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Different techniques using post tensioned cables are used in strengthening different
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Numerical Analysis for Strengthening Steel
Trusses using Post Tensioned Cables

Mohamed Ghannam ©, Nabil S. Mahmoud °, Ahmed Badr ® & Fikry A. Salem ©

Abstract- Using post tensioned cables becomes one of the
most effective methods in strengthening different types of
structures especially steel structure. This paper studies the
effect of post tensioned cables in strengthening double span
steel trusses. Different truss’s systems (Warren and N truss
system) are included in this study.

Different techniques using post tensioned cables are
used in strengthening different truss’s systems. The main
difference between these techniques is the profile and the
locations of the post tensioned cables. Comparisons between
these techniques are made in order to determine the suitable
post tensioning technique for each truss system. The analysis
and results are obtained by using ANSYS program.
Keywords: post tensioned, cables, strengthening, steel
trusses, ANSYS.

L. [NTRODUCTION

Dost tensioning is one of the most effective
methods for strengthening an existing structure to

overcome the increase in service load without
replacement parts of the structure. The aim of this paper
is to study the effect of post tensioning in strengthening
different types of steel trusses and find a suitable way to
apply post tensioning in each type. Many researchers
studied the effect of post tensioning on strengthening
different types of structures.

Previously, researchers study the effect of post
tensioning on strengthening steel beams, especially
those used in bridges. Dunker et al. [1] presented a
research which studied the strengthening of existing
single-span steel-beam with concrete deck bridges.
Klaiber et al. [2] studied the effect of post tensioning on
strengthening an existing continuous-span steel-beam
with concrete deck bridge. It was concluded that post
tensioning is a viable, economical strengthening
technique. Ayyub et al. [3] studied the pre-stressing of a
composite girder subjected to a positive moment. It was
concluded that using strands is preferable than using
bars in post-tensioning. Ayyub et al. [4, 5] presented an
experimental and analytical study for prestressing
composite girder subjected to negative moment. The
research shows that using post tensioning decreases
the crack in the negative moment region and reduces
the required steel material. Phares et al. [6] presented a
research on strengthening of steel girder bridges using

Author o o p @: Structural Engineering Department, Faculty of
Engineering, Mansoura University, Mansoura, Egypt.
e-mail: m.ghannam@mans.edu.eg

post tensioned rods of carbon fibre reinforced polymers
(CFRP). The research showed the significant effect of
using post tensioned CFRP in increasing the load
capacity of the bridge. Nazir [7] showed that using post
tensioned cable for a pre-stressed arch steel bridge has
a great effect in reducing the stress on the arch girder.

As the effect of post tensioning cables in
strengthening different types of structure becomes
obvious, many researchers [8-11] used post tensioning
cables in earthquake-resistant in  structural steel
moment resisting frame (MRF) system, which is known
as self-centering moment-resisting frame (SC-MRF)
structural system. This type of connection uses high
strength post tensioned cables to pre-compress the
beams to the columns and to close the gaps that were
developed under earthquake loading, returning the
frame to its initial position [12]. Vasdravellis et al. [13]
proposed a new self-centering beam-to-column
connection. The connection used post tensioned high
strength steel bars to provide self-centering capability
and designed energy-dissipation (ED) elements that
consisted of steel cylindrical pins with an hourglass
shape. Mahmoud et al. [14] studied the effect of using
eccentric post tensioned cables in strengthening simple
frame. Different post tensioning techniques were
proposed for strengthening simple steel frames. The
result shows that using post tensioning cables in
strengthening simple steel frames can increase the load
capacity by more than 30 %. Similar result where
reported by the research done by Ghannam et al. [15].

Ghannam et al. [16] showed that post
tensioned cables can increase the load capacity of box
girder steel bridge by 25% with a factor of safety equal
to 1.8 and 3.63 according to AASHTO LRFD (17) and
ECP No. 201 (18) loading vehicles respectively.

Steel trusses are one of the most important
types of structures in our life. Nowadays, steel trusses
are used in workshops, factory building, stadiums roof,
bus and train stations and bridges. Due to the increase
in service load applied to steel trusses, researchers
began to study different methods to strengthen steel
trusses. Using post tensioned cables in strengthening
different types of steel trusses are one of the most
efficient and widely acceptable methods.

Ayyub et al. [19] and Ayyub and lbrahim [20]
studied the effect of using post tensioned cables on
strengthening steel trusses bridge. Single span bridges
with different trusses system were investigated in this

© 2017 Global Journals Inc. (US)
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study. Also the effect of different tendon layout was
studied. It was concluded that post tensioning tendon is
a cost-effective method to strengthen steel trusses and
can increase the redundancy levels as well as the
reliability of the truss structures to meet the increase in
service loading requirements. Post tensioning also
enlarges the elastic range, increases the fatigue
resistance and reduces deflection and member's stress.
Thus, the remaining life of a truss bridge can be
extended. More details will be given about this study in
section 2.1 of this paper.

Han and Park [21] studied the elastic behaviour
of post tensioned steel trusses with straight and draped
tendon profiles. The effect of different parameters on the
working load and the deflection of truss were studied.
These parameters were: tendon profile, truss type, pre-
stressing force and tendon eccentricity. Similar to Ayyub
et al. [19] and Ayyub and Ibrahim [20], it was concluded
that post tensioning enlarges the elastic range,
increases the redundancy and reduces the deflection
and member's stress. As a result, the load carrying
capacity of the truss was increased. Nowadays, there
are lots of applications of post tensioned steel trusses
for long span roofs especially in stadiums such as
Telstra Stadium in Australia [22].

From the literature, it can be concluded that
using post tensioned cables is one of the most effective
methods in strengthening different types of buildings
and structures. Also it was observed from the literature
that the effect of post tensioned cables was not
investigated on continuous span steel trusses. This
paper studies the effect of post tensioned cables in
strengthening double span steel trusses. Warren and N
truss system are included in this study. Different post
tensioning techniques are investigated to check the
ability of these methods in strengthening different types
of trusses. The main difference between these
techniques is the layout and the profile of the post
tensioned cables.

I1. FINITE ELEMENT ANALYSIS

a) Ayyub et al truss model

The main objective of this paper it to study the
effect of different post tensioned cables profile on
strengthening double span steel trusses. The numerical
study is performed using ANSYS Finite element (FE)
program [23]. It is very important to verify the FE model
before proceeding to the main objective of this paper.
The FE model is verified against the result obtained by
Ayyub et al. [19].

Ayyub et al. [19] studied the effect of using
post tensioned cables on strengthening steel trusses
bridge. Single span bridges with different trusses
system were investigated in this study. Also the effect of
different tendon layout was studied. In this study, the
analysis of post-tensioned trusses is divided into three

© 2017 Global Journals Inc. (US)

steps. In the first step, an analysis is performed using
the dead load. In the second step, the analysis is
performed using the dead and the posttensioning loads
as applied to the truss joints. In last step, an analysis is
performed using the live loads including impacts. The
stiffness of the tendons is considered only in the third
analysis stage. The final solution is achieved by
superimposing the second and third step.

In this study three examples were presented.
The first example was a statically determinate truss post
tensioned internally; the second example was
indeterminate truss post tensioned internally and the last
example was statically determinate trusses post
tensioned externally. It was decided to use the statically
determinate trusses that were post tensioned internally
and externally for the verification of the FE model. The
discretion of the statically determinate trusses is
indicated in the following paragraphs.

The detail of the truss that was used in the
analysis is described as follows. The truss was a warren
single span truss with a height of 11582.4 mm and
consists of 8 panels of 8229.6 mm length each. The
truss is loaded at 3 point as indicated in Figure 1 the
value for dead load was 450 kN and the value for live
load and impact was 900 kN, forming a total load of
1350 kN as indicated in Figure 1.

Four different cables layout were used to apply
post tensioning to the truss. Here, each layout will be
referred as a technique. In the 1% technique, a straight
cable was used, this cable was coinciding with the lower
member joining between the two supports of the truss,
and this layout is indicated in Figure 2.

In the 2" technique, one drape cable was used;
this cable was joining between node U0 and U8 passing
through node L4 as shown in Figure 3. In the 3
technique, two drape post tensioned cable was used,
this cable begins at node U1 passing through node L2,
L6 and ending at node U7 as shown in Figure 4.

In the 4" technique, the cable was post
tensioned externally as indicated in Figure 5. Two drape
post tensioned cable are anchored at nodes LO and L8
and pass over two pulleys at nodes D1 and D2. Two
vertical members (L1,D1) and (L2, D2), two diagonal
members (D1, L2)and(D7, L6) are added to achieve the
stability of the truss as shown in Figure 5. The distance
between the post tensioned cable and the lower
member of the truss was 6319.5 mm.

In the first three techniques, the cables consist
of three strands of 15.24 mm diameter and an ultimate
tensile strength of 1860 MPa. The cross sectional area
of the cables was 548 mm? The cables were post
tensioned by a force equal to 927 kN giving a post
tensioning stress equal to 1674 MPa. This stress
corresponds to 85% of the ultimate strength of the
strands as indicated by Ayyub et al. [19].

In the 4™ technique, the cables consist of two
strands of 15.24mm diameter and an ultimate tensile



strength of 1722.5 MPa. The cross sectional area of the
cables was 361mm?. The cables were post tensioned by
a force equal to 45 kN giving a tensioning stress equal
to 1266.4 MPa. This stress corresponds to 70% of the
ultimate strength of the strands strands as indicated by
Ayyub et al. [19].

b) Finite element model description

Link element (8) is used to model the truss
member, beam element (4) is used to model the post
tensioned cable. It should be noted that the beam
element is used with axial stiffness only with ignoring the
bending stiffness. Beam element (4) is used to model
the cable to overcome the convergence problem that
may occur when using Link element (8) to model the
post tensioned cable. Post tensioned load is applied by
using Pretension element (179), this element splits the
cable in to two part and apply the tension force in each
part, and this is the reason of using beam element (4) to
model the cable.

The poly that is used in the 3rd and the 4th
technique is indicated in Figure 6 (a and b) respectively.
In the 3rd technique, a connecting link member is added
to connect between the truss joint and the post
tensioned cable. It should be noted that the axial
stiffness of this added link is very small so that it will not
affect on the load distribution in the truss member, also
its length is very short. This connecting link is added so
that the angle between the drape cable is divided
equally. A rotational restrained is assigned to joint
connecting the cable to the connecting link.

