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development in the layer. Data analysis consisted of evaluation of changes in base layer stiffness,
focusing on the effect of the differing CMC contents. The paper covers the experimental design, data
collected and analyses, leading to conclusions regarding the optimal CMC required to obtain optimal
short-term stiffness in the IMP-constructed base layer.

Keywords . Stabilization, inerted manganese proauct, behaviour, stiffness.

GJRE-E Classification : FOR Code : 880109, 090502

INVESTIGATION INTO EFFECTS OF CONSTRUCTION MOISTURE CONTENT ON INERTED MANGANESE PRODUCT STIFFNESS IN ROAD PAVEMENT LAYERS

Strictly as per the compliance and requiations of :

© 2013. J. Strydom & WJvdM Steyn. This is a research/review paper, distributed under the terms of the Creative Commons
Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.



Investigation into Effects of Construction
Moisture Content on Inerted Manganese
Product Stiffness in Road Pavement Layers

J. Strydom * & WJvdM Steyn °©

Abstract - The use of waste materials from various processes
as pavement layers has long been an option for disposing of
such materials. Huge volumes of material are typically required
to construct pavement layers and this option provides the
opportunity for disposing of large volumes of materials without
requiring landfill areas. Electrolytic Manganese Dioxide (EMD)
is produced in South Africa from manganese ore through the
process of electrolysis. Belt filter residue from the EMD
production residue is thixotropic, and is dried by adding lime.
The dried product is known as Inerted Manganese Product
(IMP). IMP has been used successfully in pavement layers in
South Africa. Uncertainty regarding the optimal Construction
Moisture Content (CMC) led to research where five sections
with IMP base layers were constructed at different CMCs,
followed by monitoring of both short-term and long-term
stiffness development in the layer. Data analysis consisted of
evaluation of changes in base layer stiffness, focusing on the
effect of the differing CMC contents. The paper covers the
experimental design, data collected and analyses, leading to
conclusions regarding the optimal CMC required to obtain
optimal short-term stiffness in the IMP-constructed base layer.
Keywords . stabilization, inerted manganese proadluct,

behaviour, stiffness.
[. INTRODUCTION

he use of waste materials and by-products from
Tvarious processes and sources as road pavement

layers has long been one of the options of
disposing of such materials. As huge volumes of
material are typically required to construct pavement
layers, this option provides the opportunity for disposing
of large volumes of materials without requiring landfill
areas. It has always been important to ensure that such
materials adhere to the minimum engineering
specifications required for the specific layer in which it
was to be used, that there are no health and safety
issues that could lead to pollution of the environment
and population and that it still provides a cost-effective
option for the road construction.

Author o. . Civil - Engineer, Unversity of Pretoria/Aurecon Center,
South Africa, 0081. E-mail : Jodi. Strydom@aurecongroup.com

Author o . Professor of Civil Engineering, University of Pretoria,
Lynnwood road, Pretoria, South Africa, 0002.

E-mail : wynand.steyn@up.ac.za

Mining is another activity that contributes to the
depletion of natural resources. Mined material is
processed to produce useable products. Waste (which
is often hazardous to the environment) is produced in
the process. If no use is found for the waste it is
disposed of at waste disposal facilities. However, when
waste is used as road building materials, natural
resources are saved and the waste piles at waste
disposal sites become smaller and may ultimately
disappear. It is clear that the responsible use of waste in
road construction potentially has major environmental
advantages [1].

Electrolytic Manganese Dioxide (EMD) (used in
the production of batteries) is produced in South Africa
from manganese ore through the process of electrolysis.
Inerted Manganese Product (IMP) originates from EMD
waste. When EMD is produced, “manganese containing
belt filter residue” is also produced. The belt filter
residue is thixotropic, meaning that when the residue is
stirred, it becomes liquid. The residue is dried by adding
lime to it. The dried product is known as IMP [2]. The pH
of the IMP is in the order of 12 and it poses a chemical
hazard. IMP delists to a general waste in South Africa
and is typically disposed of at designated waste
disposal facilities. The production of IMP in South Africa
amounts to approximately 35 000 tons per year, and it is
slowly increasing [3]. Due to the well-controlled
industrial process that leads to the production of the
IMP, the produced material is consistent in quality and
properties. Use as selected, subbase and base layer
(combined 450 mm thickness) in a normal single lane
road translates this to construction of around 98 km of
road per year.

Continued disposal to landfills  requires
expansion of existing waste disposal facilities. This is not
preferable in terms of environmental considerations. In
2002 the Department of Water Affairs and Forestry
(DWAF) approved the use of IMP as a road building
material under the following conditions:

e The IMP layer must be sealed;

e The volume of IMP per area must be limited to
2 400 tons/hectare, and

e The use of the material must be controlled and
monitored [4].

© 2013 Global Journals Inc. (US)

Global Journal of Researches in Engineering (E ) Volume XIII Issue II Version I H Year 2013



Global Journal of Researches in Engincering ( E) Volume XIII Issue II Version I H Year

In 2007, Komatiland Forests (Pty) Ltd
constructed the first road using IMP [3]. The road is
located at the Brooklands plantation in Mpumalanga
and is 7.9 km long. Three 150 mm layers of IMP were
used as the base, subbase and selected layers with the
in-situ material used as subgrade. Standard engineering
properties of the IMP were evaluated prior to the
construction of the road. The IMP layers were field
compacted at the Optimum Moisture Content (OMC) of
26.4 per cent. Good compaction was attained but the
IMP layer appeared brittle after a while. During further
construction of the pavement it started to rain and the
moisture content of the IMP layer increased to a value
well above the OMC. The compaction results appeared
much better at this increased moisture content. The IMP
layer became harder, to such an extent that the grader
was unable to finish the layer. The tracks of the roller
were imprinted on the layer and the layer had to be
smoothed by the addition of a thin IMP layer on top of
the uneven, compacted layer. After completion of the
base, the road was left to cure for approximately
90 days before it was sealed with a 6 mm bituminous
slurry seal. It is suspected that the high dosage of lime
added to the residue to dry it at source affected the
moisture content of the material. The IMP layer gains
strength and shows improved compactability, probably
due to a pozzolanic reaction between the constituents of
the IMP and the lime (CaO) used to dry the IMP.

As the compaction results appeared better at a
moisture content above OMC, it was decided to
compact the IMP for the remainder of the projects at a
moisture content of 30 per cent. Although this provided
good compaction, it was unknown whether the 30 per
cent moisture content was optimal. If it is still too low,
the IMP layers will still not be at optimum strength. If it is
too high, water may be wasted during construction.
Research was conducted to evaluate the effect of a
range of moisture contents on the properties of the IMP.

The objective of this paper (based on a phase
of the research) is to determine the effect of the
construction moisture content on the short-term stiffness
of the IMP used as a base layer in a pavement.

The impact of IMP on the environment was
excluded from this study, as it was done in a separate
phase of the research and it was found that no negative
environmental effects exist as long as the material is
used under controlled conditions [2]. The effects of
traffic loading on the IMP layers are also excluded from
this paper, as the potential for carrying moderate
amounts of traffic was already proven in the field,
provided that it has been compacted sufficiently [3].

This  research  will contribute to the
understanding of the behaviour of the IMP when it is
used as a pavement material, ensuring that it can be
used efficiently in this application, where no wastage of
water will occur and optimal stiffness and strength will
be achieved. It will also enable protection of natural

© 2013 Global Journals Inc. (US)

resources that would have been used in the place of
IMP and save the effort and costs of disposing of the
material at designated waste disposal facilities.

