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Lateral-Torsional Buckling of FRPI-Section
Beams

Moijtaba B. Sirjani & Zia Razzaq °

Absiract- This paper presents the outcome of an experimental
and theoretical investigation into the load-carrying capacity of
Fiber Reinforced Polymer (FRP) |-section beams subjected to
four-point loading. The overall lateral-torsional buckling, web
and flange local buckling as well as material rupture load
estimates are also made using the American Society of Civil
Engineers’ Load and Resistance Factor Design (ASCE-LRFD)
Pre-Standard for FRP Structures. Lateral-torsional buckling
failure mode is found to govern for each of the beams studied.
The study also revealed that the height of applied loads
relative to the shear center has a very significant influence on
lateral-torsional buckling load of a beam thus making ASCE-
LRFD buckling load estimates over-conservative in a vareity of
cases.

Keywords: lateral-torional buckling, I-section FRP, ASCE-
LFRD pre-standard for FRP structures.

. INTRODUCTION

Fiber-Reinforced Polymer (FRP) beam subjected
to inplane bending moments about its cross-

sectional strong axis can develop lateral-torsional
buckling. Such a beam will initially deflect normal to the
strong axis until the critical value of the bending moment
is reached after which lateral and torsional deflections
develop. Mamadou and Razzaq [1] investigated the
failure modes for I-section Glass Fiber Reinforced
Polymer (GFRP) beams with single mid-span web brace
in which theoretical predictions were made based on
ASCE-LFRD  Pre-Standard for  Pultruded  Fiber
Reinforced Polymer (FRP) Structures [2]. It was found
that for small and medium I-sections, lateral-torsional
buckling failure mode governed while the larger I-
sections reached their peak capacity associated with
material rupture.  Sirjani, Bondi and Razzag [3]
presented the outcome of an experimental and theoretical
study on FRP beams with an I-shaped cross section
subjected to four-point loading with and without applied
torsion. The focus of that study was to identify the
significance of lateral bending and warpingstrains due to
practical imperfections.

The present paper addresses the influence of
vertical location of applied loads with respect to the shear
center when estimating the beam lateral-torional buckling
strength. Three different applied load locations are

Author o Professor, College of Engieering, Science and Technology,
Nofolk State University, 700 Park Ave, Norfolk, Virginia 23504.

e-mail: sifjani@nsu.edu

Author o: University Professor, Department of Civil and Environmental
Engineering, Old Dominion University, 135 Kaufman Hall, Norfolk, Virginia
23529.e-mail: zrazzag@odu.edu

considered, namely, when the loads act above, below and
at the shear center. In addition, load-carrying capacity
predictions are made for various failure modes using the
ASCE-LRFD Pre-Standard, and the buckling load
estimates compared to those observed experimentally as
well as obtained using the buckling formula presented by
Razzaq, Prabhakaran, and Sirjani [4].

[I. EXPERIMENTAL STUDY

Figure 1 shows a FRP beam of length L with an
I-shaped cross section, and subjected to a pair of
gradually increasing applied loads each of magnitude P.
Figure 2 shows the experimental test setup. The beam
ends were simply supported both flexurally and
torsionally. The test procedure,

P P

' '
i

t L -

‘d—a—h

Fig. 1: Schematic of I-Section FRP beam

involved applying the load pair(P, P) in small increments
and recording the resulting load-deflection relationship
until the peak lateral-torsional buckling load was
reached.

© 2016 Global Journals Inc. (US)
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LATERAL-TORSIONAL BUCKLING OF FRPI-SECTION BEAMS

Fig. 2: Exprimental test setup

The experimental and theoretical maximum
loads P, and P,, respectively, are presented in Table 1 in
addition to their ratios for a 4x2x0.25 in. |- shaped FRP
cross section withlength L equal to 60, 72, 84, 96 and
108 inches, respectively. The value of (L — 2a), that is,
the distance between the two applied loads P and P
shown in Figure 1 was kept constant at 24 inches. The
Young's (E;;) and shear (G;,) modulus values of the FRP
beam material were 2,550 ksi and 420 ksi, respectively.

Figure 3, shows the applied loading mechanism
in which a pair of steel tie rods are used to apply upward

vertical load (P/2 per tie rod) placed symmetrically about
the shear center, S. the resultant load P is transmitted to
a steel bar which pushes a steel shaft against an
aluminum loading plate mounted on to the FRP beam.
The resultant force P acts at a distance y, below the x-
axis but passes through S. The value of y, defines the
vertical location of the applied loads. It should be noted
that the downward load pair (P, P) shown in Figure 1
was applied in the upward direction by means of two
separate sets of the loading mechanism schematically
depicted in Figure 3.

P2 P/2
A A
Aluminum
loading plate
‘ Steel
tie rod
x < C,S T
Y
— I
Steel
i loading
¢ Steel Plate

Figure 3. Loading Mechnism

Table 1: Experimental and Theortical Maximum loads

L P.(Lb.)
(in.) | (Experimental)
60 292
72 190
84 125
96 111
108 77

P.(Lb.
T hetc(>reti)cal) Pi/Pe
340 1.164
214 1.126
150 1.200
112 1.009
88 1.143

© 2016 Global Journals Inc. (US)



[11. THEORETICAL STUDY AND RESULTS

For the beam shown in Figure 1, the lateral-
torsional buckling load P, can be found using the
following formula presented by Razzaqg, Prabhakaran,
and Sirjani[4]:

08 f,+/TFrant,] (1)
_ 2

P
in which:
f, :%[f(a)—”i?z —Zfag(a)T @)
f, =7ﬂ£1;|yy;§n2(ﬁaj (3)
4L L
o] ea] @

f(a):%sin[zT”a)—sinz[%) (5)

g(@)= %{72{1—2*:] - sinzr(l—%ﬂ (6)

In the above expressions, the distances a and L
are defined in Figure 1; |, is the minor-axis moment of
inertia; K; is the St. Venant torsional constant; and |, is
the warping moment of inertia of the cross section.

Table 2 presents the ASCE-LRFD theortical
maximum load values with aresistancefactor of @
=0.80for flange or web local buckling, and @ =0.65 for
rupture load. Also, this table presents the moment
modification factorC, for unsupported spans with both
ends braced corresponding to various L values of the
beam shown in Figure 1 with (L — 2a) kept constant at
24 inches.

Table 2: ASCE-LRFD Therotical Maximum loads

Based on ASCE-LRFD
L P oP OP or P uoture
(in) | C, (Lb) (Lb.) (b) (Ib.)
60 | 1.087 468 43749 13626 2057
72 | 1136 | 288 43749 13626 1543
84 | 1.168 195 43749 13626 1244
96 | 1.190 141 43749 13626 1028
108 | 1.207 107 43749 13626 881

Table 3 pesents the critical load results for
different distance y,* of applied load about the shear
center. The last three columns in Table 3 present the

load ratios r,, 1,, and r; defined as P,y divided by P,
correspoinding to y,* = -2.00 in., 0.0 in., and +2.0 in.,
respectively.

Table 3: Critical Load for various applied load through shear center

P (Lb.)with y,*
(irl;.) —_-equallo : (EBT-) " & &
-2.0(in.) | 0.0(in.) | +2.0(in.)

60 451 689 1053 468 | 1.038 | 0.679 | 0.444
72 278 408 600 288 | 1.036 | 0.706 | 0.480
84 190 268 378 195 | 1.026 | 0.728 | 0.516
96 139 189 257 141 1.014 | 0.746 | 0.549
108 107 140 185 107 | 1.000 | 0.764 | 0.578

[V. CONCLUSIONS

Expeimental results are in good agreement with
the lateral-torsional buckling load formula presented [4].
Theoretical predications for various beam failure modes
are also made using ASCE-LRFD Pre-Standard for FRP
Structures. It is found that in all of the cases presented,
the I-section beam failure mode was governed by

lateral-torsional buckling. The study also clearly reveals
that the height of the applied loads relative to the shear
center has a very significant influence on the lateral-
torsional buckling load of the beam thus making ASCE-
LRFD buckling load estimates over-conservative in a
number of cases.
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APPENDIX

This appendix summarizes the ASCE-LRFD Pre-
Standard expressions used in arriving at those particular
numerical results which were based on the ASCE-LRFD
Pre-Standard [2]. The critical stress for the compression
flange local buckling is given by:

__4 (7 /EL.fET.f
ffcr - (b_f)z (12 1+4.1¢ + GLT) (1)

tf
in which:

G,y = characteristic in-plane shear modulus, Ksi
v,r = Ccharacteristic longitudinal Poison’s ratio
bs = Full width of the flange, in.

h = Full height of the member, in.

tr = Thickness of the flange, in.

k, = Rotational spring constant, kip/rad

E, s = Characteristic longitudinal modulus of the flange,
ksi

E;,,, = Characteristic longitudinal modulus of the web,
Ksi

Er s = Characteristic transverse modulus of the flange,
ksi

Er,, = Characteristic transverse modulus of the web, ksi

11.172
fwer = - (1‘25\/EL,WET,W + Eryvir + 2GLT)

D
12(5)2

in  which, f,., is the critical stress for the web
local buckling.

There are four nominal moments that are
calculated based on the formulae [2] as summarized
here. The nominal bending moment M, due to lateral-

torsional buckling is given by:

TIZELf[ D 1[4E2 L, C,
_ JyE) Lfy=w
Myp = Cb\] 7 +—7

b b

(3)

A resistance factor ¢ = 0.7 is used for M;z. The
other terms are defined as follows:
C, = Moment modification factor for unsupported spans
with both ends braced
D, = Torsional rigidity of an open section =Gy Z%bit?,
kip — in.?

trh2b}
_ : _ ST .6
€, = Warping constant = o
Myp = f ELfis+ELwp, (4-a)
fLT fer }’EL,f
B ELfip+ELwy, 4b
MwLT - fwcr ( B )

yEL,w

In which, Ms;r and M,,;; are the nominal flexural
strengths due to local instability in the flanges and webs,

© 2016 Global Journals Inc. (US)

respectively; the resistance factor ¢ = 0.80 is used. The
other terms are defined as follows:

Ir = Moment of Inertia of the flange(s) about the axis of
bending, in*

I,, = Moment of Inertia of the web(s) about the axis of
bending, in*

y = Distance from the neutral axis to the extreme fiber of
the member, in.