In the 4™ technique, another method was used
to model the poly. The same connecting link that is used
in the 3rd technique is used here with the same
properties and dimensions. However, instead of adding
a rational restrains, an additional cable is added at the
joint connecting between the cable and the connecting
link as indicated in Figure 6 (b), the addition link has
also a very small axial stiffness and length. A rotational
and transitional restrains are assigned at the end of the
additional link.

c) Verification of finite element model

Table 1 Shows the comparison between the
result introduced in Ayyub et al. [19] and the result
obtained in from the finite element (FE) model of this
study. In this table result of selected truss members is
presented, each truss member is identified by its
number as indicated in Figure 1, The result presented by
the FE model of this study is indicated by FE.

The comparison was done according to two
loading cases, the first loading case include the primary
loads without post tensioned force, this case includes
deal load and live load plus impact. This case is
indicated by N. The other case includes the primary load
plus the post tensioned load which is indicate as N+P. It
should be noted that the cable load in the 4th technique
was not presented in Ayyub et al. [19].

From the comparison of the result through
different techniques, it can be concluded that there is
good agreement between the result presented by Ayyub
etal. [19] and the result presented in this study.

[II.  STRENGTHENING OF CONTINUOUS
TRUSSES

a) Warren truss

This section studies the effect of post tensioning
on double span warren truss. The dimensions of the
warren truss are the same as that were used before in
verification the model, the truss height is 11582.4 mm.
The truss consists of 8 panels, each panel has a length
of 8229.6 mm. The analysis is carried under the effect of
dead and live load with impact. The total value of each
concentrated load is 1350 kN as indicated in Figure 7.
Figure 7 shows the numbering system of the truss
members in one span. Seven post tensioning
techniques are used to strengthen the truss. These
seven techniques are described in details in the
following sub sections.

i. Technique of the Warren Truss

In this technique, the post tensioned cable is
coincide with the lower tensioned member as indicated
in Figure 8. The cables consists of three strands of
15.24mm diameter and an ultimate tensile strength of
1860MPa. The cross sectional area of the cables is
548mm?. The cables initially post tensioned by a force
equal to 925 kN.

ii. Technique of the Warren Truss
In this technique, the post tensioned cable is
coincide with the upper tensioned member as indicated
in Figure 9. The cross section of the cables and the
post tensioning force are the same as the 1% technique.

iii. Technique of the warren truss

In this technique, two external draped post
tensioned cables are used parallel to the lower chord
members. The distance between the cables and the
lower truss member is 3159.8 mm. Another post
tensioned cable is used coincide with the two upper
central chord member as indicated in Figure 10. The
post tensioned force for the external draped cable is 143
kN and for the straight cable is 770 kN.

iv. Technique of the warren truss
In this technique, straight cable is used coincide
with the lower chord members and external straight
cable is used parallel to the two upper central chord
members as shown in Figure 11. The post tensioned
force for the lower straight cable is 201 kN and 770 kN
for the upper cable.

v. Technique of the warren truss
Straight cable is used coincide with the lower
chord members and a straight cable is used coincide
with the two upper central chord members as show in
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Figure 12. The post tensioned force for the cable is 183
kN and 770 kN for the upper cable.

vi. Technique of the warren truss

Two external draped cables are used parallel to
the lower chord members and external straight cable is
used parallel to the two upper central chord members
as shown in Figure 13. The post tensioned force is 156
kN for the lower cable and 770 kN for the upper cable.

vii. Technique of the warren truss

In this technique, two draped cables post
tensioned by 770 kN are used in each span as indicated
in Figure 14.

b) N truss

This section studies the effect of post tensioning
on double span warren truss. The dimensions of the N
truss are the same as that were used before in
verification the model, the truss height is 11582.4 mm.
The truss consists of 8 panels, each panel has a length
of 8229.6 mm. The analysis is carried under the effect of
dead and live load with impact. The total value of each
concentrated load is 1350 kN as indicated in Figure 15.
Figure 15 shows the numbering system of the truss
members in one span. Seven post tensioning
techniques are used to strengthen the truss. These
seven techniques are described in details in the
following sub sections.

i. Technique of the N truss
In this technique, the post tensioned cable is
used coincide with the Ilower tensioned member as
indicated in Figure 16.

ii. Technique of the N truss
In this technique, the post tensioned cable is
coincide with the upper tensioned member as indicated
in Figure 17.

iii. Technique of the N truss

In this technique, two external draped post
tensioned cables are used parallel to the lower chord
members, The distance between the cables and the
lower truss member is 3159.8 mm. Another post
tensioned cable is used coincide with the two upper
central chord member as indicated in Figure 18. The
post tensioned force for the external draped cable is 143
kN and for the straight cable is 770 kN.

iv. Technique of the N truss

In this technique, straight cable is used coincide
with the lower chord members and external straight
cable is used parallel to the two upper central chord
members as shown in Figure 19, the distance between
the cable and the upper member is 3159.8 mm. The
post tensioning force for the lower straight cable is 275
kN and for the upper cable is 770 kN.

v. Technique of the N fruss
Straight cable is used coincide with the lower
chord members and a straight cable is used coincide

© 2017 Global Journals Inc. (US)

with the two upper central chord members as show in
Figure 20. The post tensioned force for the cable is 169
kN and 770 kN for the upper cable

vi. Technique of the N truss

Two external draped cables are used parallel to
the lower chord members and external straight cable is
used parallel to the two upper central chord members
as shown in Figure 21. The post tensioned force is 222
kN for the lower cable and 770 kN for the upper cable

vii. Technique of the N truss

In this technique, two draped cables post
tensioned by 770 kN are used in each span as indicated
in Figure 22.

V. RESULTS AND DISCUSSIONS

From the previous sections, it can be noticed
that in different techniques, the post tensioning force
which was applied to the post tensioned cables that
were located close to upper chord members was
chosen to be 770 kN. This value was chosen in order to
eliminate the internal tension force of the two middle
upper chord members. The post tensioning force of the
cables that are located close to the lower chord member
was chosen with different values for different
techniques. The value of the post tensioning force of the
lower cables was chosen based on which value will give
the most reduction of the internal forces of the truss
members with keeping the post tensioned force in the
upper cable constant as 770 kN.

Table 2 shows the percentage of reductions in
the truss members' internal tension and compression
forces after using different post tensioning techniques
with continuous Warren and N trusses. It should be
noted that in Table 2 that, % Ten. refer to the total
reduction in the internal forces of all tension members,
% Comp. refer to the total reduction in the internal forces
of all compression members. In Table 2, +ve numbers
mean a reduction in the truss members' internal force
and -ve numbers mean an increase in the truss
members' internal force.

It can be concluded from the results obtained in
Table 2, that the best technique for strengthening the N
truss system, is the 6" techniques, which gives a
reduction of 9.84 % of the total internal forces of the
tension member and a reduction of 3.19 % of the total
internal compression forces. Although the 7" techniques
provides a reduction of 21.77 % of the total internal
tension forces, however, this techniques cause an
increase in the total internal forces of the compression
member by 1.42 %.

Also, it can be concluded from the results
obtained in Table 2, that the best techniques for
strengthening the Warren truss system, are the 3 and
the 5" techniques. 3 technique gives a reduction of
9.72 % of the total internal forces of the tension member
and a reduction of 0.94 % of the total internal



compression forces. 5" technique gives a reduction of
991% and 0.016 % for the total tension and
compression force respectivelly. Although the 7"
techniques provides a reduction of 21.63 % of the total
internal tension forces, however, this techniques cause
an increase in the total internal forces of the
compression member by 12.9 %.

V. CONCLUSIONS

This paper studies the effect of post tensioned
cables in strengthening double span steel trusses.
Different truss systems (Warren and N truss system) are
included in this study. Different techniques using post
tensioned cables are used in strengthening different
truss systems. The main difference between these
techniques is the profile and the locations of the post
tensioned cables. Comparisons between these
techniques are made in order to determine the suitable
post tensioning technique for each truss system. The
analysis and results are obtained by using ANSYS
program.

From this study, it can be concluded that post
tensioning is an effective method in strengthening
different types of steel trusses. Strengthening trusses
using post tensioned cables can reduce the internal
force in both tension and compression members.
However, the reductions of the internal tension forces is
more significant than the compression forces.

Each type of truss has a specific post tensioned
technique that provides the most percentage of
reduction in the trusses internal forces. Generally, post
tensioning the cable externally has a significant effect in
reducing the internal forces, however, care should be
taken when using this technique, as it reduces the
clearance under the truss. This may have a negative
influence on the using purpose of the truss especially, if
this truss was designed as a bridge over a water stream
where there is a navigation to pass under the truss
bridge.
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Table 1: Comparison between the results in Ayyub et al (1990a) and the results obtained by The FE
model in this study
Truss |V (eﬁt\gub NEE) N+ P (Ayyub et al 1990a) (kN) N+ P (FE) (kN)
Member 1 9908.) (kN) qst ond 3rd 4t qst ond 3rd 4t
(kN) Technique [Technique [ Technique [Technique{Technique|Technique|Technique|Technique
1 0 0 0 -315 0 0 0 -317.26 0 0
2 0 0 0 -900 0 0 0 -901.71 0 0
3 2880 |-2877.62 -2880 -3330 -2880 -2614.5 | -2877.62 | -3328.47 | -2877.71 | -2618.73
4 -2880 |-2877.62 -2880 -3330 -2880 -2614.5 | -2877.62 | -3328.47 | -2877.71 | -2618.73
5 -3838.5 |-3836.84| -3838.5 -3838.5 | -38385 -3573 | -3836.84 | -3836.84 | -3836.88 | -3577.86
0 0 0 0 0 -220.5 0 0 0 -220.6
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 2484 |-2484.14 -2349 -2097 -2484 21195 | -2484.14 | -2094.93 | -2484.14 | -2125.31
10 2484 | 2484.14| 2484 2097 1710 2394 248414 | 2094.93 | 1533.29 | 2395.94
11 -828 -828.05| -828 -441 -828 -828 -828.05 | -438.84 | -828.05 | -827.96
12 828 | 828.05 828 441 828 828 828.05 438.84 828.05 827.96
13 1440 | 1438.83| 477 1215 1440 828 47898 | 1213.38 | 1438.83 | 839.75
14 1440 | 1438.83| 477 1215 1440 828 478.98 | 1213.38 | 1438.83 | 839.75
15 3357 | 3357.23 23985 2686.5 2380.5 25965 | 2397.38 | 2680.97 | 2381.04 | 2610.05
16 3357 | 3357.23 23985 2686.5 2380.5 25965 | 2397.38 | 2680.97 | 2381.04 | 2610.05
33 0 0 0 0 0 0 0 0 0 0
Cable | oo | i 963 954 972 | ... 959.85 955.89 964.89 487.31
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Table 2: Percentage of reductions in truss members' internal forces after using different post tensioning

techniques
. ond . . . . .
1% technique technique 3" techniquel4™ techniquel5™ technique|6™ technique|7™ technique
Truss's system
[e) 0, [e) [e) (o)
% Ten. % % Ten. % % Ten. % % Ten. % % Ten. % % Ten. % % Ten. %

Comp. Comp. Comp. Comp. Comp. Comp. Comp.