Previous research has shown that the IMP is
suitable for use as base and subbase material in a
pavement [2; 4]. The amount of IMP must be limited to
2 400 tons per hectare. Assuming a 100 m long road
section, 8 m wide, running through the length of a
hectare, a pavement with three 150 mm thick layers of
IMP with a density of 1500 kg/m*® will amount to 540
tons of IMP. This is less than a quarter of the allowable
amount of IMP. The permeability and leachability of the
IMP is very low due to the fact that the belt filter residue
is treated with lime. The leachability is considerably
lower than that of many other common construction
materials such as ordinary Portland cement [2].

The paper covers the experimental design, the
data collected and the analyses of these data, leading
to conclusions regarding the optimal moisture content
required to obtain optimal short-term stiffness in the
IMP-constructed base layer. The long-term stiffness
data will be collected in an extension of the project.

[1. EXPERIMENTAL DESIGN

Five test sections were constructed at different
moisture contents (OMC = 26.4 per cent) as indicated
in Table 1. The moisture contents were selected based
on field experience indicating viable moisture content
values to enable adequate compaction. Test sections
consisted of a 5 m long, 1 m wide and 150 mm thick
IMP layer, on top of compacted in-situ material. In
practice the IMP layers are sealed with a bituminous
surfacing, however, the reported sections were
constructed and evaluated without this surfacing, as a
curing period of ninety days is typically allowed and the
duration of this study was less than 90 days. The layout
of the test sections is shown in Figure 1.

The in-situ material was compacted with a
Bomag BW 70 tandem vibratory roller to ensure good
support conditions. After compaction of the in-situ
material, the IMP was imported and mixed with water
using a Rotovator. The IMP was compacted using 17
roller passes on each test section with the Bomag BW
70 tandem vibratory roller. The test sections were
covered with a plastic sheet for the first 7 days after
construction, as there were still some rainy days (the
experiment was conducted towards the end of the rainy
season).

Decagon 5TE moisture and temperature
sensors were installed horizontally at mid-depth
(75 mm) in each of the sections together with i-buttons.
These were continuously monitored at 15 minute
intervals over a period of 84 days. Seismic layer stiffness
was measured using a Portable Seismic Pavement
Analyzer (PSPA) [5] while the elastic surface deflection
was measured using a Dynatest Light Weight



Deflectometer (LWD) twice a week (3 repeat
measurements of each at each test point). In situ
density of the IMP base layers was monitored twice a
week using a CPN MC-3 Portaprobe strata gauge, while
gravimetric moisture samples were taken at the start
and end of the project. Weather data for the testing
period was obtained from a nearby station of the South
African Weather Services (SAWS). The measured layer
stiffness and elastic deflection data were used as the
main stiffness indicators for the test sections. The basic
engineering properties of the IMP are shown in Table 2
and the grading curve in Figure 2.

I1. DATA ANALYSIS

The data analysis conducted for this paper
consisted of an evaluation of the changes in base layer
stiffness over the duration of the project, focusing on the
potential effect of the differing construction moisture
contents on the short-term stiffness values and
densities. In this section the changes in in situ moisture
content, seismic stiffness and elastic surface deflection-
based stiffness over time for the five sections are
discussed.

Evaluation of the dry density values indicates
that they ranged between 1 704 kg/m® and 1 988 kg/m®
after construction with no clear correlation with the
construction moisture contents. The range decreased
towards the end of the experiment with the final dry
density values ranging between 1728 kg/m® and
1876 kg/m®. The two sections with the lower
construction moisture contents had Final Dry Density
(FDD) to Maximum Dry Density (MDD) ratios of 1.10,
while the two sections with the higher construction
moisture contents had FDD to MDD ratios of 1.13
and 1.15.

In Figure 3 the relationship between the in situ
moisture content at a depth of 75 mm (middle of base
layer) over the duration of the experiment is shown for
the five sections. These data indicate variations over the
duration of the experiment. Based on the data trend, it
appears as if the in situ moisture content is relatively
stable. In Figure 4 the relationship between the final in
situ moisture content and the construction moisture
content as well as optimum moisture contents for the
five sections are shown. The average final in situ
moisture content was between 84.5 per cent and 89.7
per cent of construction moisture content (except for
Section 5 which had the lowest construction moisture
content of 22.7 per cent and a final to construction ratio
of 108.8 per cent). The final in situ moisture contents
were between 86.1 per cent and 94.5 per cent of the
OMC. This compares with observations by Emery [6] for
the equilibrium moisture content (after at least 2 years)
of a base layer in the field under a bituminous surfacing
of between 53 and 63 per cent. It can thus be expected
that this base would dry out to about 60 per cent over

time under a seal and to much lower moisture content in
the dry season if unsealed.

The seismic PSPA-measured stiffness values
(measured longitudinally) for the five sections are shown
in Figure 5. Analysis of the data shows a significant
increase in all the stiffness values (after the first
approximately 10 days of relatively constant data —
sections closed with plastic). The measured stiffness
values for Sections 1, 2 and 4 appear to stabilize
towards the end of the monitoring. The Coefficient of
Variation (CoV) of the data ranged between 0.0 per cent
and 35.6 per cent, with the large variations in the initial
data. The typical range of CoV data was between 0.6
per cent and 18.9 per cent.

Evaluation of the data in Figure 6 indicates that
the seismic stiffness is not directly dependent on the
changes in the in situ moisture content over time. While
the in situ moisture contents remained relatively
constant through the experiment (Figure 3), the seismic
stiffness values increased. Statistical analysis indicates
that the initial seismic stiffness values had a correlation
coefficient of 0.775 with the construction moisture
contents, while the final seismic stiffness values only
had a correlation coefficient of 0.011.

In Figure 6 the elastic stiffness values based on
elastic deflections measured using the LWD are shown
for the five test sections. Analysis indicates a general
increase in the stiffness values for all sections over the
35 day period. The reason for the slight decrease in
elastic stiffness values for Sections 1, 4 and 5 between 6
and 19 days is not clear. It may be related to rainfall that
occurred between days 9 and 18, and resultant ponding
(due to an uneven surface) of water that was observed
on these test sections. The CoV of the data ranged
between 0.5 per cent and 28.8 per cent, with the large
variations in the initial data. The typical range of CoV
data was between 0.6 per cent and 4.8 per cent.

When comparing the potential effect of
construction moisture content on these stiffness values,
it is observed that the construction moisture content for
Sections 2 and 3 were the highest (with the highest
stiffness moduli in Figure 6) while the construction
moisture contents for Section 5 was the lowest (with the
lowest stiffness modulus in Figure 6). The ratio between
the final and the original elastic stiffness values for the
five sections ranged between 1.1 (Section 5 — lowest
construction moisture content) and 2.8 (Section 2-
second highest construction moisture content) with a
correlation coefficient of 0.69. A correlation coefficient of
0.75 was calculated between the construction moisture
contents and the final LWD-based stiffness values, with
no correlation between the initial elastic stiffness values
and the construction moisture content (correlation
coefficient of -0.10).

© 2013 Global Journals Inc. (US)
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[V.  POTENTIAL APPLICATIONS OF IMP

An overview of the stiffness, density and
moisture data provided in this paper indicates that the
construction moisture content of the IMP plays a
significant role in the short-term stiffness values
obtained by the IMP in the field. Although this was not
clear from the seismic stiffness data, the elastic stiffness
and density data indicated the trend.