FLf (EL,fIf +Epwr,) FLw (EL,fIf +Epwi,)

M, = min ( ) )
In which, M. is the nominal flexural strength
due to material rupture and the resistance factor ¢ =
0.65 is used. The other terms are defined as follows:
F, ;= characteristic longitudinal strength of the flange
(in tension or compression), ksi
F, » = characteristic longitudinal strength of the web (in
tension or compression) ksi
I = Moment of Inertia of the flange(s) about the axis of
bending, in*
I,, = Moment of Inertia of the web(s) about the axis of
bending, in*
yr = Distance from the neutral axis to the extreme fiber
of the flange, in.
y,, = Distance from the neutral axis to the extreme fiber
of the web, in.
t, = Thickness of the web, in.
& = Coefficient of restraint
Lastly, applying the formula of maximum
moment for a simply supported beam with a point load
as shown in Figure 1, the respective loads are obtained

)

YrELf YwELw

Py = M;T (6)

Pryr = MI;LT 7)

Pyir = =4 ®)

Py = ©)

It Pg = Prr = Pyir = P, = P is the load-

carrying capacity of the member, a LFRD approach is
proposed as follows:
F. = ¢F, (10)

in which ¢ = 0.7, 0.8, and 0.65 depending
whether the failure is due to lateral torsional buckling,
local instability in the flanges and webs, and rupture of
the materials.

The C, values in Table 2 were computed using
the following expression:

C, = 12.5M,,/(2.5M,o, + 3M, + 4Mg + 3Mg) (1)

in which Mmax is the maximum bending moment, and
M,, Mg, and M are the values of quarter-point moments
along the beam length.
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Elasto-Plastic Transient Dynamic Response of
Tubular Section Steel Cantilever Beam under
Impact Loading

AliAl Aloosi * & Zia Razzaq °

Absiract- This paper presents the outcome of a theoretical and
experimental study of the dynamic elasto-plastic behavior of a
steel cantilever beam. An apparatus is constructed and used
for conducting a series of experiments by applying a vertical
impact load on the cantilever. A mathematical prediction
model based on a partial differential equation of flexural
dynamic equilibrium is formulated including new nonlinear
terms to account for the elasto-plastic behavior of a steel
cantilever beam. The experimental results are found to be in
good agreement with the predicted behavior.
Keywords: impact, dynamic, elasto-plastic,
dynamic equilibrium.

flexural

I. INTRODUCTION

azzaq et al. [1] conducted a theoretical and
Qexperimental study of slender tubular columns

with partial rotational end restraints in the
presence of initial imperfections. New explicit formulas
and finite-difference formulation were derived for
predicting the elastic buckling load and predicting the
natural frequency. Jones [2] studied the behavior of fully
clamped beams when struck at the mid-span by a rigid
mass and compared it with the corresponding exact
theoretical predictions of dynamic rigid-plastic analyses.
Wen et al. [3] proposed a quasi-static procedure based
on the principle of virtual work for estimating the
dynamic plastic response and failure of clamped metal
beams subjected to a low velocity impact at any point
on the span by a heavy mass. The paper by Zeinoddini
et al [4] described experimental studies in which axially
pre-loaded tubes were examined under lateral dynamic
impact loads. The tubes were impacted by a dropped
object with a velocity of about 7 meter/sec at their mid-
span.

The current paper presents the outcome of an
experimental and theoretical study of a partially end-
restrained cantilever beam under impact loading. New
terms are added to the governing dynamic equilibrium
equation for the problem to account for elasto-plastic
effects when transient dynamic response of the
cantilever needs to be predicted.

Author o Research Assistant, Department of Civil and Environmental
Engineering, Old Dominion University, 115 Kaufman Hall, Norfolk,
Virginia. e-mail: aalal001@odu.edu

Author o: University Professor, Department of Civil and Environmental
Engineering, Old Dominion University, 135 Kaufman Hall, Norfolk,
Virginia. e-mail: zrazzaq@odu.edu

Numerical results are obtained using an iterative
finite-difference  procedure. The iterative solution
process also involves a materially nonlinear tangent
stiffnress method to deal with cross-sectional
plastification as a funcation of time.

II. EXPERIMENTAL STUDY

Figure 1 shows schematic of a cantilever beam
QB subjected to a forcing function F(t) generated by a
freely falling impact load. For the beam, the origin of the
longitudinal ordinate z is at Q. At end B, the cantilever
beam is attached to a rotationally flexible elastic support
simulated as a rotational spring having a rotational
spring constant valule of kg=6x10° kip-in/rad. The
cantilever beam QBhas a length L of 33 in. and a
2x2x0.125 in. hollow square cross section. The test set-
up is shown in Figure 2.

F(t) Rotational

Spring
Z kg
> @ B

L

Figure 1. Analysis model of the cantilever
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Impact Load

Chamber with accelerometer

Figure 2: Test setup

The impact tests were perforried using three
different impactors numbered 1, 2, ard 3 weighing 60
Ib., 140 Ib., and 400 Ib., respectively. F.ach impactor had
an accelerometer inside a steel chamoer attached at the
impactor bottom end to record acceleration-time
relationship which was curve-fitted using a quadratic
function of time t. The relationships marked C1-1, C1-2,
and C1-3 shown in Figure 3 correspond to Impactors 1,
2, and 3 each dropped onto the cantilever beam with a
gap of one inch between the cantilever beam’s top
surface and the bottom face of the steel chamber. In
the same figure, the relationship marked C1-4 is for
Impactor 3 dropped with a gap of two inches. The
forcing function F(t) is generated by multiplying the
ordinate of Figure 3 by mg, where m is the impactor
mass and g is 32.2 ft/sec®.The forcing functions for
Impactors 1, 2, and 3 when dropped from 1 inch height
are as follow:

Fi(t) = (-6338.8t* + 418.56 t - 3.0877) mg

for 0.008 <t < 0.057 M

0" 0.02 0.04

Acceleration (g)
F 2 [—

F,(t) = (-2506.8 2 + 241.92 t - 2.8519) mg
for 0.008 <t < 0.083 @)

Fi(t) = (-628.55t* + 91.886 t - 1.4533) mg

for 0.008 <t <0.129 (3)

The forcing function for Impactor 3 when
dropped from 2 inches height is as follows:

F,() = (-804.63 2 + 111.12t - 1.4058) mg
for 0.008 <t =0.125 (4)

The lower limit represents the time when the
impactor hits the cantilever beam tip while the upper
limit represents the time when the impactor is
deatached from the beam.

b S T

012 HIA., 016

008 ™, 0.1

0 5

Time (sec)

Figure 3: Curve-fitted acceleration-time relations
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Three strain gauges were installed on the
cantilever beam to measure strain-time histories. The
strain gauges, designated as SG1, SG2, and SG3, were

installed on the cantilever beam at three locations at a
distance of one inch from end B as shown in Figure 4.

SG1 v
0-3%ii\|
SG2
h X
0.35in.
b osea/

Figure 4: Location of strain gauges at section B

[1I. THEORETICAL STUDY

The elastic dynamic flexural equilibrium
equation for a beam without damping is given in the
literature [5] as follows:

aZ

%y v

in which Elis the elastic flexural rigidity, vis the beam
deflection, mis the beam mass per unit length, zis the
horizontal distance along the member, tis the time, and
F(t)is aforcing function. In the inelastic range, El
changes with the applied load. Therefore, the inelastic
partial differential equation of motion can be expressed
as:

a2 a%v 92v
E(Beﬁ)-'_mm:}?(t) (6)

where B, is the elasto-plastic flexural rigidity.In

this equation, damping is not included since it is

negligible due to the predominant influence of impact

loading on the beam response for the duration of the

impact. For a given time t, B,is a function of z, thus
Equation 6 becomes:

B V422 (2 + (25 4 mlt=F() (7

az% 923 \az 322\ 922 at2

To obtain the numerical results presented in this
paper, the first and second partial derivatives
ofB,appearing in Equation 7 were iteratively generated
with Lagrangian polynomials along the z axis.

a) Boundary Conditions
At Qin Figure 1, the bending moment is zero, thus:

217
my =23(0,t) =0 (8a)
The shear force at Q can be expresses as:
a3v
Vo =5300,t) = =F(t) (8b)

At end B, the cantilever beam has no vertical movement:

van =vp =0 (8c)

The elastic moment-rotation relationship of the
rotational spring at B is expressed as:

mp = kBgB

(8d)

Where kg is the stiffness of the rotational spring
at end B, and 6zis the rotation of the cantileverbeam at
the same location. Sincedgis the first derivative of the
deflection at end B, thus:

0z = —v'(L) (8e)

The minus sign in this equation is consistent
with downward deflections taken as positive in the
derivation of Equation 7. The boundary conditions
presented above are used in the elasto-plastic dynamic
analysis of the cantilever beam.

b) Initial Conditions
The initial conditions for the problem are:

v(z,0) =0 (9a)

v

E(Z' 0)=0 (9b)
The initial condition given by Equation 9a states

that at time t equal zero, the deflection is zero. Equation

9b states that the initial velocity is zero.

c) Finite-Difference Solution

Central finite-difference expressions [6] were
used to solve Equation 7 with boundary and intial
conditions presented in Sections 3.1 and 3.2. A total of
N panels were used for the cantilever beam over the
interval (0, L) involving nodes i = 1, 2, 3, .... (N+1). The
finite-difference scheme also results in ‘phantom points’
outside of the interval (O,L) and are accounted-for in the
solution algorithm. Using second order finite-difference
expressions, Equation 7 can be written as:
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B

e
e (Viezj = 4Vim1) + 6V — Vi) + Vigo,)

2
+F(_vi_2‘j + 2171'_1']' -

92B,

1 m
+h_2 (171'_1’]' - Zvi,j + 171'+1‘j) (_622 ) + _(At)z (Ui'j_l - 2171"]- + Vi,j+1) = F(t)

in which, h is the panel length along the z-axis of the
sub-assemblage, and At is the time interval. The
subscript i refers to the ith nodal point over the domain
0 < x <L, and the subscriptj refers to the number of
time increments such that the time at j is given by the
following equation:

t:=j(41), foreachj=0, 1,2, 3, ...