N system 905 | 065 ] 222 [ 014 | 763 | 098 | 95 [ 166 | 7.2 0 [ 984 [ 319 2177 [ 142

Warren system 12.8 [-1552] 275 | 033 [ 9.72 [ 094 | 958 [ -117 [ 991 [0.016 | 9.31 [ -0.14 [ 2163 | -12.9
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Absiract- The Acropolis of Athens is one of the most
prestigious ancient monuments in the world, attracting daily
many visitors, and therefore its structural integrity is of
paramount importance. During the last decade an
accelerographic array has been installed at the Archaeological
Site, in order to monitor the seismic response of the Acropolis
Hill and the dynamic behaviour of the monuments (including
the Circuit Wall), while several optical fibre sensors have been
attached at a middle-vertical section of the Wall. In this study,
indicative real time recordings of strain and acceleration on the
Wall and the Hill with the use of optical fibre sensors and
accelerographs, respectively, are presented and discussed.
The records aim to investigate the static and dynamic
behaviour — distress of the Wall and the Acropolis Hill, taking
also into account the prevailing geological conditions. The
optical fibre technology, the location of the sensors, as well as
the installation methodology applied is also presented.
Emphasis is given to the application of real time instrumental
monitoring which can be used as a valuable tool to predict
potential structural risk.

List of notation

Ag strain change

AAN wavelength change

Ke ratio expressing strain-wavelength relation
KT ratio expressing strain-temperature relation
At temperature change

L. [NTRODUCTION

he Acropolis Hill is the most outstanding ancient
TGreek monumental complex still existing in our
time and was chosen due to its geomorphology
since the Neolithic period (4000 / 3500-3000 BC) as a
place for local residents. It has a height of about 150 m
above sea level and 70 m from the level of the city of
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Athens. Among the standing monuments of the Hill, the
Circuit (perimeter) Wall serves a pure geotechnical
purpose, since it functions as a typical gravity wall,
retaining the backfill that forms the plateau of the
Acropolis and has total length of about 800 m and
variable height areas 5-20 m. In Figure 1, a panoramic
view of the Acropolis Hill from the south-east is
depicted.
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MONITORING OF THE HILL AND THE CIRCUIT WALL OF THE ATHENIAN ACROPOLIS UTILIZING OPTICAL FIBRE SENSORS
AND ACCELEROGRAPHS

Figure 1: Panoramic view of the Athenian Acropolis, where the South Wall (right) and the West Wall (left) are shown

The historical significance of the Archaeological
Site, the complexity of the geomorphological conditions
in the region, the vulnerability to natural and man-made
hazards as well as the need to resolve practical
problems encountered during the restoration works
have led to the application of various contemporary
technologies on the Acropolis Hill and its monuments
over the last years. In this framework, multi-disciplinarily
instrumental monitoring (via accelerographs and optical
fiore sensors) has been included, serving also the
extensive restoration works and aiming to real time data
gathering for immediate intervention when needed
(Sakellariou et al, 2016; Kalogeras et al, 2012).

II. GEOLOGY OF THE HILL AND THE
PERIMETER WALL

The Acropolis Hill is geologically composed
mainly by limestone overlying the Athenian Schist

(Koukis et al., 2015). The Athenian Schist is visible on
the main entrance of the archaeological site and less in
other positions while the limestone is visible on the hill,
when is not covered by artificial embankments, which
have been built in order to create the surface level of the
hill. The embankments are thicker on the south side and
held around the Wall and the limestone karstification has
leaded to cavities which facilitate the water flow, further
erosion and rock fall phenomena. Figure 2 shows a
geological plan view of the Acropolis Hill (Higgins &
Higgins, 1996).

Figure 2: Geological plan view of the Acropolis Hill
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AND ACCELEROGRAPHS

The importance of the Perimeter Wall is very therefore increasing the risk of local and/or extensive
high since it provides foundation of other monuments of  structural failures (Ambraseys, 2010; Trikkalinos, 1977).
the hill and the passing of time has seen it undergo In Figure 3 the central area of the South Wall is noted,
numerous damages mainly due to the weather which comprises mainly irregular mixed courses made
conditions and various types of loading, as well as the  up of ancient marble blocks in second use (spolia) and
human intervention, leading to crack creation and small stones, added in later repairs.

Figure 3: Central area of the South Wall on the Acropolis Hill

[1I. MONITORING INFRASTRUCTURE ON THE facilities in Plaka, using governmental telecommunica-

ACROPOLIS HILL tion infrastructures (Kalogeras & Egglezos, 2013). The

accelerographs were installed, considering the various

Over the last years, 10 high-quality broadband  geotechnical conditions on the hill as well as the specific

accelerometers (Guralp CMG-5TD) have been installed interest of YSMA for individual sites (Parthenon, South

on specific locations on the hill, recording in continuous ~ Wall, etc.). In Figure 4 the location of the accelerographs

mode on 24-bit digitizers and transmitting data in real- are presented.

time to the Institute of Geodynamics (NOA) facilities in
Thissio and the Acropolis Restoration Service (YSMA)

Figure 4. Plan view of the Acropolis Hill showing the location of the ten accelerographs. The red stars correspond to
the two accelerographs (ACRD and ACRJ) located on the South Wall (adjacent to the optical fibre sensors array)
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MONITORING OF THE HILL AND THE CIRCUIT WALL OF THE ATHENIAN ACROPOLIS UTILIZING OPTICAL FIBRE SENSORS
AND ACCELEROGRAPHS

In addition, during 2015-2016 a new optical
fiore network was developed on the South Wall
consisting of eight active strain sensors (Smart Rods)
and one acceleration sensor (attached directly on the
South Wall), continuously transmitting real time data
since June 2016 to date (Kapogianni et al, 2016a;
Kapogianni et al, 2016b). The sensors were fixed at
predefined positions on the South Wall with the use of
stainless steel plates, anchored to the substrate. The
critical positions of the optical fibre arrays were defined

by analyzing computational models, utilizing the finite
element method (Kapogianni et al., 2017) and the area
selected for the final installation was near the pre-
existing accelerometers ACRD and ACRJ (see Figure 4).
Connection in series was achieved via in situ splicing,
while strain measurements were made possible with the
use of the Optical Sensing Interrogator SM 130. In
Figure 5 the location of the new measuring equipment is
presented.

Figure 5: New array of strain and acceleration optical fibre sensors on the South Wall

IV.  OPTICAL FIBRE SENSORS AND
ACCELERATION RECORDINGS

Time stamped non-continuous and real-time
continuous strain  and temperature optical fibre
measurements were recorded at various positions on
the South Wall. Since various physical phenomena
affect the Acropolis Hill and the Perimeter Wall, such as
very high and low temperatures, excessive rainfalls,
earthquakes, etc., the optical fibre monitoring
infrastructure aims to quantify their influence on the
monument. Equation 1 is used in order to derive strain
measurements from the correspondent wavelength
recordings.

© 2017 Global Journals Inc. (US)

Ae =(AA-K7*A7)/Ke (1)

where
A [%] is the strain change;
A, the wavelength change;

K. is a ratio expressing the strain-wavelength relation
and is equal to 1.2 picometer (pm)/ustrain for the
sensors type that was used for the current study;

K4, incorporated the wavelength changes due to the
temperature variations, where K; is equal to 11.2 pm/C°
for the sensors used and A, is the temperature variation,
measured during the tests (starting value and actual-
final value).



In Figures 6 and 7 characteristic recordings for
time-stamped, non-continuous and real-time continuous
strain recordings (including temperature) are presented.
The results so far indicate that temperature plays an
important role on the strain levels on the Wall. Due to
lack of a strong seismic event, no notable acceleration
recording has been obtained via the optical fibre sensor.
In addition, it is noted that information gained from the

non-continuous recordings is of different magnitude and
pattern compared to the corresponding ones from the
real-time records. In order to derive comprehensive
conclusions related to the behavior of the Wall, real-time
recordings should be gathered and analyzed for a long
period of time and at various positions, including various
loading events (e.g. seismic).

—o—|n
—a—QOUT

0 \

27/12/15 1/1/16

6/1/16

11/1/16 16/1/16

Figure 6: Time-stamped, non-continuous strain recordings on the South Wall
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Figure 7: Real-time strain and temperature recordings on the South Wall

Furthermore, real-time continuous strain and
temperature recordings are presented in Figures 8a to
8d, for sensors attached on four different locations on
the South Wall of the Acropolis Hill. In particular, results
via sensors on the top, middle and bottom of the Wall
are presented, for an approximately 20-hour period of
time. It can be noted that strain increases during the
morning and noon and decreases during the night, due
to the temperature increase and decrease, respectively.
In addition, recordings near the vertical middle section
of the Wall are higher, compared to the correspondent
values near the top and bottom of the Wall. It should be
emphasized that remotely real-time monitoring on
various locations on the Wall can provide long-term
useful conclusions related to its structural behaviour,
especially during various loading events such as

seismic, restoration works on the Acropolis site and/or
extreme weather conditions.
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Figure 8: Real-time-stamped strain and temperature recordings at four different locations on the South Wall.