IMP currently classifies as a G5 material [7]
according to its engineering properties (Table 2).
However, the measured short-term performance
observed in this experiment with increases in stiffness
values of between 6 and 185 per cent indicates that the
material develops some cementitious bonds during
curing. This would be similar to a lightly cemented (C4)
material in the TRH14 classification.

The presence of lime in the IMP was verified
using Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray analysis (EDX) techniques. In Figure 7
a SEM image of a crack in the IMP (recovered from the
test sections after 46 days) is shown with the EDX
analysis in Figure 8. The presence of calcium is visible in
both locations.

Observation of the elastic stiffness values
obtained in the short term (between 100 MPa and
250 MPa) indicates that the elastic stiffness values are
still lower than that typically found for C4 layers
(between 500 MPa and 2 000 MPa initially), the elastic
stiffnress values were still increasing when the final
measurements were taken. It is expected that the in situ
quality of the material is at least similar to a C4 material
in the initial equivalent granular condition.

Visual evaluation of the test sections
approximately 85 days after construction indicated an
extremely hard surface that developed transverse cracks
at intervals of approximately 750 mm (Figure 9). These
cracks are most probably caused by hydration
shrinkage of the base material (initial shrinkage of the
original material was 0), as the material cured (and are
probably similar in nature to that shown in Figure 7). This
type of behaviour supports the motivation to view the
material as being similar to a lightly cemented material
(C4 according to [7]). It may thus be expected that the
IMP will follow the typical behaviour pattern of C4
materials [8], reverting to an equivalent granular material
with the on-going application of traffic. This needs to be
confirmed through longer-term evaluations of the
material performance.

V. LONG-TERM BEHAVIOUR

Although a period of one year is relatively short,
the behaviour of the material one year after construction
has been evaluated to determine whether any major
changes occurred. The test section was not covered
during the period, and it thus received all environmental
influences and very light traffic (mainly Light Delivery

© 2013 Global Journals Inc. (US)

Vehicles at around 10 vehicles per day). In Figure 10 the
behaviour of the five sections in terms of elastic
modulus after one year is shown. The data indicate that
the stiffness values all dropped during this period, and
this is most probably due to the stabilization cracks that
formed in the layer. The in situ stiffness values are still
relatively high, indicating that, despite the stabilization
cracking, the material still classifies as a stabilized
material [7], and thus should perform well if used in a
normal road layer.

VI.  CONCLUSIONS

The objective of this project was to determine
the effect of the construction moisture content on the
short-term stiffness of the IMP used as a base layer in a
pavement. Based on the information provided in this
paper the following conclusions are drawn:

Seismic stiffness values for IMP are initially
affected by construction moisture content, although it
does not appear to be the case when curing of the
material occurs;

e Elastic stiffness values for IMP are affected directly
(at least over the short-term) by construction
moisture content;

e Elastic stiffness values of the IMP are expected to
increase to levels close to those expected from C4
materials. The longer term behaviour of the IMP is
expected to be similar to that of C4 materials;

e Higher construction moisture contents appear to
lead to increased dry density values, although the
differences are not necessarily significant;

e Chemical analysis of the material indicated the
presence of calcium compounds (probably linked to
the lime added during processing), specifically
around internal cracks;

e Final in situ moisture content of the IMP base layer
is between 86.1and 94.5 per cent of OMC;

e The long-term behaviourof the material appears to
indicate relatively good life to be expected, similar to
a normal lightly stabilized layer, and

e The use of waste materials in road construction
potentially has major benefits in negating the use of
landfills and reducing the requirement for new
borrow-pits when constructing roads — leading to
the conservation of non-renewable resources.

VII. RECOMMENDATIONS

Based on the discussion and analyses
contained in this paper it is recommended that:

The moisture content at which IMP should be
compacted during construction is 28 per cent, which is
1.6 per cent higher than OMC, as the section
constructed at this moisture content showed the best
performance results, and
e Further research into the long-term stiffness

development of IMP (longer than the current year),



especially as affected by different construction
moisture contents, should be continued to ensure
that the long-term performance of this material can
be adequately described.

ACKNOWLEDGEMENTS

The support of Delta EMD in supporting this
research and providing permission to publish the results
of this research is gratefully acknowledged. The
assistance of the CSIR in data collection is
acknowledged.

REFERENCES REFERENCES REFERENCIAS

1. Organisation for Economic Co-operation and
Development Road Research Group. (1977). Use of
Waste Materials and By-products in Road
Construction.  Organisation for Economic Co-
operation and Development. Paris, France.

2. Baldwin, D.A. (2002). Classification of an IMP and
its Utilisation in Covered/Closed Applications for
Road Building, Foundations and  Backfill.
Environmental and Chemical Consultants cc.
Cresta, South Africa.

3. Theron, D. and Treurnich, J.K. (2010). Construction
and performance of IMP test section. Delta EMD
(Pty) Ltd, Nelspruit, South Africa.

4. Delta EMD (Pty) Ltd. (2007). Greenfill Product. Delta
EMD (Pty) Ltd. Nelspruit, South Africa.

5. Steyn, W.J.vdM. and Sadzik, E. (2007). Application
of the Portable Seismic Pavement Analyser (PSPA)
for pavement analysis. Paper presented at the 2007
SATC, Pretoria, South Africa. ISBN 1-920-01702-X.

6. Emery, S.J. (1985). Prediction of moisture content

for use in pavement design. PhD thesis, University
of the Witwatersrand, Johannesburg, South Africa.
TRH14, Committee of State Road Authorities
(CSRA). (1085). TRH 14 Guidelines for Road
Construction Materials. Pretoria, SA: Department of
Transport.

Theyse, HL, De Beer, M. and Rust, F.C. (1996).
Overview of the South African Mechanistic
Pavement Design Analysis Method. Paper 961294
presented at 75" Transportation Research Board
meeting, Washington D.C.

Table 1. Construction Moisture Contents and Dry
Densities for Five Test Sections

SECTION CONSTRUCTION
NUMBER MOISTURE CONTENT [%]
1 27.3
2 28.1
3 29.5
4 26.8
5 22.7

Table 2 : Basic Engineering Properties of IMP [7]

ENGINEERING PROPERTY VALUE
Plasticity Index NP
Grading Modulus 2.46

Maximum Dry Density [kg/m?®] 1623
Optimum Moisture Content [%] 26.4
CBR @ 100% Mod AASHTO 117

AASHTO classification A-1-a
TRH14 classification (TRH14, G5

1985)

Figure 1. Layout of experimental test sections
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Figure 4 . Relationship between Final in situ moisture content and Construction and Optimum
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Figure 3 . Relationship between in situ moisture content and duration of

experiment for 5 test sections
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Figure 6 . Relationship between elastic stiffness values and duration of experiment

a. X 160 magnification b. x 550 magnification

€. X 2 000 magnification d. x 6000 magnification

Figure 7 SEM images of a crack in the surface of the IMP sample from Section 5
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Figure 9 . Appearance of surface of base layer approximately 85 days after construction,
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a. EDX analysis at Location 1

a. EDX analysis at Location 2
Figure 8 : Chemical composition at the locations indicated in Figure 7

showing transverse cracks
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Effect of Leachate on Surrounding Surface
Water: Case Study in Rajbandh Sanitary Landfill
Site in Khulna City, Bangladesh

