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Using Crashed Bricks as Top Layer in Gravity Multimedia

Filtration
By Dr. Faez Alkathili & Dr. Monther Alalousi

Abstract- This research aims to eliminate the top sedimentation CAKE in gravity filtration for water
purification in almost all water treatment plants due of blocking of large turbidity particles on top
of first filter layer, it is strongly recommended to use a coarse materials that is lighter in density
from sand, and can be float above the sand layer during the filtration circle back washing, our
goal idea is to used crashed bricks due to its huge availability, cheep, high porosity &, less
specific weight, bricks well washed and crashed mechanically then sieved to perform the
required size, lab tests was made using waters supplied from city main network mixed with
controlled percentage of kaolin as turbidity. Chemical are used to coagulate suspended
materials before the filtration stage, chemical used include alum with some catalyst, such as poly
electrolytes.

Keywords: drinking water purification, filtration, water, crashed brick, sand, kaolin, turbidity.
GJRE-E Classification : FOR Code: 090599
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Using Crashed Bricks as Top Layer in Gravity
Multimedia Filtration

Dr. Faez Alkathili ¢ & Dr. Monther Alalousi °

Absiract-  This  research aims to eliminate the top
sedimentation CAKE in gravity filtration for water purification in
almost all water treatment plants due of blocking of large
turbidity particles on top of first filter layer, it is strongly
recommended to use a coarse materials that is lighter in
density from sand , and can be float above the sand layer
during the filtration circle back washing , our goal idea is to
used crashed bricks due to its huge availability ,cheep ,high
porosity &, less specific weight ,bricks well washed and
crashed mechanically then sieved to perform the required
size, lab tests was made using waters supplied from city main
network mixed with controlled percentage of kaolin as
turbidity. Chemical are used to coagulate suspended materials
before the filtration stage, chemical used include alum with
some catalyst, such as poly electrolytes.

An integrated 550 m high filtration unit was
constructed in the laboratory, it included four main units: an
axial flocculating unit, a filtration unit , injection unit for
pumping coagulants and clay materials, and a backwashing
unit, a piezometric board is also included to give reading at
each 10cm of filter height . Water is supplied to the system
through a constant head tank by gravity action. filtration is
done through two mediums ,a crushed brick layer2 to 5mm
sizes(30to40)cm deep and a quartz sand layer 0-.60to
0.75mm (30to40)cm deep.

The lab experimental test, using drinkable water
supply, with addition of kaolin (fine mud used as turbidity) to
increase turbidity & find the best combination of variables,
loading, to highest water yield together with highest efficiency,
experiments were run to find the effect of filtration rate, type &
depth of filtration materials, effect of coagulating material &
catalyst in addition to flocculation time and velocity gradient.
Results of above showed that:-

1. Suggested crashed brick should be washed perfectly to
clean away any salts that might be within the brick
materials, then sieved to have homogenous particles.

2. Al tests indicate the possibility of using crashed bricks as
top layer in gravity multimedia filtration with very positive
results,

3. Increasing efficiency through proper control of mixing,
turbidity, filtration rate and velocity gradient.

4. Experimental filtration gives V.good Results for filter
working cycle” filtration cycle increased to at least twice
double quantities of water production & best quality.

5. Labs tests shows a positive results on removing about
10%-15% TDS from influent water.

6. It is recommended to use polymer with alum for
coagulation for better Results.

7. Filtration efficiency increased to up to 98% at laboratory
Tests. When using the proposed crashed brick as first
layer.

Author a: e-mail: faiz_alkathily@hotmail.com

8. It is important to check Coagulant potential value for
better Results.

9. Crashed bricks have to be replaced with new layer after
approximate 60 cleaning cycle.

10. Tests also indicate that there will be presented an
intermediate layer between cashed brick and the top sand
layer “ this layer will be a mixed of proposed crashed
brick with top fine sand “ the tests also indicate that this
layer will be about 10 cm in thickness:.

11. All gravity filters have its own standard coefficient which is
called filtration coefficient “lumda”. during those
experimental test we tried also to calculate the values of
this coefficients” which ranged from 1 to 0.66 “

12. The new investigations are, when the filter depth is shorter
than 0.4 m, no significant efficiency is observed. For filter
depth ranging from 0.4 -0.8 m, a significant increase is
observed in the filter efficiency.

13. The filtration Rate slowly affect the removal efficiency
when filtration Rate < 4 m%/m?/h.

14. The removal efficiency reaches up to 80 %. When filtration
rate is 4 m¥/m?hr >filiration Rate < 12 m¥/m?/r.

15. With more increase in filtration Rate, the
efficiency comes down to less than 40%.

16. Only crashed brick is used in this study, it is highly
recommended to check the possibility of crashed stone,
crashed concrete, and even palm tree leaf.

Keywords: drinking water purification, filtration, water,

crashed brick, sand, kaolin, turbidity.

removal

I. PURPOSE

he purposes: compliance with treatment technique
Tregulatory requirements; targeting impurities; and

producing a longer filtration cycle and better water
purification. When source water is generally within the
turbidity range of 1 to 5 NTU, it may be a candidate for
water treatment gravity filtration.

[I. INTRODUCTION

Water  purification is the removal of
contaminants from untreated water to produce drinking
water that is pure enough for the most critical of its
intended uses, wusually for human consumption.
Substances that are removed during the process of
drinking water treatment include suspended solids,
bacteria, algae, viruses, fungi, minerals such as iron,
manganese and sulfur, and other chemical pollutants
such as fertilizers.

Measures taken to ensure water quality not only
relate to the treatment of the water, but to its
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conveyance and distribution after treatment as well. It is
therefore  common practice to have residual
disinfectants in the treated water in order to Kill any
bacteriological contamination during distribution.

World Health Organization (WHO) guidelines
are generally followed throughout the world for drinking
water quality requirements. In addition to the WHO
guidelines, each country or territory or water supply
body can have their own guidelines in order for
consumers to have access to safe drinking water.

Algae are common and normal inhabitants of
surface waters and are encountered in every water
supply that is exposed to sunlight. Algae typically range
in size from 5 to 100 microns.

Many microorganisms commonly found in
source waters do not pose health risk to humans, As
Filters represent the key unit process for particles
removal in all surface water treatment. Optimization
used prior to the filtration process will control loading
rates while allowing the system to achieve maximum
filtration rates. Using crashed brick as first layer in
addition to the other filter media such as fine quartzite
sand and gravel, may be considered as one of several
treatment processes that can be applied in combination
with others to produce potable water. Low turbidity (<20
NTU) and algae count in the order of 106 units/liter
among other factors,

[1I. HisTory oF THE GRAVITY WATER FILTER

1835... London, England.  Queen Victoria
recognized the increasing health dangers of the drinking
water supply. Cholera and typhoid epidemics were
commonplace.

She requested John Doulton (of later to become
Royal Doulton), to produce a water filter with his ceramic
making capabilities.  Using various earth and clay
materials, he created the first gravity water filter
stoneware, Doulton water filters. With her satisfaction in
the filter, Queen Victoria bestowed upon Doulton the
right to apply the Royal Crest to each of his units.

1862...John Doulton’s son, Henry Doulton
introduced the Doulton Manganour (new, efficient
purifying medium which could be readily renewed),
carbon water filter. With Louis Pasteur's new findings
about bacteria in this same period, a more advanced
understanding of bacteria made it possible for the
creation of a porous ceramic which could filter out tiny
organisms. Gravity fed water filtration! And the
Berkey...? We're getting there...

1901... King Edward VIl knighted Henry Doulton
and honored his company use to the word ROYAL in
reference to its products. Hence the name “Royal
Berkey”, one of the larger gravity water filter units
available today. Doulton’s water filters gained popularity
and wide spread use by hospitals, laboratories and
residential water filtration throughout the world as far
away as Africa and the Middle east.

© 2016 Global Journals Inc. (US)

Throughout the decades, the Doulton company
modified the ceramic filters by adding small, pure silver
particles (anti-microbial), which made the filter elements
self-sterilizing and they registered the trade name
“British Berkefeld”. Once these improvements were
made, the gravity filters became popular with, and
trusted by relief organizations such as UNICEF, the
Peace Corps, Red Cross and used in over 140 countries
throughout the world.

1998...Through a distribution partnership with
British Berkefeld, the US based company, “New
Millennium Concepts”, began distributing their products
locally. NML pushed the envelope of the product and
created the “Black Berkey” purification element. Black
Berkey purification elements are more powerful than any
other gravity filter element currently available. They were
tested with 10,000 times the amount of pathogens
required for standard protocol and removed 100% of the
pathogens (tested under an electron microscope),
setting a new standard in water purification.

IV. PROCESSES FOR DRINKING WATER
TREATMENT

A combination selected from the following
processes is used for municipal drinking water treatment
worldwide:

e Pre-chlorination - for algae control and arresting any
biological growth

e Aeration - along with pre-chlorination for removal of
dissolved iron and manganese

e Coagulation - for flocculation

e (Coagulant aids, also known as polyelectrolyte - to
improve coagulation and for thicker floc formation

e Sedimentation - for solids separation, that is,
removal of suspended solids trapped in the floc

e filtration - removing particles from water

e Desalination - Process of removing salt from the
water

o Disinfection - for killing bacteria.
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Traditional water Treatment pant Flow Diagram - Using Rapid Gravity Filters

Technologies for potable water treatment are
well developed, and generalized designs are available
that are used by many water utilities (public or private).
In addition, a number of private companies provide
patented technological solutions. Automation of water
and waste-water treatment is common in the developed
world. Capital costs, operating costs available quality
monitoring technologies, locally available skills typically
dictate the level of automation adopted

V. EFFECT OF FILTER DEPTH ON THE
REMOVAL EFFICIENCY
It is well known that, the filter depth has a direct
relation with the filter efficiency, i.e., increasing the filter
depth will increase the filter efficiency. Effect of filter
depth on the removal efficiency.

b4

z , Ref.12
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Rise and Fall in Rate Coeff. K with specific deposit in a constant head filteration

The new investigations are, when the filter depth
is shorter than 0.4 m, no significant efficiency is
observed. For filter depth ranging from 0.4 -0.8 m, a
significant increase is observed in the filter efficiency.

C a

{ r - 0.
o

1 Concentration of turbidity removed
through filter media

VI. EFFECT OF FILTRATION RATE ON THE
REMOVAL EFFICIENCY

1t - The filtration Rate slowly affect the removal
efficiency when filtration Rate < 4 m®¥/m?/h.

2" — The removal efficiency reaches up to 80 %. When
filtration rate is 4 m®¥/m?/hr >filtration Rate < 12 m3/m?¥
hr,

3 - With more increase in filtration Rate, the removal
efficiency comes down to less than 40%.

‘ H S
e
‘ Hy
Ho
0 ==
‘ "‘_1 Head losses through multimedia filter

EFFECT OF MEDIA PARTICLE S1ZE ON
REMOVAL EFFICIENCY

VII.

The Media particle size strongly affects the filter
efficiency.

1% - High effect of grain size on the performance of
direct filtration. Removal efficiency comes down to
insignificant value at using particle of size >5mm.

2P - Particle size of 0.1-2 mm is recommended. At
some cases of pre-treatment work, particle size greater
than 3 mm may be of use.

Lol o C c, 0 _@ G
|
! {
l Deposit inside filter media with reference to time and depth
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VIII. EFFeCT OF ALUM DOSE CONCENTRATION
ON THE REMOVAL EFFICIENCY

Several factors may Govern the optimum dose
of alum such as, size of Turbidity particles, turbidity
level, and the G potential of Coagulation, surface
loading, etc. many studies shows the effect of coagulant
dosage on the performance of direct filtration, some
stated that, there exist an optimum dose at which the
filter produces high effluent efficiency.