Moreover, since the installation of the first
accelerograph in 2006 and of the deployment of the
array in two periods (2008 and 2013), many near-field
and far-field seismic events have been recorded. In the
current study two earthquakes have been considered.
The first seismic event (on 05/12/2014) was a small
earthquake close to Athens with local magnitude M, =
2.4 and focal depth of 18.4 km from a distance of 17
km, while the second seismic event (on 24/05/2014) was
a strong earthquake almost 300 km away from Athens,

close to the island of Samothraki, Northern Aegean, with
local magnitude M, = 6.3 and focal depth 28.3 km.
Figure 8 shows the acceleration time-histories of the
instrument ARCB (N-S component) recorded during the
two aforementioned seismic events.
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Figure 8: The acceleration time histories recorded by ACRB instrument during the small near-field seismic event
(upper) and the strong far-field seismic event (lower)

It is evident that the recorded ground motion of
the small near-field seismic event is characterized by
very low peak ground acceleration (PGA) levels, short
duration and high frequency content, while on the
contrary, the recorded ground motion of the strong far-
field seismic event is characterized by higher PGA
levels, longer duration and lower frequency content.

Figure 9 shows the elastic response spectra of
four recorded ground motions (ACRB, ACRF, ACRG and
ACRJ) during the two examined seismic events. Judging

80

from the shape of the spectra, it becomes evident that,
apart from the obvious great differences between the
two seismic events, the discrepancies between the four
records during the far-field earthquake are relatively
small, while on the contrary, during the near-field event
there is a substantial variability referencing to the
installation site characteristics: the instruments located
at the north side of the hill (i.e. ACRF and ACRG) exhibit
higher PGA levels and higher spectral accelerations.
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Figure 9: The elastic response spectra of four recorded ground motions during the two examined seismic events.
Continuous lines correspond to the far-field event, while dashed lines correspond to the near-field event

V. CONCLUSIONS

Structural health monitoring is a rapidly growing
scientific area, applied initially to structures of economic
importance, historical significance and high risk of
failure. The use of measuring systems aims to the
creation of intelligent structures such as bridges,
buildings, geotechnical constructions, etc., that are
instrumented with sensors and other devices, providing
important real time information on various locations,
necessary for early detection of failures. Through
sensors and devices installation, useful real time

information is gathered, necessary for early detection of
structural problems, during construction and life cycle,
contributing to safety and their optimal management.
The current paper is involved with the structural
health monitoring of the Acropolis Archaeological Site,
via optical fibre sensors installed on the South Wall and
accelerographs located on the Hill, continuously
transmitting data from various locations. The results so
far indicate that temperature plays an important role on
the strain levels on the Wall however, due to lack of a
strong seismic event, no notable acceleration recording
has been obtained. It can be noted that strain increases
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during the morning and noon and decreases during the
night, due to the temperature increase and decrease
respectively. In addition, recordings near the vertical
middle section of the Wall are higher, compared to the
correspondent ones near the top and bottom of the
Wall. Concerning the recorded ground motion via the
accelerographs, it is noted that the small near-field
seismic event is characterized by very low peak ground
acceleration (PGA) levels, short duration and high
frequency content, while on the contrary, the recorded
ground motion of the strong far-field seismic event is
characterized by higher PGA levels, longer duration and
lower frequency content.

Concluding, it should be highlighted that
remotely real-time monitoring on various locations on
the Acropolis Hill can provide long-term useful
conclusions related to its structural behaviour, especially
during various loading events such as seismic,
restoration works on the Acropolis site or/and extreme
weather conditions.
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Effect of Extraction Residue on the Properties of
Asphalt Binders

Mouhamed Bayane Bouraima ®, Xiao-hua Zhang °, Shui-wen Zhou ° & Yanjun Qiu ©

Absiract- The present study investigates the influence of
extraction residue on the properties of aged and unaged
asphalt binders. The extraction residues such as
trichloroethylene and mineral filler were varied in selected
range of percentage (0.5, 1, 1.5 and 2%) and their effect was
comprehended in the ductility, softening point, penetration and
dynamic shear rheometer tests of 70# grade and SBS
modified asphalt binders. The research shows that: (1) the
trichloroethylene has more influence on the properties of
asphalt binders than the mineral filler; (2) the effect of
extraction residue on the properties of 70# grade asphalt is
better while their effect on SBS modified asphalt is poor; (3)
ageing asphalt binder is less sensitive to extraction residue
compare to unaged asphalt binder.

Keywords: trichloroethylene, mineral filler, asphalt binder

property, ageing.
. [NTRODUCTION

ver the years, the road building industry has

developed asphalt mixtures that have high level

of performance. These asphalt mixtures used as
paved materials are generally made up aggregates,
bituminous binder, air voids and different additives. Due
to research purposes in road works sector, it is
necessary to separate asphalt mixes into their
components. Extraction is an important operation that
consists of separating the bituminous binder from the
aggregates in reclaimed asphalt or asphalt mixture
using a chlorinated solvent. It is mainly used as test to
determine the binder properties and content and also to
check the grading curve of aggregates after washing
and sieving. The extraction process differs in their use of
heat method of agitating the mixture and allowable
solvents. Different methods have been used for
extracting bituminous binders from reclaimed asphalt.
They were grouped based on solvent temperature
during the process and are categorized into so called
hot methods, cold methods, a standardized non-solvent
method (EN 12697-39, 2012) and finally automatic
method (Montepara and Guiliani, 1999). The hot
methods are mostly reflux extraction in which bituminous
sample is heated to dissociate the coated aggregates
and soxhlet extraction method which is commonly used
in organic chemistry. In his paper Collins-Garcia et al.,

Author o @J: School of Civil Engineering, Southwest Jiaotong Univ.,
Highway Engineering Key Laboratory of Sichuan Province Chengdu
China. e-mail: mouba121286@yahoo.fr

Author o p: Sichuan Provincial Transport Department Highway Planning,
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2000 has mentioned to a less extended hot method for
bitumen extraction. Several methods for cold extraction
exist and do not use a heat source. Among them, there
are agitation method (Ongel and Hugener, 2014; Sugar
et al, 2002; Zhao et al., 2015), centrifuge method
(Schultz, 1988; Sengoz and Oylumluoglu, 2013; Stroup-
Gardiner and Nelson, 2000) and vacuum method (Jones
et al, 1969; State of California - Business,
transportation and housing agency / California test 310,
2000; Texas DOT Tex-210-F, 2008). Automatic methods
(Montepara and Giuliani, 1999) which use different
machine models that are available on the market. They
have several advantages due to the fast testing and
satisfactory experimental working conditions in terms of
safety.

Due to the reasons of asphalt content of HMA
calculation for quality control and quality acceptance
(QC/QA) testing, solvents are still desirable. A number of
solvents have been used through the years (Burr et al.,
1990). Carbon disulphide (CS2) was initially used since
the early 1900s (Bateman & Delp, 1927) followed by
benzene (C6H6). Chlorinated solvents like trichloro-
ethene (TCE, C2HCI3), 1-1-1-trichloroethane (C2H3CI3)
and dichloromethane (CH2CI2) became very popular in
the 1950s and 1960s (Cipione, Davison, Burr, Glover, &
Bullin, 1991) after benzene has been proven to be
carcinogenic and its use, bee phase out. TCE was later
then found as effective as Benzene based on Abson
and Buton (1960) research and thus it became the main
replacement of Benzene. Traxler (1967) found that more
binder is removed from aggregate when 10-15% of
ethanol or methanol added to TCE is used. Cipione et
al., 1991 has mentioned that the use of this combination
become popular among many researchers at least in
US. Several companies have introduced in the market
various normal propy! bromide (nPB) solvents as direct
substitutes for both TCE and TCA (M. Stroup-Gardiner &
J.W. Nelson, 2000).

A number of researchers have shown in the
past that asphalt is never completely removed from
aggregate, regardless the solvent used. This incomplete
extraction results in underestimating the asphalt content
between 0.1 to 0.5% (Peterson et al., 1999). This
retained asphalt result in significant changes in the
recovered asphalt properties (M. Stroup-Gardiner et al.,
1994). After extraction, recovery is important since the
goal is to evaluate the final properties of the binder.
There are two different state-of-the-art methods for
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binder recovery from solvent mixtures used in the
European Union: EN 12697-3: Bitumen recovery: Rotary
evaporator (2013) and EN 12697-4: Bitumen recovery:
Fractionating column (2015). In the US, ASTM D1856:
Standard test method for recovery of asphalt from
solution by Abson method (ASTM, 2015), introduced in
1933 and ASTM D5404: Standard practice for recovery
of asphalt from solution using the rotary evaporator
(ASTM, 2012) are the two different methods used for
binder recovery. Rotary evaporator is the most method
used in EU and US. In his paper tilted recovery and
testing of RAP binders from recycled asphalt
pavements, Peterson et al.,, (2000) showed that the
rotary evaporator method has to be preferred when it
comes to binder tests. It is the method of choice and
has been increasingly used since the 1970 because of
fewer problems with residual solvent and lower heat
need for recovery (Peterson et al., 1999). Rotary
evaporator is more prefer to the Abson recovery method
since subsequent research showed that the latter left
enough residual solvent in the binder which leads to a
significant reduction in binder stiffness (Peterson et al.,
1999, Abson and Buton, 1960).

