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Estimation of Production rates for Formwork
Installation using Fuzzy Expert Systems

Arazi Bin Idrus ¢, Sana Mugeem®, Yap Keem®, Mohd Faris Khamidiq’, Mohd Saiful Zakaria*

Abstract - Expert Systems have been used to solve complex
problems efficiently if the information available is in descriptive
form rather than numbers. The study has aimed to use Fuzzy
expert systems to estimate the labor production rates.
Production rate values of formwork installation of beam have
been measured from the project sites and factors influencing
the production rates have been recorded on scale in
descriptive form. Fuzzy expert system developed in this study
has been compared with the previous Fuzzy expert systems
used for estimating production rates. Mean Square Error of the
previous and new models has been calculated and shows that
proposed model gives high linguistic and numerical
accuracies. Hence, the Fuzzy expert system developed in this
study can be used reliably for estimating labor productivity by
the construction Industry.

Keywords : Artificial intelligence, Fuzzy Expert Systemns,
Production Rates, Influencing Factors.

. INTRODUCTION

onstruction productivity is the main indicator of

the performance of construction industry. It is

constantly declining over a decade due to the
lack of standard productivity measurement system and
negligence of various factors influencing labor
productivity. Different techniques have been developed
to estimate construction productivity. These includes
Factor Model by Thomas and Yiakoumis (1987) for
predicting productivity using factors, Expectancy model
by Maloney and Fillen (1985) for predicting performance
of workers to estimate productivity, Action Response
model by Halligan (1994) to evaluate losses in
construction productivity, Herbsman and Ellis (1990)
have developed Statistical model to identify the affects
of factors on productivity, An Expert Simulation model
developed by Boussaabaine and Duff (1996) to identify
the combine effects of the factors on productivity. These
modelling techniques have been developed for specific
conditions and their implementation was mostly
restricted with the information available (Oduba 2002). In
addition, in order to solve complex non-linear problems
these techniques have several limitations.

Author * : Department of Civil Engineering, Universiti Teknologi
PETRONAS, Tronoh, Malaysia.

Author @ Department of Civil Engineering, Universiti Teknologi
PETRONAS, Tronoh, Malaysia.

Author - College of Graduate Science, Universiti Tenaga Nasional,
Kajang, Malaysia.

Author : Department of Civil Engineering, Universiti Teknologi
PETRONAS, Tronoh, Malaysia.

Author ¥ ¥ Department of Civil Engineering, Universiti Teknologi
PETRONAS, Tronoh, Malaysia.

Therefore, the objective of this study is to use
Avrtificial Intelligence technique for the estimation of labor
productivity. It has been identified that Artificial
Intelligence techniques have been using to solve the
problems in construction management research through
decades. These techniques have strong and dynamic
learning  mechanism  with  effective  recognition
capabilities to solve complex non-linear problems.
Among the different Artificial Intelligence techniques the
most commonly used in construction management is
Fuzzy Expert System.

I[I. FUZzY EXPERT SYSTEM

Fuzzy expert systems relates input variable with
output variables in the form of linguistic values based on
fuzzy if-then rules. Membership functions of input
variables represented by fuzzy antecedents of if-then
rules whereas the membership functions of the output
variables represents fuzzy consequents of if-then rules
(Aminah ef al. 2005). Reasoning of fuzzy expert systems
is based on fuzzy inference mechanisms. The basic
structure of fuzzy inference mechanism consists of three
components: rule base; which contain selection of rules,
database, which defines membership function used in
fuzzy rules and reasoning mechanism, which perform
inference procedure (Jang ef al. 1997).

There are few applications of fuzzy expert
systems in the field of construction management. For
estimating construction labor production rates, fuzzy
expert system has been used by Hongwei (1999) and
Oduba (2002). Hongwei (1999) has estimated labour
productivity using fuzzy set theory. Method of using
fuzzy set theory has been explored for estimating labor
production rate for concrete wall formwork. Different
factors influencing labor productivity of concrete wall
formwork have been identified and fuzzy logic
estimation model has been developed. Fuzzy inference
engine, fuzzification module and defuzzification module
have been prepared and productivity has been
predicted as a linguistic assertion. However, the data
used in this research are based on historical records
which are limited and inconsistent therefore the
accuracy of the results of fuzzy expert system
developed can be questioned.

Oduba (2002) has also predicted labor
productivity using fuzzy expert systems. Productivities
for industrial rig pipe and weld pipe activities has been
predicted after identifying the various influencing factors

© 2012 Global Journals Inc. (US)
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on these activities. To identify the influence of these
factors membership functions have been developed.

Table 7 :Importance Index Parameters

Relationship between the productivities with influencing Influencing Factors Im?o(;tance Ranking
factors has been predicted by developing fuzzy rule- naex
base in fuzzy expert systems. Despite the fuzzy expert Auvailability of material & 66 1
systems resulted in high linguistic accuracy but the use equipment
of large number of input factors has caused exponential No. of workers 61 5
growth of rules and made it complicated to understand. '
Therefore, this study has aimed to use fuzzy Weather 60 3
expert system for estimating construction labor . .
production rates by collecting the data from direct Site Conditions 59 4
observation of .project sites and develop fu.zzyl prert Location of the project 58 5
system by using selected factors that significantly
influence the productivity of labor. Motivation and incentive 54 6
IT1. FACTORS INFLUENCING LABOR Labor work load 51 7
PRODUCTIVITY Absenteeism 40 8
Through the literature review, total seventeen Rework 37 9
factors that influenced the labor production rates at site ) ) )
have been identified. Delays in material delivery 36 10
to site
Inspection delays 35 11
Labor disruption 33 12
Poor S_che_dullng and 32 13
Coordination
Dlsruptlon of Power/Water 30 14
Supplies
Communication Problems 31 15
Skill level of labor 29 16
Buildability 28 17
Table 2 : Influencing factors Parameters
Factors/ Likert Scale 1 2 3 4 5
Low Severe Slightly M oder ate Slightly high Highly severe
low Severe severe
Weather (F1) Very Pleasant Pleasant Moderate/sunny Hot weather Very hot weather
Availability of material Completely Adequately Inadequately Shortage of Completely
and Equipment (F2) available available available material unavailable
L ocation of project (F3) Accessible/Urban  Sub-urban Rural-urban Sub-rural area Inaccessible/ Rural

area area

Site conditions (F4) Very clear clear

Number of workers (F5) available available

Completely Adequately

Slightly congested congested

Inadequate Shortage of
Availability workers

area
Very congested

Completely
unavailable

© 2012 Global Journals Inc. (US)



Questionnaire survey has been carried out to
rank each factor according to their importance by using
Likert scale of 1 to 5 where 1 means not important and 5
means extremely important. Factors are ranked as
highly significant by calculating the Importance Index by
using the formula;

5n; +4n,+ 3n; + 2n, + ng
5(n;,n,+n;+n,+n;)

Importance Index =

Top five factors have been selected which are
weather, availability of material and equipment, project
location, site conditions and number of workers as
shown in Table 1. These factors have been selected to
record at sites on the Likert scale of 1 to 5 where 1
means low severe and 5 means high severe as shown in
Table 2.

IV.

Various ongoing concrete building projects
have been identified in different parts of Malaysia that
includes Ipoh, Kuala Lumpur, Grik, Subang, Selangor,
Melaka. Direct observation method has been used to
measure the production rates and influencing factors at
site. Production rates of installation of formwork of beam
have been selected to measure. Simultaneously, five
factors selected earlier have also been recorded. Total
seven numbers of projects have been observed. Weekly
site visits had been done and are the production rates
are recorded at specific interval of times. Eighty four (84)
numbers of observations have been collected. Stop
watch has been used to calculate duration of activities
at specific time interval.

V.  MODEL DEVELOPMENT

Fuzzy expert systems developed previously for
predicting labor productivity have been considered. Two
fuzzy logic models that have been developed by
Hongwei (1999) and Oduba (2002) for estimating labor
productivity. New Fuzzy expert system has also been
developed by considering new parameters.

a) Model 1(Hongwei 1999)

Same parameters of fuzzy expert system have
been considered as developed by Hongwei in 1999. For
input variables and output variable three membership
functions have been used with five linguistic terms. The
shape of the membership function used for input
variable and output variable is triangular. Fuzzy if-then
rules have been developed through logical reasoning.
Mamdani inference system has been considered with
min-max  composition ~ where  implication  and
aggregation methods used are minimum and maximum.
Mean of Maximum (MOM) method is used for
defuzzifucation.

PRODUCTION RATES

b) Model 2 (Oduba 2002)
Similarly the parameters of the fuzzy expert

© 2011 Global Journals Inc. (US)

system developed by Oduba in 2002 have been
considered. Three membership functions have been
used for input and output variables with three linguistic
terms. The shape of the membership function used for
input variable and output variable is triangular. Fuzzy if-
then rules have been developed through logical
reasoning. Mamdani inference system has been
considered with min-max composition and implication
and aggregation methods used are minimum and
maximum. Defuzzification method used is centriod.

c) New Mode!

A new fuzzy expert system has been developed
with new parameters. Five membership functions have
been used for input and output variables with five
linguistic terms. The shape of the membership function
used for input variable and output variable is gaussian.
Fuzzy if-then rules have been developed through logical
reasoning. Sugeno inference system has been
considered with min-max composition where implication
and aggregation methods used are minimum and
maximum. Defuzzification method used is weight age
average.

PERFORMANCE OF MODELS

Data collected in this research have been used
in the two previously developed and newly developed
Fuzzy Expert systems. Performance of the systems has
been evaluated by calculating Mean Square Error
(MSE), numerical and linguistic accuracies.

As shown in Table 3, MSE calculated from New
Model is lower than Model 1 and Model 2. Thus,
indicating that New Model has estimated the production
rates with least range of errors.

Numerical accuracies for Model 1 and Model 2
have been calculated. Percentage error of each data
points have been measured and the numerical match is
considered if error is less than 33% as three
membership functions have been used representing
33% of the data. Numerical accuracy is obtained by
calculating percentage of numerical matches over total
number of data points (Oduba 2002). Similarly, if the
defuzzified output matches with the linguistic term of
actual output then it is considered linguistic match.
Numerical accuracies calculated for Model 1 and Model
2 are equal to 44% and 71%. Model 2 resulted in high
numerical accuracy as compare to Model 1. The
linguistic accuracies of Model 1 and Model 2 are 21%
and 50% which are significantly lower.

VL.
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Table 3 . Fuzzy Expert Systems Results

Fuzzy Expert Formwork installation of Beam
Systems
Numerical Linguistic
MSE Accuracy Accuracy
MODEL 1 0.000390 44% 21%
MODEL 2 0.1645 71% 50%
NEW
0, 0,
MODEL 0.000067 75% 53%

For New Model, numerical accuracies have
been calculated. However, percentage error less than
20% is considered as numerical match as the five
linguistic terms have been wused where each
membership function representing 20% of data. Table 3
shows that the numerical and linguistic accuracies
calculated from New Model is 75% and 53% which are
higher as compare to Model 1 and Model 2. Thus for
this study, changing the shape of membership function
from triangular to Gaussian, linguistic terms from three
to five, fuzzy inference system from Mamdani to Sugeno
and Defuzzification method from centriod and Mean of
Maximum to weight age average; gives more reliable
and accurate results with high numerical and linguistic
accuracies.