Similarly, the boundary conditions 8a, 8b, 8c,
and 8d can be expressed in finite-difference form as
follows:

1

() (vo; — 2v1, +v3;) = 0 (11a)

(555) (=vsy + 2y = 20z +v3;) = —F(2) (11b)

Uny1j = 0 (11C)

(3 + (52)) (owrag) = (B22) (owany) = (52 +
KB2vN,j=0 (11d)

Applying Equation 10 at i=1, 2, 3..., N, and
invoking conditions 11a, 11b, 11¢, and 11d leads to the
following matrix equation:

ijr1} = GIRNvi; } + CGlvij ) — G{F @)}
in which

(12)

1

C = —@ (13a)
Cz = b3C1 (1 3b)
3= G (13c)

The [X]coefficient matrix is symmetric and of the order
NXxN.

A finite-difference iterative algorithm was
developed for the nonlinear dynamic analysis of the
cantilever beam. The deflections along the cantilever
beam were found for the first time increment using the
elastic formula. To avoid having a negative time interval
due to the use of central finite-difference, a start-up
equation [1] was used to initialize the process. Initial
nodal deflections were found using Equation 10.An
iterative tangent stiffness procedure was utilized to
compute the curvatures due to the applied moments
which satisfied cross-sectional equilibrium. Next, the
elasto-plastic cross-sectional properties were calculated
using the computed curvatures, and Revised deflections
were found using the wupdated cross-sectional

© 2016 Global Journals Inc. (US)

9B,
2vi49; + Vi+2,j) (E)
(10)

properties. The revised deflections were compared with
the intial deflections for the same time increment. If the
difference was found to be larger than a specified
tolerance value, another iteration was performed for that
time increment. If the difference was found to be smaller
than a tolerance value, the procedure was continued to
the next time increment with the corresponding new
value of the forcing forcing function. This solution
procedure was used to generate the theoretical strain-
time curves shown in Figures 5 through 12.

d) Cantilever Behavior under Impact Loading

Table 1 compares the maximum experimental
and theoretical moments at section B of the
cantileverbeam for Tests C1-1, C1-2, C1-3, and C1-4.
For Test C1-1, Impactor 1 was dropped from one inch
above end Q of the cantilever beam. Figures 5 and 6
show theoretical and experimental strain-time curves for
SG1 and SG2, respectively. Both figures show the same
trending, and the peak values agreed well. The ratios
between the tested to the predicted strain results ranged
from0.99to 1.17.

Table 1. Comparison between theoretical and
experimental maximum moments at B for the cantilever
beam impact tests

Theoretical Experimental
Test Max. Moment at B | Max. Moment at B
(kip-in.) (kip-in.)
C1-1 9.4 10.8
C1-2 17.8 20.3
C1-3 37.7 38.1
C1-4 39.8 39.5

Table 2 shows the experimental and the
theoretical strains, and their comparison. For this test,
the experimental maximum moment at section B was
10.8 kip-in. and the theoretical value was 9.4 kip-in. The
difference between the theoretical and the experimental
results was 15%. The experimental and the theoretical
moment values were in good agreement and they were
in the elastic range.
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Figure 5: Comparison of theoretical and experimental strain-time relations of SG1for test C1-1
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Figure 6: Comparison of theoretical and experimental strain-time relations of SG2 for test C1-1

Table 2: Experimental and theoretical strains for test C1-1

Strain Experimental Theoretical Experimental
gauge | strain(in/in.) | Strain(in./in.) | / Theoretical
SG1 0.000557 0.000557 0.999477

SG2 -0.00065 -0.00056 1.17443

For Test C1-2, Impactor 2 was dropped from
one inch above end Q of the cantilever beam. Figures 7

and 8 show the theoretical and the experimental strain-
time curves for SG1 and SG2, respectively. Table 3
shows the experimental and the theoretical strains and,
their comparison. The ratios between the tested to the
predicted strain results ranged from 0.93 to 1.01. For
this test, the experimental maximum moment at section
B was 20.3 kip-in and the theoretical value was 17.8 kip-
in. The difference between the theoretical and the
experimental results was 14%. A good agreement was

reached between the tested and the predicted results.
Results from this test were in the elastic range.
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Figure 7. Comparison of theoretical and experimental strain-time relations of SG1for test C1-2
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Figure 8: Comparison of theoretical and experimental strain-time relations of SG2 for test C1-2

Table 3: Experimental and theoretical strains for test C1-2

Strain | Experimental Theoretical Experimental
gauge | strain(in./in.) | strain(in./in.) | / Theoretical
SG1 0.000971 0.001046 0.927865
SG2 -0.00106 -0.00105 1.011955

For Test C1-3, Impactor 3 was dropped from
one inch above end Q of the cantilever. Figures 9 and
10 show the theoretical and the experimental strain-time
curves for SG1 and SG2, respectively. Table 4 shows
the experimental and the theoretical strains and, their
comparison. The ratios between the tested to the
predicted strain results ranged from 0.89 to 0.86, which
are considered to be reasonable results. There was an

© 2016 Global Journals Inc. (US)

overall good agreement in the shape of all the load-
strain curves. For this test, the experimental maximum
moment at section B was 38.1 kip-in and the theoretical
value was 37.7 kip-in. The difference between the
theoretical and the experimental results was 2%. Both
the experimental and the theoretical curves were very
similar and their peak values were very close. This test
caused partial plastification on the cantilever beam.
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Figure 10: Comparison of theoretical and experimental strain-time relations of SG2 for test C1-3

Table 4: Experimental and theoretical strains for test C1-3

Strain Experlm.enta Theorgtlcal Experimental /
a | strain strain Theoretical
gauge | inin) (in./in.)
SG1 0.002531 0.002817 0.898389
SG2 -0.00242 -0.00282 0.859344

For Test C1-4, Impactor 3 was dropped from
two inches above end Q of the cantilever. Figures 11
and 12 show the theoretical and the experimental strain-
time curves for SG1 and SG2, respectively. Table 5
shows the experimental and theoretical strains, and their
comparison. The ratios between the tested to the
predicted strain results ranged from 1.01 to 1.06. For
this test, the experimental maximum moment at section
B was 39.5 kip-in and the theoretical value was 39.2 kip-
in. Both the theoretical and the experimental results

showed the formation of a plastic hinge at section B. It
can be seen that there was good agreement between
the predicted and the experimental values for the strains
and the moments.
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Table 5: Experimental and theoretical strains for test C1-4

Strain | Experimental Theoretical | Experimental
gauge | strain(in./in.) | strain(in./in.) | / Theoretica
SG1 0.004545 0.004512 1.007121
SG2 -0.004783 -0.004512 1.05997
V. CONCLUSION impact. By comparing the curve-fitted acceleration

A theoretical and experimental study of the
dynamic  elasto-plastic  behavior of a  steel
cantileverbeam is presented. A mathematical model
based on a partial differential equation of inelastic
dynamic equilibrium is successfully developed including
new terms to account for elasto-plastic behavior of a
steel cantilever beam. The iterative finite-difference
solution algorithm predicted experimental elasto-plastic
behavior of the cantilever beam for various impact
forcing functions. It was also found that the weight of the
impactor is directly related to the total duration of

© 2016 Global Journals Inc. (US)

response generated by different impactors, it was found
that the maximum curve-fitted acceleration value is
inversely related to the mass of the impactor.
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Development of the Water Infrastructure in the
Estuarine Part of Niger Delta to Ameliorate the
Prevailing Transportation Problems

B.O. Adegbenle * & A.A. Olatunji °

Absiract- The problems facing the river transportation in
estuarine region of Niger Delta were studied. The study
revealed the problems, the effect of river transportation on the
social-economic life of the communities, and the state of the
terminals and jetties in those communities. The study also
made some useful observation and recommendations were
made. It is hoped that this study will assist in understanding,
planning, operations and management of river transportation
in estuarine region of Niger Delta. For researchers, the study
will provide a useful insight into this aspect of transport
systems which is relatively neglected in the past research
efforts. The role of river transportation in the estuarine region of
Niger Delta is felt to be very important, especially in those
more remote places, which are unreachable, by land
transportation. The potential of rivers transport, especially in
serving access for people in remote area of Niger Delta is
enormous. Nigeria has the second longest length of
waterways in Africa. It has 8,600 kilometres of inland
waterways and an extensive coastland of about 852
kilometres. Although river is a very important mode of
transport, yet such is the case that this form of transport is not
adequately harnessed for the socio-economic development of
the people of estuarine Niger Delta. Another problem faced by
rural water transport is safety caused by inadequate security
measures, infrastructure decay and. Regulation and
institutional concerns were important issues in three study
areas. Recommendations were made to integrate river
transport within intermodal transport systems and provide
security for the system.

Keywords: water transportation, niger delta estuarine.

I. INTRODUCTION

ransport is the cornerstone of civilization (Oni&
TOkanIawon, 2004). As the society and economic

organizations become complex, the relevance of
transport grows. Transportation is a requirement for
every nation, regardless of its industrial capacity,
population size, or technological development. Moving
goods and people from one place to another is critical
to fostering economic growth. A country’s transportation
system is comparable to the blood circulatory system in
humans (NDES, 1997). An efficient transportation
system facilities the movement of goods and people
cheaply and quickly which is vital in producing in a
vibrant economy. The more efficient the transport
system is, the lower the cost of transport, and invariably
the lower the cost of goods and services (NDDC, 2006).

Author o o: Department of Civil Engineering Technology, The Federal
Polytechnic, P.M.B 231, Ede. e-mail: bukunbukun@mail.com

The most common and effective transportation
mode in the rural Niger Delta areas is by water in
canoes, ferries and small boats (NDRDMP, 2000). River
transport is a very significant means of transport in Niger
Delta region of Nigeria, which are now usually used in
movement over short distances and for fishing activities
across several nautical miles (Daramola, 2003).

In recent times, emphasis has been placed on
urban road transport; with less regard to rural
transportation development, especially river transport -
for example, modern jetties hardly exist - which is
essential for the movement of the majority of the rural
population (Fig. 1). As a result, there is immense
difficulty of movement of people and goods in the
estuarine part of the Niger Delta. Apart from a few State-
owned transport companies, transport services are
provided by private operators.
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Figure 1

The Niger Delta region is situated in the
southern part of Nigeria and bordered to the south by
the Atlantic Ocean and to the East by Cameroon,
occupies a surface area of about 112,110 square
kilometers (UNDP, 2006). It represents about 12% of

Nigeria's total surface area and it is estimated that by
the beginning of 2006 its population will be over 28
million inhabitants. The region comprises nine of
Nigeria's constituent states (Table 1) (CASS, 2002).