Ma Tao et al., 2008 conducted a study with the
aim to verify the influence of trichloroethylene, mineral
filler and temperature on the reclaimed SBS modified
asphalt during the process of extraction and recovery
experiments. Different test were then designed and
carried out and the corresponding solutions for different
influencing factors were presented so that the
performance of SBS modified asphalt can be evaluated
accurately. They found that the adoption of the upper
part of extracting solution from the extraction equipment
from Abson recovery experiment after natural sediment
for more than 24 hours decrease the adverse effects
from residual mineral filler while when there are no
equipments for high speed centrifugal separation and
pressure filtration. They also indicated after test results
that the adverse effects from residual trichloroethylene
can be decreased if the temperature of Abson recovery
experiment can be reduced to less than 140°C, and the
protection gas can be removed, when no condensing
liquid trichloroethylene coming out from the end of the
orifice of the condenser tube. Physical properties,
including softening point, penetration, 15°C ductility and
the 60°C dynamic viscosity have been carried out by (Liu
Zhihui, 2012; Hu Xudong, 2003) on virgin and recovered
blank pitch binders using trichloroethylene under well-
defined operating conditions. The results obtained from
the experiments showed that the penetration degree
increased while the softening point and the 60°C
viscosity decrease as well as the asphalt density when
the asphalt is recovered. They concluded that the
reduction of the physical properties of recovered binder
is due to the non-completely removal of the solvent. To
investigate the factors that affect the recovery of asphalt,
the effect of the trichloroethylene and powder mineral

© 2017 Global Journals Inc. (US)

residue at four different percentages (0.5%, 1%, 1.5%,
and 2%) on the asphalt properties has been analyzed. In
this study, 70# grade asphalt and SBS modified asphalt
were used to analyze the effect of residue on the
properties of asphalt. A large number of experiments
have shown that the possible residual residues for the
recovery of asphalt from rotary evaporators include
mineral filler and trichloroethylene, which are mainly
aimed at the effects of residuals on the properties of
asphalt. To investigate the factors that affect the
recovery of asphalt, the effect of the trichloroethylene
and powder mineral residue at four different
percentages (0.5%, 1%, 1.5%, and 2%) on the asphalt
properties has been analyzed. In this study, 70# grade
asphalt and SBS modified asphalt were used to analyze
the effect of residue on the properties of asphalt.

I1. EXPERIMENTAL PROGRAM

Prior to the test, 150g of each type of asphalt is
heated under constant temperature: 70# grade asphalt
to about 150°C and SBS modified asphalt to about
160°C. Then, the desired content of trichloroethylene
and mineral filler is added to the asphalt, and a glass
rod is wused to stir the asphalt. When the
trichloroethylene is  added, the quantity of
trichloroethylene is needed to be quickly dispersed into
the asphalt because of the rapid evaporation of
trichloroethylene.

In this study, the ductility test is performed at
10°C for unaged 70# grade asphalt while it is at 5°C for
unaged SBS modified asphalt. The dynamic shear
rheometer test DSR is performed at 64°C for unaged
70#grade asphalt while it is 76°C for SBS bitumen. The
penetration test temperature is at 25°C. The 70# grade
asphalt and SBS modified asphalt were aged by the
pressure aging vessel process (PAV), then the effect of
extraction residue on the properties of aged asphalt was
studied. After the PAV process, the ductility test
temperature for both ageing asphalt is 10 °C.

[1. RESULTS AND DISCUSSION

a) Analysis of the Effect of Extraction Residue on the
Properties of 70# grade asphalt and SBS Modified
Asphalt

i. Effect of the extraction residue on softening point

The effect of the extraction residue on the
softening point of asphalt is shown from Fig. 1 to Fig. 4.
It can be clearly seen that the softening point of both
asphalt binders increases with the increase of mineral
filler residue while it gradually decreases with increase in
the amount of trichloroethylene. From the development
of the trend line, it can be seen that the effect of the
extraction residue on the softening point of the 70#
grade asphalt is higher than that of SBS modified
asphalt. From the numerical point of view for each 0.1%
increase in mineral filler residue, the softening point of



70# grade asphalt increased by about 0.066°C while
that of SBS modified asphalt increased by about 0.061
°C. An increase of 0.1% in trichloroethylene results to a
decreased of 0.307 °C and 0.197 °C on the softening
point of 70# grade asphalt and SBS modified asphalt
respectively. It can be shown that the effect of mineral
filler residue on the softening point of 70# grade asphalt
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Fig. 3: Effect of trichloroethylene content on the
softening point of 70# grade asphalt

ii. Effect of extraction residue on penetration

The effect of the extraction residue on the
penetration of the asphalt is shown from Figures 5 to 8.
It can be clearly seen that the penetration of both
asphalt is gradually reduced with the increase of mineral
filler residue content while it is the opposite trend with
the increase in the amount of trichloroethylene. From the
development of the trend line, the effect of extraction
residue on the penetration of 70# grade asphalt is
stronger than that of SBS modified asphalt. From the
numerical point of view, the penetration rate of 70#
grade asphalt decreased by about 0.237 (0.1mm)that of
SBS modified asphalt decreased by about 0.120
(0.1mm) when the residue of mineral filler increased by

is close to that of SBS modified asphalt, but the effect of
trichloroethylene on softening point of 70# grade
asphalt is much greater than that of SBS modified
asphalt. It can be concluded that the trichloroethylene
has a greater effect on the softening point of the asphalt
than the mineral filler.
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Fig. 4: Effect of trichloroethylene content on the
softening point of SBS modified asphalt

0.1%. With the increase of trichloroethylene by 0.1%, the
penetration of 70# grade asphalt increased by about
3991 (0.1mm) and that of SBS modified asphalt
increased by about 0.921 (0.1mm. It can be explained
that the influence of mineral filler residue on the
penetration of 70# grade asphalt is much greater than
that of SBS modified asphalt and the trichloroethylene
effect is higher than that of mineral filler for both asphalt
binders.
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Fig. 5: Effect of mineral filler content on the
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Fig. 7. Effect of trichloroethylene content on
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iii. Effect of extraction residue on ductility

The effect of the extraction residue on the
ductility of the asphalt is shown from Figures 9 to 12. It
can be clearly seen that the ductility of 70# grade
asphalt and SBS modified asphalt is gradually reduced
with the increase of mineral filler while it is the opposite
trend with the increase in the content of
trichloroethylene. From the numerical point of view, each
0.1% increase in the mineral filler residue results in the
decreased of 1.039cmand 0.15cm in the ductility of 70#
grade asphalt and SBS modified asphalt respectively.
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Fig. 9: Effect of mineral filler content on ductility
of 70# grade asphalt
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Fig. 8: Effect of trichloroethylene content on the
penetration of SBS modified asphalt

As long as the trichloroethylene residual increase by
0.5%, the 10 °C ductility of 70# grade asphalt increased
from 41.9cm to a value greater than 160cm, while the 5
°C ductility increased from 30.1cm to 31.5cm for SBS
modified asphalt Relatively speaking, the influence of
trichloroethylene on the ductility of 70#grade asphalt is
very obvious while it has a little effect on the SBS
modified asphalt, and the mineral filler residue has the
same influence rule.
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Fig. 10: Effect of mineral filler content on
ductility of SBS modified asphalt
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iv. Effect of extraction residue on rutting factor (DSR)
The effect of the extraction residue on the
asphalt rutting factor is shown from Figures 13 to 16. It
can be seen that the rutting factor of asphalt increases
with the increase of mineral filler, and the rutting factor of
70# grade asphalt increases by about 14.4Pa for each
0.1% increase in mineral filler content while that of SBS
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Fig. 13: Effect of mineral filler content on rutting
factors of 70# grade asphalt
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Fig.15: Effect of trichloroethylene content on
rutting factors of 70# grade asphalt
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Fig.72: Effect of trichloroethylene content on
ductility of SBS modified asphalt

modified asphalt increases by about 8.9Pa. The rutting
factor of asphalt has a significant downward trend with
the increase in the amount of trichloroethylene. The
rutting factor of 70# grade asphalt is reduced by about
42 Pa for each 0.1% increase in the amount of
trichloroethylene and that of SBS modified asphalt is
reduced by about 13.5 Pa.
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Fig. 16: Effect of trichloroethylene content on
rutting factors of SBS modified asphalt
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b) Analysis of the effect of extraction residue on the
properties of 70# grade asphalt and SBS modified
asphalt after ageing (PAV)

i. Effect of extraction residue on softening point

The effect of the extracted residue on the
softening point of asphalt after PAV aging is shown from
Fig. 17 to Fig 20. It can be clearly seen that the
softening point of the asphalt gradually increased with
the increase of the content of the mineral filler. With the
increase of the content of ftrichloroethylene, the
softening point of the aged asphalt gradually decreases.
From the numerical point of view, the softening point of
70# gradeaging asphalt increased by about 0.019 °C,
0.3 times less than the temperature sensitivity of the
unaged asphalt while that of the SBS aging asphalt
increased by about 0.093 °C, 1.41 times more than the
temperature sensitivity of the unaged asphalt for an
increase of 0.1% of mineral filler. For an increase of
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Fig. 17: Effect of mineral filler content on
softening point of 70# grade asphalt
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Fig. 19: Effect of trichloroethylene content on
softening point of 70# grade asphalt

ii. Effect of extraction residue on penetration
The effect of the extraction residue on the
penetration of PAV aged asphalt is shown from Fig. 21
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softening point (°C)

softening pont (°C)

0.1% of trichloroethylene, the softening point of 70#
gradeaged asphalt decreased by about 0.238 °C, 0.78
times less than the temperature sensitivity of the unaged
asphalt, the softening point of SBS modified asphalt
decreased by about 0.098 °C, 0.5 times less than the
temperature sensitivity of the unaged asphalt. It can be
explained that the softening point of aged asphalt is
different from that of unagedasphalt to the sensitivity of
mineral residue and trichloroethylene. SBS aging
asphalt is more sensitive, while the sensitivity of 70#
grade aging asphalt is weaker. In addition, we can see
that the softening point of the aging asphalt is more
sensitive to trichloroethylene than the mineral filler. The
experimental data on the effect of slag on the softening
point of aging asphalt is more discrete than that of
trichloroethylene. It is shown that if the extraction of
asphalt contains mineral filler, it will affect the parallelism
of the results of asphalt softening point test.
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Fig. 18: Effect of mineral filler content on
softening point of SBS modified asphalt
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Fig. 20: Effect of trichloroethylene content on
softening point of SBS modified asphalt

to Fig 24. It can be clearly seen that the penetration of
aged asphalt decreases with the increase of the content
of mineral filler. With the increase of the content of



trichloroethylene, the penetration of aged asphalt
increases gradually. From the point of view, the increase
in mineral filler content by 0.1%, the penetration of the
70# grade aging asphalt reduce by about 0.033
(0.1mm), is less 0.14 times than the temperature
sensitivity of the original asphalt; the penetration SBS
modified asphalt reduction of about 0.120 (0.1 mm),
which is twice less sensitive as the original asphalt. For
every 0.1 % increase in the residual amount of
trichloroethylene, the penetration of 70# grade ageing
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21: Effect of mineral filler content on
penetration of 70# grade asphalt
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Fig. 23: Effect of trichloroethylene content on
penetration of 70# grade asphalt