VII.  CONCLUSION AND
RECOMMENDATIONS

Construction labor production rates of formwork
installation of beams have been estimated by using
influencing factors which were in descriptive forms. This
study has achieved its objective by estimating reliable
production rates for formwork installation by using Fuzzy
Expert System with least Mean Square Error and with
high numerical and linguistic accuracies. However, for
more accurate results the study can be conducted by
increasing more data. Also, sensitivity analysis is
needed to identify the influence of each factor on the
production rates.

Hence, this study has provided a framework for
developing more accurate estimation technique using
fuzzy expert system in the field of construction
management.
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| and use/cover classification- An introduction
review and comparison

Dr. Swapan Kumar Deb ®, Rajiv Kumar Nathr ©

Abstract - Accurate and reliable information about land use
and land cover is essential for change detection and
monitoring of the specified area. It is also useful in the
updating the geographical information about the area. Over
the past decade, a significant amount of research has been
conducted concerning the application of different classifier
and image fusion technique in this area. In this paper,
infroductions to the land use and land cover classification
techniques are given and the results from a number of
different techniques are compared. It has been found that, in

general fusion technique perform better than either
conventional classifier or supervised/unsupervised
classification.

Keywords  Land Cover. Land, Fusion, Multiresolution,
supervised, unsupervisea.

[. INTRODUCTION

and-Cover/Land-use, being the new concept
Ldeveloping with the remote sensing technology,

has become a crucial item of basic tasks in order
to carry through a series of important works, such as the
prediction of land-use change, prevention of nature
disaster, management and plan land use, protection of
environment, etc,. With the more thorough development
of remote sensing technology and Geo-Analysis model,
using remotely sensed data to monitor the status and
dynamical change of land-cover/land-use is become the
one of the one of the most rapid, credible and effectual
method. Land-cover and Land-use are two different
concepts in its intrinsic signification .Land-cover
emphasize particularly on its nature properties and it is
the synthetically reflection of various elements in global
surface covered with natural body or manual
construction.  Using remote sensing classification
method, whatever used or non-used covering object in
surface can be separated. However, Land-use,
emphasizing more on land's social properties, is the
output of reconstruction activities that human adopts a
serial of biologic, technologic measure to manage and
regulate the land chronically and periodically according
to determinate economic and social purpose. Thus,
land-use is a process of turning natural ecosystem into
social ecosystem, and the process is a complicated
procedure by the synthetic effect from nature, economy
and society. The manner, degree, structure, area
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Author? - Civil Engineering Department, Indian Institute of Technology,
New Delt, India. E-mall : rajivknath@gmail.com

distributing and benefit of land-use are not only affected
by natural condition nut also restricted by diversified
natural, economic and technologic condition, and in
sometimes among all factors the social production form
is determinant Land-use is the most direct and leading
driving  factor to the land-cover  change.
In carrying out research and application of the land-
covert and land-use remote sensing investigation, the
uniform classification system is usually built up by
combining the two concepts under one system, which is
called Remote  Sensing  Land-Cover/Land-Use
classification system. There are various methods that
have been developed to perform the Land-Cover/Land
Classification  particularly  for  multispectral  and
panchromatic imagery.

Satellite images are constituted by a set of
measures of electromagnetic radiation. Each individual
measure corresponds to an area unit (pixel) and a
certain interval of wave-length (channel). Many projects
have been carried out in the last years by national or
international organizations as well as by private
companies for making land cover maps or databases
through photo-interpretation or automatic classification
of satellite data. The most extensive use of remote
sensing data is in the construction of land cover maps.
In recent years, with the spread of Geographic
Information Systems (GIS), databases rather than maps
have been generally produced. Sometimes, some
classes of adopted legends can be considered land use
classes rather than land cover ones; therefore, many
maps based on photo-interpretation of remote sensing
data are called land cover/land use maps. CORINE land
cover [1] is a relevant example of a land cover database
created mainly on the basis of remote sensing data.

I1. LAND USE/COVER CLASSIFICATION

a) By Fusion

The power of data fusion based on statistics of
thermal infrared images at 1 km resolution, resolution,
with visible and near infrared images at 20-m resolution
that better match the urban scale. The results
demonstrate the capabilities of remote sensing to derive
some components of the urban energy balance, and to
monitor their spatial and temporal variability [2]. To
extract rural human settlement, different agricultural
cultivation types, urban and built up area with different
construction density combination of optical and multi-
temporal SAR data is quite simple compare to use
anyone of them alone[3].
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Definiens eCognition was used to identify land
cover types by examination of panchromatic data from
different sources (SPOT and KOMPSAT-1), recorded at
different spatial resolutions. The geospatial techniques
is used for combining multi-concept image datasets,
geospatial themes and population census data to study
various surface features in the environs of Lahore
district, the dynamics of urban expansion with reference
to population growth, and analyze different population
aspects with reference to the spatial distribution of
urban and rural administrative units within the district.
And also gives the information that which dataset have
been found appropriate and effective for classification of
land use/ land cover features [4]. EOS-MISR, Landsat-
ETM+ and RadarSat-SAR are fused together to find out
the effect of land cover and land use to carbon cycle
and climate change modelling [5]. The Gaussian
mixture classification and the multi-scale classification
algorithm (SMAP) were used with different combination
consisting of the SPOT image and the airborne multi-
polarized SAR data (EMISAR), [6]. An ASTER sensor
imagery, which was converted into top-of-atmosphere
reflectance (TOA), was used to classify the land
use/cover types, according to Co-ordination of
Information on the Environment (CORINE) land cover
nomenclature, for an area representing the
heterogonous characteristics of eastern Mediterranean
regions in Kahramanmaras, Turkey [7]. The Optical and
SAR sensor data are co-registered for data fusion and
classification process of five classes: crops, water, built-
up, forest and grass Missouri [8]. The utility of radar is to
accurately locate areas of natural vegetation, scattered
agricultural, and settlements. Radar data were able to
accurately map these features with approximately the
same accuracy as TM [9]. Landsat TM and microwave
data (contemporaneous image of the new radar sensor
SIR-C/X-SAR) were combined through calculation of the
principal components of the multidimensional data sets
and a final classification was carried out and compared
with the classifications obtained from optical and radar
recordings  separately  [10]. The land use
transformations are a result of the interaction of the
biophysical drivers and human drivers. It applies the
concept of the presence of an agent as the decision
maker based on the information available to it at a
particular point in time and space, in simulation the land
use/cover changes [11].

Microwave land cover studies have been
performed at high resolution with airborne, such as JPL
AiIrSAR [12] and CCRS C/X SAR [13], and satellite SAR,
and at global scale mainly with ERS-1/2 Wind
scatterometer and the SSM/I. The potential of multi-
frequency polarimetric SAR data in separating
agricultural fields from other types of surfaces and in
discriminating among classes of agricultural species
has been demonstrated. Lee et al. exploited the land-
use classification capabilities of fully polarimetric
synthetic aperture radar (SAR) versus dual-polarization

© 2012 Global Journals Inc. (US)

and single-polarization SAR for P-, L-, and C-Band
frequencies. A variety of polarization combinations was
investigated for application to crop and tree age
classification. The authors found that L-Band fully
polarimetric SAR data are best for crop classification,
but that P-Band is best for forest age classification. This
is because longer wavelength electromagnetic waves
provide higher penetration. Moreover, the HH and W
phase difference is important for crop classification, but
less important for tree age classification. Recent
research addressed to urban areas by using multi-
temporal analysis of SAR data, has demonstrated that
the coarse resolution of ERS images does not prevent
the possibility of characterizing these areas [14, 15].
[16] established the usefulness of multiple SAR views in
road detection. Convenient indexes derived by the
observed backscattering and brightness temperature
from the ERS scatterometer and the SSM/I made it
possible monitoring seasonal variations in various types
of land surfaces [17],[18]. The combination of three
bands of NDVI, daytime LST, and night time LST shows
the highest accuracy. Three-band combination using
only daytime shows lower accuracy than two bands
using day and night time. Adding night time data
obviously increases the accuracies of forest and built up
classes. The night time data can well discriminate forest
from active agriculture (or mature crops), deciduous
forest in hot season from inactive agriculture (or non-
mature crops), and built up from harvested or fellow
agriculture [19].

b) Land use/cover classification

A supervised digital classification approach was
adopted for the preparation of temporal crop and land
use inventory. Cropping pattern analysis was carried out
by GIS aided integration of temporal crop inventory
information. In this process of matching land and use,
all the constraints were examined and integrated with
proper weight age according to their contribution and
the possibility of making improvements considered [20].
The expert classification system is used to classify the
dominant land cover types are cultivated vegetation
(23%), high density urban (16%), cultivated land without
vegetation (10%), and undeveloped (9%) [21] based on
expert classification system earlier made by [22]for the
Phoenix urban area using Landsat Thematic Mapper
(TM) imagery. Two different classification methods were
used: Unsupervised and supervised classification.
Unsupervised classification is the identification of natural
groups, or structures, within  multispectral data.
Supervised classification is the process of using training
samples, samples of known identity to classify pixels of
unknown identity [23]. This classification listing (Levels |-
IV) reflects the detailed identification possible in
depicting the land use, land cover and land forms [47].
With the employment of colour or false colour infrared
aerial photography, a higher degree of accuracy,
precision and detail can be realized. The recommended



scale is 1:12,000 to 1:10,000 or larger for both the aerial
photography and the graphics product (Handbook).

Descriptive and Correlation Analyses observed
that while certain land use types are more generators of
informal sector enterprises than others, there is a
significant positive relationship between land use
intensity and incidence of informal sector enterprises
[24]. The authors implemented three new approaches to
merging heterogeneous spatial datasets for change
analysis: 1) we developed a 2000 satellite image
ISODATA classification in a way that approximated the
1980 photo-interpreted classifications as closely as
possible; 2) we used a third independent data set
collected consistently across the two dates to constrain
and improve the comparability of the classifications, and
3) we combined these in an allocation procedure. These
approaches were integrated by a classification
procedure that combined ISODATA clustering methods
with a multi-objective land allocation procedure (MOLA),
[25].