Md. Rafiqul Islam®, Km Alim Al Razi °, Md. Rokon Hasan *, Md. Hasibul Hasan © & Salma Alam *

Absiract - Leachate is the aqueous effluent generated as a
consequence of rainwater percolation through wastes and the
inherent water content of wastes themselves. Its quality is the
result of biological, chemical and physical processes in
landfills combined with the specific waste composition and the
landfill water regime. In Khulna city, municipal solid waste is
dumped in the Rajbandh landfill site where large amount of
leachate is produced every day. This leachate is pretreated by
anaerobic process in a pond and pumped out to the surface
water from three wells. This pretreated leachate has great
impact on surrounding surface water and environment. The
aims of this study are to asses and evaluate the environmental
impact of the pretreated leachate. In order to do this, some
parameters including pH, BOD, COD, Iron content, Alkalinity,
TC etc. of the collected leachate and surface water are
determined. Obtained values of the parameters are compared
with the standard value. Amount of green house gas emission
and their effects on human health are also determined and
reviewed. Therefore, this paper provides insight regarding how
the leachate puts impact to the environment.

Keywords : leachate, bod, green house gas emission;

rainwater percolation.

[. [NTRODUCTION

unicipal Solid waste landfill has many adverse
I\/l effects on surrounding environment. Such

landfills often produce leachate, i.e. the liquid
that usually drains from landfills due to infiltration by
water and/or biogeochemical decomposition processes,
which serves as an important point source of pollution in
many environmental media around the world. The
constituents in leachate, some of which may be toxic,
have often posed serious challenges in terms of cost of
treatment, accumulation of metal or species,
remediation and, in particular, possible eco-toxicological
implications resulting from both short- and long-term
exposure or bio- accumulation of leachate constituents.
(Nyame et al). Leachate is a high strength wastewater
that contains high concentrations of organic matter and
ammonium nitrogen which results from precipitation
entering the landfill and from moisture that exists in the

Author o ¢ p @ ¥ : Undergraduate student, Department of Civil
Engineering, Khulna University of Engineering & Technology, Khulna-
9203, Bangladesh. E-mails : mrafig31@gmail.com,

rrr.civil. kuet@gmail.com, semui91@gmail.com,
hasibul999@yahoo.com, semui73@gmail.com

waste when it is disposed. The composition of leachate
varies greatly from site to site, and can vary within a
particular site. Some of the factors affecting composition
include age of landfill, types of waste, degree of
decomposition; and physical modification of the waste.

I1. (GENERATION OF LEACHATE

Rainfall is the main contributor to generation of
leachate. The precipitation percolates through the waste
and gains dissolved and suspended components from
the biodegrading waste through several physical and
chemical reactions. Other contributors to leachate
generation include groundwater inflow, surface water
runoff, and biological decomposition. Liquid fractions in
the waste will also add to the leachate as well as
moisture in the cover material (Abbas, 2009).

[11. COMPOSITION OF LEACHATE

The composition of the landfill leachate varies
greatly depending on the age of the landfill. As landfill
age increased, organic concentration (COD) in leachate
decreased and increase of ammonia nitrogen
concentration. The existing relation between the age of
the landfill and the organic matter composition may
provide useful criteria to choose a suited treatment
process (Amalendu, 2004). Bagchi (2004) has tabulated
the range of concentration of different parameters in
leachate of municipal waste which is shown in table 1.
The table describes the lower limits and upper limits that
can be expected from the landfill leachates.
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7able 1 Different characteristics of leachate generated from deposited MSW

Physical Organic constituent Inorganic constituent Biological
Appearance Organic chemicals Suspended solid Biochemical oxygen
pH Phenols (SS),total solid(TDS) demand (BOD)
Oxidation-reduction | Chemical oxygen demand Volatile suspended Coli form bacteria (total,
potential (COD) solid(VSS) fecal, fecal streptococci)
Conductivity Total organic (TOC) Volatile dissolved
Turbidity Volatile acids solid(VDS)
Temperature Tannins , lignin’s Chloride
Odor Organic-N Sulfate
Ether soluble (nil & grease) Phosphate
Methylene blue Alkalinity & acidity
Organic functional groups Nitrite-N
as required Ammonia-N
Chlorinated Sodium
Hydrocarbon Potassium
Calcium
Magnesium
Hardness

Heavy metals(Pb, Cd,
Ni,Cr,Co,Zn etc)
Arsenic
Cyanide
Fluoride selenium

Table 2 : Typical data on the composition of leachate
from new and maturation landfill

Value (unit)
, New landfill (less | Mature landfill
Constituents than 2 years) (greater than
Range | Typical 10 years)
TOC(total 1500- 6000 80-60
organic carbon) 20000
Chemical oxygen| 3000- 18000 100-500
demand(COD) 60000
TSS(total 200-2000 500 100-400
suspended solid)
Organic nitrogen | 10-800 200 80-120
Ammonia 10-800 200 20-40
nitrogen
Nitrate 5-40 25 5-10
Total phosphorus| 5-100 30 5-10
Alkalinity as 1000- 3000 200-1000
CaCoO, 10000
pH 45-75 6 6.6-7.5
Total hardness 300- 3500 200-500
as CaCO, 10000
Calcium 200-3000 1000 100-400
Magnesium 50-150 250 50-200
Potassium 200-1000 300 50-400
Sodium 200-2500 500 100-200
Chloride 200-3000 500 100-400
Sulfate 50-1000 300 20-50
Total iron 50-1200 60 20-200

There are two options for MSW dumping all
over the world, one is crude landfill (open dumping) and
the other is sanitary landfill. Sanitary landfill is one of the
secure and safe facilities for the disposal of MSW.A pilot

© 2013 Global Journals Inc. (US)

scale sanitary landfill is situated at Rajbandh, Khulna in
the north side of Khulna-Satkhira Highway and 8 km far
from the city center. In Khulna metropolitan city,
municipal solid wastes are disposed of at Rajbandh
landfill site. In order to pre treat the produced leachate
of landfill, firstly it goes to an anaerobic pond for
oxidation. Afterwards, it is passed to 15" deep and 4'x4’
sized well through pipes. Finally, it is thrown to the
adjacent water surfaces. This pretreated leachate mixes
with the surrounding water bodies either directly or by
rainfall. Despite the pretreatment of leachate, it effects
adversely to the surrounding environment and water
bodies. So the aim of this study is to evaluate the impact
of this pretreated leachate on the surrounding water
bodies and characterize the surface water adjacent to
the landfill.

The most common pathway for leachate to the
environment is from the bottom of the landfill through
the unsaturated soil layers to the ground water, then by
groundwater through hydraulic connections to surface
water. However, pollution may also result from
discharge of leachate through treatment plants or direct
discharge of untreated or partially treated leachate. The
main factors influencing the pollution potential from
leachate are:

» The concentration and flux of the leachate

» The landfill sitting, i.e., the hydro geological setting
and the degree of protection provided.

» The basic quality, volume, and sensitivity of the
receiving groundwater and surface water.



IV.  METHODOLOGY

a) Field Work

Sample was collected weekly during July to
December 2012 for six months. At Each time, total of 8
liters sample was collected in 4, two liters bottles from a
distance of 0.25 m at four adjacent sides of the finally
pumping out point. Temperature was maintained at 4°C
in each bottle before performing the required tests.
Finally, different parameters of the collected sample
were determined by performing the laboratory tests.