Table 1: The Nine States s of Niger Delta region

State Langil,g :ﬁ:tig; are Population Capital City
Abia 4,877 3,230,000 Umuahia
Akwa ibom 6,806 3,343,000 Uyo
Bayelsa 11,007 1,710,000 Yenagoa
Cross River 21,930 2,736,000 Calabar
Delta 17,163 3,594,000 Asaba
Edo 19,698 3,018,000 Benin
Imo 5,165 3,342,000 Owerri
Ondo 15,086 3,025,000 Akure
Rivers 10,378 4,858,000 Port Harcourt
Total 112,110 28,856,00

Source: GTZ population projection (2004) based on National Population Commission Data

Since 1960 several attempts have been made
by the Nigerian government to pay special
developmental attention to the river transportation in the
estuarine Niger Delta region because of its uniqueness;
by establishing development agencies to plan, organize
and implement necessary phases of the service delivery
process (CASS, 2002). This region of the Niger Delta
suffers a major lack of basic physical infrastructure,
badly maintained road and water networks, along with
unemployment the region is virtually cut off from the
entire country be virtue of living in water surrounded
environment (Abam, 2001).

[I. MATERIALS AND METHODS

A desktop research approach has been
adopted for this study with extensive literature and

© 2016 Global Journals Inc. (US)

archived programme information extracted and used as
a basis for inference.

The Niger Delta Region is divided into nine
States; this report is limited to only three communities in
each of the three States (Delta, Edo and Bayelsa State)
of N/Delta as representative of the whole region.

a) Design

The research questionnaires were administered
to mostly people between the ages of 18 and 60 years
and those who have lived in the area or community for
over 15 years. Most of the respondents are also well
educated with at least the West African School
certificate.

The questionnaire technique was used to
supplement other sources of information and data. The
method was useful in tapping respondents’ knowledge
on river transportation through their experience on when



travelling. More so, it is the most convenient means of
appreciating or gauging respondents’ perception of the
pertinent socio-economic variables as they relate to the
study.

b) Settings

The study data were collected across the three
states (i.e. Delta State, Bayelsa State and Edo State)
that make up the Niger Delta region. Some identified
communities namely: Ekeremor zion, ljasan and Azama
towns of Delta State; Aghoro, Toru-Ndoro and Odeama
towns of Bayelsa State and; Ovia, Erenegbe and Gegele
communities in Edo State. In each of these
communities as shown in Fig. 2, where river was major
means of transportation were approached for data
collection. In all, a total of three communities were
selected, thereby making up a total of nine communities
across the three selected states of the Niger Delta
Region. A total of 100 different people participated in the
study per State.

c) Procedure

The study is an attempt to assess the problem
of water transport in the estuarine of Niger Delta region
in Nigeria. The core Niger Delta states are Bayelsa
State, Delta State and Rivers State. In the year 2000,
former  President Olusegun Obasanjo’s regime
expanded the definition of Niger Delta region by
incorporating some other states, including Abia State,
Edo State, Imo State.

In all, three river line communities where river is
the major means of transportation was selected in each
state, thereby making up a total of nine communities for

the three states in the Niger Delta region. A total of 300
copies of the questionnaire were produced and
distributed across the selected communities in the three
states, with 100 copies of the questionnaire meant for
each state. These copies were distributed as follows: 33
copies for each community, across the three
communities. In order to encourage the study
participants to respond to the questionnaire items freely,
they were asked not to include their names. Essentially,
the participants were asked to respond to the
questionnaire items as sincerely as possibly, and they
were assured that their responses would be treated with
utmost confidentiality.

In all, out of the 300 copies of the questionnaire,
only 250 copies could be retrieved with the assistance of
some residents in the community. While the remaining
50 copies could not be retrieved. Out of the 250 copies,
only 225 were deemed fit and usable for data entry and
analysis. The remaining 25 copies could not be used
because some of the participants failed to indicate their
gender or age or some other personal characteristics,
while some other participants filled the questionnaire
poorly in general.

d) Statistical analysis

The study utlized both the charts and
descriptive statistics. The descriptive statistics were
meant to obtain some summary information on some
data such as percentages (%) and frequency.
Specifically, the statistical package (SPSS) version 16.0
was utilized for data entry and data analysis.
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Fig. 2: Map showing the studied communities

I1I. RESULTS

The results are presented in charts and
descriptive statistical form for easy understanding of the
existing situations of the area.

Source: modified from UNDP, 2006
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Fig. 3.1: Cumulative percentage of the respondent’s major means of transportation
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Fig. 3.5: Cumulative percentage of the organ responsible for river dredging
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IV. DISCUSSION

In the communities studied within the estuarine
part of the Niger Delta. It could be deduced that the
River-based passengers’ movement is mainly by Ferry
in Delta and Bayelsa State as shown in Fig. 3.1, where
the cumulative percentage was 42.7 and 54.7%
respectively. While in Edo State (cumulative percentage:
44%) the use of Canoe was favoured compare to other
means of river transportation.

The organisation of river transportation in the
Niger Delta was high with cumulative percentage of
65.7, 64 and 67.3% for Delta, Bayelsa and Edo State
respectively are shown in Fig. 3.2. This level of
organisation could be attributed to the seemly private
ownership of the passengers vessel and there desire to
maximize profit.

The major problem militating river transportation
in the estuarine region of the Niger Delta as shown in
Fig. 3.3. Majorly, River pirate has a cumulative
percentage of 46.7, 48 and 60.7% for Delta, Bayelsa and
Edo State respectively. This however revealed that the
percentage of River pirate was highest in Edo
communities followed by Bayelsa communities. This
was followed by Fog as indicated in the Fig.3.3.

The frequency of clearing and dredging of the
river channels was shown in Fig. 3.4. The result
indicated a cumulative percentage between 46.7 to
60.7% few and far between in clearing and dredging of
the river. As a result of failure to dredge or clear the river,
it is reported that the least average depth for River Niger
between Warri and Jebba is one metre whereas the
least average depth for commercial navigational
operation should not be less than 1.5 metres (Ogah and
Odita, 2009).

In Fig.3.5, it was inferred that the government

was solely responsible for the dredging and clearing of
the rivers in the Niger Delta region.
The organ responsible for the operation of the Jetties is
presented in Fig. 3.6. The result revealed that the
communities have the responsibility of Jetty operation
with cumulative percentage of 42.7, 46.7 and 44% Delta,
Bayelsa and Edo respectively.

Fig.3.7 shows the government is responsible for
the development and maintenance of Jetties. (NDDC,
2005).

Fig. 3.8 show the occurrence of accident in river
transportation. The result indicated that river transport
does not have high incident of water mishap.

Fig. 3.9 shows how incident of water accident is
managed. The result indicated that the river
transportation in the Niger Delta region does not have
any special arrangement to rescue accident victims
rather the system depend on any available means to
rescue survivals. Water transport safety is felt to still be
lacking, because some of the passengers rely only on

their ability to swim and thus rely on themselves (GRSL,
1995).

Fig. 3.10 show the major goods transported by
the communities using river transport. The result
indicated a cumulative percentage of 56-60% for
Agricultural products. This was followed by others. Type
of goods which are transported by water is bulk material
such as rice, wheat, oil and woods which produced from
the forest along the river (Jansen et al., 1985).

Fig. 3.11 Show the major users of river
transportation. Most of the passengers use water
transportation majorly for farming and moderately for
school. Most of the residents are farmer, therefore the
need for agriculture equipment such as fertilizer, seeds
and tools (PT, 1995).

Fig 3.12 shows communities’ development
through river transportation. This indicated a cumulative
percentage of 34.7, 36 and 40% in Commercial activities
for Delta, Bayelsa and Edo State respectively. This was
also followed by employment across the three State and
their communities.

Fig. 3.13 shows the effect of river transportation
on intercommunity relationship. The result indicated a
cumulative percentage of 80, 77.3 and 81.3% in favour
of better intercommunity relationship through river
transportation.

Fig. 3.14 shows the effect of river transport on
the economy of the communities. The result indicated a
positive effect on the economy of the communities.
Indication of an improvement on the communities
through river transportation and there were no loss by
the community as a result of river transport as there
were increase in commercial activities and employment
for the people in the localities.

Fig.3.15 shows the loss incurred by the
community through river transport. From the response of
participate, there were no lost by the communities as a
result of river transportation.

V. CONCLUSION AND RECOMMENDATION

Some of these problems are inability of the
authorities to upgrade and maintain the available
Terminals and Jetties in these river line communities,
lack of adequate security for the passengers on board
the boats travelling in the Niger delta communities, lack
of modern river transportation vessel for the navigable
river channels in the Niger Delta communities and the
inability of the authorities to clear/dredge the river
channels.

Generally speaking, years of government’s
insensitivity and unresponsiveness to the plight of the
people of the Niger Delta has led to a deterioration of
the water infrastructures whereby the cost of living in
these areas was highly unbearable. From all indication
the water channels in the area are navigable and there is
urgent need for the government to pay attention to the
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development of the water infrastructure in the estuarine

part of Niger

Delta to ameliorate the prevailing

transportation problems as indicated in this study.

In other to alleviate the identified problems in

the river transportation in the estuarine region of Niger
Delta the following solutions are recommended:

1.

The government should encourage private
investment in the river transportation system by
giving soft loans to the people as a means of
empowerment and Job creation.

Modern boats for river transportation should be
introduced to these estuarine communities for rapid
movement of cargo and passengers to their
destinations.

The dredging and clearing of river channels should
be done at least once in a year; this is to allow easy
movement and travel using the river ways without
obstruction and accident due to collision.

The communities should be encouraged to invest in
river transportation by forming cooperative in order
to rinse fund and purchase a modern vessel that is
capable to river transport.

The upgrading and maintenance of the Jetties
should be made priority by the government, so as to
encourage the participation of private organization
in river transportation.

The local and State Government should take up the
responsibility of providing safety of passengers by
arranging on alert rescue term in case of
emergency. This should also involve the use of
modern communication gadgets to give signal and
information to the authorities in case the need
arises.

Night navigation facilities should be provided to the
estuarine Niger Delta navigable rivers, so that
passengers travelling in the night may find it
comfortable and safe; and thus improve the
average turnaround time of the boats.
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Applying Decision Making With Analytic
Hierarchy Process (AHP) for Maintenance
Strategy Selection of Flexble Pavement

Dr. Asma Th. Ibraheem ¢ & Noor S. Atia °

Absiract- This paper aimed to develop methods and tools for
supporting  maintenance  management  system  for
transportation. This is done by using Multicriteria Decision
Making Process techniques. Also analytic hierarchy process
(AHP) were applied to evaluate the techniques that are used
for maintaining the road pavements.