The domain concepts is used to build generic
description of patterns in remote sensing images, and
then use structural approaches to identify such patterns
in images for detecting land use patterns in Amazonia
from INPE’'s remote sensing image database
[18].Wavelet based approach was used to detect the
change in road network with the help of GIS [26]. The
Neural Network (NN) classifier is tested with SPOT data
for the classification [27]. The image processing system
ERDAS Imagine and Idrisiw were used in processing
and classifying the acquired images. Geo-referencing of
images was executed on the basis of ground control
points, derived from 1:100,000 scale topographical
maps. An unsupervised classification of images was
done first for identification of land use patterns
grouping, and for grouth truthing for training site
selection. A supervised classification of images was
carried out using the maximum likelihood method. This
decision rule is based on the probability that a pixel
belongs to a particular class with the highest probability
among several possibilities [28]. The comparative study
of the use of unsupervised clustering algorithms for pre-
classification of satellite images [29]. A decision tree
classifier approach was used to extract knowledge from
spatial data in the form of classification rules. The
extracted knowledge was used for improving the
classification accuracy. It also indicates that the
knowledge extracted from this approach can solve the
problem of spectral confusion to some extent. The
results were compared with the maximum likelihood
classification  [30],[31]. A new region-merging
segmentation technique was linked with this technique
with the FAO Land Cover Land Use classification
system resulted in the development of an automated,
standardized classification methodology [32]. A
multidimensional approach to classification can

counteract this trend by decomposing the land into a set
of fundamental and independent dimensions based on

measurable characteristics which can then be used
separately and in combination to provide a structured
approach to classification. The approach offers the
potential to develop a generic land-based classification
capable of harmonizing different classification schemes
and satisfying the requirements of different users. the
standard maximum likelihood (ML) classifier with equal
a prioris (only for the three channels case) and a special
case of the ML classifier, considering proper
distributions for SAR data, for the two polarimetric
channels case 33],[34]. Any change in land use land
cover increase the soil erosion[45] which leads to
raising of the beds of rivers thus reducing their capacity
and consequently spilling the flood waters in to
adjoining areas, silting the reservoirs, loss of soil fertility
etc. The multi-temporal ASAR imagery was first
orthorectified using NTDB DEM and satellite orbital
models. K Nearest neighbour (kNN) classifier was used
to extract eleven land cover classes. Supervised and
unsupervised classifications were performed with five
training classes of water, dune, urban area, vegetation
and saline soil [35]. PCA is used for the classification of
SAR image ([36],[37]. The two approaches namely Van
Zyl approach was used to classify the Lee filtered image
pixels into three categories: (1) odd number of
reflections, (2) even number of reflections, and (3)
diffuse scattering and the Cloude and Pottier’'s target
decomposition theorem was studied and employed to
group all pixels into nine different zones (or nine
classes) accordingly to the partitioning of the entropy
(H)-alpha (x) plane. The decomposition is based on the
eigen value analysis of the complex coherency matrix T,
which is based on Pauli matrix representation [38], [46].
The land use sources and destination was analyzed by
conversion matrix. The extent to which post-
independence land use and land cover changes have
influenced environmental degradation in the most
environmentally sensitive sections of the Garhwal
Himalayas in India, the Alaknanda Valley [39]. It reveals
the trend of geographic changes and related changes in
land use pattern of the estuarine island in response to
the natural and anthropogenic activities [40]. It is
generally recommended that a thresholding procedure
be performed on the data, so that change and no-
change pixels can be readily located in the change
imagery. Thresholds are usually based on the number of
standard deviations from the mean of the change
image, typically an iterative and subjective procedure
(41],[42]. Therefore, recent research has examined the
selection of thresholds based on a sound statistical
basis [43],[44].

[1I. COMPARISON OF VARIOUS RESULTS

Over the past decade, researchers have
explored various methods which involved different
fusion techniques and different classification algorithm
of land use/cover classification of satellite images, few
of them discussed here.
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3.1 Land cover classification by combination of
SAR and optical data Obviously, solely application of
optical data as stated in previous paragraph enables to
establish good land cover map, however, there are still
some misclassification and the result needs to be
refined for practical use. Combining analysis results of
both optical and JERS-1 SAR we could obtain the best
result.

Clas el v Dnplay - Rl _Libs

Figure 1. Land cover map established by combination
of optical and microwave data

3.2 Land evaluation may be defined as: "the
process of assessment of land performance when the
land is used for specified purposes'(Food and
Agriculture Organization of the United Nations, 1985.
The crop and other land use- land cover pattern of a
region is an outcome of both natural and socio-
economic factors and their utilization by man in time and
space. Land is becoming a scarce commodity due to
immense agricultural and demographic pressure.
Hence, information on land use-land cover and
possibilities for their optimal use is essential for the
selection, planning and implementation of land uses
schemes to meet the increasing demands for basic
human needs and welfare. Increasing human
interventions and unfavourable bioclimatic environment
has led to transformation of large tracts of land into
wastelands. Satellite remote sensing plays an important
role in generating information about the latest land use-
land cover pattern in an area and its temporal changes
through times.

3.3 The land cover classification at 20-m
resolution allows one to compute the percentage of a
given class within 1-km resolution AVHRR pixels. Fig.
3a shows the percentage of the “densely built” class
over Paris, and Fig. 3b displays its joint distribution with
night and day average LST images. The night time
distribution of LST is well correlated with the increasing
density of buildings from the suburbs to downtown, as
seen in Fig. 2a. The daytime distribution of LST also
shows a correlation with density of building, although

© 2012 Global Journals Inc. (US)

the variance is larger, presumably due to larger
fluctuations of the heat fluxes, hence of LST, under the
stronger radiative forcing conditions.

Boulogne
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Forét de
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(0)
Figure 2 Night time average image of Paris LST based
on five NOAA-AVHRR thermal IR images at 03:27 UTC,
August 6 —10, 1998.
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Figure 3 . (a) Percentage of densely built class (incl.
roads) at 1-km resolution, derived from the 20-m
resolution land cover classification of Paris. (b) Joint
distribution of percentage of the densely built class, with
night time and daytime average LST images (Fig. 2a
and b).




3.4 Three different sensors (Landsat MSS, TM,
ETM) image of Lahore City of Pakistan which is situated
within  the geographic extents of (74%ast to
74°39'23"east) longitude and (31° 13'18"north to
31%43'north) latitude, the expanse of Lahore district
encompasses an area of 1772sgkm. The higher levels
of accuracies were achieved in case of Landsat MSS
Image Dataset because that image contained more
spectrally separable features than those were in the
image datasets of the later dates. Difference in Spectral,
spatial and radiometric resolutions of each datasets
could also be one of the reasons for varying
classification success rates. Diminishing vegetation can
be observed in the direction of population expansion,
the agricultural land is successively being converted into
commercial/ residential areas for potential construction
of houses, apartments and plazas. Moreover, as
obvious from the classified image datasets, areas of
sparse population convert into those of thick population
over a period of 5-10 years. Hence transformation
occurs from spacious to congested city environs and
from rural agriculture land to urban
residential/commercial land within the district.

Mar 23, 1973
Landsat MSS

E:ngsgt é?g: 1 Classification Legend
Il VWater Bodies (WE)

Bl Vegetation (VC)

Bl Turbid Water (TW)
Il Thick Population (TP)
[B Sparse Population (SP)
[ Sand (SD)

] Bare Soil (BS)

B Recreation Parks (RP)
[ ] Mixed Residential (MR}

i

Figure 4 Supervised image Classification showing
Extent and Direction of Population Growth in the Study
Area

3.5 A multi-spectral SPOT image, polarimetric
airborne SAR data as well as satellite based C-band
SAR data have been used to perform classification of
agricultural fields and areas occupied by forest and lake
with  Conventional Maximum Likelihood classification
and classification incorporating a Gaussian mixture
class model, as well as an algorithm based on multi-
resolution structured data and sequential MAP (SMAP).

rye
oat

wheat

winter barley
grass

oil seed rapes
forest

lake

EO0DEENN

Figure 5 Classified image based on the total data set
Average accuracy is 95.9%.

Class Label pixels in training - pixels in lest

sel ; sel

| ve 11535 12350
2 ot 21899 11709

wheat 31278 27983
4 winter barley 12358 12866
5 LTSS 10916 8753
[ ol seed rape 27942 27989
T Torest 24014 28336
L lake 12723 11347

Table 7. Number of pixels in training and test fields
used in the classifications

The standard maximum likelihood (ML)
classifier with equal priories (only for the three channels
case) and a special case of the ML classifier,
considering proper distributions for SAR data, for the
two polarimetric channels case. The Support Vector
Machine classifier (SVM) with Radial Basis Functions
Kernel, was selected as the deterministic pixel based
classifier  representative. 3.6  Multisource  and
Multitemporall Data in Land Cover Classification Tasks:
the Advantage Offered by Neural Networks

The experiment was carried out with different
set of classes and multi-layer feed forward neural
networks, trained by means of the Error Back
Propagation algorithm with different numbers of internal,
hidden and output neurons. the accuracy of the
classification can be strongly increased, if four
microwave images are available, as happens in mid
July. The result is given below in the table:

Class Commission (%) Omission (%)
Grassland 31.13 3474
Oat 60.43 47.77
Spring barley 66.32 69.07
Forest 76.62 78.05
Winter Barley 42.97 55.25
Winter Wheat 69.37 4995
Moorland 67.07 78.38
Urban 75.51 62.82
Water 98.62 9397
Overall (%) 66.73

Table 2 : Classification accuracy (S3, June)
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Class Commission (%) Omission (%)
Grassland 87.50 79.21
Oat 7232 67.35
Spring barley 84.72 78.80
Forest 91.34 92.02
Winter Barley 84.83 70.12
Winter Wheat 71.61 84.09
Moorland 80.71 89.28
Urban 81.89 7521
Water 96.04 95.28
Overall (%) 83.18

Table 3 : Classification accuracy (S 1-S2-E1, May)

Class Commission (%) Oﬁion (%)
Grassland 66.77 56.01
Oat 65.30 49.65
Spring barley 59.30 55.01
Forest 68.30 82.79
Winter Barley 58.74 41.05
Winter Wheat 64,39 71.16
Moorland 60.37 63.64
Urban 73.82 86.08
‘Water 99.33 92.04
Overall (%) 69.07

Table 4 . Classification accuracy (E2-S3-E3, June)

Class Commission (%) Omission (%)
Grassland 78.48 78.68
Oat 88.03 70.79
Spring barley 80.70 88.63
Forest 90.02 91.15
Winter Barley 74.79 78.28
Winter Wheat 82.32 81.57
Moorland 86.74 8229
Urban 80.19 83.87
Water 99.45 94.36
Overall (%) 84.58

Table & . Classification accuracy (S2-EI-E2-S3-E3-E4,
July)

3.6 The combination of unsupervised and
supervised classification was used. In the land use
classification generated using Arc View tools; the
distribution of land use is the following: the predominant
land use of the area is forest, followed by herbaceous
rangeland, followed by agriculture, and a small portion
of the watershed composed an urban area. In this
classification the rangeland area that is located in the
center of the watershed can not be observed.

© 2012 Global Journals Inc. (US)

Jauca Watershed (Arc View GIS)
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Figure 6 . Arc View ais, Land Use Classification of Rio
Jauca

The procedure produced a final raster image
with each pixel classified into a land-use class/cluster
and each land-use class/cluster having the expected
number of pixels determined from the NRI-LUDA
relationship. Clusters were then aggregated to the
desired output Level | land-cover categories. We used a
sample of n4pp interpreted photos for validation. Results
showed that the approaches we adopted in order to
produce comparable classifications improved on 4VHRR
classifications alone.

3.7 The best N was achieved with combined
Mean and Standard Deviation with multi-incidence
angle, dual polarization eleven date 4S4rR images. ANN
further improved the classification results of the textured
images. As for comparison of classifiers, It was found
that, with complex combinations (dual polarization,
multi-incidence angle), 4nn performs significantly better
than «vn. The overall accuracy was 9.6% higher than
that of k.

B v Crelf s

| B e
LowBulimp Arse [ Racrsssions] Azars
HighSuhup Arss [ Asculns

Figure 7 Classified TM Images 1988



3.8 The Basic statistics index, fragmentation
index, fractal dimension and diversity index was applied
on the TM imagery of years 86, 96 and 2000 of the
Haikou City. The 96 imagery was geo-rectified based on
1:100,000 DEM.

3.9 A principal component analysis was
performed on a subset of the southern part of the
Netherlands. In addition, the correlation coefficients
between the 15 MERIS bands were mutually calculated.
Subsequently, training samples for the main land cover
classes were collected using the aggregated Dutch land
cover data base as a reference. Per class two polygons
of about 50 pixels each were identified in rather
homogeneous areas. Thereafter the spectral signatures
were studied. Finally, a minimum distance-to-means
supervised classification was performed including
clouds as a separate class in the training stage. In a
post-processing step, the two subclasses per main
cover class were merged.

The results of a minimum-distance-to-means
(MDM) classification for the Netherlands, including also
a class “clouds” in the training set. Classification
accuracies were determined by using the whole land
cover data base (Figure 2) as a reference. Table 5
shows the results for the main land cover classes
(without classes bare soil and horticulture as indicated
before). Results show a moderate overall classification
accuracy of 49.7%.