IX. FILTRATION MECHANISM

Filtration depends mainly on kind of particles,
and the filter media. In addition to Rate of filtration,
Dosage and type of coagulants Used In general One or
more of below factors affect the filtration:-

ATMOSPHRIC-PRESSURE

L, H LIMIT

]

1% - deposit mechanism, as the particles bigger than the
size of media porosity will be settled over the media,
also the suspended solid take a specifies path depend
mainly on porosity but even though some of the
particles pass through the media, as there are some
factors affecting the mechanism such as direct
distortion, Brownian movement or van der wave forces,
2" — fixation mechanism, which is the sedimentation of
particles over the filter Surface as part of slow filtration
flow, or vibration of particles because of different
electrical charges ,or van der waals forces.

39 — detachment mechanism, as part of above forces
and particles being catch either over the surface /or in
side media porosity, the filtration rate may increase, and
the flow may change from laminar flow to Turbulent, so
particles may separated again and move deep or even
pass through the filter media, this can be solved using
stronger polymers, and variable filtration flow,

To solve above we can do either

© 2016 Global Journals Inc. (US)

terminal headloss

Haadloss

i e e e e [

filtration qualitv limit

Filter Ef[luent Quality

__________________ ]
Lo .|
Volumeof Water Filtered perUnil Area of Bed
Ref.22
1 — increase particles size inside the media be

injecting polymers inside the filter.

2" — reduce particle size inside the passing solution by
pumping water from down to up.

3"~ Reduce filtration rate. Inside each layer. Which can
be done using radial filtration?

X. THEORETICAL ANALYSIS OF FILTRATION

As deep filter media used to inshore removal of
collides, then continues increase in head losses till the
filter reach its blocked stage. And then Back wash
should be done.

Espenmental tasfs.

coeftof permeability K

specific depnsit, o

Fall in Rate Coeff.K with specific depasit in constant rate filtration

XI. LABORATORY TESTS PERFORMED

An integrated 5,50 m high Direct filtration unit
was constructed in the laboratory, it included four main
units: an axial flocculating unit, a filtration unit , injection
unit for pumping coagulants and clay materials, and a
backwashing unit, a piezometric board is also included
tot give reading at each 10cm of filter height . Water is
supplied to the system through a constant head tank by
gravity action. filtration is done through two mediums ,a
coarse media layer with 2 to 5mm sizes (30to40)cm
deep, and a quartz sand layer 0-.60to 0.75mm
(30to40)cm deep.

The first stage included the laboratory
procedure, using the constructed filtration system,
Baghdad water supply was used, with the addition of



kaolin (fine mud used as turbidity)to increase turbidity to
find the best combination of variables, loading, to
highest water vyield together with highest efficiency,

experiments were run to find the effect of filtration rate,

AR 1
Ly’

type &and depth of filtration materials, effect of
coagulating material and added catalyst in addition to
the control of flocculation time and velocity gradient.

i
ot Ficg
i
e -
ot S
ard bkt wo)
winier i 1 ‘
i
’J_HZM ikader
Al
T\L
T
| <|l|
11 b
IR
i | | Flocculator system used at the lab.test
== _l; Lo A
iy
I -—;'_ Constant head water tank
[ 5
— 0 gy
-;_ﬁ.;’LT.J...b
] I—-wd"“

A

Filtration

0 e gEWE

a) Filtration Unit

As this study is very important, and to get best
results, a complete filtration unit is constructed at the
lab. Filter depth is according to real gravity filters with
surface area of 0.0246m2, and filtration rate up to 750
I/h . a serious of tests was made with different filtration
media and depth to achieve the best results.

Alla experimental test are perfumed using
constant rate filtration as the water level will stay
constant throughout test time, which in another words
the filtration rate will be variable all the time depending
on the deposit of turbidity within filter media voids,

b) Additional apartments used with the lab. Tests
Turbidity reader in FTU “DRALANGE-LTD,5”

Magnetic mixer “Magnetic stirer KAMAG RET, TYPE
RET, 620 W”

Turbidity injection pump “STA-PERLSTIC PUMP,
LABSCO."
Mixer type LASCO Germany

PH Reader "LAVIBONDA, 2000”
Conductivity & Temperature reader “PHILIPS, PW 9525”
Digital balance “SARTORIUS, TYPE 1501”

© 2016 Global Journals Inc. (US)
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Air compressor “KHOSLA, INDIA 2.2 KW, 400 R.P.M”

c) Materials used in the test

See table No.1

1. Corse sand type 1 & 2, effective diameter 0.75
millimeters and homogenous factor of 2,66.

percent

sieve analysis
£r R e ¢ g

2. Coarse crashed brick, effective diameter
millimeters and homogenous factor of 1,45.

«————}——hydromeler analysis .

” nox @ weom
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3. Fine crashed brick, effective diameter 2,90
millimeters and homogenous factor of 1,37.
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4. Homogenous gravel, Coarse crashed

effective diameter 8 - 10 millimeters.

| —— hydrometer omalysis.

percent
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d) Jartest flocculation, and clearly indicates that 15 milligram /
Jar test was done to define the best quantities litters is the optimum.
of coagulant to be injected each time all water test done Second group of test was performed fixing alum
at the past years indicates that the maximum turbidity — dose as 15.0 milligram / letters, and variable speed from
not exceed 320.0 milligram per letters (p.p.m) equal to 20 to 500 rpm for 20 minutes.
FTU=21.5 (FORMAZIN TUBIDITY UNIT ).
Alum was injected at the rates 5,10,15,20,25
milligram/litters,  attached  diagram  shows the

Relation between FTU and PPM for tap water jar test No.1

for tap water test #7

concentraficn
of turbidity

R ¢ a4 4 1w ® @ omom

ERN Time in Minutes

Also number of test was performed to find best  turbidity “C” from time to time to calculate the filter
velocity and best time of mixing. results as per attached  efficiency,

fig.
*» EFEZ2ISFTU
e) Depth of crashed brick to be used
To establish the best depth of crashed brick hessinem *1 \ TN R
Type-1,physical property for the used media are shown N -
. s
in the table below :- \ )
\\anmg/L \
specihicaignS o[> = T £ [, 0 L “ 05 o A
SEg|=E| @ a'c.r. =] = E?g UEmgA \
CEE S BagD Dy [ D g “ .
Imaterial. ™ gig%g ,_% g-? Bo {950 |Os0 %E = ?gﬁ A
sand typ. 1 0205)1775 30.799)25651 0,60| 058 |065 §0.,70 | 0,60 11656 065 |11206| e
[sand typ. 7 |05 [1563[375062,511 |0.75 | 090 |18 [2.00]0,75 12.6666180 {2.00 o i
im@@y 2471{4 50 (430 |700 800 |4,50 J1777 |7,00 |i563
jer.brick typ.2[ 4155 [1,145 52.7032AZWL290 3.003,50 [4,00 [ 2901379 [350 ‘Lﬁﬁﬁ o - - -
i 21131 [0.553] 531 [e0. 567576 | e e

TABLE NOC! J-

Pezometric Head with respect ta Depth for diferent times

Number of experimental test was performed by
fixing filtration rate at 220 | /hr. and influent turbidity
“Co” equal to Av=21.5 F.T.U which equal 230 milligram
/ litter (p.p.m), alum dose 15.0 milligram / litter (p.p.m)
and depth of sand media 30 ,40 cm, calculating effluent

Figures bellow indicates the relation between
filter efficiency with respect to different crashed brick
depth together with 20 & 40cm sand media,

0 1
» % =78.18 +0.35 (Depth cm.) " Sand 30cm , filtration 220 I/hr. Efflount = 21.5 F.T.U
5 40cm Sand type-2 , filtration 220 I/hr , 21.5 5

% % =71.89 +0.45 (dEPTH CM.)
»

c.0.c=0.88

- »
- C.0.c=093 w [
» £
w w |
= w
t 0

»
Efficancy of Efficency of g

filtration' 1% filtration (%)
w w |
"
“
"
w
a
w
w e
T e S . W B o oW oW oW ow o m om W A
M DA N cm. of crashed brick used together
em. layer of crashed brickused with 30cm sand Type.2
figure shows the relation between cm. of crashed Fig. show the relation between filtration
brick & efficiency of filtration efficcency & Deoth of sand 30cm.

© 2016 Global Journals Inc. (US)

(E) Volume XVI Issue III Version I H Year 2016

O’ln(‘,Cl'll’lg

&S

Global Journal of Researches in En



Global Journal of Researches in Engineering (E) Volume XVI Issue III Version I H Year 2016

USING CRASHED BRICKS AS TOP LAYER IN GRAVITY MULTIMEDIA FILTRATION

Results show clearly that the efficiency of
filtration increased up to crashed brick layer of 40 cm,
then the efficiency droped. According to this information
the sand layer is fixed to be 40 cm and the crashed

Depth of filter Bed in

Pezometric head verse depth of filter bed fo difrent T

XII. EXPERIMENTAL TEST AT LAB

A number of experimental test perfumed at lab.
Using drinking water from city main mixed with
controlled kaolin as turbidity, tests divided in groups
where all variables are fixed and only one character is
changed to study the results. About 20 full lab. Tests are
chosen from 68 tests for this study as final results.

Coagulants used in the tests is Alum with
dosing rates of 15.0 milligram / litter ,in groups 1,3,5 ,
and alum with Polly electrolytes dosing rage 0.1 to 0.01
milligram / letter in groups 2,4,6 .

Filtration rates wused in lab. Tests are
125,220,327.3,514.3 letter / hr. “equal to 2.6, 6.25 9. 43,
14.82 m3 /h respectively “

Filtration media multiple media filters are used,
crashed brick and sands are as described previously.
Tests results are shown in bellow figures:-

© 2016 Global Journals Inc. (US)

brick layer type-1 is fixed to be 40 cm during the
following experimental tests

o ®
Depth of filter Bed in cm,

Efflunt concentration verse depth of filter



[irst Group [esi

Variable filtration Rate
Coagulant: Alum 15.0 mg |
Sand: Iype 2
Depth of Filtration Vedra: 40cmi
coerecate laver : 10 cni

SPECIFICATION, TEST NO. L1 [TEST NO.2 [TEST MO, T [TEST NO.4
FILTER Tv[F DUAL MED.| DUAL mMED.| DUAL MER.| DUAL MED.
SAND TYP. MO, Z NO. 2 ND L2 NO.2
BAND DEFTH IN CM. 40cm. 4%cm. Acm. 40cm.
CRASHED BRICK TYF. NO, L MO. 1 NO. 1 NO.1
BRICE DEFTH [N CH. 40cm, arcm. Jidcm. Jcm.
GRAVIL DEFTH IN CH. L2cm, Lem. Lidem, Lidcm.
FILTERATIN RATE. F27.3ILSHR] LZEL/HR S514.3L/HF Z20LAHR
IMEILUNT TURBIDITY. 2?2 FTU 23 FTu Z1.8FTU 2.7 FTU
23&.7MG/L] 2472060 274, lmg/l| 246.7mg /1
EFFLOUNT TUSIDITY. 1.2LFTU L.O714FTU 4. 535FTU L.B75 FTU
1F.0mgsl
EFFICIENCY (YD 74, 57 9. R4y TA. 57 1.74%
WATER TERMFRETURE. 15.6 £ 16.46 C 168 © 14,4
=1R 7.4 i 7.4 FH 7.4 EH 7.4 FH
COABULANT . TYF. artH AL L+ ALLim ALLM
COAGILAMT DOSEtmasl) 1S.0mgrsl | 15.0mg /L LS.qufl 1S5.0ma/l
VELOSITY GRADENT (G} (P, 5241 {25.%77) {166,587 {Z2.873)
TIHE FOR . BACK WASH. 29 HE 49.1 HF 17.54 HR~ | 483.2 HI?
TIME FOR TO7AL HEAD 18.48 HR 3% HR R < 5 Zé.1 HR
LNSSES =00 cm.
TOTHL WATER FPROD. Y077 L A537.5 L | @&3.1 L | 1021738.350
TOTAL WATER FROD.TIt| S7&0 L TRI7.S L | 4442, 3 L | B070.3 L
T.H.L=80 cm.
T.H.L VERSUS TIME {372 (37 (X7 (37D
SEE FIG NO.
WATER LEVEL VERSLIS (34} (34} (24 {(36)
TIME(SEE F15 ND.?
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Fixed filtration Rate
Coagulant: Alums.0mg/I
+Polyelectrolyte 0.1mg/l