Table 3 : Location and description of leachate and
surface water samples relative to landfill site

Distance (m)
Sample Description of Sample from landfill
No. Sample Point Type (Reference
Pt.)
1 Leachate Leachate 5m
collection point
2 North side of Surface 150m
landfill water
3 East side of Surface 150m
landfill water
4 South side of Surface 150m
landfill water
5 West side of Surface 150m
landfill water

b) Analysis of Leachate and Water Sample

Analytical methods used for leachate and water
samples varied depending on the parameters of
interest. All field and laboratory determinations were
done according to standard methods for the
examination of waste and waste water. For every
sample, physiochemical, nutrients and oxygen demand
parameters  were determined. Physiochemical
parameters were determined at the Environmental
Engineering Laboratory of Khulna University of
Engineering and Technology (KUET). Fe and Cadmium
were determined by spectrometer.

Biochemical Oxygen Demand (BOD) was
determined by diluting portions of the sample and
incubating for 5 days at 20°C. The BOD exerted over the
5 days deter-mined as follows:

Calculations
BOD; = BOD x S1 x S2
Where,

BOD; = BOD recorded on the fifth day from the Oxitop
S1 = Dilution factor

S2 = Factor dependent on total volume of diluted
sample put in Oxitop bottle.

In determining the Chemical Oxygen Demand
(COD), the sample was refluxed in concentrated
sulphuric acid with a known excess of potassium
dichromate (K,Cr,O,) for two hours. After digestion, the
remaining reduced K,Cr,O, was titrated with ferrous
ammonium sulphate to determine the amount of

K.Cr,O, consumed and the oxidizable matter calculated
in terms of the oxygen equivalent.

V. REesuLTts & DiscussioNs

a) Physicochemical Data For Landfill Leachate

Data on parameters from leachate samples
taken during the study are presented in Table 4.
Average pH value of leachate obtained is 8.15 at a
distance of 150 m from the landfill. Throughout the
sampling period as well as outwards from the landfill,
the pH of leachate remained fairly uniform. Temperature
value range from a minimum of 17°C in December at
distance 150 m to a maximum of 34.3°C in July at the
same sampling site, i.e. 200 m from the landfill. The
average value of conductivity 25256uS/cm was obtained
in leachate taken respectively in July (distance 150 m)
and December (distance 150 m) from the landfill.
Average value for total dissolved solids (TDS) was 8906
mg/l at about 150 m from the landfill; Values of other
parameters are shown in the following table.

Table 4 : Different parameters of pretreated leachate &
the limiting value according to WHO

Pollutant Average Limiting values
parameters values (according to WHO)
pH 8.15 6.5-8.5
COD 10897 (mg/l) 250
BOD 26000 (mg/l) 50
TDS 8906 (mg/l) 1000
Iron 3.8 (mg/l) 3
Cadmium 4.3(mg/l) 0.003
Sulphate 2960 (mg/l) 400
Nitrate 20(mg/!) 10
Total 2735 <400
coliform(TC) (Nos./100ml)
Conductivity 30000
(uS/cm)
Chloride 3106(mg/l) 250
Hardness 3789(mg/l) 500
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Table 5 . Physico-chemical data from surrounding surface water from 1 week to 26 weeks
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18 22 26

North | East | South | West | North | East | South | West | North | East | South | West

683 | 697 | 7.41 705 | 717 | 7.32 | 7.87 796 | 664 |6.73 | 6.98 7.01

19.7 | 20.01 | 2212 | 1423 | 17.24 | 1553 | 16.43 | 12.32 | 13.98 | 12.34 | 13.43 | 13.96

3453 | 4431 | 3425 | 5643 | 2134 | 4241 | 3983 | 4231 | 2133 | 2334 | 5364 | 4352

0.9 0.9 1.3 3.6 1.1 1.4 2.1 23 21 19 2.5 2.4

045 | 076 | 065 | 047 |08 059 | 056 |035 |067 |072 |068 |O0.57

1973 | 1231 | 1224 | 1425 | 986 1322 | 1423 | 1325 | 1423 | 1422 | 1342 | 1342

1023 | 2124 | 3132 | 1212 | 1239 | 2311 | 2331 | 1223 | 2123 | 3211 | 2331 | 1543

983 1323 | 878 1067 | 1211 | 1078 | 979 1083 | 1089 | 1028 | 1094 | 1312

8.7 124 | 10.7 125 | 1283 | 132 | 1563 134 | 152 | 138 | 123 12.9

4673 | 5354 | 3564 | 4787 | 3564 | 3745 | 4275 | 7642 | 3752 | 4356 | 5467 | 5345

2332 | 1985 | 2442 | 2435 | 2345 | 2424 | 2319 | 1407 | 2456 | 3321 | 2422 | 987

986 1032 | 1233 | 906 879 838 1112 | 975 1023 | 1232 | 1223 | 1065

b) Physicochemical Data for Surrounding Surface Water

From the above table values obtained for pH Fe ranged from 0.9 — 4mg/liter. Chloride and total
ranged from 6.64 — 7.81 temperature 27.8°C - 31.2°C,  hardness also ranged from 987 - 1724 mg/l, 1000 - 5000
conductivity 610 - 1903 uS/cm, TDS 2213 - 4532 mg/l.  mg/l, respectively.
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¢c) Comparison of Data with Who Values

Compared to WHO leachate and surface water
in the present study appear to have fairly high
conductivity and, to some extent, high Mn, SO,, NO,,
and Cl contents. The limiting values of BOD and COD
according to WHO are 50 and 250.However, in this
study it appears large values of BOD and COD for both
leachate and surrounding water. On the other hand
iron content is relatively low for the surrounding water
but iron content in leachate is high than that of WHO
limiting value.

VI. CONCLUSION

The concentration of heavy metals: Cadmium,
Iron are found in the leachate and surrounding surface
water of Rajpandh landfill site. Total solids, Turbidity,
COD and Conductivity, also were well above the
permissible levels in surface water of the surrounding
area. The results show that the constituent
characteristics of Municipal Solid Waste is a major factor
influenced on leaching solutions and heavy metal
release. Although the leachate is partially treated by
roughing filter, it contains huge amount of trace metals
and other hazardous compounds which mix with the
surrounding surface water and causing heavy pollution
of the water and soil of surrounding agricultural lands.
By considering all the above facts, it is necessary of
designing proper treatment method for the leachate
discharging from the landfill site.
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Effect of Casting Temperature on Bond Stress of
Reinforced Concrete Structure

Bappa Kumar Paul *, Gopal Chandra Saha °, Khokan Kumar Saha ” & Muhammad Harunur Rashid

Abstract - This study investigates the influence of mixing and
curing temperature on bond behavior of reinforced concrete.
The properties examined were compressive strength, splitting
tensile strength and bond stress between reinforcing bar and
adjacent concrete at three different mixing and curing
temperatures (15°C, 30°C and 45°C). For measuring
mechanical strength, cylindrical concrete specimens (100 mm
dia. x 200 mm height) were prepared. Locally available
materials were used to prepare these samples. Bond stress-
slip relationship was observed to determine the mechanical
properties of the interface between steel re-bars and concrete.
Results of compression strength test shows that lower mixing
and curing temperature exhibits higher early age strength and
comparatively low long period strength in compare to high
mixing and curing temperature. Interpretation of bond stress-
slip relationship demonstrates that D15DC sample gives
27.4% more bond strength than D45DC sample and P15DC
sample gives 38.5% more bond stress than P45DC sample.
Average bond stress of deform bars displays 36% more than
plain re-bars. This study contributes mainly to explore the
bond behavior for different mixing and curing temperature and
enlighten the matter that hot environmental condition has
great impact bond strength of reinforced concrete structure.
Keywords . bond stress, mixing temperature, curing
temperature, reinforced concrete, reinforcing bars.