3.10 After implementing all clustering
procedures with the same initialisation conditions, we
subtract the resulting clustering images from our
reference image. The subtraction for each image was
carried out by assigning the 9 clustering classes to the 5
reference classes and subtracting the clustered image
from the classified image, pixel-by-pixel. As an example,
Figure 8(a) shows the agglomerative hierarchical
clustering result for 9 classes, and Fig. 2(b) the
differenced image. The FMLE and AHC methods
performed similarly well, with 11% and 10%
discrepancies respectively in the differenced images.
This is to be compared with 28% and 23% for the CM
and FCM algorithms, respectively. We conclude that

Fuzzy-Maximum-Likelihood and Agglomerative
Hierarchical Clustering are superior to the more
commonly-used  C-Means and  Fuzzy-C-Means

Clustering for pre-classification analysis of LANDSAT
satellite images. The problem of choosing the number of
clusters remains a difficult one.

Figure 8 . (a) Classification result; (b) subtraction result

3.1 Road change detection and database
updating based on wavelet and map conflation
techniques was proposed for the satellite image of the
5.8 m IRS panchromatic image covering the urban area
of Ottawa (ON, Canada).

Figure 9 . Part of the IRS panchromatic image
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Figure 70 : Road centerlines extracted from IRS pan
image of urban area (red dashed line) superimposed
with NTDB roads (green solid line)

CONCLUSION

Generally, the accuracy of land cover
classification depends on two factors. One is the
amount of the spectral information provided by the input
remotely sensed data, the other is the classification
approach. For the same set of input remote sensing
data, different classification approaches may have quite
different accuracies. This is important because land
cover and land use data products play an important role
in quantitative modelling of carbon cycle and climate
change. Input map accuracy is closely related to output
uncertainties from these models.

Human error digitizing, lack of knowledge of
study area, and other factors all contribute to inaccurate
results in the supervised classification method. In any
case, the resulting images are useful for some
applications such as generating estimates on relative
presence of water bodies, agricultural land use, and
forested areas. If more accurate results are desired,
additional processing to tease out specific land use
patterns may be possible by detailed examination of the
image and data. This technique requires more work and
may not produce results that better represent what is
actually present in the field. When wusing any
classification technique, it is best to use additional
references of the study area rather than only the satellite
imagery. Without comparing these images to maps,
aerial photographs, and actual visits to the study area,
features actually present cannot be determined. The use
of USGS Digital Line Graphs (DLG) (line map data in
digital form) would be helpful in isolating out features
such as asphalt and concrete. DLG hydrological maps
contain information on transportation, flowing water,
standing water, and wetlands further easing the job of
classification. Also available from the USGS are Multi-
resolution Land Classification (MRLC) maps. MRLC data
are derived from Landsat 7 TM data. Landsat 7 TM has
several advantages over pervious Landsat satellites
including better resolution and an additional thermal

V.

© 2012 Global Journals Inc. (US)

band. These maps are available at reasonable price and
already have land use classified into 21 different land
use classes. The image fusion technique better result
compare to conventional techniques because the in the
cloudy season it works well compare to conventional
method.
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Table 6 . Confusion matrix for supervised classification of TM 1988 image using kNN Classifier

Water Roads LD HD Golf Forest Parks Agriculture
Name
Water 100 0 0 0 0 0 0 0
Roads 0 938 36 24 0 0 0 02
LD 0 174 §2.2 05 0 0 0 0
HD 0 184 26 79 0 0 0 0.1
Golf 0 0 0 0 80.6 42 19 133
Forest 0 0 0 0 0 100 0 0
Parks 0 12 02 1.8 0 0 96.8 0
Agriculture 0 02 0 0 142 0 27 829

Average accuracy = 89.42%

Overall accuracy =87.13%

Kappa Coefficient =0.84345 Standard Deviation = 0.00409
Confidence Level:

99% 0.84345+/-0.01056

93% 0.84345+/- 0.00802

90% 0.84345+/- 0.00673

Table 7 : The landscape characteristics of land use change in the Haikou City

Year 1986 2000
Landtype A n Pa D Ai n Pa D
Cultivated 8178.86 30 272.63 1.302 5081.91 33 154.00  1.298
Forest 6474.92 43 150.58 1.328 5955.12 49 121.53 1.252
Grass 377.41 13 29.03 1.394 377.41 13 29.03  1.386
Water 2479.07 17 145.83 1.326 389.59 18 21.64  1.258
Urban 2805.21 19 147.64 1.296 8719.26 6 1453.21 1.212
Rural 253.31 19 13.33 1.273 493.34 23 2145  1.285
Construction 1155.08 19 60.79 1.326 1755.14 20 87.76  1.390
Unused 95092 5 190.18 1.258

Table 8 - Results of a principal component analysis on a subset of the MERIS image of June 16", 2003.

Principal |\ 5 |\ 5 | 4 I 5 | 6 |7 | 8|9 10|11 |12]|13]|14]| 15
component
Explained |0 5115 54| 0.59 | 0.38 |0.18 | 0.00 | 0.04 | 0.02|0.02 | 0.01|0.00|0.00 | 0.00 | 0.00 | 0.00
variance /%
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Table 9 . Correlation matrix for a subset of the MERIS image of June 16th, 2003.

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
1

990 | 1

2961 | 900 | 1

944 | 979 .996 | 1
.860 | .906 | .938 | .961 1
.852 | .907 | .948 | 969 | 975 | 1
.835|.891|.934 | 954 | 945 | 993 | 1
.831 | .887 | .932 | 951 | 941 | 991 | 999 | 1

QO[NP |WIN| ==

Table 10 : Classification results for the MERIS image of June 16th, 2003.

Producer’s Accuracy User’s Accuracy
Grassland 35.2 % 61.2 %
Arable land 62.4 % 36.4 %
Deciduous forest 25.4 % 12.2 %
Coniferous forest 43.3 % 36.4 %
Natural vegetation 16.5 % 8.2 %
Built-up 24 .4 % 513 %
Water 85.6 % 96.3 %

Overall Accuracy = 49.7 % Kappa coefficient = 0.369

Table 17 :Results of classification into only 4 main classes for the MERIS image of June 16th, 2003.

Producer’s Accuracy User’'s Accuracy
Agriculture 88.5 % 88.1 %
Forest 56.1 % 28.6 %
Built-up 24.4 % 51.3 %
Water 85.6 % 96.3 %
Overall Accuracy = 78.1 % Kappa coefficient = 0.622
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Investigations on Microsilica (Silica Fume) As
Partial Cement Replacement in Concrete

Faseyemi Victor Ajileye

Abstract - Now a day, we need to look at a way to reduce the
cost of building materials, particularly cement is currently so
high that only rich people and governmenis can afford
meaningful construction. Studies have been carried out to
investigate the possibility of utilizing a broad range of materials
as partial replacement materials for cement in the production
of concrete. This study investigated the strength properties of
Silica fume concrete.

The specific gravity and chemical composition of
silica fume and cement were replaced with micro silica from 0
to 25% in steps of 5% by weight, mix proportioning was based
on 1:2:4 mix ratio. Cubes (150 x 150 x 150 mm) were produced
and cured in a curing tank for 3, 7, 14 and 28 days. The cubes
were subjected to compressive strength tests after density
determination at 3,7,14 and 28 days respectively. The chemical
composition and physical composition of micro silica and
cement were determined. Ordinary Portland cement was
replaced with silica fume. The total amount of Tricalcium
aluminate in the cement was 7.7% and this was above the
requirement. (Table 3.1 shows 35 max, Specified by
BS12/EN196:1996),0thers chemical compositions for silica
fume such as SiO,, moisture content, loss of ignition, carbon,
> 45 micron, bulk density. Tables 3.1 were within the specified
limit. Also % chemical composition and physical properties for
SiOz, A|203, Fe,05,Ca0l, MgO, SO;, Alkalis ( Na,O +
0.658K,0), loss of ignition (Lo1), insoluble residue (IR),
Tricalcium, silicate, Dicalcium silicate, CaO / SiO,, chloride,
fineness (Blaine air permeability test) in Cm?g, soundness
(mm) table 3.1 were in compliance with BS Standard. The
density of the concrete decreased with increased in
percentage of micro silica replacement up to 10%. Increase in
the level of micro silica fume replacement between 15% to
25% led to a reduction in the compressive strength of
hardened concrete (table 3.3)

This study has shown that between 5 to 10%
replacement levels, silica fume concrete will develop strength
sufficient for construction purposes. lts use will lead to a
reduction in cement quantity required for construction
purposes and hence sustainability in the construction industry
as well as aid economic construction.
Keywords — :Concrete,  Silica

Compressive Strength, Density.
[. INTRODUCTION

t was observed and noted that since decade of years
that the cost of building materials is currently so high
that only corporate organizations, individual, and
government can afford to do meaningful construction.
Waste can be used as filler material in concrete,

Fume/Micro  Silica,

Author : Technical Manager, Al Andalus Factory For Cement Products,
Street 37, Gate 154 Doha- Qatar

admixtures in cement and raw material in cement
clinker, or as aggregates in concrete (Olutoge, 2009).

Ordinary  Portland  cement  (OPC) is
acknowledged as the major construction material
throughout the world. The production rate is

approximately 2.1 billion tons per year and is expected
to grow to about 3.5 billion tons per year by 2015
(Coulinho, 20083). According to Adepegba (1989), the
annual cement requirement in Nigeria is about 8.2
million tones and only 4.6 million tones of Portland
cement are produced locally. The balance of 3.6 million
tonnnnes or more is imported. If aiternative cheap
cement can be produced locally, the demand for
Portland cement will reduce. The search for suitable
local materials to manufacture pozzolana cement was
therefore intensified (Adepegba, 1989). Most of the
increase in cement demand could be met by the use of
supplementary cementing materials, in order to reduce
the green gas emission ( Bentur, 2002). Industrial
wastes, such as silica fume, blast furnance slag, fly ash
are being used as supplementary cement replacement
materials and recently, agricultural wastes are also
being used as pozzolanic materials in concrete
(Sensale, 2006). When pozzolanic materials are
incorporated to concrete, the silica present in these
materials react with the calcium hydroxide released
during the hydration of cement and forms additional
calcium silicate hydrate (C — S — H ), which improve
durability and the mechanical properties of concrete

(Igarashi et al, 2005). High strength concrete
refers to concrete that has a uniaxial compressive
strength greater than the normal strength concrete
obtained in a particular region. High strength and high
performance concrete are being widely used throughout
the world and to produce them, it is necessary to reduce
the water binder ratio and increase the binder content.
High strength concrete means good abrasion, impact
and cavitations resistance. Using high strength concrete
in structures today would result in economical
advantages.

In future, high range water reducing admixtures
(Super plasticizer) will open up new possibilities for use
of these materials as a part of cementing materials in
concrete to produce very high strengths, as some of
them are make finer than cement. The brief literature on
the study has been presented in following text.

(Hooten RDC, 1993) investigated on influence
of silica fume replacement of cement on physical
properties and resistance to sulphate attack, freezing
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and thawing, and alkali silica reactivity. He reported that
the maximum 28 days compressive strength was
obtained at 15% silica fume replacement level, at a W/C
ratio of 0.35 with variable dosages of HRWRA. (Prasad
et al, 2003), has undertaken an investigation to study the
effect of cement replacement with micro silica in the
production of high — strength concrete.