Sand: Type 2
Depth of Filtration Media: 40cm
Aggregate layer : 10 cm

VYERS8US T.H.LISEE FIG
ND. }

SPECITICATLOMN. {TEST NO. S [TEST NO.& [TEST NO.7
FILTER TP DuAaL I'IED7 DUAL MED.|] DUAL HED.
SANE TVP. NO.Z MO, 2 NOL 2
SAND DEPTH IN Ch. S0cma 40ecm. 40em,
CRASHMED BRILCK TYP. NO. 1 NOL 1 MO, 1
ERICK DEFTH IN CH. 40Cm. Hem, 40cm,
GRAVIL DPEPTH IN CM, LCCm- 10¢m, {Ocm.
FILTERATIN RATE. 220 L/HR 20 L/HR ) 220 L/HR
- TMELUNT TUREBLID1TY. 8.12 FTL | 37.29 FTY 21.5 FTU
S57.5ng/1 | 432.5mg/ L 231.5mg/1
EFFLOUNT TUBIDITY. L.313FTU | L.257FTU | L.975FTU
- 13.0mgri
EFEICIENCY () AJ.83% ?5.425% ?1l.35TY
WATER TFMFRETURE. 1.4 C 14,8 C 13.x C
FH 7.4 PH 7.4 FH 7.4 FH
CORGULANT. TYF. ALUM+POL Y] ALUM+20 Y] ALUR=-FOLY
CORBULANT DDSEimg/1ld 5.0 ALUMH 5.0 aALUMH 5.0 ALUM+
0.1 POLY.) 0.1 FOLY.) 9.1 POLY.
VELDS{TY GEADENTLR) | (S0.814) | {99.5408)1] {49.720%)
TIME FOE BACK WASH. 43 HR lg. 4 HE 2B. % HR
TIiME FoR TOTAL HEAD | 22 HR 7.1 HR 1.7 &R
LDSSES =80 cm.
TOTAL WATER FROD. B&L2. S I920.8L | Sdgy. 4L
TOTAL WATER PAOD. TIL] 4242.5L 1927. 3L 2749, 4L
T.H.L®80 cm.
T.H.L YERSUS TIME {45) {45 (44
SEE FIG NO.
WATER LEVEL VYERSUS {44) aé) {14)
TIME(SEE FIG MO, )
WATER FRODUCTION (a9, taan (44}

-
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Third Group Test
Fixed filtration Rate
Coagulant: Alum 15.0mg/l Sand: Type 2

Depth of Filtration Media: 40cm

Aggregate layer: 10 cm

SPECIFICATION. TEST NU.B [TEST HO.9 [TEST NO.1q
FILTER TYF DUAL MED. DUAL M. DUAGL mED.
SAND TYP. Nq.'Z w32 NOL 2
SAMD DEPTH' IN CM. 40cm. &0cm. a0cm,
CRASHED. BRICK TYP. | Mo.1 NG X ne. 1
BRICK DEPTH IM CH. 4Qcm. 3Qcm. 4ch|.
SBRAVIL DEFTH IN CM.| 1dcm. toca, 10cm.
FILTERATIN RATE. 220 LAHR [ 226 LAHR ) 220 L/HR
INFLUNT TURBIDITY. { 9.1 Fry | 395 FYU | 21,87 Fru
70, 0hmg/ 1 442, %mg/l] 2750 Img /)
EFFLOUNT TUBIDEITY. LLAZSFTU | 1.48868FTU ] V. 74FTU
EFFLCIENCY (R] B1.56% es.77ay | 92, 004y
WATER TEHPRETURé- 1.4 C 14.2 € 17.6 C
EH 7.4 PH 7.4PH | 7.6 PH
COAGULANT. TYD, ALLYH ALUM ALUM
COAGULANT DOSE(mg/2Y 15.0mn/1 } 15.0mg /1 ) 15, omg /1
VELD-I‘."ITY GRADENT (G) | 151.2841H (55,043 | (52,4577
TIME FOR BALCK WasH, 28 HR 14 HWR & HR
TIME #OR TOTAL HEAD | 14 HR i HR 146 HR
LDSSES =0 rm.
TOTAL WATER FROD. S202.506L | 3340, 5L 205751
TOTAL WATER PROD. TIL) Ta42.44L | 2440.5C | 33230730
T-H.L=80 cn.
T.H.L VERSUS TIHE (54) ts) (=47
SEE FIG ND,
WATFR LEVEL VERSUS (833 {53} 1932
TIME{(SEE FIG NO.)
WATER PROPUCTIONM 52} (22) [oral
vﬁg.su;us T.H.L(SEE FIG
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Forth Group Test

Fixed filtration Rate

Coagulant: Alum 5.0mg/[ +
polyelectrolyte 0. 1mg/I

Sand: Type 2

Depth of Filtration Media: 40cm
Aggregate layer: 10 cm

SPFECIFICATION, TEST NO.LLTEST NO. LZTEST NO. LT
FILTER TYP DUAL MED.| DAL MED.| BUAL HED.
SAND TYF. NU. 2 NO. 2 NO. 2
SAND DEFPTH 1In CrH. 10cm. 40Cm. 40=m.
CRASHED BRICK TYP. NO. L NO. 1 NO, 1
BRICK DEFPTH IN CM. 40em. 40cm. 4dcm,
GRAVIL DEPTH IN CH. | 1ocm. 10em. 16em.
FILTERATIN RATE. 220 L/HR | 220 L/HR | 270 L/HR
INFLUNT TURBIDITY. 36.73 FTU  26.9 &TY | 1115 FTY:

427.3m3/ 1) 208,4ma L] 36.55m 1
EFFLGUNT TUBLGITY. L.02 FTU | 2.5 FTU | 1.25 FTU

ERFICIENCY (Y2 Q7. 22% qL.722» b )
WATER TEMPRETURE. LR S T 12.2 C ‘J,_g__f:

rH 7.2 PH 7.4 FH 7.4 FH
CoaBULANT. TYF. ALUM+POL hLLIH+F'|:IL‘1J ALUM+POLY

COAGULANT DOSE(mgsLl) S.9 ALUMY 5.0 ALUMY 5.6 allt+
Gl pOLY 0.0y FCLY] 0,01 POLY
VELDSITY, BRADENT (&} (L1.0I98)] (50.5386)| t4T.7902)

TIME FOR  Bock wastl & Hi 3& HR 22 MR
TIMZ FDOR TOTAL HEAD ) T.% LR 17 FR 12 R
LOSSE3 =30 =m.
TOTAL WATER FKCD. 1832.25L | 7924.8330 308BsL
TOTAL WATER FROD.TI1] 9584.BL 3744.533L 27860
T.HaL=BO =,

T.H.L VERSUS TIMmE (42) (&2) 521
SEE FIG NO.

WATER LEVEL VERSUS (L1 {&1) (611
TIME(SEE FIG NO.)
WATER PRODUCTION (40} (40} (601
VERGIS T.H.L{SEE FI

NO. )
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Fifth Group Test
Fixed filtration Rate

Coagulant: Alum 15.0mg/l
Sand: mixed Type 1+2(1:1)

Depth of Filtration Media: 40cm
Aggregate layer: 10 cm

SPECIFICATION.

FEST NOD. 14

FEST NO. ISTEST ND. 14

FILTER TYP
SAND TYF. )
‘$AND DEPTH IN CM.
- CRASHED ﬁ&lﬁk TYP.;
. ““BRICK DEFTH IN Cit. :
| GRAVIL DEFTH IN CM.
FILTERATIN RATE.
INFLUNT TUREIDITY.
EFFLOUNT TURIDITY.
EFFICIENCY ()
WATER TEMFRETLURE.
FH
COABULANT. TYP.
COABULANT DUSE (mg/})
VELOSITY GRADEMT (D)
TIME FOR BACK WASH.

TIME FUR TOTAL WEAD
LDS3ES =80 c¢n.

TOTAL WATER FROD.

TATAL WATER FPROD.TIL]
T.HL=H] =m.

T.H.L YERSUS TIME
SEE FIG NO.

WATER LEVEL YERSUS
TIME(SEE FIG NO.)

WATER PRODUCTION
VERSUS T.H.L(SEE £1g
NO. ¥

pUAL MED,
NO, (1+2)
$lild
4Qcm.
ND.Z
30cm.
10ck.
220 L/BR
15.7858FTU
130.é4mg/ 1
1, 745ETU
87. 1974
11.1 C
7.4 FH
ALUM
1%5. Omg /1
(GL. 0859
HR

23 HR

PF33. 6L,

S54TB. 6L
{7Q)

145

(682

[ Nﬂ.z‘

DUAL ™ED.
NO, (1+2)

LY B & 7
4Q0ecm.
i i

30cﬁ."?
IQ:&. :i
220 L/BR
29.897FTU
338.9Smg /1
1.Z33FTU
?E.8A&Y .
16.5 C
7.0 PH
ALUM
15.0mg /1
(51.304862)
29 HR

20 HR

FIea. L

S047.3L

puAaL HED.
NO. (1 +2)
{1:1).
4Qcm.'
ND.2

30cm.

Rl T s

220 L/HR  °

B.B75FTU
&7.15mg/1
L.217FTU
&6.28¥
11.1 C
7.4 PH
ALUM
15.0mg/1
(S1.03%94)
43 HR

25.% HR

11780, 251

5629, 2501
[ dall

{6

(&8)
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Sixth Group Test
Fixed filtration Rate
Coagulant: Alum 5.0mg/l + Polyelectrolyte

0.01mg/l Sand: mixed Type 1+2(1:1)
Depth of Filtration Media: 40cm

Aggregate layer: 10 cm

SFECIFICATION. TEST NO. L7[fEST NG_lBFEST NO.19TEST h.20
FILTER TYP DUAL MED.| DUARL MED.| DUAL MED.| DUAL MED.
SAND TYF. HO- CL+2y | MO, (L+2) [ NO. (L+2) | NDO, (1+2)
1:1) t1211) (=1} f1:1)
SAND DEFTH IN CM, Acm, A0Cma fGcn. 4Qcm.
CRABHED BRICK TYF. ND,. 2 ND, 2 NO. 7 NOL.Z2
BRICK DEFTH INM CHM. 20cm. Tlcm. 30em. 30cm.
GRAvIL DEFTH 1M Cri. | LOcm. 10cm. 10ecm. 10em
FILTERATIN RATE. 220 LLAHR | 220 LAHR | 220 L/HR | 220 LsHR
INFLUNMT TLRBIDITY. 20.375FTU| 12.98FTU | 8.95FTU 37.8%FTU
280.4mg/ 1) 1202 3mg/ 1] 68.1mg/1 | 441.3mg /]
EFFLOUNT TUBIDI Y. L Z7SFTL | L. 237FTU | 0.755FTU | 1L.0417FTU
EFFICIENDY ) P4, 5% B4.482% 91.561' 97.257%
WATER TEMFRETURE. 1.4 © .8 L 1.2 C ii.a C
FH 7+% FH 7.4 PH 7.4 FH 7<8 FH
CORGULANT. TYF. ALLIM+=0LY| ALUM+FOLY| ALUM+FDOLY| ALUM+FOLY
COAGULAMNT LUSEGNg/1)] S0 ALUM| .o ALUMH S.0 sl U | 5.0 ALUM+
L.21 POLG Quul POL.G] O.01 POLL] 20l POL.,
VELOSITY GRALDEMT(G) (S0.70%94)| (20,7202 (S0.9%861) (50.8234)
TIRE FAR 'DACK WASH.| L7 MR 78 HR 105 HR 44 HR
TIRE FAR TATAL HEAD | 25 kA A HR 47 HR z HR
LOS3ES =£0 cm.
TOTAL WATER FROD. AF0L L790b.7L | 22672.7L | 3718.5L
TOTAL WATER FROD.TIiLl &4STL 8704, 7L 10352,6L | 985350
T.H.L=80 cm. .
T.H.L VERSUS TIME (78} 7en (78) (787
SEE FIG NO.
WATER LEVElL VERSUS (g tv7l (77 L
TIFE(SEE FLG NG. !
WATER PRODUCTION (70l (&) 17h2 {7a)

VERGUS T.H.L{SEE FI{
NG, )
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XIII. RESULTS

Suggestion of the use of crashed brick, washed
perfectly to clean away all salts that might be within
the brick materials, and sieved to have homogenous
particles.