[. INTRODUCTION

einforced concrete is a common practice in Civil
QEngineering. It acts as a composite member
when reinforcing bars and concrete residing
together. Then they offer most stiffness and durability
than others. It is almost depends on their bond
behavior. Concrete is placed under many different
atmospheric conditions. Sometimes it is placed at hot
environment or cold environment. So, temperature has
a great impact on reinforced concrete structure.
Concrete this is placed at low temperature
develops higher ultimate strength, greater durability and
is less subject to thermal cracking [1]. And concrete
this is placed at hot temperature, leads to rapid
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hydration and this results in an increased rate of slump
which leads to expedited setting and to a lower long
term strength of concrete [2]. The effect of temperature
on water demand is mainly brought about by its effect
on the rate of cement hydration [3]. When water comes
to the cement particle, hydration reaction starts. This
hydration reaction is a heat generating reaction. When
the ambient temperature is increased with atmosphere
then the rate of chemical reaction is increased naturally.
So, the ultimate degree of hydration increases with
temperature [4]. As a result of the accelerated
hydration, initial and final setting times are both reduced
with the rise in temperature. A14°C rise in temperature
from 10 to 24°C reduced the initial setting time by 8 h
while the same rise in temperature from 24 to 38°C
reduced the latter by 5 h only [5]. And hot weather
conditions more water is required for a given mix to
have the same slump, i.e. the same consistency. A
25mm decrease in slump is brought about by a 10°C
increase in concrete temperature [6]. The rate of
reaction increases with temperature but so does the
rate of evaporation from an exposed surface. The
ultimate strength of concrete cured at low temperature
is generally greater than that of concrete cured at a high
temperature, but extremes of temperature generally
have a negative effect [7].Concrete cast and cured at
high temperature exhibits the expected increased early-
age strength, it later-age strength is adversely affected
[8,9,10].A better understanding of effect of mixing and
curing temperature on reinforced concrete would no
doubt aid in the development of concrete structure
under various environmental condition especially
temperature to predict the bond strength of reinforced
concrete structures. The objectives of this study are to
investigate the bond strength of reinforced concrete
under varying mixing and curing temperature.

II. EXPERIMENTAL PROGRAM

The experimental work was carried out to the
effect of mixing and curing temperature on bond stress
of reinforced concrete. The variable parameters studied
and materials and methods involved were as follows:

a) Materials

The experimental program consists of main
four types of materials. These are mainly Cement Type |
(Ordinary Portland Cement), crushed burned brick, sea
bed sand and reinforcing bar.
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Table 1.

Chemical composition of ordinary Portland

cement materials (Mass %)

Oxide Ordinary
Composition | Portland Cement
Ca0 62.75
SiO, 20.83
ALO, 5.29
Fe,O, 3.50
MgO 0.52
SO, 2.44
Na,O 0.23
Total 95.56
Ignition loss 2.65

i. Cement

Cement Type-l, Ordinary Portland Cement was
used as a binding materials. The oxide compositions of
ordinary Portland cement are summarized in Table (1).
Aggregate:

The properties of fine and coarse aggregates
that were used are summarized in Table (2). Sea bed
sand was used as a fine aggregate and crushed
burned brick was used as a coarse aggregate. The
maximum size of coarse aggregate was 19 mm.

Table 2. Physical properties of coarse and fine

Aggregate
Coarse Fine
. aggregate aggregate
Properties (Crushed (Sea Bed
Burned Brick) Sand)
Maximum 19.0 2.38
aggregate size,
(mm)
Unit 861.02 1555.58
weight(Kg/m®)

Specific gravity 2.04 2.64
Fineness - 2.72
modulus

Absorption, (%) 18.25 3.19

b) Test Specimens

Six groups of pullout specimens consisting of
100mm (4 in.) x 200mm (8in.) concrete cylinders rebar
embedded axisymmetrically were tested. Deform rebar
used in three groups and plain rebar used in another
three group. Every group contained four specimens.
Rebar was casted vertically from the top of the cylinder.
Fig.1 shows the pullout test specimen dimension. Type
of specimens and rebar, rebar diameter, embedded
length, compressive strength and splitting tensile
strength are provided in Table (3). For compressive
strength test, same size of concrete cylinder was tested
for 3 days, 7 days, 28 days and 90 days sample.

c) Concrete Mix Design

The concrete mix for every specimen was
based on the mix design. The weight proportion of the
concrete of the mixture was 1 (cement ) : 1.4 ( coarse

© 2013 Global Journals Inc. (US)

aggregate ) : 2.5 ( fine aggregate ): 0.5 ( water), giving a
water to cement ratio (W/C) of 0.5. The concrete was
mixed by following the hand mixing method. The
concrete mix consisted of 147kg/m® water, 295 kg/m®
cement, 445 kg/m® sea bed sand, 500 kg/m?® burned
crushed brick.

Figure 7. Dimension of pullout specimen, schematic
diagram (left), pictorial diagram(right)

d) Test Method and Loading Instrumentation

Mixing and curing temperature are the main
parameter in this research work. Three type of
temperature (15°C, 30 °C, and 45 °C) were observed in
this study. During sample preparation and curing these
temperatures were successively controlled into the
laboratory. According to the ASTM C39, 100 mm dia.
and height of 200 mm cylindrical concrete specimen
were tested by compression strength testing machine
for different age of concrete for different mixing and
curing temperature. According to the ASTM C496-90,
splitting tensile strength test of cylindrical concrete was
observed for 28 days for each mixing and curing
temperature. And finally bond stress of reinforced
concrete was tested according to the illustrated fig. (2).



Figure 2 : Test aggangement: compressive strength
(left) and pullout test setup frame (right)

[1I.  RESULTS AND DISCUSSION

In compressive strength test, measurements of
compressive load were taken from compressive
strength testing machine. Compressive strength was
calculated as compressive loads were divided by cross
sectional area of concrete cylinder. Measurements of
compressive strength were observed for three mixing
and curing temperature such as 15°C, 30°C, 45°C and
for several four days (3, 7,28 and 90 days).

The results of compressive strength are plotted
in fig. 3 for different temperature for several days. The
fig.3 is illustrated that mixing and curing temperature
has the direct effect on compressive strength. It shows
that at beginning stage of strength gaining process,
45°C casting temperature sample has the higher value
of strength than 15°C mixing temperature sample. But
28 days and 90 days strength shows that reverse of 7
days strength value. Due to the high temperature, rate
of hydration of cement has increased and initial setting
time has decreased.
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Figure 3 . Effect of mixing and curing temperature on
compressive strength of concrete cylinder

Due the low temperature, heat of hydration has
been absorbed by the ambient temperature of
aggregate. For this hydration rate has decreased and
initial  setting time has increased. It can conclude
considering the initial setting time, for lower setting time
45°C sample gives higher early age strength but long
time strength of this sample gives low value and 15°C
sample has the reverse strength due to the higher
setting value.
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Figure 4 . Effect of mixing and curing temperature on
splitting tensile strengthof concrete cylinder

In  splitting  tesile  strength  test, the
measurements of tensile load were taken from
cpmpressive strength testing machine. Splitting tensile
strength was calculated as two times of tensile load
were divided by surface perimeter of concrete cylinder.
Measurements of splitting tensile strength were
obseved for different mixing and curing temperature for
28 days. Fig.4 is illustrated that the effect of mixing and
curing temperature on splitting tensile strength. It has a
small effect on splitting tensile strength. It gives the
downward slope of strength from 15°C to 45°C mixing

© 2013 Global Journals Inc. (US)
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and curing temperature. Lower temperature gives 24%
more tensile strength than higher mixing and curing
temperature.