(Yogendran et al, 1987), investigated on silica
fume in high — strength concrete at a constant water
binder ratio (w/b) of 0.34 and replacement percentages
of 0 to 25, with varying dosages of HRWRA. The
maximum 28 day compressive strength was obtained at
15% replacement level. (Lewis et al, 2001) presented a
broad overview on the production of micro silica effect
of standardization of micro silica concrete both in the
fresh and hardened state.

(Bhanja et al, 2003) reported and directed
towards developing a better understanding of the
isolated contributions of silica fume concrete and
determining its optimum content. Their study intended to
determine the contribution of silica fume on concrete
over a wide range of w/c ratio ranging from 0.26 to 0.42
and cement replacement percentages from 0 to 30.

(Tiwari et al, 2000) presented a research study
carried out to improve the early age compressive
strength of Portland slag cement (PSC) with the help of
silica fume. Silica fume from three sources: one
imported, two indigenous were used in various
proportions to study their effect on various properties of
PSC.

1.  METHODOLOGY

The methodology adopted comprised of both
preliminary and experimental investigations carried out
using the study material and these are presented as
follows:

a) Preliminary Investigations
For the preliminary investigations, micro silica

and cement was subjected to physical and chemical
analyses to determine whether they are in compliance
with the standard used.

The experimental program was designed to
investigate silica fume as partial cement replacement in
concrete. The replacement levels of cement by silica
fume are selected as 5%, 10%, 15%, 20%, and 25% for
standard size of cubes for the C30 grade of concrete.
The specimens of standard cubes (150 x 150 x 150 mm),
was casted with silica fume. Compressive machine was
used to test all the specimens. The specimens were
casted with C30 grade concrete with different
replacement levels of cement from 0 to 25% with silica
fume. Seventy two samples was casted and the cubes
were put in curing tank for 3, 7, 14, and 28 days and
density of the cube, and compressive strength were
determined and recorded down accordingly. The other
materials used are listed as follow:

e Cement

Ordinary Portland cement produced by QNCC
was used in this study. The cement conformed to the
requirements of BS 12 (1996).

e Aggregates

There are the inert filler in the concrete mixture
which constitute between 70 — 75% by volume of the
whole mixture. The sand used was collected within
lbadan metropolis, Nigeria. It was clean and free from
organic material and clay. The coarse aggregate used
were mainly material retained on a 4.7mm BS 410 test
sieve and contained only so much fine materials as was
permitted for various sizes in the specification.

o Water

The water used for the study was free of acids,
organic matter, suspended solids, alkalis and impurities
which when present may have adverse effect on the
strength of concrete.

ure 2.1 . Showing Micro Silica in a sample Pan.
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b) Preparation of Specimens

In this study, a total number of 12 cubes for the
control and cement replacement levels of 5%, 10%,
15%, 20% and 25% were produced respectively. For the
compressive strength, 150mm x 150mm x 150mm
cubes mould were used to cast the cubes and 3
specimens were tested for each age in a particular mix
(i.e. the cubes were crushed at 3, 7 ,14 and 28 days
respectively). All freshly cast specimens were left in the
moulds for 24 hours before being de — moulded and
then submerged in water for curing until the time of
testing. Table 2.1 shows the number of specimens cast
and the testing arrangement.

Table 2.7 :Number of Specimens and Ages for each

Test.
Specimens Testing Age (Days)

3 7 14 28
MS (0%) 3 3 3 3
MS (5%) 3 3 3 3
MS (10%) 3 3 3 3
MS (15%) 3 3 3 3
MS (20%) 3 3 3 3
MS (25%) 3 3 3 3

Mix Proportioning

Mix Proportioning by weight was used and the
cement/ dried total aggregates ratio was 1: 2: 4. Micro
silica were used to replace OPC at dosage levels of 5%,
10%, 15%, 20% and 25% by weight of the binder. The
mix proportions were calculated and presented in table
2.2

Table 2.2 . Mix proportion for 30Mpa Concrete

Materials Mix Proportion (Kg)
Control MS 5% MS 10% MS 15% MS 20% MS 25%

Cement(Kg) 370.0 3515 333.0 3145 296.0 2775
Micro silica (Kg) 0 185 37.0 55.5 74.0 925
Total Water ( Ltr) 140 140 140 140 140 140
Fine Aggregate 780 780 780 780 780 780
(Kg)

Coarse Aggregate 1180 1180 1180 1180 1180 1180
(Kg)

MS432 (ltr) 4 4 4 4 4 4
Ww/C 0.38 0.38 0.38 0.38 0.38 0.38

c) Testing of Specimens

Compressive strength test were carried out at
specified ages on the cubes. The consisted of the
application of uniaxial compressive load on the cube

until failure at which point the load require for failure of
each cube was noted (Fig 2.2), prior to testing, the
density of each cube was determined using standard
procedures for density determinations.
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Figure 2.2 : Compression machine

[II.  RESULTS AND DISCUSSION

The results of the chemical analysis of cement and micro silica are shown in Table 3.1.

Table 3.7: Chemical Properties of Cement and Micro Silica

Cementitious Materials (%)

Chemical Composition (%)

OPC Requirement | MS Characteristics | Specification | Result by %
Requirement by Mass
SiO, 20.31 - SiO, % Min 85.0 89.5
ALO, 4.81 - Moisture Content % Max 3.0 0.8
Fe, O, 2.98 - Loss of Ignition 975C | % Max 6.0 20
Carbon

Ca0 62.73 - 45 Micron % Max 2.5 0.7
MgO 297 5.0 Max 45 Micron % Max 10 03
SO, 278 3.5 Max % Max 10 03
Alkalis (Na,O + 0.658K,0) 0.69
Loss of Ignition (LOI) Bulk Density
Insoluble Residue (IR) 1.75 3.0 Max 500 - 700 | 675
Tricalcium silicate (C,S) 0.62 1.5 Max (Kg/m?)
Dicalcium silicate (C,S) 70.79 66.7 Min
Tricalcium aluminate (C,A) 70.79 66.7 Min
Ca0/SiO, 7.70 3.5 Max
Chloride

3.09 2.0 Min

0.048 0.10 Max

Physical Properties

Fineness (Blaine Air Permeability | 3290 No Limit
Test Cm%/g)
Soundness (mm) 1.0 10 Max

© 2012 Global Journals Inc. (US)




Density of Cubes

Table 3.1 shows the average densities of cured cubes before they were subjected to compressive

strength tests.

Table 3.2 : Density of Cubes at testing Ages

% MS Density (g/cm3)
Replacement
Control 3 Days 7 Days 28

Days
0 2.55 2.57 2.59 2.64
5 2.46 2.47 2.50 2.60
10 2.40 2.45 2.47 2.52
15 2.41 2.43 2.48 2.50
20 2.39 2.44 2.46 2.49
25 2.37 2.43 2.45 2.46

Table 3.3 : Compressive strength Test Result for varying Micro Silica Replacement Levels in Concrete

%MS Average Concrete Strength Mpa
Replacement
3 Days 7 Days 14 Days 28 Days
0 26.32 30.55 36.07 40.55
5 28.11 33.11 40.77 44.44
10 30.57 38.26 44,72 48.75
15 29.19 34.59 42.58 4517
20 28.02 31.40 36.25 41.53
25 26.39 30.85 36.20 40.90
% Increased 16.15% 29.24% 23.98% 20.22%
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Figure 3.7 Relationship between compressive strength of varying MS replacement levels.

a) Compressive Strength of Concrete

The test was carried out conforming to BS EN:
12390 — 3: 2009 to obtain compressive strength of C30
grade of concrete. The compressive strength of high
strength concrete with OPC and silica fume concrete at
the age of 3, 7, 14 and 28 days are presented in table

3.3.
There is a significant improvement in the

strength of concrete because of the high pozzolanic

© 2012 Global Journals Inc. (US)

nature of the micro silica and its void filling ability. The
compressive strength of the mix C30 at 3, 7,14 and 28
days age, with replacement of cement by micro silica
was increased gradually up to an optimum replacement
level of 10% and then decreased. The maximum 3, 7, 14
and 28 days cube compressive strength of C30 grade
with 10% of silica fume was 30.35, 38.26, 44.51, and
48.22 mpa respectively.



The compressive strength of C30 grade
concrete with partial replacement of 10% cement by
silica fume shows 15.31% greater than the controlled
concrete. The maximum compressive strength of
concrete with silica fume depends on three parameters,
namely the replacement level, water cement ratio and
chemical admixture. The superplasticiser admixture
dosage plays a vital role in concrete to achieve the given
workability at lower w/c ratio. Cement replacement up to
10% with micro silica leads to increase in compressive
strength and beyond 10% to 25% there is a decrease in
compressive strength for 3, 7, 14 and 28 days curing
period.

It was observed that the percentage of micro
silica replacement from average concrete strength
(mpa) in table 3.3 were 16.15%, 29.24%, 23.98% and
20.22% for 3, 7, 14 and 28 days. The percentage given
above shown that the compressive strength increased
from 3 days to 7 days and decreased from 14 days to
28 days ie. (23.98% to 20.22%). The maximum
replacement level of silica fume is 10% for C30 grade

CONCLUSIONS AND
RECOMMENDATIONS

V.

» Cement replacement up to 10% with silica fume
leads to increase in compressive strength, for C30
grade of concrete. From 15% there is a decrease in
compressive strength for 3, 7, 14 and 28 days
curing period.

» It was observed that the compressive strength of
C30 grade of concrete is increased from 16.15% to
29.24% and decrease from 23.98% to 20.22%.

» The maximum replacement level of silica fume is
10% for C30 grade of concrete.

» Both the physical and chemical properties of micro
silica and cement are in compliance with the
standard except SO3 analyzed from cement.

Based on the conclusions arrived at, the

following recommendations are made for future work:

» It is recommended that testing of concrete
produced with micro silica concrete be extended to
56 or possibly 90 days to further determine the
pozzolanic ability of the micro silica.

» Volume replacement methods are recommended to
investigate the possibility of producing high strength
concrete with micro silica.

» Detailed cost analysis should be carried out to
determine the level of savings from the use of micro
silica in concrete.

10.

11.
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Fracture properties of Self Compacting
Concrete for Notched and Un-notched Beams

Hamid Eskandari®, S. Muralidhara®, B.K. Raghu Prasad®, B.V. Venkatarama Reddy‘“

Abstract - The aim of this research is to obtain the fracture
characteristics of low and medium compressive strength
notched and un-notched plain self compacting concrete
(SCC) beams, using RILEM work of fracture (Gg ) methods
and compare with those of normal concrete (NC) and high
performance concrete (HPC), which is useful in engineering
practice. The effect of notch-depth ratio on fracture
characteristics of SCC beams, in bending is investigated by
measuring the fracture energy (Gg ), critical siress intensity
factor (K,c), critical energy release rate (Gc) and characteristic
length (Icn). The results show that: (i) GF increases with
increase in compressive strength; (i) The values of
characteristic lengths of SCC (l,) are more when compared
with HPC and NC and therefore may be concluded that the
SCC with air-entraining admixture (AEA) is more ductile
compared to HPC.

Keywords Self compacting Concrete;
Properties, Notched; Un-notched.

[. INTRODUCTION
Self-compacting concrete (SCC) is the current

Fracture

research area today. Many intrinsic properties of

the concrete are yet to be understood clearly. The
differences between High performance Concrete (HPC)
and Self compacting concrete (SCC) are essentially in
the use of special admixture [16]. Due to the use of
chemical and mineral admixtures, the micro cracks
study are more essential in SCC compared to NC [7,31].