All tests indicate the possibility of using crashed
bricks as top layer in gravity multimedia filtration,
Increasing efficiency through proper control of
mixing, turbidity, filtration rate and velocity gradient.
Experimental filtration gives V.good Results for filter
working cycle” filtration cycle increased to at least
twice “, and quantities of water production& Quality.
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Labs tests shows a positive
TDS within the supplied water.
It is recommended to Use Polymer with Alum for
Coagulation for better Results.

Filtration efficiency up to 98% at laboratory Tests.
When using the proposed crashed brick as first
layer.

Minimum depth of sand media is calculated to be
20 cm.

It is important to check Coagulant potential value to
have better Results.

Crashed bricks have to be replaced with new layer
after approximate 60 cleaning cycle.

results on removing



11.

12.

13.

14,

15.

16.

17.

18.

Tests also indicate that there will be intermediate
layer between cashed brick and the top sand layer :
this layer will be a mixed of proposed crashed brick
with top fine sand , the tests also indicate that this
layer will be about 10 cm in thickness:.

Results of experimental tests indicate the efficiency
of filtration increased up to crashed brick layer of 40
cm, then the efficiency droped. According to this
information the sand layer is fixed to be 40 cm and
the crashed brick layer type-1 is fixed to be 40 cm
during the following experimental tests.

Specific coefficient “Segma “ value is calculated to
be “ranged from 0.015 to 0.135 ,see attached figure
The increase of deposit inside the filter media with
time will cause continues change in filter porosity;
below figures indicate these changes for different
type of filter media.

Coefficient of permeability increased in value when
head losses ratio decreases. Attached figure shows
this elation for different type of filter media.
Production of water with reference to deposit
parameters. This relation theoretically should be
linear, but experimental tests give parabolic elation
due to : at the beginning of filtration cycle the filter
media is clean and the deposit will be settled within
the porosity randomly ,with time the deposit will be
more regular, this unsymmetrical relation is due to
the value of “beta”

Relation between maximum water production can
be achieved theoretically compared with real water
production are shown below, maximum percentage
is 74% , from group test NO.1.

Results also indicates the advantages of using
valuable filtration rate compared with fixed rate
filtration “ filtration rages from 3.6 to 14.0 m3/m2/hr”.
All gravity filters have its own standard coefficient
which is called filtration coefficient “lumda”. during
those experimental test we tried also to calculate the
values of this coefficients” which ranged from 1 to
0.66

XIV. RECOMMENDATION
Only crashed brick is used in this study, it is

highly recommended to check the possibility of crashed
stone, crashed concrete, and even palm tree leaf.

2.

3.

4,
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Reliability Analysis of Timber Roof Truss
Systems using Genetic Algorithm

Magaji S. * & Abubakar I. °

Abstract- Structural reliability analysis was carried out on the
Mansonia alfissima timber, to ascertain its structural
performance in timber roof truss system. Structural analysis of
the timber truss was in accordance with Eurocode 5 (2004)
and was carried out under the Ultimate Limit State of loading.
A developed MATLAB (2010) programme was employed for
reliability analysis of the timber roof truss of Mansonia altissima
timber so designed, to ascertain its level of safety using GA-
based First-Order Reliability Method. The uncertainties in the
strength and load variables were accommodated in the
reliability analysis. The result of the analysis revealed that the
Joint failure mode is the critical safety index that is minimum
safety index among the failure modes of the truss under the
design conditions. The Mansonia alfissimatimber was found to
be a satisfactory structural element for timber roof truss at
depth of 75mm, breadth of 50mm and under the ultimate limit
state of loading with the corresponding of 2.58. Sensitivity
analysis proves that the degree of reliability of the timber roof
truss can be improved if cross-sections of species, diameter
of nail at joint, pitch of truss and loadings are suitable
selected.

Keywords: reliability analysis, GA-based form, roof truss,
failure modes, mansonia altissima.

[. INTRODUCTION

he traditional way of dealing with uncertainties in
Tdesign process is to use conservative values of the
uncertain quantities and/or safety factors in a
deterministic approach. The shortcomings of this
approach may become more obvious when designing
for loads with very high variability. It is not easy to
account for all factors that affect assessment of loads
consistent with acceptable risk (Anthony, 1991,
Afolayan, 1999 and Abubakar and Mohammed, 2011).
However, since no structure may be free from the
possibility of failure, loads must be designed to fit the
risk. A deterministic design approach does not an
explicit consideration for this. A more meaningful
treatment of uncertainties in structural timber can be
through a probability-based design philosophy, which
has received considerable attention (Afolayan, 2005;
Abejide, 2006; Ahmed et al., 2010,; Kachalla and Kolo,
2012; Aguwa, 2013; Ditlevsen and Madsen, 2005).
The tensile and compressive properties of the
timber are particularly important when applying timber

Author a: Civil Engineering Technology Federal Polytechnic Kaura
Namoda. e-mail: smagajfi2003@yahoo.com
Author o: Civil Engineering Department, Ahmadu Bello University, Zaria,

as structural components such as roof trusses (Ahmad
et al., 2010). The tensile strength of the lower chord of a
truss is considered the critical design parameter
(Bostrom et al., 1999). It had been identified that joints in
timber structures are the most critical components that
need special extensive research (Racher, 1995; Smith
and Foliente, 2002; Riley and Sadek, 2003). According
to Frank and Philip (1997), bottom chord joints are
located in areas such that they experience a small
bending moment, and are stressed primarily in tension.
He determined the steel net section capacity of bottom
chord joints of wood trusses subjected to tension and
moment loading.

Genetic algorithm is intelligent search and
optimization method that work very similar to the
principles of natural evolution called Darwin’s survival-of-
the fittest principles. If GA is incorporated in to reliability
methods such as FORM, population of limit functions
with  different combination design variables are
considered, and safety index is obtained for each set.
The sets of safety index are assembled and the
minimum that is the globally best and fittest is
considered. Several generations are further considered
through crossover, mutation and elitism operation in GA
until a convergent is achieved. This widen the search
space for the global minimum (critical) safety index
(Mohammed and Abubakar, 2011; Cheng, 2007; Wang
and Ghosn, 2005).

[I. LimiT STATE FUNCTIONS

The Eurocode 5 design criteria of roof truss
members subjected to combination of varying design
actions are briefly reviewed. Identification of the
significant failure modes was deterministically analysed
and of failure modes (tension, compression, bending of
the top and bottom chord) were established.

a) Structural model

The analysed structural model of the truss
system is shown in Fig. 1. It was assumed that the truss
had a roof pitch of 35° spacing between the trusses of
1.2 m, Length of 7.2 m, dead load of 0.55 kN/m?, fixed
nailed length of 90 mm, nail diameter of 4.0mm and
dead-to-live load ratio of 0.275. The roofing material
used was aluminium-roofing sheets. The connections
between the members were assumed to be pinned
joints as stipulated in Eurocode 5 (2004).

© 2016 Global Journals Inc. (US)
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Fig. 1 : Typical truss subjected to nodal design loadings
The following limit state functions were established from  members under tension that are members 1, 2, 3, 7, 9

the structural analysis of the model.
i. Compression failure criterion
The limit state function for compression is given as:

Koo
Gy =L teasd )

where k.. is modification factor for variation in
density and moisture content. f,,, is the characteristic
compressive strength parallel to grain. y,, is the timber
material partial safety factor for strength, o4 is the
design compressive stress for members under
compression that are members 4, 5, 6, 8 and 10.

ii. Tension failure criterion
The limit state function for tension is given as:

K. f
G = @

where f,,, is the characteristic tensile strength
parallel to grain, otd is the design tensile stress for

“Gcid

~Giig

fh..l.ktld
fh..2.kt2d

and 11.

ii. Bending failure criterion
The following is the limit state function for
bending is as following:

G = Kool

" 3)

= Omid
fnk IS the characteristic bending strength, o, is the
design bending stress for members under bending that
include member 1, 2, 3, 4, 5, and 6.

iv. Connection failure criterion
The EC5 (2004), defines the characteristic load-
carrying capacity for nailed joints per shear plane per
fastener (R,), at the specified minimum spacing should
be the minimum value from the following expressions:

fh.l.ktld
1+86

[\/9+ 2029+ 6°T?2 —9(1+T)]

fh.l.ktld

Rc=miny 5, 9

[ \/ 201+ 0)+

50(1+ 20)M , o
fh.l.kdtlz

fh.l.ktZd
1+ 26

where 0= fox T = t—z, MyRk s fhlk ,and fh2k
1 A1 2.

fh.l.k

are the yield moment and embedding strength
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corresponding to head side (t;) and point side (t,)
timber thickness respectively, d being the nail diameter.



Eurocode 5 (2004) recommends that the value of kCal

should be 1.3 and 1.5 for smooth nails of round, square
or groove cross sections, and threaded nails
respectively.

The characteristic values for high yield moment
using round wire nail can be deduced from the following
expression:

f
M., =—1-180d2° 5
Y600 ©

The limit state formulation for the nail joint only
is given as

G(X): n(Km;wi)Rkti —-S (6)

where S is the load effect in member; K., is the
composite modification factor taking into account
deviations from normal load and climate conditions
during the service life; y,_ ,is partial safety factor for the

material (1.3); n is number of fasteners; t;is depth of the
timber species .

The statistics of the design variables employed
in the study suitable for targeted performance levels are
shown in Table 1.

Table 1 : Stochastic model of design variables

Variable Coefficient of Distribution
Variation Model
Bending strength (N/mm?) 15 Lognormal
Modulus of Elasticity (N/mm?) 13 Lognormal
Density (kg/m?) 10 Normal
Dead load, G, 10 Normal
Imposed load, Q, 25 Gumbel
Load duration factor, Kpoq 15 Lognormal
Model uncertainty (load), O 10 Lognormal
Model uncertainty (strength), 64 10 Lognormal
Diameter of nail 10 Normal
Depth of timber species 6 Normal

(Source: Ellingwood et al, 1980, Bartlett et al, 2003, Ranta-Maunus, 2004, Afolayan, 2005, Andre and Antonio, 2010; Aguwa,2013)

[1I. STRUCTURAL RELIABILITY ANALYSIS

Analysis is aimed at a systematic consideration
of the variability in the design variables. Assuming u is
an independent, standard normal vector containing the
parameters of the stress-strength interference and g(u)
the state function representing the interference then
according to Afolayan (2005) a measure of violation of
such a state is

P, =P €F) =P(g (u) <0) (7)

where F is the failure domain. Equation (1) can
be approximated to give (Gollwitzer et al., 1988;
Padmanabhan, 2003):

Pr = @(p) (8)

The GA for reliability analysis can be formulated
in the following form (Cheng, 2007):

Minimize f = |ull> = p".u ©)
The convergence is achieved using the
following condition;
k+1 ti k ti
évera);]:nera Lon > yageiZ?; won (1 O)

where y can be set to 0.95 (Wang and Ghosn, 2005).

IV. RESULTS AND DisCusSION

The force and stress in each member due to
action loads was determined using resolution of forces.
The critical load at each joint was used in the analysis of
the joints. The member-force, member-stress and
formulated model function for each member as
presented in Table 2 were used in the reliability analysis.