ii. Effect of extraction residue on ductility

The effects of extraction residues on the ductility
of aging asphalt are shown from Fig.25 to Fig.28. It can
be clearly seen that the ductility of aging asphalt is
gradually reduced with the increase of the mineral filler.
With the increase of the residual amount of
trichloroethylene, it increased. From the numerical point
of view, the increase of 0.1% in mineral filler results in
decreased by about 0.011cm on the 15°C ductility of
70# grade aging asphalt, 0.0106 times less than the
temperature sensitivity of the unaged 70# gradeasphalt;
and the 10°Cductility of SBS modified is about 0.053cm,
0.35 times less sensitive than that of the original asphalt.
The 10°C ductility of 70# grade aging asphalt increased

penetration (0.1mm)

penetration(0.1mm)

asphalt increased by about 0.75 (0.1mm), 0.19 times the
sensitivity of the original bitumen. The penetration of
SBS modified asphalt increases by about 0.27 (0.1mm),
which is 0.289 times of the original asphalt sensitivity. It
can be explained that the needle penetration index of
aging asphalt is less sensitive than that of the original
bitumen to the amount of trichloroethylene and mineral
filler. The effect of mineral filler on the penetration of
aging asphalt is also discretized, as well as the
parallelism of the softening point of the aging asphalt.
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Fig. 22: Effect of mineral filler content on
penetration of SBS modified asphalt
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Fig. 24: Effect of trichloroethylene content on
penetration of SBS modified asphalt

by 0.294cm with the increased by 0.1% of amount of
trichloroethylene, while the 10°C ductility of the original
asphalt can increase from 41.9cm to a value greater
than 160cm as long as the 0.5% of trichloroethylene is
added. When the content of trichloroethylene is 0.5%,
10°C ductility of SBS aging asphalt increases from
12.7cm to 13.2cm, while that of original asphalt
increases from 30.1cm to 31.5cm. Relatively speaking,
asphalt aging reduces the sensitivity to trichloroethylene
and mineral content. The effect of mineral filler on the
stiffness of the asphalt is still discrete relative to the
effect of trichloroethylene, which will also affect the
parallelism of the results of the ductility test.
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Fig. 27: Effect of trichloroethylene content on
ductility of 70# grade asphalt

iv. Effects of extraction residue on rutting factors (DSR)
The influence of the extraction residue on the
rutting factor of aged asphalt is shown from Fig.29 to
Fig 32. It can be seen that the rutting factor of asphalt
aging gradually increased with 0.1% increase of the
mineral filler content, the rutting factor of the 70# grade
aging asphalt increased about 35.53 Pa, is 2.5 times
that of the original asphalt sensitivity; the rut factor of
SBS aging asphalt increased about 1.72 Pa, 0.2 times
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Fig. 29: Effect of mineral content on rutting
factor of 70# grade asphalt
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Fig. 28: Effect of trichloroethylene content on
ductility of SBS modified asphalt

that of the same original asphalt sensitivity. Rutting
factor of aging asphalt has significant decline along with
the increasing trichloroethylene every 0.1% increase in
trichloroethylene results in 130.9 Pa of the 70# grade
asphalt, which is 3.12 times the sensitivity rut factor of
the original asphalt; the ruts factor of the ageing SBS
modified asphalt is 48.5 Pa, 3.59 times that of the
sensitivity rut factor of the original asphalt.
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Fig. 30: Effect of mineral content on rutting
factor of SBS modified asphalt
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[V. CONCLUSIONS

In this study, the effect of the trichloroethylene
and powder mineral residue at four different
percentages (0.5%, 1%, 1.5%, and 2%) on the 70#
grade asphalt and SBS modified asphalt properties has
been analyzed. The following conclusions have be
drawn:

1. Trichloroethylene reduces the softening point and
rutting factors of the asphalt, increasing the
penetration and ductility of the asphalt; the mineral
filler residual reduces the asphalt ductility and
penetration, and improves the softening point and
rutting factor.

2. Under the same amount of extraction residue, the
trichloroethylene has more influence on the
penetration, softening point, ductility and rutting
factor of asphalt than mineral filler.

3. The influence of trichloroethylene on the properties
of 70# grade asphalt is greater than that of SBS
modified asphalt. The influence of mineral filler on
the properties of two kinds of asphalt is quite
equivalent

4. The effect of extraction residue on the properties of
70# grade asphalt is better, and its effect on SBS
modified asphalt is poor.

5. Most of the indicators indexes of ageing asphalt are
less sensitive to extraction residue than original
asphalt.

6. When the content of the mineral filler is small, it
cannot uniformly influence the asphalt when it is
dispersed. The mineral filler will affect the
parallelism of the asphalt index test results, and the
test results will be relatively discrete. It has then a
little effect on the test result.
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Absiract- This study presents new empirical equations to
estimate the initial shear modulus of clean sands under low
strains by using soft computing methods. A series of resonant
column tests were conducted on clean sand specimens. The
effect of various factors, such as effective stress, saturation
degree, void ratio and shear strain levels, were considered by
using fuzzy expert systems, neural networks and regression
analysis. A new empirical equation was developed to
determine the initial shear modulus of clean sand samples and
compared with the existing empirical relationships in the
literature. Success of the new equation was increased by
considering boundary conditions at the shear strain ranges
given by the ASTM standards for the resonant column test. It
was found that the new formulation has a high level accuracy
for determining the initial shear modulus of Toyoura sand
samples. And also it can be used for clean sandy soils having
similar properties. It was suggested that new approaches can
be developed by using soft computing techniques to identify
the dynamic shear modulus of sandy soils.

Keywords: toyoura sand; resonant column test, shear
moaulus; dynamic loading, empirical equation.

. INTRODUCTION

he maximum shear modulus, G, (y<5x10
T“%),provides information about the soil strength

and rigidity in cyclic loading. Shear modulus of
various soils at very small levels of strains can be called
maximum shear modulus, initial shear modulus, or low-
amplitude shear modulus, and denoted by G, or G,
(Ishihara, 2003).Shear modulus is generally determined
by field tests or by laboratory tests, such asresonant
column (RC), dynamic triaxialand bender element
methods (Youn et al. 2008). The shear modulus can be
measured at strain levels between %10* and 10" by
performing resonant column test.

There are many equation and various
experimental  relationships  proposed  for  the
determination of the initial shear modulus of sandy soils
in the literature. The most popular empirical equation
based on laboratory experiments is presented by Hardin
and Drnevich(1972a-b). Although these tests provide
adequate results, preparing high quality undisturbed
samples and simulating field conditions are the main
problems in the laboratory testing. Altun and
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Goktepe(2006)emphasized the deficiencies of the
laboratory test on the cyclic response of soils, such as
reconstitution of non-cohesive samples and the
unidentified geological stress history affect. Cyclic
testing to simulate the real cyclic responseis also
expensive and requires much time. Alternatively, the
dynamic properties of soils can be determined by using
soft computing techniques, such as artificial intelligence
based on field or laboratory data(Hasal and lyisan,
2014). However, artificial intelligence (Al) cannot fully
simulate the complex response of the systems; the use
of Al technologies, such as fuzzy logic, neural networks,
evolutionary computations, and expert systems,
provides partial simulations. In addition, using these
methods provides effective feasibility analysis, early
decisions and so on(Akbulut et. al. 2004).

Engineers generally prefer Al applications due
to the creation of non-linear mappings between the input
and output variables in optimum time and cost. As a
result, many researchers began to use Al applications to
evaluate dynamic soil parameters. Cabalar et al. (2012),
Heider et.al. (2014), and Umu et.al.(2016)compared
different Al models to predict the shear modulus and
damping ratio of sandy mixtures. Shanpo et.al.(2012)
and Ghorbani et.al(2012)createda database based on
laboratory tests of sand mixtures to determine the
dynamic  response and liquefaction  potential.
Shahnazari et al.(2010) generalized formulations to
simulate the strain-stress curves and the modeled
dynamic stress—strain behavior of sands by using Al-
based genetic programming. It can be concluded from
many published studies that Al models well describe the
dynamic characteristics of soils.

Many previous study showed that the dynamic
behavior of sandy soils are affected by various factors,
such as water content, void ratio (relative density),
confining stress, particle shape and soil fabric(Salgado
et al. 2000). In this study, to determine the dynamic
behavior using Al-based genetic applications, a series
of RC tests were conducted on reconstituted sand
samples. Clean sand samples were prepared under fully
saturated, partially saturated and dry conditions. The
tests were conducted under undrained and stress-
controlled conditions. The input variable data (void ratio,
effective stress, shear strain, and saturation degree)
were obtained from the tests and used by soft
computing techniques to evaluate the output
parameters (resonant frequency and shear modulus). A
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new empirical equation was developed and compared
with the existing equations in the literature according to
its accuracy level.

II.  EXPERIMENTAL STUDY

A resonant column (RC) test device was used to
determine the cyclic response of the reconstituted sand
samples. The resonant column method is used to
determine the dynamic properties of soils, concrete, and
rocks with respect to the theory of wave propagation.
The details of the resonant column tests are explained
by Drnevich(1985) and in the Standard of ASTM D 4015-
87(2000).

The RC test configuration used in this study is a
fixed-free system, in which the sample is fixed at the
bottom and is free to rotate at the top. The wave velocity
and the degree of material damping can be determined
by measuring the motion of the free end. Then, the
shear modulus is derived from the velocity and the
density of the sample. The bottom of the specimen is
fixed to the base of the apparatus. Sinusoidal torsional
excitation is applied to the top of the specimen by an
electric motor system. A torsional harmonic load with a
constant amplitude is applied over a range of
frequencies, and the response curve (strain amplitude)
is calculated. The output angular acceleration at the top

of the sample is recorded by an accelerometer. The
frequency of the cyclic torque is gradually changed until
the first resonance of torsional vibration is obtained. The
shear wave velocity is obtained from the first-mode
resonant frequency. The initial shear modulus for shear
strain ranging from 0.001-0.009% to 0.01-0.023% is then
calculated using the shear wave velocity and the density
of the sample.