Software named AHPM (Analytic Hierarchy Process
Model) was developed using MATLAB for flexible pavement.
The first step in the AHP procedure is to decompose the
decision problem into a hierarchy that consists of the most
important elements of the decision problem. In developing a
hierarchy identified the objective, factors and alternatives. The
hierarchy model of a decision problem is the objective of the
decision at the top level and then descends downwards lower
level of decision factors until the level of attributes is reached.
Each level is linked to the next higher level.

In this study the researchers conducted many
personal interviews with senior engineers who have an
experience in road maintenance projects. About 6 senior
engineers were selected to conduct the interviews. Every
engineer of those experts gave pairwise comparison matrices
as weights of AHP process.

For the purpose of ascertaining the efficiency of the
developed software (AHPM), it has been applied to a case
study included the main street in Bagdad university, it has a
length of (2.38) km and width of (7m). The result of this
application was that road requires an asphalt thin hot mix
overlay.

Keywords : analytic hierarchy process (AHP); decision
making, flexible pavement; mulicrieria, pavement
maintenance strategy.

[. INTRODUCTION

major problem that faces highway and
Atransportation agencies is that the funds they

receive are usually insufficient to adequately
repair and rehabilitate every roadway section that
deteriorates. The problem is further complicated in that
roads may be in poor condition but is still unable;
making it easy to defer repair projects until conditions
becomes unacceptable. Roadway deterioration usually
is not the result of poor design and construction
practices but is caused by the inevitable wear and tear

Author a: Ass. Prof. in Al-Nahrain University, College of Engineering,
Civil Engineering Department, Baghdad, Iraq.

e-mail: drasma2005@eng.nahrainuniv.edu.iq

Author o: Ph.D Student in. Al-Nahrain University, College of Engineering,
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that occurs over years. The gradual deterioration of a
pavement occurs due to many factors including
variations in climate, drainage, soil conditions, and truck
traffic. Just as a piece of cloth eventually tears asunder if
a small hole is not immediately repaired, so will a
roadway unravel if its surface is allowed to deteriorate.
Lack of funds often limits timely repair and rehabilitation
of transportation facilities, causing a greater problem
with more serious pavement defects and higher costs
(Garber and Hole 2009).

In order to carry out the maintenance in as cost-
effective manner as possible, a logical coherent
procedure must be adopted in order to select the most
effective form that the maintenance should take,
together with the optimum time at which this work
should be undertaken. Minor maintenance may be
sufficient to maintain the required standard of service for
the motorist (Rogers 2003).

The AHP is a general theory of measurement. It
is used to derive relative priorities on absolute scales
(invariant under the identity transformation) from both
discrete and continuous paired comparisons in
multilevel hierarchic structures. These comparisons may
be taken from actual measurements or from a
fundamental scale that reflects the relative strength of
preferences and feelings. The AHP has a special
concern with departure from consistency and the
measurement of this departure, and with dependence
within and between the groups of elements of its
structure. It has found its widest applications in
multicriteria  decision making (Saaty and Elexander
1989) in planning and resource allocation (Saaty 2005),
and in conflict resolution. In its general form, the AHP is
a nonlinear framework for carrying out both deductive
and inductive thinking without use of the syllogism. This
is made possible by taking several factors into
consideration simultaneously, allowing for dependence
and for feedback, and making numerical tradeoffs to
arrive at a synthesis or conclusion (Saaty and Vargas
2006).

The foundation of the Analytic Hierarchy
Process (AHP) is a set of axioms that carefully delimits
the scope of the problem environment (Saaty 1996). It is
based on the well-defined mathematical structure of
consistent matrices and their associated right-
eigenvector's ability to generate true or approximate
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weights. The AHP methodology compares criteria, or
alternatives with respect to a criterion, in a natural,
pairwise mode. To do so, the AHP uses a fundamental
scale of absolute numbers that has been proven in
practice and validated by physical and decision problem
experiments. The fundamental scale has been shown to
be a scale that captures individual preferences with
respect to quantitative and qualitative attributes just as
well or better than other scales (Saaty 1980). It converts
individual preferences into ratio scale weights that can
be combined into a linear additive weight w (a) for each
alternative.

The resultant w (a) can be used to compare and
rank the alternatives and, hence, assist the decision
maker in making a choice. Given that the three basic
steps are reasonable descriptors of how an individual
comes naturally to resolving a multicriteria decision
problem, then the AHP can be considered to be both a
descriptive and prescriptive model of decision making.
The AHP is perhaps, the most widely used decision
making approach in the world today. Its validity is based
on the many hundreds (now thousands) of actual
applications in which the AHP results were accepted
and used by the cognizant decision makers (DMs)
(Vahidnia et.al. 2008).

a) Decision Making of Multiple Criteria Sealing

The analytic hierarchy process (AHP) is a basic
approach to decision making. This multiple criteria
scaling method was founded by Saaty (1977). It is
designed to cope with both the rational and the intuitive
to select the best from a number of alternatives
evaluated with respect to several criteria. In this process,
the decision maker carries out simple pairwise
comparison judgments. These are used to develop
overall priorities for ranking the alternatives. The AHP
both allows for inconsistency in the judgments and
provides a means to improve consistency. The
procedure starts with development of alternative
options, specification of values and criteria, then, it
follows the evaluation and recommmendation of an option
(Farkas 2010).

b) Philosophy of AHP

The AHP is a general theory of measurement. It
is used to derive the most advanced scales of
measurement (called ratio scales) from both discrete
and continuous paired comparisons in  multilevel
hierarchic structures. These comparisons may be taken
from actual physical measurements or from subjective
estimates that reflect the relative strength of preferences
of the experts (Farkas 2010).

The AHP is a method that can be used to
establish measures in both the physical and human
domains. The AHP has special concern with departure
from consistency and the measurement of this
departure, and dependence within and between the
groups of elements of its structure. This is made
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possible by taking several factors into consideration
simultaneously, allowing for dependence and for
feedback, and making numerical tradeoffs to arrive at a
synthesis or conclusion (Saaty 1996).

In using the AHP to model a problem, one
needs a hierarchic structure to represent that problem,
as well as pairwise comparisons to establish relations
within the structure. In the discrete case, comparisons
lead to dominance matrices and in the continuous case
to kernels of Fredholm operators, from which ratio
scales are derived in the form of principal eigenvectors,
or eigen functions, as the case may be. These matrices,
or kernels, are positive and reciprocal. In a real world
application of the AHP the required number of such
matrices is equal to the number of the weighting factors.
In addition, regarding that the number of the group
members is 5-15, there is a need for aggregation what
is called the process of synthesizing group judgments.
By synthesizing the particular priorities with the average
weighting factors of the attributes the ultimate output is
yielded in the form of a weighted priority ranking
indicating the overall preference scores for each of the
alternatives under study (Saaty and Vargas 2006).

The AHP procedure involves six essential steps
(Vahidnia et.al. 2008):

1. Define the unstructured problem.
2. Developing the AHP hierarchy.
3. Pairwise comparison.

4. Estimating the relative weights.
5. Checking the consistency.

6. Obtaining the overall rating.

]

Define the unstructured problem
In this step the unstructured problem and their
characters should be recognized and the objectives and
outcomes stated clearly.

2. Developing the AHP hierarchy

The first step in the AHP procedure is to
decompose the decision problem into a hierarchy that
consists of the most important elements of the decision
problem. In this step the complex problem is
decomposed into a hierarchical structure with decision
elements (objective, attributes i.e. criterion map layer
and alternatives). Figure 1 represents this structure.



[/

objective

[ ][ )/

Attributes
(criterion map layers)

/

V.

Alternatives (sites)

Figure 1: Hierarchical structure of decision problem (Vahidnia et.al. 2008)

3. Pairwise Comparison

For each element of the hierarchy structure all
the associated elements in low hierarchy are compared
in pairwise comparison matrices as follows:

1 o.M
L, ol
Y2 1 ..oz
A = W.l . . V\in (1)
waowao
w1 w2

where

A = comparison pairwise matrix,
w, = weight of element 1,

w, = weight of element 2,

w, = weight of element n.

In order to determine the relative preferences for
two elements of the hierarchy in matrix A, an underlying
semantically scale is employs with values from 1 to 9 to
rate.

4. Estimating the relative weights

Some methods like eigenvalue method are
used to calculate the relative weights of elements in
each pairwise comparison matrix. The relative weights
(W) of matrix A is obtained from following equation:

(A= Zpax! ) X W=0 2

where 4., = the biggest eigenvalue of matrix A,
/= unit matrix.

From the standpoint of  engineering
applications, eigenvalue problems are among the most
important problems in connection with matrices.

Llet A = [g] be a given nxn matrix and
consider the vector equation:

AX = AX (3)

Here, x is an unknown vector and A an unknown
scalar. Clearly, the zero vector x=0 is a solution of
equation (3) for any value of A. This is of no practical
interest. A value of A for which (4.3) has a solution x=0 is
called an eigenvalue or characteristic value (or latent
root) of matrix A. The corresponding solutions x=0 of
equation (3) are called eigenvectors or characteristic
vectors of A corresponding to that eigenvalue L. The set
of Eigenvalues is called the spectrum of A. The largest
of the absolute values of the eigenvalues of A is called
the spectral radius of A.

5. Checking the consistency
In this step the consistency property of matrices
is checked to ensure that the judgments of decision
makers are consistent. For this end some pre-parameter
is needed. Consistency Index (C/) is calculated as
(Vahidnia et.al. 2008):
Cl = fmar—t (4)

n—-1

The consistency index of a randomly generated
reciprocal matrix shall be called to the random index
(Rl), with reciprocals forced. An average R/ for the
matrices of order 1-15 was generated by using a
sample size of 100.