Table 2 : Member-Force and Member-Stress Model Function

Member Model Function

F(x) G

1(T) 7.561;(0.90 + 1) 7.561;(0.90a + 1)
bt

2 7.561;(0.90 + 1) 7.561;(0.90a + 1)
bt

3 5.461;(0.90 + 1) 5.461,(0.9a + 1)
bt
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4 (C) 6.241,(0.90 + 1) 6.241,(0.90 + 1)
5(C) 4.921,(0.9a + 1) 4.921i(8ga +1)
6 (C) 2.841,(0.90 + 1) 2.8411((1))}9& +1)
7 1.521,(0.9a + 1) 1.5211(})).t9a +1)
8 (C) 2.141,(0.90 + 1) 2.1411((1))})0{ +1)
9T 4.121,(0.9a + 1) 4.1211(5).E)a +1)
10 (C) 5.641,(0.90 + 1) 5.6411(5).E)a +1)
1) 3.641,(0.90 + 1) 3.6411((})).t9a +1)
bt

where (T) and (C) represent tension and compression
members respectively, | is the length of member, a is
the dead-to-live load ratio, b is breadth and t is depth of
timber species.

The result of the reliability analysis of the roof
truss for Mansonia altissima at the ultimate state of
loading was presented in Table 3. The safety indices for
the bending, tension, compression and joint failure
modes are 3.94, 2.92, 3.62 and 2.58 respectively. Joint
failure mode is the least failure mode hence
predetermines the safety of the truss. The computed

critical safety index of 2.58 agrees with Melchers (1987)
who stated that target reliability index (B;) for timber
members ranges from 2.0 to 3.0 with strong mean of
2.5. This implies that at this depth of section the timber
roof truss is reliable under specified conditions of
loadings and geometric properties. However, the degree
of reliability of the roof truss can be improved if suitable
cross-section is chosen (Benu and Sule, 2012). The
sensitivity analysis was conducted to ascertain the effect
of some of design variables on the reliability of the truss.

Table 3 : Safety Indices for the timber roof truss of Mansonia altissima

Failure mode Safety index
Bending 3.94
Tension 2.92

Compression 3.62

Joint 2.58

Fig. 2 shows the relationship between safety
index (B) and depth of section (t) for the timber roof truss
of Mansonia aftissima. An increase in safety index (B)
from 1.96 to 4.47 was recorded for joint failure mode as
the depth was increased from 50mm to 250mm
respectively. The Joint failure mode has the least safety
index among all the failure criteria for the Mansonia
altissima then followed by tension failure mode as
shown in Fig. 2 The increase in safety index (B) could be
attributed to the increase in El values, which increased
the rigidity of the section (Aguwa, 2013). It is worthy to
note that at a larger depth, the structure may be very
reliable but not economical because drying and lifting
will be a problem. Since structural safety must recognize
financial burden involved in project execution and
general utility, the derived factors of safety are improved
to balance conflicting aims of safety and economy
(Afolayan, 1999).

© 2016 Global Journals Inc. (US)
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Figure 2 : Variation of safety index against depth of section for Mansonia altissima

Fig. 3 shows the relationship between depth of
section and live load for the timber roof truss of
Mansonia altissima at the ultimate limit state of loading
and at variable live load. An increase in the depth of
section was recorded for all the failure modes as the live
increases. The result revealed that Joint failure mode is

predominant which recorded an increase in the depth of
section from 105mm to 157mm as the live increases
from 1.0kN/m to 7.0kN/m respectively. This implies that
live load has significant effect on the design depth of the
roof truss members of Mansonia altissima.
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Figure 3 : Variation of depth of section with live load for Mansonia altissima

At live load of 1.0kN/m, the bending and
compression failure modes recorded the depth of
sections of 76mm and 100mm respectively. As the live
load increased to 5.0kN/m, the depth of sections for
bending and compression converged to an approximate
depth of section of 125mm. This implies that there are
overlaps of behaviours among the truss members at
different live loads.

Fig. 4 shows the relationship between safety
index and live load for timber roof truss of Mansonia
altissima at the ultimate limit state of loading and at
variable live load. A decrease in safety index (B) was
recorded for all the failure modes with joint failure mode

been predominant then followed by tension failure
mode. A general consistent decrease in safety index
was recorded for joint failure mode from 4.12 to 1.23 as
the live load was increased from 1.0kN/m to 7.0kN/m
respectively. This could be attributed to the increase in
El values, which increased the rigidity of the beam
(Aguwa and Sadiku, 2012). The members of the roof
truss for Mansonia altissima is safe at a minimum
breadth of 50mm under the specified design conditions.
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Fig. 5 shows the relationship between safety
index and diameter of nail at joint for the timber roof
truss of Mansonia altissima at the ultimate limit state of
loading. An increase of safety index was recorded from
3.98 to 4.4 as the diameter of nail increases from 3mm
to 5mm. The safety index then declined to 4.08 at 7 mm.
This indicates that at the peak value of safety index the
timber species reached its highest capacity to resist the

effect of diameter of nails and thus hold the timber
pieces firmly together, but beyond this critical diameter
of nail the timber species have less resistant capacity to
withstand any increase in stresses due to increase in
diameter of nails. It therefore tends to split. To avoid this
split of timber piece EC 5 (2004) recommends pre-
drilling of holes for large diameter of nails.
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Figure 5 : Variation of safety index with diameter of nail

Fig. 6 shows the relationship between safety
index and depth of section at various pitches of the
timber roof truss of Mansonia altissima at the ultimate
limit state of loading. An increase in safety index (B) was
recorded for all the failure modes at various pitches of
the truss with joint failure mode been predominant then
followed by tension failure mode. It was observed that
the pitch of the truss has significant effect on safety of
the timber roof truss. Considering joint failure mode an
increase in safety index (B) was recorded from 1.25 to
3.81 as the depth of section of timber members
increases  50mm to 250mm at the pitch of 10°
respectively. However, as the pitch increases to 20° the

© 2016 Global Journals Inc. (US)

safety index significantly increases from 1.94 to 4.32 at
the same ranges of the depth of section. This implied
that for a pitched roof truss large rafter slope lead to
high reliability.



Figure 6 : Safety index against depth of section for various pitches

V. CONCLUSION

This paper has presented a reliability analysis of
the timber roof truss using GA-based FORM, which
searches for the globally best and fittest solution. The
failure modes of ftruss were checked and the
uncertainties in the strength and load variables were
accommodated in the reliability analysis. It is shown that
the Mansonia altissima timber species is a reliable
structural material and economical for the roof truss
system at the specified ultimate state of loading and
geometrical parameters. The sensitivity analysis
revealed that the safety index (B) is highly sensitive to
the depth of section, dead-to-live load ratio, diameter of
nail and pitch of truss; hence, they are the critical factors
to be considered in design of timber roof truss.
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Application of Initial Value Model in Circular
Cylindrical Shell Analysis

Mbanusi E. C.% Obodoh D. A.°, Ezeokonkwo J. U.°, Ogunoh P. E.© & Okolie K. C.*

Abstract- This study simulated underground circular cylindrical
shell structure to serve as water reservoir under known soil
characteristics and conditions. Cognizance of prevailing acute
scarcity of portable water supply, more often than not, during
each year, this structural facility was also simulated for study
under two distinct situations namely: when it is empty and
when it is full of water. Structural analysis of the facility was
carried out using the initial value model whereas the classical
model served to establish validity. The study sought the stress
effect arising from: empty condition and in full of water, on this
facility. The investigation result revealed: Both classical and
initial value models led to identical results. Effect of stress
which resulted from the two different conditions did not
diminish the structural integrity of this facility.

Keywords: — asymptotic  integration,  axi-symmetric,
cylindrical shell, hoop tension, thin-walled structures.

[. INTRODUCTION

hell [1] is applied to bodies bounded by two
curved surfaces, where, the distance between the

surfaces is small in comparison with other body
dimensions. The centre of points lying at equal
distances from these two curved surfaces defines the
middle surface of the shell. The lengths of the segment,
which is perpendicular to the curved surfaces, is known
as the thickness of the shell and is denoted by h. Shells
have all the characteristics of plates, along with an
additional one, which is curvature. Mindful of intrinsic,
functional essence of shells, [2] presents shells as skin
structures by virtue of their geometry and shell action, is
essentially more towards transmitting the load by direct
stresses with relatively small bending stresses. In line
with this functional essence of the shell, [3], [15], shells
are spatially curved surface structures which support
applied external loads or forces. Shell structures [3], [5],
[7] can be referred to as “form resistant structures”. This
implies a surface structure whose strength is derived
from this shape, and which resists loads by developing
stresses in its own plane [3], [5], [7].

An early form of shell construction [6] was the
dome known to Romans thousands of years ago. With
shell concrete construction, [6] it becomes quite
possible to produce satisfactory domes which weigh
only a fraction of the weights of the much earlier
massive domes.
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Properties of shells [1], [5] which are of
particular importance in structural usage and which also
earn wide application of shell structures in engineering
are the following: (i) Efficiency of Load carrying
behavior; (i) High degree of reserved strength and
structural integrity; (i) High strength versus weight ratio;
(iv) Very high stiffness; (v) Containment of space.

Areas where shell structures [1], [4] are used in
Building and Civil Engineering are:- (i) Large-span roofs;
(i) Liquid retaining structures and water tanks; (i)
Containment shells of nuclear power plants; and (iv)
Concrete arch domes. Shell forms in Mechanical
Engineering [1], [4] are used in: (i) Piping systems; (ii)
turbine disks; (iii) Pressure vessels technology. The use
of shells [1], [4] in aeronautical and marine engineering
are in the following forms:- (i) aircrafts; (i) missiles; (iii)
rockets; (iv) ships; and (v) submarines. Shells [8] found
in various biological forms such as the eye, the skull and
the egg, represent another application of shell
engineering, this time, in the field of biomechanics. An
egg, as a natural thin-walled structure, can be
considered as one of the most beautiful structural
shapes. It combines extreme fitness for its purpose with
an economy of material and cleanliness of design. This
account depicts only a small list of shell forms in
engineering and nature.

There are [1], [8] two different classes of shells:
thin and thick shells. Shells are said to be thin when the
ratio of their thickness, h, to the radius of curvature R of
the middle surface is less than or equal to 1/20, i.e. h/R
< 1/20. For a large number of practical applications [1],
the thickness of thin shells lies within the range: 1/100
<h/R < 1/20. Hence, shells for which these h/R
stipulations do not lie within the stated range, belong to
thick shells [1].

Thin plates and thin shells belong to a category
of structures known as Thin-Walled Structures. Thin-
walled structures [9] possess the following three
characteristics: (i) two dimensions are much longer than
the third, its thickness; (i) They have a great strength as
a result of their spatial character of working under the
action of external loads; (i) They make use of a minimal
quantity of material.

Depending on the curvature of the surface [1],
[3], shells are divided into (i) cylindrical, comprising of
noncircular and circular; (ii) conical; (i) spherical (iv)
ellipsoidal; (v) paraboloidal; (vi) toroidal; and (vii)
hyperbolic paraboloidal shells.
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The usual theory of thin shells utilizes the main
suppositions of the theory of thin plates. Nonetheless,
thin plate and thin shell have a substantial difference in
behaviour under external loadings. The static equilibrium
of a plate element under lateral load [2], [8] is only
possible by the action of bending and torsional or
twisting moments, usually accompanied by shearing
forces. Conversely, a shell, in general, [10] is capable of
transmitting the surface load by “membrane” stresses
uniformly distributed over its thickness. This property of
shells [8], [10] makes them to be not only more
economical but also more rigid than plates and other
types of construction under the same conditions. Apart
from these obvious advantages over other systems [1],
[8], shell structures are very well known and used for
their performance, strength against accidental damage,
resistance to fire and low upkeep cost as well as their
aesthetic appearance.

The economy and/or feasibility of many modern
constructions necessitate light weight, a property which
thin-walled structures are replete with. Strictly speaking,
the aim in structural engineering has always been to
lower, as much as possible, the cost and thus the
quantity of material used without, compromising the
structural integrity of the system. Thin-walled structures
meet this requirement.

The deliberate effort in the analysis and design
of shells [3] is to make the shell as thin as practical
requirements would permit, so the dead weight is
reduced and the structure functions as a membrane free
from the large bending stresses.