Standard uniform Toyoura sand was chosen for
the study to allow for easy comparison with the
literature. Index and shear strength parameters of
Toyoura sand is taken from different studies in the
literature. Some basic characteristics are given in Table
1. The test specimens were solid cylindrical samples
with an approximate diameter of 50 mm and a height of
130-135 mm. The initial relative density and saturation
degree are the most important factors regarding the
cyclic behavior of sandy soils. Therefore, the test
samples were prepared at different initial void ratios and
saturation degrees. Two methods of sample
preparation, dry deposition (for dry samples) and moist
placement (for partially saturated and fully saturated
samples), were preferred because of time consuming by
these methods. The experimental details of the study
are shown in Table 2.

Table 1. Basic characteristics of Toyoura sand

Material Toyoura Sand
Dy, (Mmm) 0.26
Do (mm) 0.21
C, 1.33
C, 0.98
G 2.653
pmaks(Mg/m3) 1 34
pmin(Mg/m3) 1 64
Crmaks 0.97
€min 0.597
¢ (kPa) 4
¢ 39°
D,, = diameter corresponding 10% finer, Dy, = corresponding 50%, finer, C, = coefficient ofuniformity, C, =
coefficient of curvature, p: bulk density, €., €mn= Maximum and minimum void ratio, c=cohesion,
d=angle of shear strength;

Table 2: Details of the experiments performed in the study

(eint) 0'ol(kPa) %Dr Hsample(mm) I:{sample(rnrn) %Sr %'Y
Max. 0.7959 348.8 47.66 135 50 99.98 0.04
Min. 06166 25.8 94.85 130 50 0 0.001

[II.  MODEL STUDY

Many real-world problems cannot be solved by
using conventional approaches because of an
inadequate amount of time. Therefore, various soft
computing techniques using predictive modeling are
preferred for such problems. In particular, fuzzy logic
and neural networks are the most popular and widely
used techniques because of their benefits in modeling.

© 2017 Global Journals Inc. (US)

a) Generation of the fuzzy expert system (FES)

Fuzzy modeling offers control mechanisms for
problems that have uncertainties and building solution
steps. A multi-level decision-making mechanism
provides an expert system with a knowledge base, an
inference mechanism, and a user interface, although
with a varying number of elements (Zadeh, 1994, Jang
et. al. 1997). In this study, Math Works MATLAB software
was used for fuzzy membership functions and rules. The



structure of the fuzzy expert system was created by
using the MATLAB Fuzzy Logic Toolbox for all test
results. In this study, the input variables were void ratio,
effective stress, shear strain amplitude, saturation
degree, and the output variables were resonant
frequency and maximum shear modulus. The next step

was definition of the fuzzy rules to perform fuzzy
reasoning. The fuzzy rules were constructed on an “if-
then” structure, in which they provided the conditional
statements that comprised the fuzzy logic. The “if-
then”statements are defined as follows:

R: IF value x=A, and y=B,and z=CTHEN n = D, (i = 1,2,....K) (1)

where X, y, and z are the input variables, and n is the
output parameter described by fuzzy subsets. Two
hundred and ten rules were written for the shear

modulus and the resonant frequency. The abbreviations
of the membership functions are given in Table 3.

Table 3: Abbreviations and meanings of the membership functions (FES)

Linguistic Rule Abbreviations
Extremely High VR7, EP6, G8, V6, FR7
Very High VR6, EP5, SS5, G7, V5, FR6
High VR5, EP4, SS4, G6, V4, FR5
Medium High G5
Medium VR4, SS3, FR4
Medium Low G4
Low VRS, EP3, SS2, G3, V3, FR3
Very Low VR2, EP2, SS1, G2, V2, FR2
Extremely Low VR1, EP1, G1, V1, FR1

The output parameters related with each input
variable were evaluated by using the test results. The
percentages of the weighted output parameters were
calculated and defined in the form of ‘“if-then”
statements. A total of 516 rules for the maximum shear
modulus, 492 rules for the resonant frequency were
defined with this way.

The rules were defined according to the
MATLAB Fuzzy Logic Toolbox to construct the FES
variables. Two built-in AND methods, min (minimum)
and prod (product), and two built-in OR methods, max
(maximum) and probor (probabilistic OR method),were
used to evaluate the values of the resonant frequency
and the maximum shear modulus. The best recall
performances of the FES indicate that the system has
an acceptable performance. The determination value
(R?) for the resonance frequency and the maximum
shear modulus are shown in Fig. 2(a) and Fig. 2(b),
respectively.

b) Generation of the Artificial Neural Networks (ANNS)
An artificial neural network is a soft computing
technique that provides information processing by using
the simulation of nerve cells and networks(Fahman,
1988). In this study, a supervised learning network using
feed forward back propagation was performed. Alyuda
Neurolntelligence (ANI) software was used to design the
structure of the neural network, and the network was
compared with the other structures created by MATLAB.
Various results were observed by selecting different
layers and neurons. The dataset was formed by
randomly separation method into training and validation.

Hence, 226 tests were used for validation and 485 tests
were used for training and is given in Fig. 1.
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Fig. 1: Inference results: (a) resonant frequency and (b) maximum shear modulus

The Levenberg-Marquardt (LM) algorithm was
used to train all the networks. LM was used because the
algorithm is known as the optimum training algorithm
and gives a virtual standard in nonlinear optimization.
LM is a pseudo-second-order method, i.e., it does not
only work with function evaluations and gradient
information but also it estimates the Hessian matrix
using the sum of the outer products of the gradients. LM
quickly minimizes the error function and uses the
Jacobian matrix instead of the Hessian matrix. The
parameter, u, is the Marquardt parameter, used in the
calculation of the Hessian matrix (Hagan and Menhaj
1994).

H(n) =J"(m)J(n) + I @)
The weights and bias values are updated as follows:
w(n+1) = w(n) — (H)7'J"(n)e(n) 3)

The data for the input and output parameters
are given in Table 4. An exhaustive search option in the
ANI was used to choose the input variables. The optimal
NN architecture was found as3-15-1 NN architecture for
resonant frequencyand3-18-1 NN architecture for shear
modulus. The NN architectures created by using Matlab
NN are shown in Fig.2.

Table 4: Input and output parameter data

samplert1 | S | wtPa) | w9 | S0 | v | W | e
Column Type Input Input Input Input Output Output Output
Format Numerical Numerical Numerical | Numerical Numerical Numerical Numerical
Scaling Range [-1...1] [-1...1] [-1...1] [-1...1] [0...1] [0...1] [0...1]
Min 0.6166 25.8 0.001 0 66 27.97 120.34
Max 0.7959 348.8 0.04 99.98 171 193.92 343.83
Mean 0.733718 150.83884 | 0.005447 60.76166 130.734177 | 112.976414 | 248.98495
Std. Deviation 0.046822 75.95824 0.006556 46.54837 21.815257 35.981497 45.01604

© 2017 Global Journals Inc. (US)



The same input variables were used and the
linearity of the relationship between the parameters for
the single-layer structure was found to be acceptable.
The coefficients of determination value (R?) (Y=T) are
0.9785 and 0.9787for the ANI predictions of resonance

VOID EFFECTIVE SHEAR
RATIO PRESSURE STRAIN

RESONANCE
FREQUENCY

Architecture Fitness R? = 0.98[3-15-1]

VO EFFECTIVE SHEAR
RATIO PRESSURE STRAIN

MAX SHEAR
MODULUS

Architecture Fitness R = 0.99[3-18-1]

Fig. 2: The network structure for the considered dynamic properties

frequency and maximum shear modulus, respectively,
which implies a significant value for R? and hence a
good performance for the whole model. The results are
presented in Fig.3.
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Fig. 3: Neural network results for the considered dynamic properties

c) Generation of the Empirical Equation

The shear strain level is an important factor on
the shear modulus. It is already known that the resonant
column experiments are capable by achieving shear
strain within an amplitude range of 10°-10%(Ishihara
2003).In any type of laboratory test, the shear modulus
of cohesionless soils at low strain is measured under
different effective confining stresses (c'y) for various
conditions presented by different void ratios (e). In the
early works by Hardin and Richart(1972a-b), the effect of
void ratio is found to be expressed by a function F(e):

(2,17 —€)? (2,97—)?

F(e) = T or F(e) = T (4)

Thus, it is appropriate to divide the measured
shear modulus (G,,,) by the function F(e) and plot this

ratio against the effective confining stress applied in the
test (Kokusho 1987). The amplitude of the shear strain is
obtained by converting the axial strain in the triaxial test
through the following relationship:

Ya = (1+V)e, (5

A number of similar formulas are proposed for
various sand types, as shown in Table 5; however, most
of these formulas can be expressed in the general form
of Eq.(5).(Kokusho1987)For a sufficient small shear

strain of y, = 10, a typical formula is specified as
Eq.(6):
Go = AF(e)(0p)" (6)
_e2
Go = 8400 2= (7)) )

Table 5: Selected empirical relationships for various sand types

References A F(e) n Soil Material Test Method
Hardin- Round Grained
Richart 7000 (217 -e)?/(1 +e) 0,5 Ottowa Sand Resonant
(1963) 3300 (297 —-e)? /(1 +e) 0,5 Angular Grained Column
Crashed Quartz
Shibata- .
Soelarmno 42000 0,67 —e)/(1+€) 05 Three types of clean Ultrasonic
sand Pulse
(1975)
Iwasaki et.al. N2 Eleven types of clean Resonant
(1978) 9000 (217-¢)7/(1+e) 0,38 sand Column
ngg‘é%r;o 8400 (217 — e)? /(1 +e) 0,5 Toyoura Sand Cyclic Triaxial
Yu-Richart N2 Three types of clean Resonant
(1984) 7000 (217-¢)7/(1+e) 0.5 sand Column
Gy:KPa; 64:kPa; e: void ratio

In this study, the experimental results were
compared with the existing empirical relationships for
the initial shear modulus obtained by performing various

© 2017 Global Journals Inc. (US)

test devices for several types of sands at the shear
strain of 10, All the results (0.001< % < 0.04) of the
empirical relationships were recomputed using the void



ratio and the effective stress from the test results. The
empirical relationship for the shear modulus given by
Kokusho(1987)was found more appropriate for the
values obtained from the test results in the range of the
shear strain amplitude. The comparison between

experimental results and literatureis shown in Fig.4. The
experimental test results were found to be in excellent
agreement with the literature at a small shear strain
amplitude.