Table (1) shows random indexes of the matrices
of order 1-15 (Coyle 2004). The last ratio that has to be
calculated is CR (Consistency Ratio). Generally, if CR is
less than 0.1, the judgments are consistent, so the
derived weights can be used. The formulation of CR is:

CR:% (5)

Table 1: Average random consistency (R/) (Coyle 2004)

N1]12| 3 | 4] 65 | 6 | 7 | 8

9 10 11 12 13 14 15

058 | 09 | 112 | 1.24 | 1.32

1.41

145 | 149 | 151 | 148 | 1.56 | 157 | 1.59
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Figure (2) developed from table 2 to determine
the random index (R/) for all sizes of matrices (n) and

y=ay,+ a; X+ ayx>+ az x°

where
a,=0.6304, a,=0.5222, a,=0.0430, a;=0.0012
6. Obtaining the overall rating

In last step the relative weights of decision
elements are aggregated to obtain an overall rating for
the alternatives as follows (Vahidnia et.al. 2008):

We = Zj _T wi W'

where
W,® = total weight of site i,
WU-S = weight of alternative (site) i associated to attribute
(map layer) |,
w;* = weight of attribute j,
m = number of attribute,
n= number of site.

16 —

12 —

0.8 —|

Random Index (RI)

0.4 —|

o
I I I I

8 12 16}
Size of Matrix (n)

Figure 2: Average random consistency (R/).

c) Modeling the Decision Making with AHP for
Treatment Selection of pavement

The first step in the AHP procedure is to
decompose the decision problem into a hierarchy that
consists of the most important elements of the decision
problem. In developing a hierarchy identified the
objective, factors and alternatives. The hierarchy model
of a decision problem is the objective of the decision at
the top level and then descends downwards lower level
of decision factors until the level of attributes is reached.
Each level is linked to the next higher level.

Decision making with AHP for treatment
selection of pavement is modeled as a program by
using MATLAB 2008a. Figure (3) illustrates the flowchart
of the developed program for modeling AHP as the
basic form of a hierarchical model of making decision,
where the objective to identify suitability for choosing the
type of maintenance activity. This can be achieved in the
following nine steps:

© 2016 Global Journals Inc. (US)

create the following equation from that graph by using
least square polynomial method:

[R? =0.9766] (6)

i=1,...,n (7)

1. Ranking the highway road
express highway,
streets.

2. Defining the type of pavement, flexible pavement or
rigid pavement.

3. Defining the severity of distresses, low, moderate
and high then input the degree of severity of
distresses as weights of important of intensity (AHP
process), and solve the compared matrix by
eigenvector.

4. Selecting the major types of distresses, preventive
distress, corrective and emergency distress, then
input the degree of hurt of major distress as weights
of important of intensity (AHP process), and
calculated the compared matrix by eigenvector.

5. Multiplying the eigenvectors calculated from step 4
by eigenvector calculated from step3.

6. Selecting the type of minor distress: for flexible
pavement; cracking, raveling rutting, distortion
potholes and excess asphalt. For rigid; joint
distress, faulting, pattern cracking, surface distress
and slab cracking. Input the degree of hurt of minor
distress as weights of important of intensity (AHP
process), then calculate the compared matrix.

7. Multiplying the eigenvectors result from step 6 by
eigenvector result from step 5.

8. Selecting the proper type of treatments for each
distress. Input the weights of important of intensity
(AHP process) for the treatments then calculate the
compared matrix.

9. Multiplying the eigenvectors result from step 8 by
eigenvector result from step 7, then select the
treatment that its number equal t0 A

(classes of road):
urban streets and suburban

d) Development of the Comparison Matrix

In this stage the researchers conducted many
personal interviews with senior engineers who have an
experience in road maintenance projects. About 6 senior
engineers were selected to conduct the interviews.
Every engineer of those experts gave pairwise
comparison matrices as weights of AHP process.
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Choose the pavement road
classes

- Express highway.
- Urban streets.
- Suburban streets.

Lad  [nd e

Calculate the eigenvector by equation

A= [matrix]

Select the major type of distresses

1- Preventive distresses.
2- Correctrve distresses.
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pavement

Gofo A

!
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Figure 3: Flowchart of AHPM Software for Flexible Pavement
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treatment

Caleulate equation v(G)*(E)

Figure 3: (continued)

[I. CASE STUDY Km and width 7 m with 2-lane and one way, as it is
clear in figure (4). Table 2 shows the distresses types of

The case study is a local road of University of 5 case study (University of Baghdad street).

Baghdad, which is begin from gate of University of
Baghdad returned as a ring to the gate with length 2.38

Table 2: Distresses types of second case study.

Distress type Severity level Extent level
1 Edge cracks Moderate High
2 Block cracks High Very high
3 Transverse cracks Very high High
4 Longitudinal cracks Alligator Moderate Low
5 cracks High Moderate
6 Potholes High Moderate
7 Raveling High Moderate
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FLEXBLE PAVEMENT

APPLYING DECISION MAKING WITH ANALYTIC HIERARCHY PROCESS (AHP) FOR MAINTENANCE STRATEGY SELECTION Of

Figure 4: Top view for University of Baghdad main street

a) Development of the pairwise comparison matrix

There are 12 pairwise comparison matrices in
all: One for the criteria with respect to the goal, which is
shown here in Table 4, two for the subcriteria, the first of
which for the subcriteria under high distresses:
preventive, corrective and emergency, that is given in
Table 5 and one for the subcriteria under moderate
distresses that is given in Table 6.

Then, there are nine comparison Saaty matrices
for the four alternatives with respect to all the ‘covering

criteria’, the lowest level criteria or subcriteria connected
to the alternatives. The 9 covering criteria are: corrective
distresses, emergency distresses, and edge cracking
treatment, block cracking treatment, transverse cracking
treatment, longitudinal cracking treatment, and alligator
cracking treatment, potholes distress treatment, and
raveling distress treatment.

The comparisons matrices of this case are
calculates as then shown in the four tables below (from
table 3 to table 6).

Table 3: Pairwise comparison matrix of the main criteria with respect to the Goal

. 4™ root of product of Eigenvector
Low Moderate High values (Priorities)
Low 1 1/3 1/5 48.2522 0.1007
Moderate 3 1 1/4 108.0709 0.2256
High 5 4 1 322.6167 0.6736
Total 478.9398 ~=1.000
hmex = 3.086, Cl=0.043, Rl= 0.58, CR=0.074<0.1 0.k
Table 4: Pairwise comparison matrix for the subcriteria with respect to moderate distresses
. . 4™ root of product of | Eigenvector
Emergenc "
Preventive Corrective gency values (Priorities)
Preventive 1 1/3 1/7 45.3283 0.0810
Corrective 3 1 1/5 105.4457 0.1885
Emergency 7 5 1 408.7524 0.7305
Total 559.5264 1.00
b= 2064, Cl= _0.468, Rl=0.58, CR=-0.81<0.10.k
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Table 5: Pairwise comparison matrix for the subcriteria with respect to high distresses.

Preventive Corrective Emergency 4™ root of product of Eigenvector
values (Priorities)
Preventive 1 1/3 1/8 48.0384 0.0705
Corrective 3 1 1/7 104.4175 0.1532
Emergency 8 7 1 520.1131 0.7705
Total 681.569 ~=1.00
Amex = 3.104, CIl= 0.052, RI= 0.58, CR=0.09<0.1 0.k
Table 6: Results of multiplying of eigenvectors
Moderate High Eigenvector
(0.2256) (0.6736) (Priorities)
Preventive 0.0810 0.0705 0.0658
Corrective 0.1885 0.1532 0.1457
Emergency 0.7305 0.7705 0.6838

For subcriteria (distresses of pavement), a
comparison matrix shown in table 7 with respect to
corrective maintenance, the eigenvector of relative

L, A, P and R is abbreviation for edge cracks, block
cracks, transverse cracks, longitudinal cracks, alligator
cracks, potholes distress and raveling distress

Version |

v

Volume XVI Issue

(E)

o
S

S

Global Journal of Researches in Engineerin

importance for E, B, T, L, A, P and R is (0.1065, 0.08,

0.1489, 0.2142, 0.3182, 0.0818, 0.0504), where E, B, T,

respectively.

Table 7: Pairwise comparison matrix for the subcriteria with respect to corrective maintenance

Table 8 shows the comparison matrix for
distresses with respect to emergency maintenance. The

4" root of .
Eigenvector
El BT B AP R productof 1~ Brinvities)
values
E 1 2 1/2 1/3 1/4 2 3 3.45*10° 0.1065
B 12 1 1/3 1/4 1/6 2 3 2.5906*10° 0.0800
T 2 3 1 1/2 1/3 2 3 4.8231*10° 0.1489
L 3 4 2 1 1/2 2 3 6.9354*10° 0.2142
A 4 6 3 2 1 2 3 10.3033*10° 0.3182
P 2 1/2 1/2 1/2 1/2 1 2 2.6474*10° 0.0818
R 1/3 1/3 1/3 1/3 1/3 1/2 1 1.6337*10° 0.0504
Total 32.3835%10°

Amax = 7.567, Cl= 0.095, Rl=1.32, CR=0.072 <0.1 0.k

eigenvector of relative importance for A, P and R is
(0.5396, 0.297, 0.1634) respectively.

Table 8: Pairwise comparison matrix for the subcriteria with respect to emergency maintenance

4™ root of .
Eigenvector
A P R product of (Priorities)

values

A 1 2 3 167.25 0.5396

P i 1 2 92.0417 0.2970

R 1/3 1/2 1 50.6528 0.1634
Total 309.9445

hmex = 3.009, Cl= 0.005, RlI=0.58, CR=0.008 <0.10k

Table 9 shows the results of multiplying eigenvectors from tables 7 and 8 by the eigenvector from table 6
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Table 9: Results of multiplying eigenvectors

Corrective Emergency Eigenvector
(0.1457) (0.6838) (Priorities)
E 0.1065 0 0.0155
B 0.0800 0 0.0117
T 0.1489 0 0.0217
L 0.2142 0 0.0312
A 0.3182 0.5396 0.4153
P 0.0818 0.297 0.2150
R 0.0504 0.1634 0.1191

Finally the final overall priorities of treatments of
distresses calculated by multiplying the eigenvectors of
treatments of distresses by the eigenvector of types of
distresses that shown in table 10. From table 10 the
eigenvector of the relative importance or value of D, C,
F, SC, SL, CH, MS, M, CP, HP, TC, TH, PA, O and RE is

(0.0286, 0.0162, 0.0292, 0.0494, 0.0523, 0.0753, O,
0.0194, 0, 0, 0.1609, 0.2063, 0.0771, 0.0603 and 0.0541)
respectively. Thus, TH is the most valuable and MS, CP
and HP are less significant.