Table 4 : Summary of pullout test results of specimens

Maximum Maximum

Maximum | Nominal | Failure Bond

Specimen Load Steel Slip Stress
(kN) Stress (mm) (MPa)

(MPa)

D15DC 49.35 436.35 0.75 8.59
D30DC 42.98 380.03 1.10 7.48
D45DC 35.78 316.36 0.85 6.23
P15DC 34.01 300.71 0.88 5.92
P30DC 27.46 242.78 0.77 4.78
P45DC 21.37 188.95 0.35 3.72

In Pullout test, measurement of bond load and
corresponding slip were taken from the pullout test
setup arrangement. Bond stress was calculated as the
maximum bond load was divided by the embedded
steel surface perimeter. It was observed for deform and
plain reinforcing bar as well as different mixing and
curing temperature. Table (4) shows that bond stress
slip relationship between deform and plain reinforcing
bar for different mixing and curing temperature. The
pick point of bond stress-slip relationship is indentified
as a maximum bond load and corresponding bond slip.
The average calculated maximum nominal bond stress,
bond load, failure slip and calculated maximum bond
stress are shown in Table (4).
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Figure 5 : Effect of mixing and curing temperature on
bond stress-slip relationship

The fig. 5 shows that bond stress of deform
rebars are always greater than plain bars. Deform
rebars show initially more incresing bond nature with
respect to slip value than plain rebars. But after
maximum bond load these give more slip value than
plain rebars.Due to adition and friction defrom rebars
give better bond stress than plain rebar. Friction can

© 2013 Global Journals Inc. (US)

contribute up to 35%of the ultimate strength governed
by the splitting of the concrete cover [11]. For deformed
bars, bond stress depends on the mechanical
interlocking betwwen ribs and concrete keys. The
ultimate bonstrength is reached , shear crack begin to
form the concrete between the robs as interlocking
forces induce large bearing stress around ribs and large
slip occure[12]. It is clear in fig.5 that mixing and curing
temperature have a great impact on bond stress.
D15DC gives more bond stress and slip value than
D30DC and D45DC and P15DC sample gives better
bond strength thanP30Dc and P45DC.
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Figure 6 :Variation of normalized bond stress under
deform and plain rebars

According to the fig.3, low temperature has
great impact on long term strength of reinforced
concretea and it illustrates that 15°C mixing and curing
temperature sample shows 21% more compressive for
28 days than 45°C sample. Compressive strength is
considered to be a significant parameter in bond
behavior because the force between steel and
concrete is transferred mainly by bearing and bond[13].
It has been found that the bond of high strength
concrete is proportional to the compressive strength
of concrete[14]. The fig.6 explains the variation of
normalized bond stress for deformed and pain
reinforcing bars. It shows that D15DC sample gives
27.4% more bond stress than D45DC sample and
P15DC sample shows 38.5% more bond stress than
P45DC sample. Again average of D15DC, D30DC and
D45DC samples gives nearly 36% more bond stress
than P15DC,P30Dc and P45DC samples.

[V. CONCLUSION

Based on the results of this research work, the
following conclusions can be drawn with respect to
different mixing and curing temperature of concrete.



Lower mixing and curing temperature leads to
increase initial setting time of concrete that increase
21% compressive strength for 28 days than higher
mixing and curing temperature samples. It increases
27% - 38.5% more bond stress than higher mixing and
curing temperature sample. Deform reinforcing bars
give 36% more bond stress than plain reinforcing bars
due the adhesion, friction and mechanical interlocking
of deform rebar’'s. Finally, lower mixing and curing
temperature presents better results than higher mixing
and curing temperature.
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Civil Engineering Significant of Peat

Behzad Kalantari

Absiract - Peat deposits are the partly decomposed and
fragmented remain of plants that have accumulated under
water (excessively moistened) and fossilized, and consist of
more than 50% organic substances. This type of subsoail
foundation has high compressibility and low shear strength
when subjected to imposed loads from civil engineering
projects. It is essential to distinguish this problematic soil from
better quality soils. Visual inspections including colour (dark
brown to black) and odour (organic odor) tests can help to
recognize peat. Field strength evaluation tests such as FVST
and PLT can give good estimates of peat shear strength. Also
laboratory tests such as moisture content, organic content and
UCS and CBR may be used to evaluate peat physical and
mechanical properties as well.

Keywords . peat, organic Sofls, molsture content,
description and classification, physical and mechanical
tests.

I. INTRODUCTION

awkes and Webb (1962), define soil as “any
loose surface material overlying solid rock”. Thus
the concept of soil includes not only the detritus
of weathered rocks and accumulation of inorganic
sediments, rather includes peat as well. According to
the Oxford dictionary, the word “peat” is a soft black or
brown substance formed from decaying plants (Oxford
University Press 1995). In general, peat deposits are the
partly decomposed and fragmented remain of plants
that have accumulated under water (excessively
moistened) and fossilized, and consist of more than
50% organic substances.

These features determine their polyfunctional
nature. Botanists and geobotanists study the specific
features of bog vegetation on peat soils and the climatic
characteristics of the period of the peat accumulation
based on the stratigraphy of peat deposits, and they
define peat as bogs. Geologists explore peat reserves
for industrial purposes and consider peat bogs as peat
fields (economic deposits). Hydrologists study the
hydrological regime of bogs and determine them as
water bodies. Foresters study bogs from the position of
improving the quality class of forest stands and call
them forest bogs. Soil scientists study peat as
agricultural highly fertile soils (Soper and Osbon 1922;
Radforth 1969; Babel 1975; Stanek and Worley 1983;
Van der Heidjden et a/ 199; and Inisheva 2006).

To civil engineers peat is an example of extreme
type of soft soil, and is called a problematic type of
soils, and they characterize peat deposits with the
following behaviours (Huat 2004, Kalantari 2010).

Author : University of Hormozgan, Bandar Abbas, Iran.

a) High organic content

b) High natural water content
c) High compressibility

d) Low shear strength

Also organic soils and peat in general show:
high liquid limit, low density, relatively low plasticity, and
different particle size distribution compared with
inorganic soils. It is therefore understandable that any
kind of civil engineering construction is usually avoided
when facing peat lands. However, peat is found in many
countries around the globe. In US, peat is found in 42
states, with a total acreage of 30 million hectares (each
hectare is 10,000 m?). Canada and Russia are the two
countries with the largest area of peat, 170 and 150
million hectares respectively. Also, tropical peat cover a
total of 30 million hectares of the world land, where two
third is located in Southeast Asia (Duraisamy et al.
2007).

