

Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to                    
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 

more than one ruling each.  

 Reason of the study - theory, overall issue, purpose 

 Fundamental goal 

 To the point depiction of the research 

 Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 

 Significant conclusions or questions that track from the research(es) 

Approach: 

 
Single section, and succinct 

 
As a outline of job done, it is always written in past tense 

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 

 
Center on shortening results - bound background information to a verdict or two, if completely necessary 

 
What you account in an conceptual must be regular with what you reported in the manuscript 

 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

 
Explain the value (significance) of the study  

 
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 

 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 

 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

 
Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  

 
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a 
least of four paragraphs. 

 
Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 

 
Shape the theory/purpose specifically - do not take a broad view. 

 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

 This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be 
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic                  
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 
 
Materials: 

 Explain materials individually only if the study is so complex that it saves liberty this way. 

 Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  

 Do not take in frequently found. 

 If use of a definite type of tools. 

 Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 

 
Describe the method entirely 

 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 

 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  

 
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

 
It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 

 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

 
Resources and methods are not a set of information. 

 
Skip all descriptive information and surroundings - save it for the argument. 

 
Leave out information that is immaterial to a third party. 

Results: 
 

 The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 Content 

 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  

 

In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 

 

Present a background, such as by describing the question that was addressed by creation an exacting study.

 

 

Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 

 

Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 
What to stay away from 

 

Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 

 

Not at all, take in raw data or intermediate calculations in a research manuscript. 
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Do not present the similar data more than once. 

Manuscript should complement any figures or tables, not duplicate the identical information. 

Never confuse figures with tables - there is a difference. 
Approach 

As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report  

If you desire, you may place your figures and tables properly within the text of your results part. 
Figures and tables 

If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 

Despite of position, each figure must be numbered one after the other and complete with subtitle  

In spite of position, each table must be titled, numbered one after the other and complete with heading 

All figure and table must be adequately complete that it could situate on its own, divide from text 
Discussion:  

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 

Give details all of your remarks as much as possible, focus on mechanisms. 

Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 

Try to present substitute explanations if sensible alternatives be present. 

One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 

Recommendations for detailed papers will offer supplementary suggestions.
Approach:  

When you refer to information, differentiate data generated by your own studies from available information 

Submit to work done by specific persons (including you) in past tense.  

Submit to generally acknowledged facts and main beliefs in present tense.  

ADMINISTRATION RULES LISTED BEFORE  
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US) 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.  
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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