Table 10: Final Results

E B T L A P R Overall
(0.0476) | (0.2252) (0.2962) (0.1473) (0.1249) (0.0848) (0.074) Priorities
D 0.0564 0.0627 0.0573 0.0801 0.0201 0.0392 0.0546 0.0286
C 0.1310 0.0878 0.0682 0.3725 0 0 0 0.0162
F 0 0.0993 0.0963 0 0.0447 0 0.0619 0.0292
SC 0 0.0712 0.0810 0.2530 0.0617 0 0.1114 0.0494
SL 0 0.1538 0.1373 0 0.0921 0 0.0780 0.0523
CH 0 0.1179 0.1633 0.1799 0.1129 0 0.1503 0.0753
MS 0 0 0 0 0 0 0 0
M 0 0 0.1203 0 0 0.0780 0 0.0194
CP 0 0 0 0 0 0 0 0
HP 0 0 0 0 0 0 0 0
TC 0.2388 0.1738 0 0 0.2077 0.2154 0.1895 0.1609
™ 0.5737 0.2336 0 0 0.2980 0.1354 0.3512 0.2063
PA 0 0 0.2763 0.1145 0.1627 0 0 0.0771
0O 0 0 0 0 0 0.2805 0 0.0603
RE 0 0 0 0 0 0.2515 0 0.0541
Table 11 shows results of priorites of and MS, CP and HP are less significant. For expert
judgments for six experts and average of their number 3, SC is the most valuable and MS, CP and HP

judgments. Where 1, 2, 3, 4, 5 and 6 represent
expression of six experts and 7 the average of their
judgments. The eigenvector of the relative importance or
value of distresses treatments is varying in values
according the judgments of experts. For expert number
1, TC is the most valuable and MS, CP and HP are less
significant. For expert number 2, F is the most valuable

are less significant. For experts numbers 4 and 5, F is
the most valuable and MS, CP and HP are less
significant. For expert number 6, TC is the most valuable
and MS, CP and HP are less significant. From the
average of judgments of experts, TH is the most
valuable and MS, CP and HP are less significant.

Table 11: Final results of priorities experienced judgments.

xperienced
7
Over. 1 2 3 4 5 6 Average
priorities
D 0.0361 0.0280 0.0404 0.0296 0.0529 0.0456 0.0286
C 0.0080 0.0118 0.0186 0.0231 0.0337 0.0067 0.0162
F 0.0484 0.1304 0.1368 0.1822 0.1567 0.0449 0.0292
SC 0.0552 0.1138 0.1422 0.1383 0.1538 0.0353 0.0494
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SL 0.0576 0.0764 0.0780 0.0689 0.1162 0.0378 0.0523
CH 0.0588 0.0621 0.0720 0.0615 0.1047 0.0481 0.0753
MS 0 0 0 0 0 0 0
M 0.0389 0.0248 0.0181 0.0186 0.0070 0.0374 0.0194
CP 0 0 0 0 0 0 0
HP 0 0 0 0 0 0 0
TC 0.1353 0.1152 0.0994 0.0901 0.1065 0.1526 0.1609
TH 0.1236 0.0949 0.0747 0.0665 0.0590 0.1262 0.2063
PA 0.0219 0.0187 0.0328 0.0363 0.0224 0.0546 0.0771
O 0.1309 0.0803 0.0606 0.0603 0.0215 0.1268 0.0603
RE 0.1174 0.0720 0.0544 0.0541 0.0193 0.1137 0.0541
[1I. CONCLUSIONS 3. Garber, N.J. and Hoel, LA. (2009), "Traffic and
. . Highway Engineering', 4™ edition, University of
The conclusions drawn from this work can be Virginia, USA.
summarized as follows: 4. Rogers, M., (2003), "Highway Engineering Manual",
The analytic hierarchy process (AHP) is an excellent Department of Civil and Structural Engineering,
me.thOd.’ which has.been ?pplied in. this study for Dublin Institute of Technology, Ireland.
estlmatlng the rglatlve yvelghs of different factors 5. Saaty, T.L. (1977). "A scaling method for priorities in
that considered in spatial analysis process to the hierarchical structures'. Journal of Mathematical
case of selecting a proper treatment for pavement. It Psychology. URL: Saaty T. L., (1980), "The analytic
provides a convenlent' approaph fo.r solving complgx hierarchy process', McGraw-Hill, New York.
MCDM * problems n - engineering. The _man-g Saaty, T.L. and Alexander, J. (1989), "Conflict
advantage of the ARP S its ab'.“ty to rgnk chopes n Resolution: The Analytic Hierarchy Process", New
the order of their effectiveness in meeting conflicting York
objectives. \ o ) _
The developed program AHPM (Analytic Hierarchy 7. Saaty, T. L (1996)‘ Decision Making for ]_eadgrs.
Process Model) is written by using MATLAB2008a. It The Analytical Hierarchy Prqcess fpr Decisions in a
can determine the best treatment for damages of Complllex World, The Analytical Hierarchy Process
pavements. The AHPM contains nine steps for Series”, Vol. 2. o
choosing the type of maintenance activity of asphalt 8- Saaty, T.L. (2005), "Theory and Applications of the
and rigid pavement. Those steps include the inputs Analytic Network Process", Pittsburgh, PA: RWS
of elements (criteria, sub-criteria and alternatives) of Publications. USA.
asphalt pavement and rigid pavement as weighs of 9. Saaty, T.L. and Vargas, L.G. (2006), " Decision
important of intensity. Making _ with Itlje Analy.tic Network Procgssz
In this study, comparisons matrices were developed Economic,  Political, Social and Technological
as weighs of AHP process according to judgments Appllcanons with Benefits, Opportunities, Costs and
of experts who have an experience in road Risks', New York.
maintenance projects. 10. Vahidnia, M.H., Alesheikh, A., Alimohammadi, A.

The (AHPM) software was applied to a case study,
which was a main road of University of Baghdad.
The result was yielding an asphalt thin hot mix
overlay as the required maintenance activity.
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Comparison of Isolated Pad Footing & Beam-Slab Isolated

Footing based on Varying the Footing Size and Grade of Steel
By Ishani Singal

Abstract- This paper presents a comparison of isolated pad footing with the Beam-Slab Isolated footing.
In this paper beams have been introduced in the isolated pad footing to accommodate the tension in the
footing. This in return reduces the overall depth of the footing. The design has been carried out to satisfy
the Flexural and shear values for the foundation as per IS 456:2000. The diameter of the bar is decided
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Comparison of Isolated Pad Footing & Beam-
Slab Isolated Footing based on Varying the
Footing Size and Grade of Steel

Ishani Singal

Abstract- This paper presents a comparison of isolated pad
footing with the Beam-Slab Isolated footing. In this paper
beams have been introduced in the isolated pad footing to
accommodate the tension in the footing. This in return reduces
the overall depth of the footing. The design has been carried
out to satisfy the Flexural and shear values for the foundation
as per IS 456:2000. The diameter of the bar is decided such
as to ensure that the area of steel provided is closest to the
steel required as per the Limit State Design. Graphs are
prepared to analyze the steel and concrete required for
varying sizes of the footing (starting from 1m upto 6 m with a
0.5m increment) and comparing the values for 415 and Fe 500
steel values

Keywords: isolated footing, excel spread sheet, size of
footing, soil bearing capacity.

[. INTRODUCTION

= ootings are the substructure of the building which
=== is in direct contact with the soil. It is responsible for

safely transferring the loads from the
superstructure to the soil. It develops stability and hence
prevents overturning of the building. Due to loads and
soil pressure, footings are generally designed for
bending moment (BM) and shear force (SF). In this
paper the design has been completed in reference to IS
456:2000.

Isolated footings are designed when high soil
bearing capacity is available at a shallow depth or the
columns are far apart carrying very less load. In isolated
pad footings (IPF), the lower portion of the footing is in
tension. Beams are added to reduce the tension and
hence reduce the overall depth of the slap. This
reduction in the depth of slab helps in reduction of the
concrete required.

Cost is a major factor in the construction
industry. With the growing cost of raw materials
attempts are made to reduce the raw materials used in a
footing. Optimization of the design of footing is one
technique employed in the industry for reducing the
cost. ' In this paper an attempt is made to reduce the
quantity of material required in the foundation by the
method of introduction of beams in an IPF.

Beam slab isolated footing (BSIF) is designed
to analyze the materials required to enable safe transfer
of loads from the superstructure to the substructure.
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Quantitative study has been carried out to analyze the
steel and concrete requirement for Fe415 and Fe500
grade steel. An attempt has been made to analyze the
values by varying the size of the footings for two grades
of steel.

[I. METHODOLOGY

While designing the rigid foundation, approach
has been followed. According to this approach it is
assumed that the foundation is rigid enough to bridge
the non-uniformities of the upward pressure acting from
the soil. Hence it is assumed that the pressure acts
uniformly throughout the soil. In this type of footing the
differential settlements are relatively low but the BM and
SF acting on the foundation is high. ©!

All the calculations for this paper are done by
preparation of Excel sheets. The Excel sheets were
prepared in accordance to the limit state method
mentioned in IS code 456:2000.

The upward pressure is assumed to be equal to
the Soil bearing Capacity (SBC) for carrying out the
analysis in this paper.

Throughout the paper certain parameters like
M20 grade of concrete, column dimension as
300*300mm and SBC as 600kN/mm? have been kept
constant. Calculations are carried out by varying the size
of footing and grade of steel.

Figure 1: Isolated Pad Footing

a) Isolated Pad Footing

1. Depth Calculation
Depth is found out by performing the BM check,
one-way shear check and two-way shear check. It is
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found that among the varying parameters, the depth of
the footing is directly proportional to the size of the
footing. Clear cover is taken as 50mm throughout the
paper to avoid corrosion as per IS code 456:2000.

The BM for the critical section is located at the
intersecting point of the column and the footing.

The minimum percentage of steel i.e. 0.12% for
HYSD bars as per IS 456:2000 has been taken for
calculation of depth for one-way shear. This process is
carried out iteratively to ensure that design shear
strength of concrete isgreater than or equal to nominal
shear stress. For one way shear the critical section is
located at a distance d (effective depth) from the face of
the column as per IS code 456:2000.

The critical section for two-way shear is taken at
distance .05 times the effective depth of the footing from
the periphery of the column. The nominal value of two-
way shear is equated to the Design value hence we
attain the depth require. Two-way shear check is
performed to ensure that the footing does not fail due to
the punching action of the column.