Thin shell concrete structures [3] are pure
compression structures formed from inverse catenary
shapes. The inverse catenary is a pure compression
scenario. Pure compression is ideal for concrete, as
concrete has high compressive strength and very low
tensile  strength. These shapes maximize the
effectiveness of concrete, allowing it to form thin light
spans [3].

This paper presents the application of initial
value model in analysis of underground circular
cylindrical shell structure subject to axi-symmetrical
loads of hydrostatic pressure but considered under two
conditions: (i) when the tank is empty; (ii) when the tank
is full. In addition, the paper seeks validity through the
classical model.

Aim in this study is to investigate stress effect
on the underground cylindrical shell structure when full
of water as well as when empty. The study intends to
achieve the aim through the following objectives:

1) To solve the governing differential equation of
equilibrium of cylindrical shells subjected to radially
symmetrical loads using both initial value and
classical models.

2) To evaluate the five internal stresses of the
underground cylindrical shell structure when full of
water, using the two models named above.

© 2016 Global Journals Inc. (US)

3) To determine the five internal stresses of the
underground cylindrical shell when empty, also
using the same two models.

I1. PrREVIiOUS WORKS

The analysis and design of shells attracted
many researchers. Among them, perhaps the best
known, are: Love, U. F., Pasternak, P. L. and
Timoshenko, S. P. [11].

a) The Membrane Theory

Modern shell construction [11] has its origin in
the work of Lame and Clopeyron who, in 1826,
proposed the membrane analogy. This theory suggests
that a shell is capable of resisting external loads by
direct stresses called membrane stresses without
bending. Hence, when membrane theory is applied for
shell design, torsional or twisting, bending moments,
and shear forces in the cross-section are neglected.
This is only possible if torsion and bending stresses
were small compared to stresses of normal or axial, and
shear forces. Membrane theory fails to represent the
true stresses in those portions close to the edges, since
the edge conditions usually cannot be completely
satisfied by considering only membrane stresses. It is
expected [12] that membrane theory gives an
approximate picture of stress distribution in the case of
shells not long, say L £ 2R, where R is radius of the
shell and L is its length. For longer shells a satisfactory
solution can be obtained only by considering bending
as well as membrane stresses [12].

b) The Moment Theory

Mathematical conceptions [6], developed
during the 19" century, made possible a more accurate
analysis than could be achieved using any membrane
theory. Aron, H., who derived an expression for potential
energy of a shell as well as equations for shell
equilibrium and strains, was the first to consider the new
theory, evolved from those mathematical conceptions,
which made room for both membrane and bending
stresses [11].

Love [13] developed a detailed derivation of
equilibrium equations and equations of motion of shells
with correction to a number of slips in Aron’s original
treatment as analogous to the theory of plates of
Kirchhoff [14], and was based on identical assumptions.
In each particular case, the moment theory involves the
solution of a system of three differential equations,
which is very complicated.

c) The Semi-Moment Theory

In the 20" Century, [15] suggested a simplified
method of analyzing and designing cylindrical shells
using the theory of semi-moment. This theory, on the
basis of experimental data concerning medium length
cylindrical shells, length/diameter = 2 — 8, neglects the
effect of longitudinal bending moment, shear forces and



torques, and introduces geometrical hypothesis. This
method has the advantage to be simpler than the
moment theory and gives accurate solution when a
distributed load is applied. This paper admires this
method for the simple reason it appears to be the most
appropriate  for circular cylindrical shell loaded
symmetrically with respect to its axis — the axi-symmetric
loading scenario.

Detailed information on general thin-walled
structure theory were given in many general treatises
such as: [9], [8] and [16], as well as monographs: [10],
[17], [18], and [19]. These consider, in a great extent,
the mathematical theory of thin-walled structures and
the derivation of differential equations pertaining to
them. Furthermore, the possibility of solving various
shell-theory problems using analytic methods, has also
been discussed in: [25], [26], [27], [28], [29], [30], [31],
[32], and [33].

d) Methods of Solution

As far as techniques of solving the derived
differential equations are concerned, difficulties involved
in realizing mathematically rigorous methods, led to
approximate techniques of integrating equilibrium
equations. One of such methods, known as asymptotic
integration, consists in replacing a given differential
equation by another with specially selected coefficients
different from those in the exact equation, and whose
solution can be obtained by strict method and
expressed in elementary functions. Blumenthal [20]
suggested the method in 1912. In 1913, Timoshenko
[21] applied it to shell equations. Shtayerman,
Novozhilov [8], and Gol'denveiser [22] perfected the
same asymptotic integration method.

Another widely accepted method was a version
of the membrane theory which takes boundary effects
into cognizance. Geckeler's equations [23] replaced
exact equations owing to the presence of boundary
effect. Generally speaking, methods for obtaining
solutions for the shell differential equations [8] can be
classified as follows: (i) Exact analytical methods, also
known as classical solution; (i) methods using
variational calculus; (i) numerical methods such as:
finite difference, finite element, finite strip, to mention but
a few; (iv) approximate methods based upon exact
equilibrium of the problem.

Among others [1], [8], the classical solution, the
finite difference, the finite element, the finite strip, the
boundary element, the boundary collocation, and the
boundary value methods are some of the well-known
models used for solution of shell problems.

The classical solution gives accurate results but
fails to capture the boundary conditions. The finite
difference model considers the boundary conditions but
does not give room to further optimization for the simple
reason solutions are obtained only for some selected
nodes. Finite element generates very large matrices for

considerable accuracy, handling of those large matrices
being only suitable for use of computer. Besides, they
are numerical models. Numerical models are more
inclined to approximate solutions than exact solutions.
Those models connoting boundary in their names,
sound though they may be, involve a level of
mathematics beyond the scope of an average engineer!

The semi-moment theory is as suitable for
circular cylindrical shells under hydrostatic pressure and
uniform gas pressure as it is amenable to application of
initial value model. This study adopts the initial value
model for among the suggested analytical solutions.
Initial value model gives the least number of unknowns
enabling such manual handling as to imbue the analyst
with the ability and privilege to solve a problem in so
systemic a manner that represents a mandatorily
profound understanding in the-every-step-of-the-way of
the problem for the analyst.

I1I. ASSUMPTIONS

a) Soil Characteristics

a. The filled earth outside the cylindrical
structure is that of pure cohesionless soil.
The angle of internal friction, ¢ = 29°

C=0

Unit weight of soil, 4= 17.3kN/m?

Condition of soil is dry.
The earth-filled top level is horizontal

shell

~® Q00

b) The Cylindrical shell structure is fixed at its base or
floor. It has a cover at the top. A cast insitu
reinforced concrete slab serves as cover at the top,
simply supported. The soil covers the walls of the
tank from outside. The earth pressure is calculated
without surcharge.

c) Parameters of the cylindrical shell structure
Height of tank = 4m

Radius of tank, R, = 5m

Thickness of tank, h = 0.2m

Unit weight of water, y,, = 9.81 KN/m?

Young’s modulus of elasticity of concrete, Ec, 25
x 10° KN/m?
Poisson’s ratio, V = 0.25

® coop

—h

d) When the tank is empty
i. Soil pressure at any level Z, is given by Ka y Z
ii. When the tank is full:
iii. The net pressure on tank’s wall becomes y,,Z - Ka

Vs
Ring installation is neglected since the cylindrical
shell reserviour is completely underground.
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IV. ANALYSIS

a) The Governing Equation of Equilibriurn
[1] and [24] derived the governing differential equation
of equilibrium as:

dw
Xt
Using, for the derivation, the following:

i. Forces acting on the shell;
i. Moments acting on the shell;

= Ix
+apw = 2

iii. Equilibrium equations of stress;
iv. Equations of forces and moments displacements.

Equation (1) is applicable only to circular
cylindrical shell structure subjected to axi-symmetric
loading. This means the loading or forces and moments
do not vary along the circumferential section. In other
words, the loads are radially symmetrical loads.

For radially symmetrical loads, the governing
differential equation of circular cylindrical shell structure,
the equation of equilibrium, is equivalent to that of Beam
on an elastic Winkler Foundation [34].

b) Initial Value Solution of The Governing Differential Equation of Equilibrium for Circular Cylindrical Shell Structure
i. In Summary, initial value homogenous solution becomes:

yZ(Z)

4ﬂ2R2

Wh (Z) = Y1(Z)W0 +

4R2

Y,(Z)Q
6,(2)=-4p Y4(Z)‘Nh+ y.(2)6,

9_
°  Eh

Eh
4 R2
ﬂ v.(2)0Q, (3)
Eh Eh
M h(Z) = W ya(Z)Wo + WYAZ) O + yl(z) Mo
Z
+ yzﬁ Q (4)
Eh Eh
: Qh(z) = W Y2(Z)W0 + W Y3(Z) &
-4 y4(Z)M0 + yl(Z)Qo ----------------------------------------- ()
Eh Eh
Nh(z)= [E yl(z):l W, + {ﬁ Y2(Z)}6)0
AF° RY(Z)My =88y, (Z)Q, (6)
ii. The Initial Value Particular Solution Consider the following:
Q A o —f —— Q, Ao
X - x! B
B V dxl z B , dz’
dQ 77 dx B L 7
xt z'
c rala e

Fig. 1 : Origin Transformation
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Understanding an origin transformation leads to RZ;/

finding the initial value particular solution. The origin that 0,= —-y(2)] . )
was previously at A is shifted to B, while introducing, at Eh
the same time, a new variable x'.
1 '
Let Zl:ﬂ)(l :}dxlz—dz Mp =_3y4(z) """""" (10)
Vi B
He distributed load at the new origin, B, is given by:
4
7 _71 0, —vi(z) . 1)
q<zl)N _ y p ﬂz
B
The elemental force can be expressed as:
d 1 ( 1) Np =§[Z_y2(z)] """""" (12)
VA Z-Z
dQ = q(Zl) =7 —Zdz" (7)
p p Obviously, general solution = homogeneous solution +
In summary, the initial value particular solution would be:  particular solution.

;/RZ c) Classical Model Homogeneous Solution
Wp = —Ehﬂ [Z - Y2(Z)] ------------------ ) Basically, in summary, the homogenous
solution would be as follows:

W, (x)=ce®* e+ ce” e +ce e e e (13)
Where: C,, C,, C,;and C, are constants.
Noting that:
e =Coshpx+9npx (14)
e =Coshpx—SnhBx (15)
e =Cospx—iSnBx (16)
e =Cospx—iSngx (17)

Equation [13] can be expressed as:

W, (x) = C,(Coshpx+ Sinhgx)(Cospx +iSingx)

C,(Coshpx + Sinhpx)(Cospx —iSingx)
C,(Coshpx — Sinhgx)(Cospx —iSingx)
C,(Coshpx — Sinhx)(Cospx +iSingx)

Expanding the above equation gives:

W,(x) = A CoshpxCospx+ A CoshpxSinsx

+
+
+

+ A, SnhpxCospx+ ASNhAXSINGX ..o, (18)
Where
A, = Ci+C,+C3+C,
A2 = (C1'Cz'C3+C4)/
A3 = C1+02'C3'C4
A, = (C,-C,+ C,-Cyi

d) Classical Model Particular Solution
Recall the static equation of equilibrium:

WY+ 458W = %x .......................................................................... (19)

Assuming the particular solution is of the form:
WoX) = 8X (20)
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[t follows that:

W,¥(x) = 0

Making use of equations [20] and [21] in egn [19] gives:

4p%ax+ 4B% = % X

A comparison of co-efficient in equation [22] yields:

b=0
a= 7/ e
ADpS
Therefore, the classical model particular solution would be:
W(X) = =2 X
4Dp
Table 1. Summary of Internal Stresses When the Tank is Empty-Using the Initial Value Model
X(m) Z Deflection Slope ©( Bending Shear Force  Hoop Tension
W(,) (mm) radians Moment Q@) (KN) N()(KN)
M() (KNM)
0 0 0 0.000122536 0 0.743859755 0
0.8 1.036008026  0.000052788  0.000123922 -0.4857128716 -1.183174309 91.03938151
1.6 2.072016051  0.000165917  0.000129602 -1.516548554 -3.019258682 170.0885245
2.4 3.108024077 0.000473429  0.000145863 -4.247252695 -8.416752018 226.0594408
2.67 3.453360086 0.000670475  0.000156135 -5.962376315 -11.88682999 284.9352786
3.2 4.144032102 0.000134648  0.000190643 -11.73091094 -23.73505572 211.3360398
4.0 5.180040128 3.55x10™ -4.4x 10" -32.31896214 -67.01017443 2.7 x107