Due to population increase, and demand for
social improvements, and therefore land scarce, there is
a strong feeling among civil engineers in general and
geotechnical engineers in particular to find ways to
strengthen organic soils and peat while keeping the
project cost as low as possible. In-order to strengthen
peat against imposed loads, it is essential to know its
civil engineering characteristics. In the following sections
behaviour of this type of foundation subsoils that are
more important to civil engineering projects are
discussed with more details.

[I.  ORGANIC SOILS AND PEAT

Any material that contains carbon is called
“organic”. However, engineers and geologists use more
narrow definition when applying the term to soils. An
organic soil is one that contains a significant amount of
organic material recently derived from plant remains.
This implies to be fresh and still in the process of
decomposition, and thus retain a distinctive texture, a
dark brown to black color, spongy consistency, and an
organic odor (Kalantari 2010, Coduto ef a/. 2011). Plant
fibres are sometimes visible but in the advanced stages
of decomposition, they may not be evident. Organic
soils with more than 50% organic content may be
considered peat. Peat is usually found as an extremely
loose, wet, unconsolidated surface deposit which forms
as an integral part of a wetland system, and their civil
engineering properties are much worse than those of
inorganic soils (Huat 2004, Coduto et a/. 2010).
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[1I.  DISTRIBUTIONS OF PEAT IN WORLD

Peat deposits accumulate wherever the conditions
are suitable, that is, in areas with excess rainfall, and the
ground is poorly drained, irrespective of latitude.
Nonetheless, peat deposits tend to be most common in
those regions with a comparatively cool, wet climate.
Usually water logged poorly drained conditions not only

favour the growth of a particular type of vegetation but also
help preserve the plant remains (Huat 2004).

Peat is found in many countries around the globe.
Canada and Russia are the two countries with a large area
of peat, 170 and 150 million hectares respectively
(Duraisamy 2008; Alwi 2007; and Huat 2004). Figure 1
shows distribution of peat deposits covering fifteen
countries.
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Figure 7 . Percentage of area covered by peat in different

countries in rank order (Mesri and Ajlouni 2007; Kalantari

2010; Huat et al. 2011)

IV.  DESCRIPTION OF PEAT

For civil engineering purposes, it is essential to
describe organic soils or peat. Therefore some essential
index properties of these types of subsoil foundations are
needed in-order to classify them and find best ways to
counter their negative effects on the designed imposed
loads. Hobbs (1986) and Edil (1977) suggested the
following characteristics to be included for a full description
of peat.

a) Colour, and odour
Water content
Degree of humification

b)
c)
d) Fibre content

e) Liquid limit and plastic limit

f)  Principal plant component, namely coarse fibre, fine
fiore, amorphous granular material and woody
material

V. CLASSIFICATION OF PEAT

Based on unified soil classification system
(USCS), organic soils are recognized as a separate soil
entity and have a major division called highly organic
soils (pt), which refers to peat, muck and highly organic
type of soils. Jarret (1995) gives a classification for
organic soils, which can be integrated with the USCS to
bridge the gap between peat, and purely inorganic soils
that is shown in Table 1.

7able 7. Classification of organic soils based on their organic content (Jarret 1995)

Another useful tool to classify organic soils or
peat is based on their fibre content as well as their
humification (decomposition) of the fibres. von Post
(1920) proposed a classification system, which is based
on a number of critical factors such as degree of
humification, botanical composition, water content,
content of fine and coarse fibres and woody remnants.
There are 10 degrees of humification (H, to H,,, with H,
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being the least and H,, being the most decomposed) in
the von Post classification system that are determined
based on the appearance of peat water that is extruded
when the soil is squeezed in the hand. A more
summarized version of von Post classification guideline
that is also in part proposed by Malaysian soil
classification systems for engineering purposes is
shown on Table 2.



Table 2 : Classification of peat on the basis of degree of decomposition (Karlson and Hansbo 1981; Jarret 1995)

The U.S department of agriculture (USDA)
classifies peat in three-point scale with respect to fibre
content that is determined by ASTM D 1997 test and is the

result of decomposition process of peat materials. This
type of classification is shown in Table 3.

Table 3 - USDA classification of peat (Huat 2004)

Also American association of state and highway
transportation officials (AASHTO), as well as federal
aviation administration (FAA) among soils from A-1 to A-8
classify peat as A-8.

VI.  ENGINEERING PROPERTIES OF PEAT

In order to identify major components of any type
of soils and determining soil engineering properties, it is
essential to conduct various types of tests. These tests
may be divided to physical and mechanical tests. Physical
tests begin with visual inspection of the sail, as far as soil’s
appearance, colour, possible odour, and plasticity are
concerned. These methods, however, represent only the
first step in adequate description of soil material. They
must be supplemented by other procedures leading to
quantitative results that may be related to the physical
properties with which the engineer is directly concerned
(Peck et al. 1974). After visual inspection of soil, tests that
usually follow are index property tests and mechanical
property tests. Organic soils and peat are not exceptions
and the same types of tests are to be carried out on them
as well.

Some of the most useful index property tests for
civil engineers for organic soils and peat include:
a) Water content

b) Loss on ignition and organic content
c) Fibre content

d) Grain size distribution

e) Density and Specific Gravity

f)  Atterberg Limits

Also the most useful mechanical tests (laboratory
and field) for organic soils and peat are:
a) California bearing ratio (CBR)
b) Unconfined compressive strength (UCS)
) Triaxial
) Permeability (falling head)
) Consolidation
Compaction (unusual but possible)

) Field strength evaluation tests

i Vane shear test

i, Plate load test

o 0

Q=0

Other tests such as pH (for degree of acidity),
scanning electron microscopy or SEM (for microstructure
analysis) and energy dispersing x-ray analysis or EDXA
(for chemical characterization analysis) may also be
used to complete the testing procedure for peat as well.

VII.  CONCLUSIONS

Peat is one of the most problematic subsoil
foundations that engineers are faced when civil
engineering projects are concerned. This type of soll
has low shear strength, and high compressibility when
subjected to imposed loads. It is essential to distinguish
this problematic soil from better quality soils. Visual
inspections including colour (dark brown to black) and
odour (organic odor) tests can help to recognize peat at
field. Peat usually has unusual high moisture content
(more than 100%) compared with inorganic soils. This
type of soil may be changed (more decomposed) in
shape through time. Peat may be classified as three
types namely; fibric, hemic and sapric with sapric being
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the most decomposed compared with fibric that is the
most fibrous and less decomposed. Field tests such as
vane shear test (VST) and plate load test (PLT) can be
carried out to check shear strength of peat. Also a few
laboratory tests may provide some important
parameters which can help the civil engineers to analyze
best possible methods to combat this difficult soil.
These tests include; water content, organic content,
unconfined compressive strength (UCS), and California
bearing ratio (CBR). Also, depth of existing peat, type of
project, and cost-benefit ratio are considerable factors
to be considered when dealing with peat deposit as
well.
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1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
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
possible about keyword search:
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e 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.

e 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.

e  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
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
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
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
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
being noticeable.

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).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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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 .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | 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.
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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.

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.
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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, | 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
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.
e  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.
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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

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  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.
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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
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

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

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

Approach:
. Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
e A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
e  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.
e 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.
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®  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.

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

®  Asalways, 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
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.

e |[f 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

e 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:

® |t 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.
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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.

e  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.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® 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

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

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

e |f 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
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure 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.
®  Tryto 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.
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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.

. 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.

e 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
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