Many investigators have evaluated the
mechanical characteristics and durability of SCC mixes.
The improved pore structure and better densification of
matrix have bearing on the fracture characteristics like
fracture energy (Gg) and critical stress intensity factor
(Kig). It has been reported in literature that increased
density will increase the compressive as well as tensile
strength of concrete and also fracture energy [11].
Characteristic length (I¢,) will decrease with an increase
in density [13].

Fracture behavior of plain concrete is the basis
for all the studies on behavior of reinforced concrete
(RC) and prestressed concrete structures via fracture
mechanics. Experimental studies have been conducted
to ascertain the effect of the aggregate on the fracture
behavior of concrete. It is reported that an increase in
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the size of aggregate decreases the brittleness of
hardened concrete and increases the fracture energy as
well as fracture toughness [1,2,29].

Prokopski et al. [22] from their studies on the
use of silica fume and effect of water-cement ratio on
concrete have concluded that the stress intensity factor
increases with addition of silica fume. The variations in
stress intensity factor are closely related to the variation
in the concrete matrix. Chen and Liu [6] have studied
the effect of aggregate on fracture behavior of HPC and
have shown that Gr and K,c increase with increase in
the aggregate size.

Planas and Elices [21] have shown that the
fracture energy, Gk is size dependent. Ries and Ferreira
[24] have studied the effect of specimen notch-depth on
fracture energy and have shown that the specimen
dimension do effect Gg and fracture energy increases
with increase of notch to depth ratio, i.e. higher the
notch to depth ratio, higher will be the fracture energy.
Hence it has become a contentious topic in the fracture
mechanics of concrete.

II.  EVALUATION OF FRACTURE
CHARACTERISTIC

a) Fracture energy (Gg) from work-of-fracture

Many methods have been recommended to
determine the fracture energy and characteristic length,
using simple three point bending tests (TPB)
[17,19,20,30,4,10,18,12,9].

One can apply the recommendation of the
Technical Committee RILEM [25] to perform three-point
bend tests in notched beams. The Fracture energy is
defined as the amount of energy necessary to create a
crack of unit surface area projected in a plane parallel to
the crack direction. As the beam is split in two halves,
the fracture energy can be determined by dividing the
total dissipated energy by the total surface area of the
crack. According to the RILEM [26] to control the
fracture energy can be calculated as

_ Wo + 2mgdo
 t(b—a)

Gr (1

Where Gg = fracture energy (N/m), Wy = area
under the load-deection curve (Nm), m = weight of the
beam between supports (kg), t = thickness; b = depth ;
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do= Displacement corresponding to P =0 and a = initial
notch of the beam.

i. Intrinsic brittleness

It is well known that the brittleness of concrete is
characterized not only by the fracture toughness but
also by a parameter related to it through other fracture
and/or elastic constant. This parameter is a measure of
the length of the fracture process zone. The smaller its
value, the more brittle is the material. According to the
fictitious crack model (FCM)[28], the brittleness can be
expressed:

ln(mm) = EGp/f? ()

Where E is modulus of elasticity in [MPa] and f,
is the tensile strength [MPal.

ii. Fracture toughness
The fracture toughness K,c is calculated
according to the RILEM [27] using the equation

Svmag(«
Kic = 3(P) \/;b29t1( )

[MPaym (3

in which

199 —a(l — @)(2.15 — 3.93a + 2.70%)
- V(1 +2a)(1 — )32

where a=a/ b, Py, = the measured maximum
load [N] + self weight of the beam [N]. The result
corresponds to the mean values of at least three tests.
The critical energy release rate Ge is related to K¢ as:

Ge = (Kr0)*/E (5)

[1I.  EXPERIMENTAL STUDY

a) Mix properties

The cement used was 53 grade, having at 3, 7
and 28 days strength of 26.50, 33.20, and 53.40 MPa,
respectively. Crushed granite aggregates of maximum
size 16 mm were used. The specific gravity, dry-rodded
unit weight, and water absorption of the coarse
aggregate were 2.71, 1, 550 kg / m* and 0.5 by weight of
the aggregate, respectively. River sand passing 4.75
mm was used. The specific gravity of the sand was 2.62
and the fineness modulus was 2.48. Class F fly ash from
the thermal power plant near Raichur, India, was used.
The CaO and loss on ignition (LOI) contents of y ash
were 59, 1.02 and 1.08, respectively. The quantity of
different materials for various mixes of SCC (SCC1, SCC2
and SCC3) are listed in (Table 1).

© 2012 Global Journals Inc. (US)

4)

EXPERIMENTAL RESULTS

a) Fresh properties of SCC

The slump flow test is the most widely used
method for evaluating concrete consistency in the
laboratory and at construction sites. The consistency
and workability were evaluated using the slump flow, U-
Box, L-Box, J-Ring, V funnel and fill box tests.

The slump flow of SCC concrete was in the
range of 650-750 mm, which is an indication of a good
deformability. The time to reache 500 mm slump was in
the range of 3-5 s, the J Ring was in the range of 3-8
mm, the funnel test flow time was in the range of 3-7 s,
the funnel test flow after 5 minutes was in the range of 1-
3's, L-box, U box and Fill box were in the range of 0.8-1,
3-10 mm and 90-100% respectively. The fresh properties
of SCC are summarized in (Table 2).

V.

b) Mechanical properties of scc

Compressive strength, modulus of elasticity, exural
strength and tensile splitting strength tests were
conducted on all specimens of SCC mixes. The
mechanical properties like compressive strength, exural
strength, split tensile and modulus of elasticity of SCC
were obtained testing 150 x 150 x 150 mm six cubes, 100
X 100 x 500 mm six prism and 150 x 300 mm cylinders the
results are summarized in (Table 3).

The amount of powder usually cement +fly ash
+ microsilica used in SCC was in the range of 400-640
kg / m® for different grades of concrete. The density of
SCC slightly decreased with decrease in the water-
powder ratio. This may be due the combination of AEA
and VMA which formed large amount of air pockets in
concrete  specimens. The compressive strength
increased with the decrease in the percentage of y ash
and water-powder ratio. The compressive strengths of
SCC at 28 days varied from 15 to 45 MPa and increased
by 10% at the end of 90 days.

The split tensile strength, exural strength and
modulus of elasticity at the end of 28 days also showed
reduction due to addition of y ash. This is because of
the slower pozzolanic reaction of the mineral admixture,
which caused slow rate of setting and hardening.

V. ANALYSIS OF RESULTS

a) Fracture Energy (Gg ) from work-of-fracture

In this category, the experiments were carried
out using different mixes (SCC1, SCC2, and SCC3) with
different sizes (440x100x100 and 850x100x100 mm) for
notched and un-notched beams. Following two types of
specimens were used: (i) un notched and (ii) notched
with the ratio notch/depth equal to 0.5 and 0.1 for the
spans of 400 and 800 mm respectively. Three-point
bending tests were conducted using a closed loop
Dartec Servo Controlled testing machine with a crack
mouth opening rate of 0.001 mm/sec. The details of the
concrete mixes labelled SCC1 to SCC3 for batches 1, 2,
and 3, respectively, are given in Table 1. Before casting



the beam specimens, a notch was introduced at the
mid-section. It was 0.5 depth for the 800 mm beam and
0.1 depth for 400 mm span beam. The tests were
controlled by the crack mouth opening displacement
(CMOD). The complete load-deection and load-CMOD
data were automatically stored on the computer. The
(Figs. 1, 2 and 3) show the typical load-displacement
and load-CMOD plot for SCC1, SCC2 and SCC3 with
notched and un-notched respectively. In general, it is
seen that as the notch to depth ratio increases, at peak
load there is an increase in deection and CMOD.

From the (Figs. 1, 2 and 3), it is evident that; (i)
the pre-peak stiffness of load-deection curve in the case
of un-notched beams is more than that of notched
beams. This is attributed to the presence of notch; (i)
there is a sudden drop after peak load in the load-
deection curve in un-notched beam which highlights the
brittleness induced to the absence of notch. However
this is not observed in notched beam; (iii) the ratio of
peak loads of notched and un-notched beams is about
0.25 which satisfies the strength of material theory.

Fracture energy, Ge is the energy needed to
create a crack of unit area and also called as specific
fracture energy. The work of fracture was calculated by
measuring the area under the load-deection plot and the
fracture energy was calculated from the (Eqg. 1) as
recommended in the RILEM guidelines and the values
of Gg are given in (Table 4).

From the result of GF that is obtained by work of
fracture, it is evident that the Gg is greatly affected by the
size of beam and noth-depth ratio. Hillerborg [14] also
showed that Grincreases with an increase in specimen
size. The variability of Gg with specimen size and for its
significant departure from G. is mainly due to the
violation of the two basic assumptions: (i) the work done
by the external load goes solely into stable crack
extension and (ii) the energy required to create a crack
of unit area is independent of geometry and loading
configuration. Several investigators have identified many
processes, such as crushing of material, thermal loss,
energy consumed in minor cracking, etc. other than the
stable crack extension on which some energy is
expended. Hence, it is clear that some errors are
attributable to the determination of W and Aig, which
can explain the variability in Gg. It is also seen from the
literature that for normal grade concrete, Gg varies from
40to 130 N/ m[15] and for the HPC it varies from 116 to
120 N / m [8]. From the present study, it is observed that
GF for the notch/depth ratio 0.5 and span of 800 mm
varies from 146 to 200 N / m and for un-notched beam
varies 126 to 185 N / m. It can be seen that the fracture
energy obtained with the span of 400 mm is slightly less
than that of beam with span 800 mm. The value Gg of
SCC in the present study is slightly more compared to
that of normal concrete and HPC, this is due to the
effect of porosity. SCC has higher porosity and less
density compared to HPC and normal concrete.

Khalil Haidar [13] also has shown that the
concrete becomes more ductile as the porosity

increases (mass density decreases) and fracture energy
is extremely dependent on the mass density of material.

Moreover, Gg is not constant but varies with the
notch/depth ratio and Gg increase with an increase in
depth of beam. (Fig. 4) shows the variation of fracture
energy Gg with compressive strength. It is seen that the
fracture energy increases with increase in strength as
well as the increase in notch-depth ratio. As expected,
the present work showed that the fracture energy, Gg, is
a fracture parameter that is size-dependent [21,24]. It is
found that Gg values show a definite trend to increase
with increase of notch to depth i.e. un-notched depth
has a lower value of Gg.

Fracture toughness (Kc) is the value of critical
stress intensity factor K, for which the crack starts
growing. K,c values for various mixes were obtained
from a peak load based on LEFM approach (Eq. 3) and
are given in (Table 5).

It is seen from the literature that the KIC values for
various mixes varies from 0.8 to MPa\/E [23,3], while

in the present study it varies from 0.58 t00.74 M Pa~/m
for notched beam and for un-notched varies from 0.24 to
0.31 M Pay/m for the span of 800 mm length. It is
observed from the (Table 5) and (Fig. 5) that with an
increase in compressive strength of SCC, there is an
increase in the fracture toughness for notch and un-
notched beam. There is significant difference between
K,c of notched and un-notched beams. This is due to
the presence of notch, which increases the ductility,
when compared with an un-notched beam. It may be
stated that in practice the beams are un-notched and
hence the value of K¢ is over estimated.

For elastic brittle material Gg = G.. However, for
concrete, which is a quasi brittle material, Gg is higher
than G, because in the case of quasi-brittle materials
there is stable crack growth before failure takes place.
G, normally varies between 3 to 20 N=m [15] for normal
concrete and for HPC is varies between 17 to 40 N/m [5],
while G; varies between 18 to 20 N=m for notched beam
and for un-notched beam varies between 2.9 to 3.2 N/m.
The variation of K¢ is also reected in the corresponding
toughness value G, since Kc, and G, are directly
related as per (Eq. 5).