Further the highest of the three values is taken
as the effective depth for the footing. It is observed that
for footings of size 1m to 1.5m, the depth obtained by
one-way shear is taken as the effective depth of the
footing while for footings of size greater than 1.5m the
depth obtained from two-way shear check is governing
for both the grades of steel.

2. Area of Steel Calculation

All the diameter values for steel are greater than
or equal to 10mm and for stirrups they have been set to
8mm diameter or more. These values are taken to
prevent corrosion of the bars. As the diameter of the
bars decreases larger periphery of the bar is exposed to
the atmosphere hence greater is the corrosion.
Corrosion reduces the durability of the structure. The
diameter of the bars is assumed by ensuring the
minimum amount of steel required within the permissible
limits.

The area of steel is carried out as per IS 456.
This value is compared with the percentage of steel
obtained after iteration from one-way shear. For all the
sizes of footing the calculated are of steel is greater than
minimum value. Hence the calculated value is taken as
the area of steel for both the grades of steel.

The spacing is assumed to be the lesser of the
value obtained by calculation, 3 times the effective
depth value and 300.

For the calculation of development length (Ly)
difference in the projected length of the footing is made
with the value calculated by using the formula in IS
456:2000

3. Total Material required

Steel required is calculated by finding the
number of bars and then multiplying it with the length
and the weight per m of the bar.

© 2016 Global Journals Inc. (US)

Volume of concrete is obtained by finding the
gross volume of concrete for the entire footing.

b) Beam Slab Isolated Square Footing

1. Depth calculation for Slab

The depth of the slab is calculated by taking
half of the upward pressure while calculation of BM. This
is done to ensure that the deflection occurring at the
corners is equal for both length and breadth.
The deflection for cantilever slab is calculated by

WL o= WL (1.1)
8El 8El

W is the uniformly distributed load acting on the
cantilever slab (N/m)

L, and L, is the length of the cantilever slab in the x and y
direction respectively (m)

E is the Young’s Modulus for the given beam

| is the modulus of Elasticity for the given beam

Here L, is equal to L,. Hence, the upward pressure is
divided by 2.

The depth check is performed for BM and one-

way shear alone. The continuous beam prevents the
additional punching action from the column.
It has been observed that the depth of the slab is
governed by the one-way shear check for both the
grades of steel. Depth calculation for one-way shear for
BSIF is carried out in the same way as IPF.

2. Depth calculation for Beam

The depth for beam is calculated by carrying
out BM check. The entire load from the slab is
transferred to the beam while calculating the BM for the
beam. The load is assumed to be distributed uniformly
over the beam. Load from one slab is assumed to be
distributed evenly on two beams.

3. Area of Steel Calculation

The area calculation for slab and the beam is
carried out in the same manner as the IPF. In BSIF main
reinforcement for the slab is provided in one direction.
For the other direction, only minimum reinforcement is
provided. This is done as a part of the tension is taken
care by the insertion of beams in the BSIF.
Shear check has been performed for the beam and
8mm diameter 2 legged stirrups have been provided.
The diameter of the bar, spacing and the development
Length (Ly) value for the slab is calculated in the same
way as mentioned for the IPF.

4. Total Material required

The total amount of material required for the
slab is calculated in the same way as the IPF.

For beam the volume of concrete is added for
the extra depth of the beam. For main reinforcement, the
steel required is calculated by adding the weight
required in stirrups to the length times the no of bars in
the beam.



I11. RESULTS AND DiscussioN

a) Steel Quantity

In graph 1, as the size of footing increases the
percentage reduction in the steel requirement for BSIF
increases in comparison to the IPF for both Fe415 and
Fe 500. The values for the steel requirement have been
given in the table above.

This phenomenon is attributed to the provision
of main reinforcement in both the direction for the IPF.
While designing slab for the BSIF, main reinforcement is
provided only in one direction with distribution bars in

the other direction. This is done as the tension in the
foundation is kept in check by the beam reinforcement.

It is observed that the percentage reduction in
steel for BSIF in comparison to IPF is more for Fe 415
than for Fe 500. The graph is in congruence with the IS
456, which states that the area of steel calculated is
inversely proportional to the strength of steel.

From table 1, it can be noted that the steel
required for smaller size of BSIF is more than that
required for IPF. This trend seems to reverse for footings
of larger dimension.

Table 1: Steel Requirement
Fe 415 Fe 500
Side (m) , )
IPF BSIF % Reduction IPF BSIF % Reduction

1 12.2 16 -31.1 12.4 15.8 -27.4
15 34.5 49.6 -43.8 30 43.3 -44.3
2 911 113.4 -24.5 72.6 97.6 -34.4
2.5 174.7 212.9 -21.9 145 183.3 -26.4
%) 314.7 354.1 -12.5 257.5 306.5 -19
3.5 504.4 552.2 -95 415 472.2 -13.8
4 751 801.1 -6.7 630 689.3 -9.4
4.5 1085.1 1128.4 -4 888.9 977.7 -10

(5) 1522.6 1518.7 0.3 1226.8 1309.6 -6.7
5.5 2079.6 1984.4 4.6 1704.6 1727.8 -1.4

6 2677.2 2550.6 4.7 2182.5 2205.6 -1.1

All Values are in kg

b) Concrete Quantity

In graph 2, it is observed that with the increase
in the size of the footing, the difference in the
percentage reduction of the required concrete in BSIF
increases in comparison to IPF. The values for the
concrete requirement and the percentage reduction
have been given in the table above. From the table it
can be observed that the volume of concrete required
for BSIF is less than that required for IPF. The decrease
in the depth of the slab for BSISF in comparison to IPF
is the reason for the observed trend. For BSIF the load is
transferred to the beams from the slabs hence reducing
the depth of the footing.

A sudden increase in the percentage reduction
of concrete in BSIF in comparison to IPF for footing of
length 1m to 1.5m length is observed. This sudden
increase is due to the provision of minimum depth for
the footing (150mm). The depth calculated is less than.
15mm hence in both the cases the concrete required is
same for 1m footing.

The depth value for BM varies with the strength
of steel. This accredits to the fact that the depth

calculated by BM is inversely proportional t0 Xyma/d
value, which is inversely proportional to the strength of
steel as per the IS 456, where d is the effective depth of
the footing and X n. IS the maximum depth of the
numeral axis. When the depth attained by the BM
governs the calculation, there is a deviation between the
graph for the two steel values.
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Table 2: Concrete Requirement
Fe 415 Fe 500
Side
(m) IPF BSIF % Reduction IPF BSIF % Reduction
1 0.3 0.3 0 0.3 0.3 0
1.5 11 1 9.1 11 1 9.1
2 2.8 2.4 143 2.8 2.4 143
25 5.7 49 14 5.7 4.9 14
3 10 8.7 13 10 8.7 13
3.5 16.1 13.9 13.7 16.1 14 13
4 24.3 21 13.6 24.3 211 13.2
4.5 34.9 30 14 34.9 30.1 13.8
5) 48.3 41.4 14.3 48.3 41.5 141
5.5 64.4 55.3 141 64.4 55.4 14
6 84.1 719 145 841 721 143

All Values are inm

Graph 2: % Reduction in concrete quantity Vs size of footing
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c) Weight by Volume Ratio

In graph 3, it is observed that with the increase
in the size of the footing the percentage reduction in the
weight by volume ratio for the BSIF in comparison
follows a similar trend like the percentage reduction for
the steel. This is ascribed to the fact that the percentage
reduction in the steel is minimal in comparison to the
percentage reduction in the concrete.

The table indicates that more weight by volume
for IPF is less than that for BFIS, which indicates that
less steel in kg is required per m® of concrete.

us)

For Fe415 the percentage reduction in the
weight by volume ratio is more than that observed in
Feb500. This is because the percentage reduction in steel
is much greater in Fe 415 in comparison to Fe500
whereas the difference in percentage reduction in
concrete for the two steel values is negligible.

The percentage reduction of weight by volume
decreases sharply from footing of size 1m to 1.5m and



then increases. The abrupt fall in the percentage
reduction is due to the sudden decrease in the concrete

quantity for BSIF for footing of size 1.5m from footing of
size 1m.

Table 3: Weight By Volume
Fe 415 Fe 500
Side
(m) IPF BSIF % Reduction IPF BSIF % Reduction
1 40.7 53.3 -31 41.3 52.7 -27.6
1.5 314 49.6 -58 27.3 43.3 -58.6
2 325 47.3 -455 25.9 40.7 -57.1
2.5 30.6 43.4 -41.8 25.4 37.4 -47.2
3 315 40.7 -29.2 25.8 35.2 -36.4
3.5 31.3 39.7 -26.8 25.8 33.7 -30.6
4 30.9 38.1 -23.3 25.9 32.7 -26.3
4.5 311 37.6 -20.9 25.5 32.5 -27.5
9 31.5 36.7 -16.5 25.4 31.6 -24.4
55 323 35.9 -11.1 26.5 31.2 17.7
6 31.8 35.5 -11.6 26 30.6 -17.7
Graph 3: % Reduction in Weight of steel by volume of concrete Vs
size of footing
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All values are in Kg/m?®

IV. CONCLUSION

From the analysis performed on different
graphs the following inferences can be drawn

1. For BSIF in comparison to IPF, as the size of footing
increases from 1m to 6m the percentage reduction
in steel increases from -31.1% to 4.7% for F1415
and -17.4% to -1.1% for Fe500.

2. For BSIF in comparison to IPF, as the size of footing
increase from 1m to 6m the percentage reduction in
concrete increases from 0% to 14.5% for Fe415 and
0% to 14.3% for Fe500.

3. For BSIF in comparison to IPF, as the size of footing
increases from 1m to 6m the percentage reduction

in weight by volume increases from -31% to -11.6%
for F1415 and -27.6% to -17.7% for Fe500
4. Itis safe to conclude that BSIF can be designed for
footings of larger size with lower steel strength to
reduce the material required. This conclusion is
made taking size of the columns as 300mm, M15
grade of concrete and SBC of 600MPa.
Further research should be carried out on cost
incurred for the skill labor and various other parameters
like soil medium, column dimension while designing.
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> 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.

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

VI



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

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



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

Final Points:

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

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

General style:

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

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

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

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

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

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

Title Page:

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

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

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

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

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

®  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

e  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.

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

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

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

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

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

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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