Table 2 : Summary of Values of Internal Stresses When the Tank is Empty — Using the Classical Model

X(m) z Deflection  Sjope ,9(2) Bending Shear Force  Hoop Tension
W(2)(mm) adians Moment Q@) (KN) N(2)(KN)
M) (KNM)
0 0 0 0.000122486 0 -0.743859731 0
0.8 1.036008026  0.000052764  0.000123834 -0.48571286i8 -1.183174342 91.03938184
1.6 2.072016051  0.000165855  0.000129585 -1.516548484 -3.019258654 170.0885258
2.4 3.108024077 0.000473396  0.000145792 -4.247252615 -8.416752001 226.0594463
2.67 3.453360086 0.000670493 0.000156193 -5.962376293 -11.88682675 284.9352765
3.2 4.144032102  0.00134592 0.000190589 -11.73091124 -23.73505498 211.33360358
40 5180040128  4.27x10"2  3.84x10" -32.31896187  -67.01017413 2.3x10°%

Table 3 : Summary of Values of Internal Stresses When the Tank is Full — Using the Initial Value Model

X(m) z Deflection  Sjope g(z) Bending Shear Force  Hoop Tension
W(@)(m) (radians) Moment Q@) (KN) N(2)(KN)
M(Z) (KNM)
0 0 0 0.000077722 0 -0.471813873 0
0.8 1.036008026 0.000033482 0.000078601 -0.3085154309 -0.750461426 57.7444589
1.6 2.072016051 0.000105238 0.000082204 -0.9619133775 -1.915049339 107.8828632
2.4 3.108024077 0.000300286 0.000092518 -2.693938928 -5.338560581 143.3830003
2.67 3.453360086 0.000425269 0.000099033 -3.781804103 -7.539554672 180.7287485
3.2 4144032102 0.000854047 0.000012092 -7.44065868 -15.05462351 134.0462233
40 5180040128  -2.53x10" -3.4x10™" -20.49920654 -42 50307896 -1.14 x 107
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Table 4 : Summary of Values of Internal Stresses when the Tank is Full — using the Classical Model

X(m) z Deflection  Sjope g(z) Bending Shear Force  Hoop Tension
W(2)(m) (radians) Moment Q@) KN) N(@)(KN)
M(Z) (KNM)
0 0 0 0.000177694 0 -0.471813792 0
0.8 1.036008026  0.000033471  0.000078595 -0.3085154293 -0.750461386 57.7444536
1.6 2.072016051  0.000105168  0.000082193 -0.9619133724 -1.915049295 107.8828584
2.4 3.108024077  0.000300245  0.000092512 -2.693938892 -5.338560528 143.3830001
2.67 3.453360086 0.000425218  0.000099021 -3.781804084 -7.539554622 180.7287423
32 4144032102  0.000854014  0.000012024 -7.44065818 -15.05462316  134.0462194
40 5180040128 -362x10"  294x10™ -20.49920612  -42.50307854 1.21x10°®

Table 5 : Summary of Values of Percentage Difference for Internal Stresses: When the Tank is Empty Versus When

the Tank is Full

X(m) Z Deflection Rotation Bending Moment ~ Shear Force  Hoop Tension
% A % A % A % A % A
0 0 0 36.572 0 36.572 0
0.8 1.036008026 36.572 36.572 36.572 36.572 34.572
1.6 2.072016051 36.572 36.572 36.572 36.572 36.572
2.4 3.108024077 36.572 36.572 36.572 36.572 36.572
2.67 3.453360086 36.572 36.572 36.572 36.572 36.572
3.2 4.144032102 36.572 36.572 36.572 36.572 36.572
4.0 5.180040128 0 0 36.572 36.572 0
TOTAL 182.86 219.432 219.432 256.004 182.86
Average Value 36.572 36.572 36.572 36.572 36.572
Total Average = 182.86
Overall Average = 36.572
* Percentage difference, % A , for applied pressure on tank wall: when the tank is empty versus when the tank is Full, = 36.572.

* Overall average percentage difference, % A, Value for results of internal stresses for: when the tank is empty versus when the

tank is full = 36.572

Height (m)

S

0.0002

T
0.0004

Fig. 2 : Deflection Diagram

td

Deflection (m)
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Fig. 3 : Rotation (Slope) Diagram
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Fig. 4 : Bending Moment Diagram
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Fig. 5 : Shear Force Diagram
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Fig. 6 : Hoop Tension Diagram

V. DIsCuUssION OF RESULTS

a) Solution of the Governing Differential Equation of
Equilibriurm
Two approaches were used in the analysis: the
classical and initial value models. Two totally different
approaches though they are, they led to identical
results.

b) Internal Stresses

i. Direct Deflection
The deflection curve, for the hydrostatic loading,
fig. 2, has a parabolic like shape with a speak of 0.854
mm at x = 3.2m from the top. Zero deflection is
obtained at both top and bottom ends of the reservorr,
justifying zero deflection at the supports. Also, tables 3
and 4 refer.

ii. Rotation
Under hydrostatic pressure, fig. 2, tables 3 and
4, the reservoir presented a maximum rotation of 0.078 x
10 radians at its top end.

ii. Bending Moment
For the hydrostatic loading, fig. 3, tables 3 and
4, the bending moment varies from zero, at the top, to
20.5KMN at the bottom, describing a concave
parabolic-like curve due to the cantilever action.

iv. Shear Force
In the case of hydrostatic loading, the shearing
force varies from 0.472KN, at the top, through
42.503KN, at the bottom, fig. 5, tables 3 and 4.

v. Hoop Tension

The graphs, fig. 6, have the same shape as
those obtained for direct deflection. For real, deflection
and hoop tension are directly proportional. For the
hydrostatic pressure, a peak of 180.729 KN is reached
atx = 2.67m, fig. 6, tables 3 and 4.

The tables 3 and 4 show values for deflection
and rotation at the bottom, x = 4m, not exactly equal to
zero, but very close to zero in the extent they can be
taken as zero with sufficient accuracy.

vi. Stress effect at: when empty versus when full of
water

Table 5 reveals: (i) percentage difference for
applied pressure on tank wall, when the tank is empty
versus when the tank is full of water, is equal to: 36.572;
(i) Overall average percentage difference value for
results of internal stresses for, when the tank is empty
versus when the tank is full of water, is equal to: 36.572.

c) Conclusion and Recommendation

i. Conclusion
The half-moment theory, otherwise known as
semi-moment theory appears to have proven to be one
of the most accurate theories in shell analysis. It has the
advantage to be more realistic than the membrane
theory which does not consider the bending effect. The
semi-moment theory is simpler than the moment theory

which generates heavy equations.
In terms of capturing the boundary conditions of

systems, the initial value model is more equipped than
the classical model.

Sequel to results revealing that: percentage
difference for applied pressure on tank wall: when the
tank is empty versus when the tank is full of water is
equal to 36.572%; again the overall average percentage
difference value for results of internal stresses with
respect to: when the tank is empty versus when the tank
is full of water came to 36.572% as well, stress effect on
the water reservoir which resulted from the two
conditions would not diminish the fundamental structural
integrity of the underground circular cylindrical shell
structure, if all other sources of stress such as from
weather elements are under control.
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Recommendation
i) The shell analyst could well feel free to adopt

either the initial value model or the classical model for
analysis. ii) Structural analysis of cylindrical shells and
other types of shells should attract more interests of

NOTATION
y,(Z)="¥(Z)=Coshz Cosz

structural analysts. Further studies could be undertaken

in:

i) The furtherance of efforts towards making the

analysis of shells simpler than this has ever been. ii)
Study of stress effects on this facility with respect to
other stress sources such as weather elements.

v,(2) =% [¥,(2)+W,(2)]= % [CoshZ SinZ + SinhZ CosZ]

¥:(2) =%‘P4(Z) =%(Sinhz SnZ)

¥4(2) =% [¥,(2)-¥,(2)]= % [CoshZ SinZ — SinhZ CosZ |

ﬂ4
L

Ka

© 2016 Global Journals Inc

31-V?)
R’h?

= Overall height of Reservoir
1 —sing or Tan*(45-¢)

1+ sing 2
= Angle of internal friction of sail.
pL

= Flexural Rigidity of shell element.
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Column-Base Plate Connectionunder
Monotonic Load:
Experimental and theoretical Analysis

Seyed Mostafa Shabanian ®, Gholamreza Abdollahzadeh ° & Amir sina Tavakol®

Abstract- Connections in steel structures have an important
impact on the behavior of the entire structure. One of them
existed in the connection of column to base plate. The
appropriate understanding of structural connections behavior
and the awareness of how transmission of power occurred by
their connections and more accurate understanding of their
behavior is essential for modeling and structural analysis. In
the following study, at first, the connection of the column to
base palte was studied under the monotonic loading in
laboratory. Then, the finite element method and criteria are
used for designing the moment-rotation curve. The results of
the study indicated that the moment-rotation curve of in
experimental sample and the analytical methods are
reasonably close to each other. Therefore, the finite element
methods and criteria can be used with reasonable accuracy in
the behavior evaluation of this type of connection.

Keywords: column to base plate connection, moment-
rotation curve, rigidity.

[. INTRODUCTION

ne of the most important steel structure

connections in this study is the connection of

column to base plate because it transfers all the
forces of entire structure to the foundation and it is
themaximum point of axial and shear forces and some
moment-rotation curves. This connection is the place of
overall instability and destruction of structure specifically
at the time of earthquake and it effects on the behavior
of entire structure. Therefore, careful consideration of its
behavior especially its seismic behavior is very
important. It has been observed in some cases that the
lack of proper application of design or construction
caused in the destruction of structure. One particular
issue which increases the importance of column base
connection evaluation is the effect of various members
and their features in connection. These connections are
consisted of columns, plates of base plates, foundations
and bolts. [1-6] This connection behavior is influenced
by different parameters. The most important of these
parameters can be assessed as follows:

e Dimensions and thickness of columns base

e Diameter, length and position of tie rods

e Strength of available materials included sheets, tie
rods and concrete

Author a: Babol Noshirvani University of Technology.
e-mail: shabanian86@gmail.com

e Geometry in the foundation

e The type of loading

e The distance between the edge of columns and
base plate

e The ratio of concrete surface to sheet surface

The Classification of this connection can be
done in different ways. This classification can be
classified as behavioral perspective, resistance, energy
dissipation capacity, failure mode and the ways of
loading. Several methods and experiments by different
researchers in different fields have been done for the
behavior of columns base, different components and
factors affecting the connection. Most of these studies
have been carried for the behavior of connection in the
static loading or numerical study of the connection
behavior.[7-12] Today, good methods for assessing
resistance and initial stiffness have been developed. But
for other features such as rotational capacity, curve,
there is no appropriate way to the appropriate level. If
these features could be estimated accurately, significant
progress had been achieved in structural design. In this
study, for estimating the columns to base plate
connection response, independent of the experiment
results, the component-based modeling and finite
element method were used. First, component-based
modeling in compliance with the mechanical principles
was introduced and then the moment-rotational curve
has obtained. Then the sample was modeled by ANSYS
finite element software and loaded by monotonic
loading. The prepared samples in the laboratory of
Babol Noshirvani University of Technology have been
loaded under monotonic loading and the results were
recorded. The results of laboratory tests have been used
as a verification model. In the end, the advantages and
disadvantages of two models in comparison to
laboratory models were discussed.