The characteristic length Iy, of SCC or
brittleness of SCC based on FCM as per (Eqg. 2) is given
in (Table 5). Generally for normal concrete lg, is about
200 to 500 mm [15,20] and for HPC it varies between
120-450 mm [23]. In SCC, I, varies from 580 to 740 mm
for notched beams and varies between 540 to 640 mm
for un-notched beams. It is also seen the |y, decrease
with an increase in compressive strength and notch-
depth ratio.

CONCLUSIONS

Experiments were conducted to determine the
mechanical properties of SCC and fracture characteristic
of SCC beams under three-point bend notched and un-
notched beams were tested at the department of Civil

VI.
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Engineering of the Indian Institute of Science in order to
study the fractures properties of SCC. The main
conclusions that can be drawn from this study are the
following:

1. The results obtained by the work-of-fracture method
follow the trend of "fracture energy increasing as the
compressive strength of the concrete increases".

2. As expected, the present work shows that the
fracture energy, Gg, is a fracture parameter that is
size-dependent [21,24], ie dependent on the
specimen dimensions. It is found that Gg values
show a definite trend to increase with increase of
notch to depth i.e. 50 mm and 10 mm notch depth
have a higher value of G compared to that of an
un-notched beam. The size dependence is mainly
due to irrecoverable damages outside the cracking
plane which tends to increase with the specimen
Size.

3. The range of brittleness numbers found in this study
shows that SCC is more ductile than HPC. Hence
can be used at least for large size structures.

4. The values of characteristic length of SCC (I4) is to
be more when compared with HPC, NC and high
strength concrete. It may be concluded that the SCC
is more ductile compared to HPC.
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Table 7 : Quantities of material for SCC kg / m3

Materials SCC1 SCC2 SCC3
Cement (Kg) 240 400 360
Water (Kg) 220 180 190
Fine Agg. (Kg) 900 900 900

Coarse Agg. (Kg) 830 830 830
Fly ash (Kg) 184 200 196

Silica fume (Kg) 12 36 29

HRWR(liter) 2.00 4.00  3.50
AEA (liter) 020 024  0.40
VMA (liter) 050 150 1.25

Table 2 : Fresh properties of SCC

Tests SCC1 SCC2 SCC3

Slump Flow (mm) 750 700 670

T50cm Slump Flow 3 4 5
J-ring (mm) 3.2 3 8
V-funnel (Sec) 4 6 7
V-funnel at T5 2 3 3
L-box (H2/H1) 0.8 1 095
U-box (H2 — H1) ) 3 )
Fill-box(%) 9% 95 95
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Table 3 . Mechanical properties of SCC

Mix Density  f. E ft fr
kg/m3 MPa GPa MPa MPa

2044 17.1 17 1.5 2.6
SCC1 2074 16.8 17 1.8 2.7
2074 16.1 165 1.7 3.0
2006 29.8 21 2.7 4.2
SCC2 1956 304 22 2.7 4.2
2010 314 22 2.7 4.2

2163 45 28 3.4 6.2

SCC3 2133 46  28.2 34 6.3

2104 43 27 3.4 5.9

Table 4 :Value of RILEM GF for SCC

Series a/b b S Gr (N/m) Average
fe Beam Gr
(M Pa) mm mm 1 2 3 (N/m)

A1l (SCC1) 15 0.5 100 800 143 149 147 146.3
A3 (SCC2) 30 0.5 100 800 162 179 166 169.0
A5(SCC3) 45 0.5 100 800 173 210 218 200.3
AT7(SCC2) 30 0.1 100 400 122 148 N/A 1350

A9 (SCC3) 45 0.1 100 400 165 185 216 188.7

HPC* 48 0.5 100 800 125 110 147 127.3
A2 (SCC1) 15 0.01 100 800 124 128 N/A  126.0
A4 (SCC2) 30 0.01 100 800 136 149 140 141.7
A6(SCC3) 45 0.01 100 800 165 185 207 185.7
A8 (SCC2) 30 0.01 100 400 117 130 116 121.0

A10(SCC3) 45 0.01 100 400 167 184 193 181.3

*Data from [8], N/A-No result available
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Table &  Fracture characterize of SCC

Series

Al (SCC1)

A3 (SCC2)

AB(SCC3)

AT(SCC2)

A9 (SCC3)

A2 (SCC1)

A4 (SCC2)

A6(SCC3)

A8 (SCC2)

A10(SCC3)

Average

Py(N)

1001

1100

5570

5850

3200

3624

4120

9893

11672

0.5

0.5

0.5

0.1

0.1

0.01

0.01

0.01

0.01

0.01

Kic

Ge

mm MPay/m N/m

50

50

50

10

10

0.58

0.67

0.74

0.6

0.63

0.24

0.27

0.31

0.37

0.43

19.147

18.428

18.170

57.784

52.043

3.218

2.918

3.080

21.748

24.718

lch

mim

739.2

603.7

584.3

482.2

550.3

636.5

506.0

541.5

432.2

528.9
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Engineering Performance of Concrete Beams
Reinforced with GFRP Bars and Stainless steel

Arivalagan. S

Abstract - Corrosion of steel reinforcement is one of the main
problems facing the construction industries throughout the
world. Many methods have been used to minimize the
problem but without success. Thus, more durable
reinforcements are highly needed to replace conventional
steel. Glass Fibre Reinforced Polymer (GFRP) bars provide a
good alternative reinforcement due to its non-corrodible
characteristic. This paper presents the flexural behaviour of
concrete beams, each size is 150 x 150 x 900 mm and
reinforced with GFRP and stainless steel bars. The behaviour
of the beams was analysed in terms of their moment carrying
capacity, load-deflection, cracking behavior and mode of
failure. The experimental results show that beams reinforced
with  GFRP bars experienced lower ultimate load, lower
stiffness, and larger deflection at the same load level
compared with control beam. However, the performance of the
SSRB (Stainless Steel Reinforced Beam) reinforced concrete
beams improved slightly when compared to Glass Fibre
Reinforced Polymer concrete beams.

Keywords . GFRP, Stainless Steel, Concrefe Beamns,
Flexural Behaviour, crack width, failure mode.

. INTRODUCTION

he use of Fiber Reinforced Polymer (FRP)
reinforcements in  concrete  structures has
increased rapidly in the last 10 years due to their

excellent corrosion resistance, high tensile strength, and
good non-magnetization properties. However, the low
modulus of elasticity of the FRP materials and their non-
yielding characteristics results in large deflection and
wide cracks in FRP reinforced concrete members.
Consequently, in many cases, serviceability
requirements may govern the design of such members.
In particular, FRP rebar offers great potential for use in
reinforced concrete construction under conditions in
which conventional steel-reinforced concrete has
yielded unacceptable service.lf correctly applied in the
infrastructure area, composites can result in significant
benefits related to both overall cost and durability. Other
advantages include high strength and stiffness to weight
ratios, resistance to corrosion and chemical attack,
controllable  thermal  expansion and  damping
characteristics, and electromagnetic neutrality. The FRP
is made of continuous fibre filaments embedded in resin
matrix to form various types of shapes such as bars,
structural sections, plates, and fabric. There are three
types of FRP materials commonly available in the

Author : Professor and H.o.D, Dept. of Civil Engineering, Dr.M.G.R
Eaucational and Research Instifute, Dr.M.G.R University, Chennai,
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market are Carbon Fibre Reinforced Polymer (CFRP),
Aramid Fibre Reinforced Polymer (AFRP), and Glass
Fibre Reinforced Polymer (GFRP). Saadatmanesh
(1994). Studies the behavior of GFRP bar available in
the market is manufactured in the same form and
diameter as normal carbon steel. Compared with
conventional steel the GFRP bars offer more benefits
such as high tensile strength to weight ratio, corrosion
free, lightweight, non-magnetic, and non-conductive.
However, despite those benefits, the GFRP bars have
low elastic modulus and behave elastically up to near
failure (Clark, 1994). Osborne (1998) studied the
emerging problem of steel corrosion in reinforced
concrete structures leads to the development for more
durable concrete and corrosion resistant reinforcement
to be used for structures where the risk of corrosion is
high. One of the method to enhance the durability of
concrete is by the incorporation of pozzolanic materials
such as slag, silica fume, and fly ash in the concrete
mix. As for durable reinforcement, stainless steel is one
of the options. However, the cost of stainless steel is
very expensive compared to carbon steel. Therefore, the
search for less expensive and more durable
reinforcement continues.

Taerwe et al. (1999) conducted in the study ,in
the last two decades, researchers explore the possibility
of using Fibre Reinforced Polymer (FRP) materials to be
used as concrete reinforcements. Fanning et al,(2001);
Mohd.Sam et al.(1999 and 2002 ), studies have been
conducted on the use of CFRP plate and fabric as
strengthening material for reinforced concrete beams
and columns.Abdul Rahman Mohd. Sam et al. (2003)
paper presents the performance of concrete beams
reinforced with different types of glass Fibre Reinforced
Polymer (GFRP) sections. From their research it was
made Comparison with a control beam on the aspect of
ultimate load, load-deflection behaviour, load-
reinforcement strain behaviour, and mode of failure. The
experimental results show that beams reinforced with
GFRP sections experienced lower load carrying
capacity, lower stiffness, larger deflection and less
number of cracks. The failure of the GFRP reinforced
concrete beams was either by crushing of concrete at
the compression zone or rupture of the GFRP
reinforcement. Abdul Rahman Mohd. Sam et al. (2005)
conducted a research work on replace conventional
steel with GFRP bar. The research results show that
beams reinforced with GFRP bars experienced lower
ultimate load, lower stiffness, and larger deflection at the
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same load level compared with control beam. However,
the performance of the GFRP reinforced concrete
beams improved slightly when stainless steel mesh was
used as shear reinforcement. Sungwoo Shin et al.(2009)
had conducted an experimental work on strengthening
of reinforced concrete structures using advanced fiber
reinforced polymer (FRP) composites is a very popular
practice because they are light and highly resistant to
corrosion. The results of the investigation can be
summarized as follows: (1) Deflections and strains of
concrete beams reinforced with GFRP re-bars are
generally larger than those reinforced with steel bars; (2)
the strength of the concrete has a negligible effect on
crack spacing and crack width; (3) and the FRP over-
reinforced concrete beams in this study are safe for
design in terms of deformability. Mohamed et al.(2011)
investigated and evaluate the flexural behavior of
concrete cantilever beams when using locally produced
GFRP bars as a longitudinal main reinforcement. The
experimental program includes six concrete cantilever
beams. The main parameters were the type of rebars
(steel or GFRP), strength of concrete and ratios of GFRP
rebars. The results of experiments were the ultimate
flexural capacities were calculated theoretically. Then a
comparison between both experimental and theoretical
results was done. This comparison indicated that the
theoretical analysis gives results which are about 30%
lower than the experimental ultimate flexural capacity for
GFRP-reinforced  cantilever beams. These two
characteristics may affect the behaviour of concrete
beams reinforced with such reinforcement, ie. the
stiffness and mode of failure. As from the structural point
of view the stiffness is an important aspect to be
considered since it affects the load carrying capacity of
the member and the deflection at service load. This
paper presents the suitability of GFRP bar and Stainless
Steel bars to replace the conventional steel as the main
tensile reinforcement. The short-term flexural behaviour
of concrete beam reinforced with GFRP bar and
Stainless steel bar was investigated. The behaviour of
the GFRP reinforced concrete beam and Stainless steel
reinforced concrete beam was also compared with
Conventional concrete beam.