G (MPa) - Kokusho
G (MPa) - Kokusho

G (MPa) - Kokusho

G (MPa) - Exparimontal

G (MPa) - Exparimental

G (MPa) - Experimental

R?=09111 (x =)
0.001 = y% =< 0.04

R? = 0.9742 (x = y)
0.001 = y% = 0.005

RZ=0.7452 (x = y)
0.005 < y% < 0.04

Fig. 4: Suitability of the experimental results and the Kokusho equation

A new empirical relationship for the initial shear
modulus was derived from the experimental studies at
different shear strain levels by considering test data, the
fuzzy expert system and the neural network results.
Dynamic responses of soils can be determined atstrain
levels between 10° and 102 by different test methods.
But, decrease in shear modulus is observedfrom
%0,005 strain levels to %0.0001 strain levels in the
previous studies. Accuracy of the new equation was
increased by considering boundary conditions at the
shear strain ranges given by the ASTM standards for the
resonant column test. Therefore, a new relationship to
determine the initial shear modulus was divided into two
parts given by Eq.(8) and Eq.(9).

In the range of 0.001 = y% < 0.005, the
equation is given below,

217-e)% ,
Go = 8254 =—=(0y)"*’ 8)

In the range of 0.005 < y% < 0.04, the equation
is given below,

2,17—e)% ,
Go = 729422 (5)04 9)

The coefficients of determination value (R?)
(Y=T) are 0.9767 and 0.9362, respectively. Using these
two equations for the prediction of the initial shear
modulus, which implies a significant value for R? and
indicates good performance for the whole model. The
suitability of the derived empirical relationship according
to the variation of the shear strain amplitude is shown in
Fig.5.
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IV. CONCLUSIONS

A series of RC tests was conducted on clean
sand samples to create a new approach by using Al
techniques for the prediction of the dynamic
characteristics of soils. MATLAB software was used to
perform data analysis and modeling. Test results were
analyzed by considering saturation degree, effective
stress and cyclic strain. First, two inference systems
were performed to predict the maximum shear modulus
and the database was created by using the
experimental study. Compared with the test results, both
inference system models were found to be quite
suitable. Subsequently, new empirical relationships in
the prediction of the dynamic characteristics of Toyoura
sands were derived. New equation is divided in two
groups by considering boundary conditions at the shear
strain ranges given by the ASTM standards. Therefore,
new formulation has a high level accuracy for
determining the initial shear modulus of Toyoura sand
samples. The equations showed acceptable results that
were the analogous to those of the soft computing
techniques. These results revealed that both methods
can be used for practical purposes to solve complex
real life problems. This study encourages further work to
explore other inference systems for the estimation and
generation of data from experimental studies.
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& after successful completion of three years as Fellow and as Peer Reviewer. In addition,
it is also desirable that you should organize seminar/symposium/conference at least
once.

We shall provide you intimation regarding launching of e-version of journal of your stream time to

—

time.This may be utilized in your library for the enrichment of knowledge of your -

students as well as it can also be helpful for the concerned faculty members. g“-" @

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



The FARSE can go through standards of OARS. You can also play vital role if you have
any suggestions so that proper amendment can take place to improve the same for the
benefit of entire research community.
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As FARSE, you will be given a renowned, secure and free professional email address
with 100 GB of space e.g. johnhall@globaljournals.org. This will include Webmail, _
Spam Assassin, Email Forwarders,Auto-Responders, Email Delivery Route tracing, etc. w

The FARSE will be eligible for a free application of standardization of their researches.

Q Standardization of research will be subject to acceptability within stipulated norms as
i .the next step after publishing in a journal. We shall depute a team of specialized
HWBresearch professionals who will render their services for elevating your researches to

next higher level, which is worldwide open standardization.
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educational and Institutional Degrees to Open Association of Research, Society U.S.A. Y
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The FARSE is eligible to earn from sales proceeds of his/her
researches/reference/review Books or literature, while publishing with Global
Journals. The FARSE can decide whether he/she would like to publish his/her research
in a closed manner. In this case, whenever readers purchase that individual research
paper for reading, maximum 60% of its profit earned as royalty by Global Journals, will

be credited to his/her bank account. The entire entitled amount will be credited to his/her bank
account exceeding limit of minimum fixed balance. There is no minimum time limit for collection. The
FARSE member can decide its price and we can help in making the right decision.

The FARSE member is eligible to join as a paid peer reviewer at Global Journals L%
Incorporation (USA) and can get remuneration of 15% of author fees, taken from the =3 )
author of a respective paper. After reviewing 5 or more papers you can request to

transfer the amount to your bank account.
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The “MARSE” is a dignified ornament which is accorded to a person’s name viz. Dr. L\
John E. Hall, Ph.D., MARSE or William Walldroff, M.S., MARSE.
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can add 'MARSE' title with your name as you use this recognition as additional suffix to your status.
This will definitely enhance and add more value and repute to your name. You may use it on your
professional Counseling Materials such as CV, Resume, Visiting Card and Name Plate etc.

The following benefitscan be availed by you only for next three years from the date of certification.

~ MARSE designated members are entitled to avail a 25% discount while publishing their
- research papers (of a single author) in Global Journals Inc., if the same is accepted by
our Editorial Board and Peer Reviewers. If you are a main author or co-author of a
group of authors, you will get discount of 10%.
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AUXILIARY MEMBERSHIPS

Institutional Fellow of Open Association of Research Society (USA)-OARS (USA)

Global Journals Incorporation (USA) is accredited by Open Association of Research
Society, U.S.A (OARS) and in turn, affiliates research institutions as “Institutional
Fellow of Open Association of Research Society” (IFOARS).

The “FARSC” is a dignified title which is accorded to a person’s name viz. Dr. John E.
Hall, Ph.D., FARSC or William Walldroff, M.S., FARSC.

The IFOARS institution is entitled to form a Board comprised of one Chairperson and three to five
board members preferably from different streams. The Board will be recognized as “Institutional
Board of Open Association of Research Society”-(IBOARS).

The Institute will be entitled to following benefits:

The IBOARS can initially review research papers of their institute and recommend
them to publish with respective journal of Global Journals. It can also review the
papers of other institutions after obtaining our consent. The second review will be
done by peer reviewer of Global Journals Incorporation  (USA)
The Board is at liberty to appoint a peer reviewer with the approval of chairperson
after consulting us.

The author fees of such paper may be waived off up to 40%.

The Global Journals Incorporation (USA) at its discretion can also refer double blind ——
peer reviewed paper at their end to the board for the verification and to get ‘fafsssa
recommendation for final stage of acceptance of publication. ;

2 The IBOARS can organize symposium/seminar/conference in their counuy uii veiian v
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be
discussed separately.

The Board can also play vital role by exploring and giving valuable suggestions .
regarding the Standards of “Open Association of Research Society, U.S.A (OARS)” so VA
that proper amendment can take place for the benefit of entire research community.\/@/
We shall provide details of particular standard only on receipt of request from the{']

Board.

The board members can also join us as Individual Fellow with 40% discount on total

fees applicable to Individual Fellow. They will be entitled to avail all the benefits as

declared. Please visit Individual Fellow-sub menu of Globallournals.org to have more
.1, relevant details.
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We shall provide you intimation regarding launching of e-version of journal of your stream time to
time. This may be utilized in your library for the enrichment of knowledge of your students as well as it
can also be helpful for the concerned faculty members.

After nomination of your institution as “Institutional Fellow” and constantly
functioning successfully for one year, we can consider giving recognition to your
ﬁ. meminstitute to function as Regional/Zonal office on our behalf.
“F®The board can also take up the additional allied activities for betterment after our
consultation.

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual
Fellow may use the designations as applicable, or the corresponding initials. The
Credentials of individual Fellow and Associate designations signify that the individual
has gained knowledge of the fundamental concepts. One is magnanimous and .
proficient in an expertise course covering the professional code of conduct, and """'::Jff;f}“
follows recoenized standards of practice.

K'& -0

o Open Association of Research Society (US)/ Global Journals Incorporation (USA), as
...'( r described in Corporate Statements, are educational, research publishing and
ALt i anni= brofessional membership organizations. Achieving our individual Fellow or Associate
status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 1

Reviewer = 37.50%, Institution = 12.50% E.g. Out of 40%, the 20% benefit should be

passed on to researcher, 15 % benefit towards remuneration should be given to a |
reviewer and remaining 5% is to be retained by the institution. ﬁ:‘

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our
38 journals worth $ 2376 USD.

Other:

The individual Fellow and Associate designations accredited by Open Association of Research
Society (US) credentials signify guarantees following achievements:

> The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame,
honor, regular flow of income, secured bright future, social status etc.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

The Fellow can organize symposium/seminar/conference on behalf of Global Journals
Incorporation (USA) and he/she can also attend the same organized by other institutes on
behalf of Global Journals.

The Fellow can become member of Editorial Board Member after completing 3yrs.

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
practice.

Note :

”

Vil

In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
and they are also required to jointly pass the resolution copy of which should be sent to us. In such
case, it will be compulsory to obtain our approval before replacement.

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

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

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

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

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

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

e One should avoid outdated words.

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

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

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

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

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

6.1 Proof Corrections

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

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

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

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

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

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

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

6.3 Author Services

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

6.4 Author Material Archive Policy

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

6.5 Offprint and Extra Copies

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

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

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

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

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

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

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

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

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

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

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

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

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

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

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

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

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

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

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

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

records.

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

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

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

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

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

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

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

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

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

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

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

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

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

Final Points:

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

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

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

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

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

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

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

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

Title Page:

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

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

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

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

Approach:
®  Single section, and succinct
® Asaoutline of job done, it is always written in past tense
® 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
e  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

e  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:

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

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

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

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

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

Materials:

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

e If use of a definite type of tools.

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

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

®  Describe the method entirely

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

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

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

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

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

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  leave out information that is immaterial to a third party.

Results:

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

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

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

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

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

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

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

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

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

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

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

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

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

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

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

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

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

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

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

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

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

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

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

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
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

XXIII

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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