[I. LABORATORY EVALUATION

The main and common methods for
determining the curve is experiment on the connections.
For designing curves, bending moments were directly
measured by the static loading of experimental sample
and rotational angles based on the transferring of
beams in comparison to depth. For this purpose, a
scale model for carrying this study was built at the
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laboratory of Babol Noshrivani University of Technology.
For creating the samples, firstly, the required sample
sections were prepared and drilled. In addition, the final
assembly was carried out in the laboratory. Due to the
uncertainty of welding in the laboratory, the required
welding was carried in the factory. To investigate the
behavior of real-time connection load, a node was
entered to the connection increasingly. On the other
words, at each stage of loading, the load on the

connection was increased about certain weight which is
more than before the last one. This loading continues
until the connection is destroyed. The type of materials
and the geometry characteristics of connection is
provided in Table 1.Concrete with resistance of 282
kilograms per square centimeter was used for concrete
Pedestal and tie rods was M20.

Table 1: Geometry characteristics and consumable materials

Tie rod Plate thickness plate dimention

(cm) (cm)

Concrete foundation
dimensions (cm)

The column section

M 20 20 50x50

HEA-200 50x 60

Samples were design according to Eurocode3
for this state that buckling plate and tie rode occur
simultaneously. The purpose of this design is that the
plastic deformation can be seen in the plate and the
bolts. Column size and the ratio of width to thickness

was selected in such a way that the column buckling
does not occur before plate rupture. The figure 1 shows
the laboratory sample of column connection to base
plate and loading device.

Figure 2 : The loading device (model Enerpac-ZE5)

© 2016 Global Journals Inc. (US)
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Figure 3 : Moment-rotation curve for experimental sample

[1I. COMPONENT-BASED MODEL

In the component-based modeling, at first the
component connection are separated to its structural
connection and the stiffness of each component was
obtained. The entire stiffness was obtained through the
sum of each stiffness component and their parameters
were introduced by a suitable mathematical relationship.
The diagram of moment-rotation curve was achieved.
The mathematical model parameters must be defined in
such a way that they can calculated using the material
properties and geometry dimensions. The application of
component base modeling was associated with the four
basic steps.[13-17]

e Identifying the components connection

e Characterization of each component

e The combination of elements for assessing the
general behavior of connection

e (Classification and Modeling

The main idea of this method is based on the
study of zoetemeijer in 1983. In order to identify the
behavior of components, they are often loaded by
tensile, pressure and shear loading. The accuracy of this
method depends on the accuracy of their characteristics
and the method of components combination. In this
method, it is assumed that component properties are
completely independent of each other and therefore
these characteristics can be easily achieved. The
components behavior can be stated with a non-linear
relationship of force-displacement. The components
behavior is generally non-linear behavior, but it can be
as simple as the two or three linear models. The model
parameters can be obtained from the dimensions of the
components and materials properties. The most

important parameters in the mathematical model are
design resistance, stiffness factor and deformation
capacity. Understanding the factors of connection and
failure associated modes is the first phase of the
component method modeling. Rotation described the
connection with the deformation of four sources which
two of the sources located in stretching zone and two
other sources placed in compression zone. It includes
concrete under pressure with grout, and flange columns
in the press, the plate of column base under bending
and bolts under tensile.[18,19]

In sum, the components of column to base
plate connection are as follow:

e The pressure part (concrete under pressure and
column base under bending)

e The Column
e The Tensional part (including tie rods and sheet
under bending)

e The transfer part of cutting force

The idea of evaluating the resistance and
stiffness of base plate has been expressed by Jas part
and Melchers. The regulations of Euro code 3 used this
method to determine the characteristics of the
components for the two connections to column and
column to base plate. In the plate components, three
different failures have been investigated.

e Rupture of tie rod as the result of the top plate

e Start creating lines in the sheet before achieving to
the point of tie rod resistance

e Failure of a compound that includes the creation of
complete lines, but without creating mechanisms
plastic plate does not happen.
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In order to design the rotation-moment curve
which is indicated the entire node behavior, the
characteristics of each component must be combined
properly. To this end, appropriate mechanical and
analytical models should be developed. Mechanical
model provided by Jas part et al is presented in figure 4
and it is based on simulations of two-dimensional
nonlinear springs. This model not only considered the

Anchor balts

nonlinear behavior of each component, but also takes
the impact of the changes affecting the bending area.
The model is very complicated for engineering and
design applications. The applied component model in
necessary to determine the design strength, stiffness
and deformation capacity of this type of connection.
[20,21]

Plate- concrete
contact

Deformation
HEB160

Bolts

Figure 4 : The mechanical model of column to base plate connection

It can be understood from presented models
that the choice of effective area is very essential in the
complexity of the final model. The reason for this is that
in the process of combining components, the influence
of wvertical force and bending moment must be
considered. The actual values of these forces are
effective in the position of the neutral fiber that this case
is linked to the effective area. Most suggestions for
effective area is presented based on the regulation of
Euro code 3. In this regulation, the stress distribution on
concrete is assumed under the plate of column base. To
calculate the resistance, the easiest method is the
perfect plastic stress distribution. Rotational stiffness is
achieved based on the model provided in the Eurocode
3.[22,23]

IV. FINITE ELEMENT MODEL

Finite element method which is a subset of
numerical methods is one of the most practical methods
for solving the engineering problems. In 1960, the so-
called finite element was firstly used by Clough to solve
the problems of two-dimensional elasticity. In the finite
element method, the physical issues were solved with
the help of differential equations and minimizing the
potential energy. By this assumption that the number of
degrees of freedom is reduced a limited from the infinite
degrees of freedom. In the finite element method the
available continuous environment is divided into a finite
number of smaller components with simple geometry

(US)

and then for components of a displacement function
which link the displacement of each point to shift nodes.
It is assumed that due to the complex geometry of
column base connections, and multi-phase environment
of connections in terms of material type, in finite element
models, the number of degrees of freedom is very high
and relevant volume calculation is more than usual for
conventional computers. The other reason which leads
to the complexity is the multiplicity types of nonlinear
behavior in these models. This cause that the solution
engine repeatedly increase the frequency of each
incremental step. In addition, in the original version, the
existence of periodic load increases the influence of this
issue. Therefore, it is inevitable to consider simplification
for modeling. [24-28]

In the present study, the finite element software
(ANSYS) is used for modeling the column to base plate
connections. SOLID components have been used to
establish components connections. Contact surface
friction coefficient of 0.6 is assumed to consider the
frictional forces. To model the effect of pre stressing
screw in modeling, PRETS179 has been used. The
holes of screws were modeled 2 mm larger than the
diameter of the screws. In all models by dividing the
geometry of the steel mesh into the separate parts, an
attempt has been made to achieve the best split lattice.
The parameters used to define the size of the mesh
elements were the length of elemt in near areas (|, ), the

length of element in remote areas (|!), the number of



elements in thickness of column base plate(n ), and the

number of elements in column flange thickness ().

Table 2 : Naming of meshing in finite element model

The number of nodes

The number of elements

!
Ie

!

ne

e

Naming Mesh

20175

13644

14

3

6.5

small

Areas near the connection have been modeled
with the finer elements. These areas included bolts,
column base plate, and end parts of the column to a

Figure 5 : Meshing of column components connection to the column base

distance twice the depth of the column plate which can
be seen in Figure 5.

Depending on the type of loading that has been
done, the type of material used in hardening steel is
considered isotropic which is listed in Table 3. Drucker-
Prageralso used to modify the concrete behavior. This
material is providing the possibility of penetrating
elements of column base plate to the size of about 0.5

cm in the concrete.
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Table 3 : Basic characteristics of materials dedicated to components connection

Yield stress MOdUI.U.s of The abbreviated name Corresponding part
elasticity
235 Mpa 2.1x 105Mpa S235 column base plate
355 Mpa 2.1x10°Mpa S355 columns
900 Mpa 2.1x10° Mpa Gradel0.8 bolts
25 Mpa 25x10* Mpa C25 Pedestal

© 2016 Global Journals Inc

V. THE EVALUATION OF RESULTS

Evaluation of results based on component-
based modeling. In the component-based method,
modeling for a macro elements is provided by the
combination of rigid rods and springs which represents
the constructive engagement of the component. In this
way, each of the deformation mechanisms and rigidity in
specific connection is determined by testing them
individually or referring to regulations. The rigidity of
each components is modeled by the linear or nonlinear

spring and the sum of these springs in series or parallel
connections can be assembled to determine rigidity.
Component-based method uses the combination of
rigid elements and deformable (spring) which can
indicate the source of deformation of a single
component. Components usually have been modeled
mechanically by the geometric properties of substances
and materials. The performance of mechanical models
gives a satisfactory prediction of the curve. Figure 6
shows a comparison between experimental results and
the component-based model.

120
. -
100 e -
o :— === \
e ‘
—_ e
-
g_ 80 e
X ‘d'
£ 60 ’ :
° / == =-«Experimental
§ f = « = Component method
E 40 ,,
[}
‘I
20
0
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Rotation(rad)

Figure 6 : The Comparison between moment- rotational curve for experimental sample based on component model

The differences are due to the defects,
mismatch and residual stress of the experimental setup
which cannot be easily considered in computational
models. The impact of these factors can be very high in
the initial stiffness.

a) The results evaluation of finite element modeling

In the present study, the performance of finite
element method of column connections to the based
columns has been compared with the experimental
results. In general, the finite element models can appear
in the prediction of reliable curves. They can effectively
estimate the initial stiffness and connections resistance.
If all nonlinear properties of all connected materials are
taken into account, it can estimate the rotational

(US)

capacity of connections. This type of loading analysis is
non-linear statistic model. Non-linear analysis is
included the analysis of nonlinear material, geometric
non-linear and nonlinear contact. In the process of the
finite element model loading, load point is applied to the
end of the column in the incremental linear to the finite
element model. Figure 7 shows a comparison between
the experimental results and finite element model.
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Figure 7 : The comparison of moment-rotational

It can be seen that the stiffness of model in the
initial slope of the component model is a little more than
experimental model. One reason for this could be the
shorter length of bolts in the numerical model which
leads to the hardness of primary connection. In contrast
with the increasing of load amounts, the behavior of
other components will have a greater role in nonlinear
connection response.

VL.

In this study the behavioral curve of column
connection to its based were examined through the
modeling of finite element and component-based and
the results of these methods were compared with the
results from the laboratory. The results are presented in
the following paragraph:

CONCLUSION

e By comparing the results obtained from finite
element method and the results of laboratory tests it
was found that in the linear region, the results are
entirely consistent. But by entering to the nonlinear
region, the curves are to some extent far from each
other. The reasons for this difference can be the
different experimental conditions in comparison to
the analytical model, equipment errors used for
loading, recording the results, boundary conditions,
the difference in real terms other materials beam
and column, and different behavior of welding
elements in real models and analytical models.

e The comparison of the results indicated that there is
acceptable agreement between the moment
rotational curve obtained from components and
laboratory tests. The differences between these two
moment-rotation curves are based on some factors
such as the sliding of screw and elliptical mode of
the screw holes. Thus it can be concluded that the
component method for parameterization the

curve for laboratory samples and finite element

behavior of this type of connection has acceptable
accuracy. In addition, by this method the number of
trials and errors that have a lot of cost can be
reduced.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

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

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

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

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

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

Note :

”

Vil

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

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

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

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

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

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

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

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

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

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

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

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

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

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

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

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

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

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

e  First Character must be three lines Drop capped.

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

e Line Spacing of 1 pt

e large Images must be in One Column

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

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

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

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

1. GENERAL

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

Scope

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

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected.

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

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

3. SUBMISSION OF MANUSCRIPTS

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

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

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

4. MANUSCRIPT’S CATEGORY

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

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

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

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

e One should avoid outdated words.

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

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

References

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

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

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

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

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

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

6. AFTER ACCEPTANCE

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

6.1 Proof Corrections

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

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

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

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

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

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

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

6.3 Author Services

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

6.4 Author Material Archive Policy

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

6.5 Offprint and Extra Copies

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

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

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

records.

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

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

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

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

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

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

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

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

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

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

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

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
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.

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

XVIII



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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