I RESEARCH SIGNIFICANCE

This paper presents the experimental results of
testing concrete beams reinforced with GFRP bars and
stainless steel bars under static loading conditions up to
failure. This study investigates various behaviors
including ultimate moment behavior, load-deflection
pattern, crack width pattern and modes of failure. The
behavior of concrete beams reinforced with GFRP bars
is compared with the behavior of beams reinforced with
stainless steel and conventional beam. This study
focuses on the effects of concrete strength and the
reinforcement ratio on the behavior of concrete beams.
This study also aims to provide engineers and

© 2012 Global Journals Inc. (US)

researchers with a better understanding of the behavior
of GFRP-reinforced concrete beams and stainless steel
reinforced concrete beams. The results obtained
throughout this study are valuable for future field
applications and the development of design guidelines
for concrete elements reinforced with GFRP bars and
stainless steel bars.

[11. EXPERIMENTAL WORK

The current research program was carried out
to investigate the flexural behavior of concrete beams
with main reinforcement of GFRP bars and stainless
steel bars.

IV.  MATERIAL CHARACTERISTICS

Seven reinforced concrete beams were cast
and tested to failure. The overall dimensions of the
reinforced concrete beam tested were 150 x 150 x 900
mm. The control beam, RCCB, was reinforced with
2@12 mm diameter deformed. The others are three
GFRP beam reinforced with 2@12 mm diameter of
GFRP bars and remaining three of SSR beams were
made in reinforced with 2@12 mm diameter of
Stainless steel bars. The shear reinforcement for beams
GFRP and SSR was provided using a GFRP-10 mm
diameter and Stainless steel plain10 mm diameter bar.
All of the beams tested were designed to fail in flexure.
The concrete with an average strength of 30 MPa at 28
days was used throughout the study. The compositions
of the concrete consisted of ordinary Portland cement,
coarse aggregate and natural river sand. The coarse
aggregate used in concrete mix was a combination of
crushed and uncrushed gravel with the nominal
diameter of 20 mm. The water-cementations ratio used
was 0.50.All of the beams were cast in steel moulds and
manufactured in the laboratory. The beams and cubes
were cured in good water available in the laboratory at
room temperature.

V. TEST SETUP AND TEST PROCEDURE

The simply supported beam with the effective
span of 800 mm was tested under four-point loads at
the age of 28 days up to failure. The two-point loads
were applied in the middle of the beam at a distance of
267 mm apart. The schematic diagram of the beam and
test setup is shown in Figure 1 and Figure 2. The load is
monotonically applied during testing in a 400 kN U.T.M
(Universal Test Machine). Deflection of the tested
beams is measured with a deflectometer at mid-span.
During testing, cracks are marked and crack width is
measured using a hand-held microscope. Crack
spacing is measured within the constant moment zone.
Deflections, ultimate capacities, and failure modes are
also investigated.
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Figure 1 . Schematic diagram of the test set-up

Figure 2 Test setup

VI.  RESULTS AND DISCUSSION

a) General Behavior

The steel reinforced control beams (RCCB)
develop flexural cracks at mid-span after the first crack,
flexural cracks are uniformly distributed throughout the
tension zone. Following yielding of the steel bars, beam
deflections increase without an increase in load. A
ductile flexural failure occurs with vyielding of the
reinforcing steel. The amount of energy absorbed
through plastic deformation in the reinforcement
demonstrates the advantage of steel as a reinforcing
agent. The behavior of the FRP reinforced beams differs
from that of the steel reinforced beam. Final failure
occurs in two distinctly different modes, as shown in
Figure 4.The first mode is the FRP rupture of the under-
reinforced beams. Tensile rupture of the GFRP bar
occurs in all beams that are reinforced with lower
balanced reinforcement ratios. These  results
demonstrate the brittleness of FRP materials. The
second mode of failure is the crushing of concrete in the
over-reinforced beams. As expected, the failure in
beams reinforced with more than the balanced
reinforcement is due to the compressive failure of
concrete crushing. Observed cracks within and near the
constant moment region expand in a vertical direction.
As the load increases, shear stress become more

critical and induces inclined cracks. Table 2. shows the
average crack spacing in tested beams at service load
and high load. The effect of the concrete strength and
the reinforcement ratio on the crack spacing is
negligible, and the crack spacing decreases as the load
increases.

b) Load-Deflection Behaviour

The short-term load-deflection behaviour of all
the beams tested is shown in Figure 3. Initially all beams
show relatively linear elastic behaviour up to the
cracking load when the concrete cracked at the tension
face. Thereafter, the stiffness of the beams, particularly
for the GFRP reinforced concrete beams, was reduced
at a faster rate, resulting in a larger deflection. This may
be due to the effect of low elastic modulus of the GFRP
bar compared to stainless steel.

Comparing the deflection between beams
GFRP and RCCB the former had, for a given load, larger
deflection in the order of 1.75 to 2.0 times the deflection
of the control beam (RCCB).The average measured
deflections at near failure for beams GFRP and RCCB
were 14.5 mm and 8.2 mm, respectively. This indicates
that direct replacement of steel with GFRP bars, on the
basis of the same area of reinforcement replacement,
will not produce the same performance as beam
reinforced with steel. Therefore, some modification in the
design has to be considered when GFRP bar is to be
used as reinforcement.

The use of stainless steel as reinforcement in
beam (SSRB) resulted increased deflection on same
load was observed when compared to glass fiber
reinforced concrete beam (GFRPB) and control
beam(RCCB) also in slight improvement on the stiffness
of the beam were observed. The deflection ratios, at the
same load level, between beams SSRB and RCCB were
in the range of 1.75 to 2.15 which show slight only slight
difference as compared with the GFRPB beam. The
deflection of the beam near to failure was 18.5 mm. This
indicates that the use of stainless steel as reinforcement
not only provides reinforcement to resist load but also
increase, to some extent, the stiffness of the beam.
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Figure 3 . Load-deflection of tested beams

c) Ultimate moment at Failure

The ultimate failure moment of all the tested
beams are presented in Table 1.From the Table1 it was
observed that the control beam(RCCCB), had higher
load carrying capacity compared to the GFRP reinforced
concrete beam, by about 30% .This shows that the low
elastic modulus of the GFRP bar had an effect on the

load carrying capacity of the beam.

As for beam SSRB, the use of stainless steel as
reinforcement has improved, to some extent, the
ultimate failure moment of the stainless steel reinforced
concrete beam (SSRB) by about 12% compared to
beam GFRPB. This was due to the effectiveness of
stainless steel as shear reinforcement.

Table? : Comparison between experimental and theoretical ultimate moments

Experimental Theoretical
Beam No. Ultimate design moment | Capacity ratio
moment(kN m) (KN m)
GFRPB1 4.00 6.50 0.62
GFRPB2 4.21 6.50 0.65
GFRPB3 4.10 6.50 0.63
SSRB1 4.60 6.50 0.71
SSRB2 5.06 6.50 0.78
SSRB3 5.20 6.50 0.80
RCCB 6.00 6.50 0.92

a) Cracking and mode of failure

All of the tested beams failed in flexure with
crushing of concrete in the compression zone at the
failure stage after the development of flexural cracks.
The failure mode and crack pattern of the tested beams
are presented in Figure 4.From Table 2 it was observed
that all of the beams cracked in tension under a
relatively small load of about 7.5% to 11% of their
ultimate load. The first visible crack formed between the
locations of the two point loads in the region of
maximum bending moment. Thereafter, as the load was
increased more cracks started to form over the shear

© 2012 Global Journals Inc. (US)

span on both sides of the beam.

Beam GFRPB recorded about 25% less number
of cracks and more crack spacing by about 40%
compared with the control beam(RCCB). This may
indicate that the stiffness of the GFRP bar had an effect
on the cracking behaviour of the beam. In compare to
the control beam and stainless steel reinforced beam
(SSSRB), experienced greater number of cracks with
smaller crack spacing. The average crack spacing for
beam B3GM was about 20% less than the control beam.
Thus, it shows that stainless steel can be used to reduce
the cracking of the reinforced concrete beam.
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Table 2 . Cracking behaviour of Steel slag concrete beam

Beam Ultimate First Crack | Total Number | Average Crack
No. Load(kN) Load(kN) of Cracks Spacing(mm)
GFRPB1 34.00 4.00 20 130
GFRPB2 36.00 4.50 25 140
GFRPB3 35.00 4.00 23 150
SSRB1 40.00 3.50 25 130
SSRB2 44.00 4.00 24 140
SSRB3 45.00 4.25 23 160
RCCB 52.00 7.00 25 100

Figure 4 . Mode of failure and crack pattern of all the beams tested

VII.  CONCLUSIONS

The main conclusions that can be drawn from
this study are as follows:

1. Concrete beam reinforced with GFRP sections
experienced lower load carrying Capacity and
stiffness compared with the conventional reinforced
concrete beam(RCCB).

2. Beam reinforced with GFRP bars showed different
flexural behavior than that of beam reinforced with
stainless steel bars this was mainly due to the lower
elastic modulus of the GFRP section.

3. The number of cracks for beam reinforced with
GFRP section was lower than the conventional
beam. In addition, the average crack spacing of the
GFRP reinforced concrete beam was also larger
compared with the control beam.

4. In addition, the deflections in beams reinforced with
GFRP bars are generally larger than those in beams
reinforced with steel bars. This is due to the low
modulus of elasticity and the different bond
characteristics of the GFRP bars. To ensure
adequate flexural stiffness for deflection, the flexural
design of FRP reinforced concrete beams requires
over-reinforcement.

5. The mode of failure for beams reinforced with GFRP
sections were slightly different compared with the
control  beam(RCCB). The GFRP reinforced
concrete beams will fail either by concrete crushing
at the compression zone or rupture of the GFRP
reinforcement. Failure due to rupture of GFRP

reinforcement is not recommended because it may
results in catastrophic failure of the structures.

6. The use of stainless steel reinforcement beam
proved to be beneficial in enhancing the stiffness,
ultimate load, and cracking performance of the
GFRP reinforced concrete beam.

7. Considerations on the elastic modulus and proper
design method are important when GFRP bars are
to be used as tensile reinforcement for concrete
beam.
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NOTATIONS

RCCB : Reinforced Cement Concrete Beam
GFRPB : Glass Fibre Reinforced Polymer Beam
SSRB : Stainless Steel Reinforced Beam
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data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

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

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

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

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

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

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

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

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with
records.

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

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

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

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

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

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

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

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

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

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

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

To make a paper clear

- Adhere to recommended page limits

Mistakes to evade

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

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.

Abstract:

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

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

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can

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

Reason of the study - theory, overall issue, purpose

Fundamental goal

To the point depiction of the research

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

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

Approach:

Single section, and succinct

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

A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
Center on shortening results - bound background information to a verdict or two, if completely necessary
What you account in an conceptual must be regular with what you reported in the manuscript

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

Introduction:

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

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

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

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

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

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

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

®  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
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:
®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.
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

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.
e  Skip all descriptive information and surroundings - save it for the argument.
®  Leave out information that is immaterial to a third party.

Results:

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

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

Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.

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

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

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

L] Not at all, take in raw data or intermediate calculations in a research manuscript.
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® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.
®  Never confuse figures with tables - there is a difference.
Approach
®  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
e If 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.
Try to present substitute explanations if sensible alternatives be present.
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?
®  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
®  Submit to generally acknowledged facts and main beliefs in present tense.

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

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

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

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

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

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

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

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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